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According to World Health Organization
(WHO) about 2.5 million people die each year from
alcohol-related causes. Alcohol is one of the lead-
ing risk factor for disease burden including neu-
ropsychiatric disorders, cardiovascular diseases,
liver cirrhosis and various cancers. But the harmful
impact of alcohol is much more complex, affecting
not only the drinker. Alcohol abuse is a global prob-
lem concerning road traffic accidents and many
social issues such as violence, child negligence, sui-
cides, absenteeism in the workplace, breakdown of
the family (1). 

In 1956, the American Medical Association
(AMA) defined alcoholism as an illness that comes
within the scope of medical practice and encouraged
hospitals to admit patients with alcoholism (2).
Further, a proper definition was provided, describ-
ing alcoholism as ìa primary, chronic disease with
genetic, psychosocial, and environmental factors
influencing its development and manifestationsî (3). 

Because drug addiction, including alcoholism,
remains a great subject of interest to scientists and

society, this paper is a review of neuromolecular
mechanisms underlying alcohol dependence with
emphasis on current available treatments and includ-
ing novel pharmacological targets. 

Neurobiology and treatment of alcohol depend-

ence

Alcoholís effects on neurotransmission 
Overall, a balance between excitatory and

inhibitory synaptic inputs is critical for normal brain
function. Alcohol affects this balance with different
response depending on the duration of intake. Short-
term alcohol consumption increases inhibitory
transmission, whereas after long-term exposure
excitatory transmission is enhanced in order to
recover equilibrium (4). 

GABA
γ-Aminobutyric acid (GABA) is the main

inhibitory neurotransmitter in the central nervous
system (CNS), acting through the GABA receptor.

REVIEW

ALCOHOL DEPENDENCE ñ NEUROBIOLOGY AND TREATMENT

AGNIESZKA MICHALAK* and GRAØYNA BIA£A

Chair and Department of Pharmacology and Pharmacodynamics, Medical University of Lublin, 
Chodüki 4A, 20-093 Lublin, Poland

Abstract: The consequences of alcohol dependence concern serious health care, social and economic problems.
The scope of many studies is to better understand mechanisms underlying alcohol addiction in order to work
out new, more effective treatment strategies. Alcohol affects many neurotransmission systems within the brain.
In general, acute alcohol enhances inhibitory transmission, up-regulating the GABAergic system and impairing
glutamatergic function, therefore interfering the balance between excitatory and inhibitory synaptic inputs.
Chronic alcohol consumption, meanwhile, in order to restore equilibrium leads to neuroadaptive changes caus-
ing both decreased GABAergic and increased glutamatergic activity. Also function of other neurotransmitters
and modulators is modified by the presence of alcohol, including glycine, adenosine, serotonin and dopamine.
Moreover, a significant impact of alcohol on the endogenous opioid system, nicotinic cholinergic transmission
and the endocannabinoids system has been also established. At present, only four medications are approved for
the treatment of alcohol dependence in Europe, that is naltrexone, acamprosate, disulfiram and the most recent
nalmefene. Among other promising strategies the following drugs are mentioned: baclofen, topiramate,
ondansetron, aripiprazole, rimonabant and varenicline. Additionally, the role of appetite-regulating hormones,
neuroimmune modulators or the bodyís stress-response system modulators in reducing alcohol consumption is
currently of great interest, however, further investigations are needed. 

Keywords: alcohol dependence, γ-aminobutyric acid, glutamate, naltrexone, acamprosate, novel therapeutic
targets for alcoholism
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There are two types of the GABA receptors: the
GABAA receptor, which is a pentametric ligand-
gated ion channel, and the metabotropic GABAB

receptor. Stimulation of the GABAA receptor allows
the entrance of chloride ions into the neuron, which
results in sedation and decreased anxiety. The G-
protein coupled GABAB receptor is located presy-
naptically and its stimulation leads to a decrease in
neurotransmitters release (5, 6). 

Short-term alcohol consumption increases the
GABAA receptor function, and therefore enhances
inhibitory neurotransmission. Alcohol binds to the
GABAA receptor in a specific binding site and
induces chloride ion flux in an allosteric modulator
manner (4, 7). Alcohol sensitive sites were deter-
mined. As GABAA receptors are composed of α, β,
γ and δ subunits, subtypes containing δ and β3 sub-
units seem to be more susceptible to alcohol (8).
Long-term exposure to alcohol, meanwhile, leads to
a decrease in GABA neurotransmission, due to a
neuroadaptation process called down-regulation. At
the cellular level, a decrease in the number of
GABAA receptors as well as changes in the protein
composition of the receptor were observed. There
are a large number of studies demonstrating above
all a decrease in GABAA receptor α1 subunit in the
cortex, cerebellum and ventral tegmental area
(VTA). Decreased sensitivity to neurotransmission
counteracts the depressant effects of alcohol and
helps restore equilibrium (4-6). 

Glycine
Researchers put also emphasis on the other

inhibitory neurotransmitters, namely glycine and
adenosine. Glycine plays a crucial role as an
inhibitory neurotransmitter in the spinal cord and
brain stem, but simultaneously, it may potentiate the
action of glutamate (the major excitatory neuro-
transmitter) via its co-agonist site on the N-methyl-
D-asparate (NMDA) receptors. Glycine acts through
strychnine-sensitive glycine receptors (GlyRs),
which are pentameric ion channels producing their
effects through chloride current. It seems that the
main mediator of glycinergic inhibition is a subtype
consisting of α1 and β subunits. It has been shown
that alcohol modulates GlyRs with a greater affinity
for α1-GlyRs, which may explain some of alcohol-
induced behavioral effects (4, 9, 10). The glycine
levels in the synaptic cleft is under the control of
glycine transporters (GlyTs), which belong to the
Na+- and Clñ-dependent neurotransmitter transporter
family. Recently, data indicate that glycine reuptake
inhibitors may reduce alcohol consumption by acti-
vating inhibitory transmission through GlyRs (8, 9). 

Adenosine
Adenosine modulates neurotransmission in the

CNS by suppressing the release of other neurotrans-
mitters. There are four classes of G protein-coupled
adenosine receptors (A1, A2A, A2B, A3), but the A1

receptor, whose action is coupled with K+ channel
activation and Ca2+ channel inhibition, is presumably
the most significantly responsible for reducing neu-
ronal excitability. Adenosine extracellular concen-
tration is mainly controlled by nucleoside trans-
porters, which regulate adenosine passage through
the plasma membrane, and therefore modulate
adenosine signaling (11, 12). It has been established
that acute ethanol administration increases adeno-
sine signaling, and a few potential mechanisms have
been suggested for explanation. First of all, adeno-
sine uptake is claimed to be suppressed through
inhibition of nucleoside transporters, which leads to
an increase in extracellular adenosine. Another pos-
sible mechanism may occur via metabolism of
ethanol to acetate. Ethanol is incorporated into
acetyl coenzyme A with the concomitant formation
of AMP and its subsequent conversion to adenosine
(12, 13). Possibly, ethanol may also affect adenosine
receptors coupling (11). Increased activation of the
adenosine system, primarily through A1 receptors,
results in the ataxic and sedative effects of alcohol.
In similar way to the GABAergic system, chronic
alcohol exposure leads to a compensatory decrease
in adenosine activity (4, 12). 

Because adenosine signaling has a particularly
important influence on glutamatergic neurotrans-
mission, adenosine is considered to be strongly
involved in alcohol addiction (12). 

Glutamate
Glutamate is the most important excitatory

neurotransmitter in the CNS, responsible for con-
trolling signal transmission and metabolic activities
in the brain. Two main groups of glutamate recep-
tors have been distinguished: metabotropic gluta-
mate receptors (mGluRs) and ion-channel receptors,
divided into three following subtypes: NMDA
receptors, α-amino-3-hydroxyl-5-methyl-4-isoxa-
zole-propionic acid (AMPA) receptors and closely
related to the previous ones kainate receptors.
AMPA/kainate receptors allow mostly Na+ and K+

into the cell, whereas in case of NMDA receptors
the entry of Ca2+ occurs as well. In addition, in order
to open the channel except for glutamate also the
presence of the co-agonist (glycine) and the removal
of Mg2+ are required. This feature of NMDA recep-
tors seems to be strongly contributed to neuroplas-
ticity and synaptic changes underlying learning and
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memory formation (14-16). Although alcohol
appears to inhibit all three types of ion-channel glu-
tamate receptors, the greatest impact was deter-
mined on NMDA receptors, which results in seda-
tion and such brain dysfunctions as memory loss,
cognitive impairments and withdrawal syndrome (4,
14, 17). Moreover, alcohol intake during the prena-
tal period, both acute and chronic, affects glutamate
transmission in fetus. Reduced NMDA function was
observed in animals prenatally exposed to alcohol,
which presumably leads to the prevalence of fetal
alcohol syndrome, characterized among other fac-
tors by impairments in memory and learning (14). 

In a concentration-dependent manner acute alco-
hol impairs glutamatergic function, mostly by inhibit-
ing ion flow through the NMDA receptor (8, 14, 16,
17). The NMDA receptor subunit composition is rele-
vant to the response to alcohol. In key publications, it
is indicated that critical are subunits NR1, NR2A and
NR2B (8, 17). Interestingly, the potency of different
alcohols to suppress ion flow is linearly related to their
intoxicating potency, implying a strong connection
between alcohol intoxication and alcohol-induced
inhibition of NMDA receptors. Chronic alcohol
intake, on the other hand, induces adaptive changes by
increasing the number of the receptors as well as their
excitatory activity. This enhanced excitatory neuro-
transmission is a result of an attempt of the brain to
restore equilibrium (8, 16, 17). 

Serotonin
Serotonin, (5-hydroxytryptamine, 5-HT),

mediates cellular communication within the brain,
playing therefore an important role in many brain
functions including processes underlying alcohol
abuse (18-20). 

5-HT is derived from L-tryptophan (Trp),
whose availability to the brain is decreased due to
acute alcohol exposure. Alcohol activates liver Trp
pyrrolase, an enzyme catalyzing the transformation
of Trp, and therefore leads to a decrease in brain 5-
HT synthesis and turnover (18, 20). On the other
hand, increased levels of 5-HT metabolites in the
urine and blood may suggest that acute alcohol rais-
es serotonin release in the brain (19). Alcohol influ-
ences also serotonergic system via 5-HT receptors.
Potentiation of the 5-HT3 receptor function was
observed after short-term alcohol consumption.
Simultaneously, overexpression of this receptor
results in diminished alcohol consumption. Chronic
alcohol exposure, meanwhile, leads to adaptive
changes in 5-HT2 receptors, whose number increas-
es in laboratory animals, whereas decreased 5-HT1A

has been demonstrate in alcoholics (8, 19, 21).

Moreover, decreased cerebral 5-HT turnover
has been suspected as a one of possible mechanisms
responsible for aggressive and sociopathic behav-
iors in drinkers. Alcohol-induced aggression may
appear as a result of a lower 5-HT transporter densi-
ty in the anterior cingulate cortex in alcoholics. In
addition, serotonergic deficits in this area are proba-
bly also correlated with impairments in judgment,
planning and decision making (18, 22).

Dopamine 
Dopamine (DA) plays an important role in

motivational control and reinforcement processes,
modulating regions which belong to reward circuit-
ry of the brain, such as VTA and nucleus accumbens
(NAc) (23). Alcohol increases DA levels in the VTA
and NAc, which triggers alcohol-seeking behavior
and underlies alcohol addiction (24-26). It should be
also noticed that DA neurotransmission is closely
related to serotonergic system. Owing to this fact,
alcohol may influence dopamine release via 5-HT
receptors. Alcohol-induced 5-HT release through 5-
HT2 and 5-HT3 receptors increases in the firing rate
of dopaminergic neurons in the VTA and NAc,
respectively, mediating indirectly alcoholís reward-
ing effects (19). Interestingly, there are data sug-
gesting that alcohol-dependent subjects may express
decreased DA function in the ventral stratum, which
manifest as low DA levels or low dopamine D2

receptor density. The authors indicate that these
changes may be attributed to the intensified compul-
sive and maladaptive patterns of behavior, which
can be seen in addicted individuals (26). 

nAChRs
Neuronal nicotinic acetylcholine receptors

(nAChRs), which are ligand-gated, cation-selective
ion channels, consist of five from a variety of α (α2-
α10) and β (β2-β4) subunits (15). Alcohol has been
proved to affect the function of many ligand-gated
ion channels within the brain, including nAChRs.
Ethanol-mediated enhancement of nAChRs current
has been proposed as a result of stabilization of the
open-channel state, increased channel opening rate
or increased agonist affinity. Subunit composition of
the receptor matters in alcohol-induced response of
the cholinergic system, putting emphasis on signifi-
cance of α3β2 and α4β2 subunits. It was established
that ethanol raises acetylcholine-induced ion flux
through the α4β2 nAChR (27-29). The α3β2
nAChR, meanwhile, may be a site at which ethanol
modulates dopaminergic neurons in the VTA and
NAc. Alcohol stimulates cholinergic transmission in
the mesocorticolimbic pathway, which has an input
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to the dopaminergic system. This positive interfer-
ence leads to increased DA release, mediating an
alcohol-reward behavior (28, 29). Moreover, pro-
longed exposure to alcohol may result in a loss of
cholinergic neurons and a significant reduction in
choline acetyltransferase, which is a synthesizing
enzyme of an endogenous agonist ñ acetylcholine.
Considering that cholinergic deficits are strongly
associated with memory impairments, these changes
may explain cognitive dysfunctions after chronic
alcohol intake (29, 30).

Cannabinoids 
The endocannabinoids system is thought to be

responsible for behaviors related to drug-seeking
and drug self-administration, including alcohol
seeking and drinking behaviors and modulating
reinforcing and motivational effects of alcohol (31,
32). It consists of cannabinoid receptors (CB1 and
CB2) localized on presynaptic terminals, their
endogenous ligands: anandamide (AEA) and 2-
arachidonoylglycerol (2-AG), and synthesizing and
degrading enzymes of AEA and 2-AG (32-34). 

Acute alcohol inhibits endocannabinoid trans-
mission, which becomes hyperactive during chron-
ic alcohol intake as a result of neuroadaptive
changes. These changes, which are supposed to
have an important impact on the development of
alcohol tolerance and dependence, comprise the
increased synthesis of AEA and 2-AG in the brain
and the widespread down-regulation of CB1 recep-
tors and their function (8, 31, 33, 34). Moreover,
CB1 receptors are suggested to underlie rewarding
properties of alcohol via dopaminergic transmis-
sion. Acute alcohol was shown to increase
dopamine release in the NAc. At the same time, this
effect was completely suppressed in CB1 receptor
knockout mice, which confirms the importance of
CB1 receptors in dopamine-mediated alcohol-relat-
ed behaviors (32, 33).

Opioids 
There is a large body of evidence demonstrat-

ing that the endogenous opioid system is a key fac-
tor mediating reinforcing effects of many drugs of
abuse (35-39). Three types of opioid receptors were
distinguished: mu (µ), delta (δ) and kappa (κ),
which are targets for the opioid peptides, namely
enkephalin, β-endorphin, and dynorphin (36, 37). In
general, both the µ-opioid receptor (activated most-
ly by β-endorphin) and the δ-opioid receptor (whose
main endogenous ligand is enkephalin) are responsi-
ble for rewarding properties and their stimulation
produces positive hedonic state, according to an

increased DA release in the VTA and NAC. By con-
trast, activation of the κ-opioid receptor, to which
dynorphins bind specifically, results in dysphoria
and related decrease in DA levels in the mesolimbic
pathway (36-39). Acute alcohol administration stim-
ulates the release of opioid peptides, particularly β-
endorphin, leading via µ- and δ-opioid receptors to
activation of brain reward pathways and promoting
further alcohol consumption (36, 37, 39).
Meanwhile, prolonged alcohol administration gen-
erates a state of opioid withdrawal, which con-
tributes with negative reinforcing effect of alcohol
(36). Unlike positive reinforcement, in which a
rewarding stimulus increases a potential response, in
negative reinforcement alcohol administration
reverses unpleasant state connected with withdraw-
al syndrome (40). It has been established that repeat-
ed ethanol intake causes a drop in brain levels of β-
endorphin and enkephalin, and at the same time up-
regulates the dynorphin/κ system. It is suggested
that this molecular adaptation is in fact a counterac-
tion to dopaminergic stimulation, and promotes
alcohol seeking and consumption in addicted indi-
viduals (35, 36, 39). Some authors indicate also that
enhanced dynorphin/κ transmission may contribute
to learning and memory deficits associated with
alcoholism and mediate cognitive control dysfunc-
tions in subjects with alcohol dependence (35).

Alcohol dependence and withdrawal syndrome 
Alcohol dependence can be defined as a

repeated alcohol self-administration despite adverse
medical and social consequences (40). There are
four significant characteristics of this disorder: crav-
ing, described as a compulsion to use alcohol; loss
of control over drinking; tolerance, which manifests
as a need to increase in the amount of alcohol to
achieve desired effects; and symptoms of withdraw-
al (41). Alcohol withdrawal syndrome appears in
alcohol-addicted subjects after 6-48 h of the last
drink consumption and includes a cluster of symp-
toms, which in extreme cases may be fatal.
According to clinical definition, at least two of the
following signs have to occur: autonomic hyperac-
tivity, hand tremor, insomnia, nausea or vomiting,
hallucinations (visual, tactile or auditory) and illu-
sions, psychomotor agitation, anxiety and tonic-
clonic seizures (40, 42). An addicted person is fully
concentrated on alcohol seeking and consuming,
and continuously relapse into drinking after periods
of cessation (40, 43). This alcohol-induced behavior
contributes to reinforcement and neuroadapatiation.
In greater detail neuroadaptive changes related to
prolonged alcohol exposure have been already dis-
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cussed in this paper. In summary, the main neuronal
adaptation underlying alcohol dependence consists
of NMDA receptors up-regulation accompanied by
reduced GABAergic transmission and dysregulation
of the dopaminergic system. Once a shift in the bal-
ance between excitatory and inhibitory neurotrans-
mission in the brain is provoked, the presence of
alcohol for proper neuronal functioning is then
required (40, 41, 43, 44).

Pharmacotherapy of alcohol dependence
At the moment, four substances are approved

by the European Medicine Agency (EMA) to treat
alcohol dependence: disulfiram, naltrexone, acam-
prosate and nalmefene. Nalmefene has not yet been
given approval of the Food and Drug Administration
(FDA) for the treatment of alcoholism, thereby is
not used in this indication in the USA (45). 

Disulfiram
Disulfiram was the first medicine used in the

treatment of alcoholism, which discourage from
drinking by provoking an unpleasant physiological
reaction as alcohol is consumed simultaneously.
This aversive agent interferes with alcohol metabo-
lism, leading to accumulation of toxic product ñ
acetaldehyde. Normally, alcohol undergoes bio-
transformation into acetaldehyde, which then is
metabolized by aldehyde dehydrogenase to harm-
less acetate. Disulfiram inhibits the activity of the
enzyme increasing the level of the toxic intermedi-
ate metabolite. Drinking alcohol during the treat-
ment with disufiram results in high levels of
acetaldehyde and hence aversion reaction of the
body characterized by sweating, headache, flushing,
nausea and vomiting (45, 46). Moreover, disulfiram
inhibits also dopamine β-hydroxylase in the brain,
which is responsible for the conversion of DA to
norepinephrine. This additional mechanism of
action supposedly may be important not only in the
treatment of alcohol dependence, but also other
drugs of abuse such as cocaine (46, 47). Disulfiram
may bring potentially severe adverse consequences,
and although the current view is that it may be used
safely in some groups of patients (47), it is also sug-
gested that the treatment with disulfiram should be
avoided in those with liver dysfunctions (45). It is
important to note that disulfiram therapy is not a
typical example of pharmacotherapy. The response
to disulfiram treatment can be described as instru-
mental conditioning, when an individual learns a
connection between the presence of a particular
behavior (alcohol drinking) and its unpleasant con-
sequences (signs of intoxication). In this condition-

ing by punishment disulfiram-induced alcohol over-
dose functions as aversive (negative) reinforcer.
Owing to that, alcoholic patients are discouraged
from drinking in order to avoid appalling symptoms
of alcoholic poisoning (48). 

Naltrexone
Naltrexone is a non-selective opioid antagonist

with high affinity for the µ-opioid receptor and to
some extent for the κ-opiod receptor (46, 49). Since
the opioid system is strongly involved in DA-relat-
ed rewarding effects of alcohol, inhibition of the µ-
opioid receptor with naltrexone prevents DA release
in the VTA, and therefore reduces alcoholís positive
reinforcing properties and further motivation to
drink (47). Additionally, also the blockade of the κ-
opioid receptor, which is up-regulated after pro-
longed alcohol exposure, brings positive therapeutic
effects. As increased activation of κ-opioid recep-
tors may contribute to dysphoria induced by alcohol
withdrawal, naltrexone inhibiting this receptors will
suppress relapse and supports cessation. Moreover,
naltrexone was also shown to reduce the number of
days when alcohol was consumed and its amount
consumed per occasion (49). 

There are two formulations of naltrexone
approved by FDA: oral and depot. Depot naltrexone,
administered via intramuscular injection, was
demonstrated to block central opioid receptors for a
period of approximately 4 weeks. Its undeniable
advantage over oral naltrexone, apart from reduced
frequency of administration, is that steady therapeu-
tic plasma levels can be reached (45). 

Nalmefene
In 2013, the EMA authorized another opioid

antagonist - nalmefene, which is an antagonist of the
µ- and δ-opioid receptor, but a partial agonist of the
κ-opioid receptor. The preclinical and clinical stud-
ies indicate that nalmefene causes a significant
reduction in alcohol consumption, possibly by mod-
ulating mesocorticolimbic function (50). Nalmefene
has a few potential advantages over naltrexone
including: longer plasma half-life, higher bioavail-
ability, the greatest selectivity for central opioid
receptors and lower liver toxicity (45). The drug
should be used only as-needed (so-called targeted
use), 1-2 hours prior to the anticipated time of drink-
ing, or as soon as possible if the patient has already
started drinking (50).

Acamprosate
Acamprosate is a homotaurine derivative with

similar chemical structure to GABA, which has
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been demonstrated to attenuate relapse in alcohol-
addicted patients, and therefore is approved as a
drug used for treating alcohol dependence (5, 17).
Its precise mechanism of action has not been suffi-
ciently explained yet, however, two hypothesis
GABAergic and glutamatergic were proposed (5).
Firstly, acamprosate was proposed as a GABAA

receptor agonist, which increases down-regulated
GABAergic transmission in alcohol-addicted indi-
viduals. Further studies drew attention to the impor-
tance of the NMDA receptor in clinical efficacy of
acamprosate. It turned out that acamprosate in high
concentrations functions as an antagonist of the
receptor and blocks the glutamate increases during
ethanol withdrawal. Moreover, it was also estab-
lished that acamprosate induces the release of the
inhibitory neurotransmitter taurine in the NAc (5,
51). To sum up, acamprosate seems to recover the
chemical balance in the brain, which is disturbed by
long-term alcohol consumption. 

Among others, acamprosate is thought to be a
safe and well-tolerated drug. Some authors suggest
that the efficacy of acamprosate is decreased in
patients with current alcohol intoxication, therefore
complete detoxification before medication is
required (51).

Other medicines and novel targets 
In this part of the paper, other medicines which

can be potentially used to treat alcohol dependence
will be briefly discussed, concentrating on those
with already documented efficacy. 

One of the most promising medications seems
to be baclofen, which is a presynaptic GABAB

receptor agonist, decreasing DA release in the meso-
corticolimbic projection (45). Originally prescribed
to decrease the muscle tone and treat spasticity,
baclofen was shown in human studies to reduce
alcohol craving and consumption, and to increase
abstinence periods (45, 46, 52). In general well-tol-
erated and safe, it barely undergoes liver metabo-
lism, therefore may be considered as an alternative
treatment in patients with alcoholic hepatitis (45). 

Next relapse-preventing medication belongs to
the anticonvulsants. Topiramate antagonizes gluta-
matergic inputs to the mesocorticolimbic system
hence decreases dopaminergic activity, and facili-
tates GABAergic transmission in the brain.
Unfortunately, its use may be significantly reduced
by high toxicity and severe side effects such as
paresthesias or cognitive dysfunctions (45, 46). 

Since 5-HT3 receptors have been found to play
an important role in alcohol-induced reinforcement,
also 5-HT3 antagonists should become more impor-

tant in the treatment of alcohol dependence. Indeed,
clinical studies have indicated that ondansetron,
used as an anti-emetic agent to prevent vomiting and
nausea after chemotherapy and radiation, reduces
alcohol drinking in patients with early onset alco-
holism, who display serotonergic dysfunction (52,
53). 

As discussed above, dopaminergic projections
underlie reward and reinforcement of alcohol.
Dysregulation of dopamine signaling, which is
closely related to serotonergic system, may be a
potential target for developing new strategy for
reduction and cessation of alcohol use. Aripiprazole
is an atypical antipsychotic with a complex mecha-
nism of action. It acts as a partial agonist of D2

receptors, simultaneously antagonizing various 5-
HT receptor subtypes. It has been demonstrated that
aripiprazole reduces alcohol consumption, probably
due to its ability to normalize dopaminergic and
serotonergic neurotransmission in the brain (46, 54).

Recently, a strong interest in CB1 receptor
antagonists as a new strategy for alcoholism treat-
ment has been observed. Preclinical studies indicate
that rimonabant inhibits ethanol seeking and self-
administration in rodents (31). It is proposed that
reduced alcohol consumption after rimonabant is
linked to suppressed DA release in the shell of the
NAc (33). Although the cannabinoid antagonists
may become important therapeutic agents in alcohol
dependence, trials with rimonabant on account of its
adverse psychiatric effects were discontinued (32). 

Alcohol abuse very often goes hand in hand
with cigarette smoking. It is suggested that alcohol-
addicted smokers who have achieved abstinence
from drinking but continue smoking are more likely
to relapse. In those, varenicline, already approved by
FDA as an agent used in smoking cessation, may
become twofold beneficial. It is a partial agonist of
nAChRs, which are involved in the rewarding
effects of both nicotine and alcohol. Varenicline
decreases alcohol-related DA release in the NAc,
reducing alcohol seeking and consumption in
rodents. Human studies indicate that varenicline
reduces alcohol craving and the number of heavy
drinking days in smokers confirming a potential new
strategy in alcohol dependence treatment (55).

Recently, under investigation are also appetite-
regulating hormones, which supposedly may play an
important role in modulation of alcohol craving and
use. It has been observed that leptin blood levels
were increased when alcohol was administered
chronically, and stabilized during abstinence periods
(56). Moreover, central injection of neuropeptide Y,
which physiologically is inhibited by leptin,
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Table 1. Current clinical trials on alcohol dependence.

Drug

Phase Title and Sponsor Description

Completion Date 

ABT-436
Phase II

Citalopram
Phase I

Dec. 2016

Ibudilast
Phase I

Jun. 2015

Ketamine
Phase I

Mar. 2016

Mecamylamine
Phase II

Oct. 2014 

N-acetylcysteine + 
Naltrexone

Phase II

Dec. 2014

Pexacerfont
Phase II

Aug. 2020

Pioglitazone
Phase II

Jan. 2020 

Prazosin
Phase III

Oct. 2014

Aug. 2014 A phase 2, double-
blind, randomized, placebo con-
trolled trial to assess the efficacy
of ABT-436 for alcohol depend-

ence

National Institute on Alcohol
Abuse and Alcoholism

Citalopram effects on craving
and dopamine receptor avail-

ability in alcoholics

Department of Veterans Affairs

Development of ibudilast as a
novel treatment for alcohol

dependence

University of California, Los
Angeles

A randomized controlled trial of
the N-methyl-D-aspartate

(NMDA) receptor antagonist ket-
amine in comorbid depression

and alcohol dependence

Yale University

Treatment with mecamylamine in
smoking and non-smoking alco-

hol dependent patients 

Elizabeth Ralevski, 
Yale University 

N-acetylcysteine plus naltrexone
for the treatment of alcohol

dependence

Department of Veterans Affairs

Corticotropin-releasing hormone
receptor 1 (CRH1) antagonism

in anxious alcoholics

National Institute on Alcohol
Abuse and Alcoholism

Role of proinflammatory signal-
ing in alcohol craving

National Institute on Alcohol
Abuse and Alcoholism 

The use of prazosin for treatment
of patients with alcohol depend-

ence (AD) and post traumatic
stress disorder (PTSD)

Elizabeth Ralevski, Yale
University

Chronic dysregulation of the hypothalamus-pituitary-adre-
nal (HPA) axis resulting from stimulation of V1B receptors
is common in substance abuse disorders. HPA axis normal-
ization via pituitary V1B antagonism is a mechanism for
potential ABT-436 efficacy in the treatment of alcoholism.

Citalopram is a selective serotonin reuptake inhibitor
(SSRI). SSRIs in patients with less severe alcohol depend-
ence (type A) were shown to decrease drinking behavior in
clinical trials, whereas type B alcoholics showed a trend in
the opposite direction. The aim of the study is to assess
whether craving for alcohol in type B alcohol dependence
is affected by citalopram. 

Ibudilast is a neuroimmune modulator that inhibits phos-
phodiesterases -4 and -10 and macrophage migration
inhibitory factor. Preclinical data suggest that neuroimmune
modulation is critical to the rewarding properties of drugs
of abuse, therefore ibudilast may be a novel target for the
treatment of alcoholism.

Recently it has been established that ketamine has antide-
pressant properties with the more effective response in
patients with a family history of alcoholism relative.
Because major depression and alcohol dependence very
often co-occur, the study is conducted in order to evaluate
ketamine efficacy in comorbid depression and alcoholism.

Mecamylamine is a noncompetitive nACh receptor antago-
nist used in smoking cessation, which has been demonstrat-
ed to block the effects of alcohol in animals. Authors
hypothesize that mecamylamine will be effective in reduc-
ing both alcohol consumption and smoking in alcohol-
dependent smokers. 

The purpose of the study is to evaluate if the combination
of N-acetylcysteine and high-dose of naltrexone is more
effective in reducing alcohol consumption than high-dose
of naltrexone alone.

Alcohol increases the activity of CRH1 receptors, which
are responsible for modulating the body response to stress,
hence triggering feelings of anxiety often observed in alco-
hol-dependent individuals. The aim of the study is to inves-
tigate weather pexacerfont, as a CRH1 blocker, can lessen
anxiety and craving for alcohol as part of alcohol-depend-
ence treatment. 

Pioglitazone is the peroxisome proliferator-activated recep-
tor γ (PPARγ) agonist, which modulates glial activity. The
aim of the study is to determine if pioglitazone can inhibit
alcohol craving resulting from proinflammatory signaling
provoked by low dose lipopolysaccharide administration. 

Prazosin is an α-1 adrenergic receptor antagonist used in
the treatment of trauma nightmares and sleep disturbance in
combat veterans. Simultaneously, there is a high of comor-
bidity with alcohol dependence and post traumatic stress
disorder. The objective of the study is to evaluate the effi-
cacy of prazosin at a dose of 16 mg versus placebo in
reducing alcohol consumption and decreasing symptoms of
post traumatic stress disorder in alcoholic patients.
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decreases alcohol consumption in ethanol preferring
rats, whereas neuropeptide Y knockout mice were
shown do increase voluntary alcohol drinking (43).
Also ghrelin has received lately much attention.
Because it is suggested to stimulate alcohol craving
and intake, recent investigations have focused on
ghrelin receptor antagonists as a novel compound
for treatment of alcoholism. One of them, PF-
05190457, has just begun phase I of clinical
research, whose completion date has been estimated
in June 2017 (57). 

Other examples of ongoing clinical trials are
summarized in Table 1 based on http://www.clini-
caltrials.gov. 

Summary

Although alcoholism was defined as a disease
over sixty years ago, it seems that pharmacology did
not fully succeed in facing this matter of medical
practice. After more than a half-century, science
managed to endow us only with few drugs , some of
which are thought to be controversial. Disulfiram, as
it is the subject in question, may cause potentially
fatal hepatotoxicity, not to mention serious side
effects when combined with alcohol. Taking into
consideration the fact that alcohol drinking is fre-
quently related to liver diseases (58), and that disul-
firam requires strict adherence to the medication
regimen (patients must remain abstinent considering
the disulfiram-alcohol reaction), pharmacotherapy
with this drug has become useful only for selected
alcoholic patients. 

More beneficial might be combination therapy
including disulfiram and other agents such as acam-
prosate or naltrexone. It was established that
patients suffering from both alcohol and cocaine
dependence were more likely to achieve 3 consecu-
tive weeks of continuous abstinence from each sub-
stance of abuse when they underwent disulfiram-
naltrexone combination therapy (59). Moreover,
disulfiram added to acamprosate also improved the
effectiveness of alcohol dependence treatment (60).
This amelioration is probably due to the fact that
disulfiram enhances the cognitive effects of self-
control, however, disulfiram-related effects on DA
levels in the brain cannot be excluded. Finally, also
by combining naltrexone and acamprosate a consid-
erably enhanced efficacy can be observed, but only
when compared with acamprosate administered
alone not with naltrexone (61). On the other hand, in
different studies no significant advantages of the
combination of disulfiram and naltrexone as well as
acamprosate and naltrexone were found (62, 63).
Contradictory results only confirm that further ran-

domized clinical trials are needed not only in order
to determine actual advantage of polytherapy but
also to select appropriate groups of patients who
may respond preferably to specific combination
treatment. 

Current approach to adequate treatment of
alcohol abuse and dependence heads towards indi-
vidualization, which requires fully knowledge about
all co-occurring aspects accompanying alcohol
addiction. Therefore, therapy supported by antide-
pressant or anxiolytic agents may help achieve bet-
ter therapeutic effects in alcoholic patients, who bat-
tle against depression and anxiety disorders.
Analogously, drugs used in smoking cessation, i.e.,
varenicline and mecamylamine, may be more effec-
tive in reducing alcohol intake, as well as smoking,
in alcohol-dependent smokers. Also a subtype of
alcoholism play a crucial role in choosing optimal
pharmacotherapy. There are two main categories of
alcoholics: type A alcoholics, who demonstrate later
onset characterized by psychosocial triggers, and
type B alcoholics, whose early onset is strongly
associated with biological predisposition to the dis-
ease. It has been revealed that serotonergic pharma-
cotherapy may be differentially effective depending
on alcoholic subtype. Hence, type A alcoholics, with
presumably more normative 5-HT function, are
more likely to respond successfully to treatment
with SSRI than type B alcoholics (52).

Difficulties in treatment of alcohol dependence
are associated with the fact that alcohol directly or
indirectly affects function of almost every neuro-
transmitter system in the brain. For instance, DA
levels can be elevated precisely by alcohol, but also
as a result of alcohol-related changes in the seroton-
ergic, cholinergic and opioid system. Despite an
extensive knowledge of alcoholís influence on CNS,
probably not all mechanisms have been described
yet. Some interesting results may provide studies on
appetite-regulating hormones, which are of great
interest recently. Other latest reports indicate also
histamine H3 receptor antagonists as a potential
novel therapeutic strategy in alcohol dependence,
suggesting a significant part of this receptor in
rewarding effects of alcohol (64). Further studies in
this area might give us necessary answers, which
will help to optimize pharmacotherapy of alcohol
dependence. 
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In the food, cosmetics and pharmaceutical
industries, the fungi are important for their role in
different biotechnological processes like fermenta-
tion, synthesis and production of bioactive metabo-
lites (1). Out of 1.5 million known fungal species,
only 15% have been described for their relevance to
and very few of them have actually been explored
for bioactive metabolites production (2). The endo-
phytes are fungi which might complete their life
cycle partly or wholly inside a plant. This process
may occur inter- and/or intra-cellularly (3). These
endophytic fungi are rich sources of biologically
active compounds (4). Among the endophytes, the
most common endophytic fungi are Ascomycota
fungus in nature with highly diverse polyphyletic
group. Functionally their occurrence are in asymp-
tomatic tissues of plants. 

Epicoccum nigrum (E. purpurascens) is an
anamorphic Ascomycota having worldwide distri-
bution. It makes its colonies in different types of
plants as hosts and soils. E. nigrum is primarily con-
nected with decay of plant tissues (5) and sometimes
has been stated as a weak plant pathogen (6). Like
other ubiquitous mould, this fungus genus can dis-
play an endophytic lifestyle and is usually found in

inner tissues of several plant species (7, 8). In plant
pest E. nigrum can be used as a biological control (9-
12). Many scientists had focused on study of wide
variety of anticancer, antimicrobial and anti-diabet-
ic metabolites from E. nigrum (13-17).

Source of bioactive metabolite

The fungal strain Epicoccum nigrum is a
unique source of different bioactive metabolites
which are summarized in Figure 1.

Microbiology and morphology 

General growth appearance of Epicoccum
colonies, on fungal Sabouraud dextrose agar media
showed typical orange pigments releasing mold spe-
cially when observed from reverse sides (Fig. 2).
Colonies are often bright, red, orange, brown and
yellow in color. It can grow between -3 and 45OC at
pH 3.0-4.5. The conidiophores of Epicoccum are
smaller in size (ranges from 15-25 microns), unre-
markable and grouped in clusters. Spores are glo-
bose, dark brown and muriform (septa in both direc-
tions, like a soccer ball). Spores are often found as
little black dots on the growing colonies of cultures.
E. nigrum belongs to fungi Ascomycota (Table 1)
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due to absence of known sexual state. It is also
called dematiaceous fungus due to it dark color and
melanin in their cell walls (18). 

Although more than 70 species were reported
in this genus but recently all they are classified in
one variable species with distinct morphological and
physiological types i.e., E. nigrum (19, 20). 

Epicoccum prevalence 

Epicoccum species are saprophytic in nature.
They are considered the moulds of environment.

Epicoccum sp. also colonizes plants and resides as
an endophyte. E. nigrum is also reported as endo-
phyte in many marine plants for unique metabolites
production of these plants. It has worldwide distri-
bution and one of most common invader of many
different plants. It also infects seeds from barley,
oats, wheat, and corn. The mutual relationship of E.
nigrum with host plant might be responsible for
using host metabolic machinery reprogramming,
production and accumulation of unique classes of
secondary metabolites produced by the host plants. 

Figure 1. Bioactive metabolites obtained from Epicoccum nigrum (21, 27-29, 34, 36)

Figure 2. Morphological features of Epicoccum nigrum (culture and conidia)

Table 1. Taxonomy of genus Epicoccum.

Kingdom Fungi Order Pleosporales  

Phylum Ascomycota Family Leptosphaeriaceae  

Class Dothideomycetes Genus Epicoccum
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Many scientists have isolated E. nigrum from
different hosts, plants, animals and marine organ-
isms. Marine organisms are considered as promising
source of bioactive metabolites. E. purpurascens
was isolated from inner tissue of jellyfish Aurelia
aurita and then investigated for its secondary
metabolites (21). Abel-Latef and coworkers (14)
also reported Epicoccum sp., from Pheophyta as a
source of peptide antioxidant bioactive metabolites.
This fungus was also found in fruiting bodies of
other fungi. Epicoccum sp. had been isolated from
fruiting bodies of two tree fungus i.e., Pholiota
squarrosa and Cordyceps sinensis (a Chinese cater-
pillar fungus) (15, 16). Epicoccum sp. was also iso-
lated from marine sponge Tethya aurantium (22).
Studies reported isolation and metabolic investiga-
tion of Epicoccum sp., from Lysidice rhodostegia,
Saccharum officinarum (sugarcane) and Mentha
suaveolens (leaves) (23, 24). 

Secondary metabolites and their significance

The Epicoccum species became the focus of
many studies in mycologist circles for their produc-
tion of biologically active secondary metabolites
(Fig. 1 and Table 1). Following are few of important
classes of metabolites reported.

Diketopiperazines

Diketopiperazines (DKP) are the class of
organic compounds which contains the two nitrogen
atoms of a piperazine, 6-membered ring, which are
apart by amide linkages. They were biologically
synthesized from amino acids by a large of organ-
isms, including mammals.

They are secondary metabolites made up of
smallest cyclic peptides. They had variety of phar-
macological properties reported in different litera-
ture likewise antimicrobial, antiviral, antitumor and
immunosuppressive activities (25, 26). Naturally
occurring diketopiperazines were commonly isolat-
ed from fungus.

Diffieux and Filleau (27) isolated two dike-
topiperazines, epicorazines A and B (1) from chlo-
roform extract of culture broth of E. nigrum (strain
751-5). These two compounds were isomers.
Triornicin (2) and isotriornicin (3) are members of
coprogens in which diketopiperazine ring is formed
by condensation of two N-hydroxy-N-acyl-L-
ornithine units (Fig. 3). These tumor inhibitory fac-
tors produced by E. purpurascens indicated that they
were of alike structure to the known siderophore
desferricoprogen, which was also created by the
fungi (28). E. nigrum colonized Cordyceps sinensis
and produced four unique epipolythiodioxo-piper-

azines epicoccins A-D (4-7), with unusual sulfur
bridges (29). Epicoccin A (4) had moderate antimi-
crobial activity. Similarly in 2009, Guo and his
coworker (16) had reported six new diketopiper-
azines, along with three known epicoccins A, B and
D from endophytic E. nigrum of Cordyceps sinensis.
The new compound isolated by them were epicoc-
cins E-H (8-11) and diphenylalazines A (12), B (13).
Compounds 9-12 showed inhibitory effects on HIV-
1 replication in C8166 cells. Epicoccum sp. isolated
from roots of Chinese medicinal herb (Lysidice rho-
dostegia) was also studied for its metabolites. From
Epicoccum species of Chinese medicinal herb 13
new diketopiperazines, epicoccin I (14), ent-epicoc-
cin G (15), and epicoccins J-T (16-26) were isolated
(Fig. 3). Compunds 15, 19 and 25 showed remark-
able results aligned with the discharge of enzyme β-
glucuronidase in rat with 3.07, 4.16 and 4.95 mM
IC50 values, respectively, against polymorphonu-
clear leukocytes induced by platelet-activating fac-
tor (23).

Tetramic acid derivatives and pyridine alkaloids 

Tetramic acid ring are one of the important
classes of pharmacological active natural products
system. A novel and unique tertramic acid deriva-
tive, epicoccamide A (26), was isolated from E. pur-
purascens, an endophyte colonizing inner tissue of
jellyfish Aurelia aurita (21). Epicoccamide was
biosynthetically made up of three different subunits
i.e., glycosidic acid, fatty acids and tetramic acid.
Three more epicoccamides B-D (28-30) were isolat-
ed from endophytic Epicoccum sp., of mushroom
Pholiota squarrosa (15). The cytotoxic effect of
epicoccamide D against Hela cell lines was weak to
moderate (CC50 17.0 µM) while against mouse
fibroblast and human leukemia cell lines the antipro-
liferative effects result in growth inhibition (GI50) of
5.05 and 33.3 µm, respectively. Epicoccarins A and
B (31, 32) another type of novel tetramic acids
derivatives were also isolated from this fungus (Fig.
4). The MIC value of epicoccarin A against
Mycobacterium vaccae was 6.251 g/mL while epi-
coccarin B showed moderate effects. A new pyri-
done alkaloid epipyridone (33) was also isolated and
showed moderate antibacterial activity (30). 

Chromanone and isobenzofuran derivatives 

Chromanones are the derivatives of benzopyran con-
taining substituted pyran ring. Many complex compounds
of this chemical moiety are responsible for diverse biologi-
cal activities including potent anti-inflammatory actions.
Diphenolic chromone derivatives are the latest division of
anti-inflammatory lead compound when they were studied
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Figure 3. Diketopiperazines isolated from Epicoccum nigrum 

showed effective inhibitory activity in opposition to nitric
oxide (NO) production in RAW264.7 cells and mouse pri-
mary peritoneal macrophages (31, 32). Isobenzofuran con-
tains benzofuran nucleus and compounds containing ben-
zofuran moiety showed wide range of therapeutic uses like
antibacterial, antidiabetic, analgesic, antifungal, anti-inflam-
matory, antidepressant, antitumor, imaging, anti-HIV, anti-
tubercular and antioxidant activities (33).

Lee and coworkers in 2007 (34) reported isola-
tion of one chromanone (34) and three benzofurans

(35-37) and their derivatives from an organic extract
of cultures of E. purpurascens MYC 1097 (Fig. 5).
Chromanone was isolated from least polar fraction
by using normal phase silica gel column chromatog-
raphy while furan derivatives were obtained from
polar fraction by using HPLC. Compound 34 (7-
methoxy-4-oxo-chroman-5-carboxylic acid methyl
ester) and 35 (1,3-dihydro-5-methoxy-7-methyl-
isobenzofuran) were new while other were already
known. 
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Figure 3. Continued

Terpene metabolites

Terpenes are a large class of naturally occur-
ring hydrocabons produced by plants and some
other organisms. Terpenes consists of multiples iso-
prene units. Fungi produce terpenes by mevalonic
acid pathway. Mevalonate, an intermediate in ter-
pene biosynthesis, leads to variety of secondary
metabolites during cyclization reactions. These
metabolites might be triterpenes, steroidal lanos-
terol, diterpenes, and other sterol derivatives and can

provide as the ancestor for a number of biologically
key compounds (35).

Three new pimarane diterpenes (38-40),
together with one known compound diaporthins B
(41) were cut off from the extract of Epicoccum sp.
HS-1 an endophyte of Apostichopus japonicas (Fig.
6). All isolated compounds were experienced for
cytotoxicity in opposition to human epidermoid car-
cinoma KB and KBv200 cells. Compounds 38, 39

and 41 inhibited the growth of KB and KBv200 with
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IC50 values ranging from 2.34 µg/mL to 20.74 µg/mL
(36). 

Miscellaneous compounds

Different pigments have also been reported
from Epicoccum fungus. Two amorphous red photo-
sensitive pigments, epirodins A and B were isolated
from E. nigrum. These pigments represent a new
class of compounds appearing to be carbonyl-conju-
gated octaenes which possess some of the structural
features and activities of the polyene macrolides of
Streptomycetes origin (37). A new natural fluores-
cent probe epicocconone (42) based on polyketide
skeleton was isolated from E. nigrum (38), which is
useful for biotechnological applications. High yield
of carotenoids and flavonoids was produced from E.
nigrum in solid state fermentation. These pigments
were easily extracted with alcoholic solutions or
other polar solvents. These extracts showed potent
antioxidant activity (39-42). Cretu and his cowork-
ers studied physicochemical properties of
carotenoids synthesized by E. nigrum, which also
showed antioxidant activities (43).

An antifungal substance flavipin (3,4,5-trihy-
droxy-6-methylphthalaldehyde) (43) was from E.
nigrum (44). It might be responsible for biocontrol
effects of E. nigrum because it could inhibit attack of
pathogens to plants (45). In another study, a novel
oxopolyene orevactaene (44) was isolated from E.
nigrum WCA7880, which displayed inhibitory
activity against the HIV 1 Rev/RRE binding, at an
IC50 value of 3.6 µM (13). A new natural com-
pounds with unusual carbon skeleton, i.e., epicolac-
tone and mullein derivatives (45-48) were isolated
from ethyl acetate extract obtained from endophytic
E. nigrum of sugarcane (14, 17). 

In another study, five new polyketides, epicoc-
conigrones A and B (49, 50), 3-methoxyepicoccone
B (51), 3-methoxyepicoccone (52), and 2,3,4-trihy-
droxy-6-(methoxymethyl)-5-methylbenzaldehyde
(53), together with five known compounds were iso-
lated from an endophytic fungus E. nigrum of
Mentha suaveolens (24). All isolated compounds
were experienced for their reticence in opposition to
a panel of 16 protein kinases. As positive controls
staurosporine and quercetin were used, both known

Figure 4. Tetramic acid derivatives isolated from Epicoccum nigrum
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to inhibit a broad panel of protein kinases.
Compound 49 inhibited all tested enzymes while
compound 51 and 53 inhibited only some of the test-
ed enzymes (Fig. 7). 

In another study organic crude extract obtained
from large scale fermentation of Epicoccum sp., by
using rice as substrate, yielded two polysubstituted
polyketides, epicolactone and epicoccolide A (54),
and epicoccolide B (55). These compounds showed
antibacterial activity against B. subtilis, S. aureus,
and E. coli as well as antifungal activity against
plant pathogenic fungi (46). 

Nanoparticle production 

Safe, cost effective and friendly to environment
are pre-requisites for the synthesis of nanoparticles
and their development involves greatest interest of
modern day biological scientists. Due to their poten-
tial application in infection, prevention and wound
healing, silver nano-particles (AgNPs) received spe-
cial attentions (47). Microorganisms especially bac-
teria and fungi are now considered as potential facto-
ries for rapid and environmental friendly production
of these AgNPs. The most commonly used bacteria
and fungi for the synthesis of silver nanoparticles
are: Escherichia coli, Proteus mirabilis, Pseudomo-
nas stutzeri, Aspergillus niger and Fusarium oxyspo-
rum (48, 49). 

Qian and his colleagues (50) reported an extra-
cellular synthesis of AgNPs by the endophytic fun-
gus E. nigrum QX501, isolated from the cambium of

Phellodendron amurense. An attempt was made to
find the optimum conditions (substrate concentra-
tion, pH, and temperature) for biosynthesis of
AgNPs. Antifungal potential of AgNPs was evaluat-
ed by using nine pathogenic fungi, including
Sporothrix schenckii and Cryptococcus neoformans
that have not previously been evaluated. AgNPs dis-
played much broader antifungal spectrum than itra-
conazole and fluconazole, two common antifungal
agents (50). These results strongly suggested that
the AgNPs synthesized by the fungus may be used
as a potent antifungal agent especially against
Aspergillus niger.

Bio-control agent 

Phytophthora infestans caused patato late
blight and XF1 strain of E. nigrum could be used as
potential biological pest control agent. The dual cul-
ture test showed the hyphae of P. infestans growth
was reduced and destroyed in circumference of XF1
colony. This occurred due to the degeneration of
protoplasm of mycelia of P. infestans around the
inhibition zone of E. nigrum (51).

Metabolomics profile of E. nigrum was also
studied (52) using solid state fermentation. In this
study, they correlated availability of water with
metabolites production and it was observed that
metabolite production is increased in E. nigrum with
reduction of water activity. This study described the
role of ecophysiological stresses for enhancing nat-
ural product discovery.

Figure 5. Chromanone and isobenzofurans derivatives isolated from Epicoccum fungus

Figure 6. Terpenes isolated from Epicoccum fungus
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Future perspectives and conclusion

New bioactive metabolites are a need of time
due to ever increasing dilemma of microbial resist-
ance to current therapeutic and control agents along
with emergence of new life threatening diseases.
These problems have pushed scientists to look for
unconventional sources like endophytes for the
novel compounds. The fungus capacity to synthe-
size variety of new bioactive metabolites forced
researchers to explore these avenues. E. nigrum may
be able to prove one of most promising endophytes
for the production of chemically structurally and
biologically diverse metabolites.
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Cefpirome sulfate (CPS) (Fig. 1) is a new
fourth-generation cephalosporin for parenteral
administration. It is an oxime-type cephem with a 2-
amino-thiazolylmethoxyimino group in the side
chain at position 7, while at position 3 it is cyclopen-
tapyridine. Those elements in structures are respon-
sible for the high level of resistance to β-lactamases
and the broad spectrum of antibacterial activity of
CPS. 

CPS is an active against Gram-positive bacte-
ria, including Staphylococcus aureus and Gram-
negative microorganisms such as Pseudomonas
aeruginosa (1-3). It is clinically available for the
treatment of various infections such as pneumonia
and sepsis as well as urinary-tract and intra-
abdominal infections in adult patients (4-7). The
approved dosing regimen for intravenous CPS is
1ñ6 g daily in two or up to four divided doses (7).
Fourth-generation cephalosporins have surprising-
ly few serious side effects, which makes them an
attractive for use in the treatment of a wide variety
of serious infections. The most common adverse
symptoms are nonspecific circulatory disorders
(chills, tachycardia, hypertension, nausea, dysp-
nea, cold perspiration, weak concentration, and

dizziness). All adverse effects are of mild or mod-
erate severity and do not last long. Spontaneous
improvement leading to complete recovery can be
observed. As most of the side effects of β-lactams
are caused by the generation of degradation prod-
ucts, it is important to estimate their stability.
Earlier studies have confirmed that cephalosporins
are susceptible to degradation in aqueous solutions
(8-14) and in the solid state (15-24). The degrada-
tion of CPS in the solid state in dry air and at
increased relative air humidity was a first-order
reaction (24). The kinetic mechanism of CPS
degradation was not depending on storage condi-
tions (24). CPS was reported to be stable in the pH
range of 4-7, slightly unstable below pH 3 and to
rapidly degrade at pH 9 and higher in aqueous
solution (12). The degradation pathways both in
aqueous solutions (12) and in solid state (24) were
also described. 

The aim of this work was to investigate the
process of CPS degradation in the aqueous solutions
in the pH range of 0.44ñ13.00 and determination the
total rate of CPS degradation. The obtained results
were compared with other fourth-generation
cephalosporin cefoselis sulfate (CSS) (11).

ANALYSIS

STABILITY OF CEFPIROME SULFATE IN AQUEOUS SOLUTIONS
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Abstract: The influence of pH on the stability of cefpirome sulfate was investigated in the pH range of 0.44 ñ
13.00. The degradation of cefpirome sulfate as a result of hydrolysis was a pseudo-first-order reaction. General
acid-base hydrolysis of cefpirome sulfate was not observed. In the solutions of hydrochloric acid, sodium
hydroxide, acetate, borate and phosphate buffer, kobs = kpH because specific acid-base catalysis was observed.
Specific acid-base catalysis of cefpirome sulfate consisted of the following reactions: hydrolysis of cefpirome
sulfate catalyzed by hydrogen ions (kH+), hydrolysis of dications (k1H2O) monocations (k2 H2O), zwitter ions
(k3H2O) and monoanions (k4 H2O) of cefpirome sulfate under the influence of water. The total rate of the reaction
was equal to the sum of partial reactions kpH = kH+ ◊ aH+ + k1H2O ◊ f1 + k2H2O ◊ f2 + k3H2O ◊ f3 + k4 H2O ◊ f4. Based
on the dependence kpH = f(pH) it was found that cefpirome sulfate was the most stable in aqueous solutions in
the pH range of 4-6.
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EXPERIMENTAL

Materials

CPS was obtained from CHEMOS GmbH,
Regenstauf, Germany. It is a white or pale yellowish
white, crystalline 98% pure powder soluble in water
and conforms to the standards of Japanese
Pharmacopeia XV. All other chemicals and solvents
were obtained from Merck KGaA (Germany) and
were of analytical grade. High-quality pure water
was prepared using a Millipore Exil SA 67120
purification system (Millipore, Molsheim, France).

Instrumentation

Chromatographic separation and quantitative
determination of CPS were performed by using the
Dionex Ultimate 3000 analytical system consisted
of a quaternary pump, an autosampler, a column
oven and a diode array detector. As the stationary
phase a Lichrospher RP-18 column, 5 µm particle
size, 125 × 4 mm (Merck, Darmstadt, Germany) was
used. The mobile phase composed of acetonitrile ñ
12 mM ammonium acetate (10 : 90, v/v). The flow
rate of the mobile phase was 1.0 mL/min and the
injection volume was 10 µL. The wavelength of the
DAD detector was set at 270 nm. Separation was
performed at 30OC (25).

Kinetic studies

The degradation of CPS in aqueous solutions
was studied at 353 K in hydrochloric acid (pH
0.44ñ1.39), phosphate (pH 2.22ñ3.38 and 6.16ñ7.95),
acetate (pH 4.23ñ5.58) and borate (pH 8.32ñ9.84)
buffers. The degradation of CPS in aqueous solutions
of sodium hydroxide (pH 11.24ñ13.00) was studied at
298 K, 303 K, 308 K and 313 K and obtained results
were extrapolated to 353 K. The pH values of the
reaction solutions and those of the buffer used to cal-
ibrate the pH-meter were measured at reaction tem-
perature. The ionic strength of solutions was adjusted
to 0.5 M with a solution of sodium chloride (4 M). All
solutions of CPS were protected from light.
Degradation was initiated by dissolving an accurately
weighed CPS (2.5 mg) in 12.5 mL of reaction solu-
tion heated to the required temperature. At specified
time intervals, determined by the rate of degradation,
samples of the reaction solutions (0.5 mL) were col-
lected, neutralized if necessary and instantly cooled
with a mixture of ice and water. Ten µL samples of
the solutions were injected into the column. 

RESULTS AND DISCUSSION 

Changes in the concentration of CPS under
stress study conditions were evaluated by using the

Figure 1. Chemical structure of cefpirome sulfate

Figure 2. The plot kpH = f(aH+) for the degradation of CPS at 353 K
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HPLC method, which was linear in the range 7.2-
300 mg/mL, precise (RSD 0.3-1.4%) and selective
in the presence of CPS and its degradation products.
The recovery of the method was in the range of RSD
98-104%. The LOD and LOQ were 2.4 and 7.2
mg/mL, respectively (25). 

The observed rate constants of CPS were deter-
mined in the pH range of 0.44ñ13.00. The pH values
of the reaction solutions in HCl were calculated
from the equation pH = -log fHCl [HCl]. The activity
coefficients fHCl were obtained from the literature or
calculated by interpolation of literature data (26).
The pH values of buffer were calculated by average
value pH of buffer of different concentrations. The
observed rate constants were described by the fol-
lowing equation of a pseudo first-order reaction: 

ln ct = ln c0 ñ kobs ◊ t

where: ct and c0 are the time-dependent concentration
and the initial concentration of CPS, at the time t > 0
and t = 0, respectively, kobs is the observed rate constant
of the pseudo first-order reaction of CPS degradation.
The observed rate constants are equal to the slopes of
the plots ln cCPS = f(t), with a negative sign (ñkobs). The
following statistical parameters of the equation y = ax
+ b were calculated by using the least squares method:
a ± ∆a, b ± ∆b, standard deviations Sa, Sb, Sy and the
coefficient of linear correlation r. The values ∆a and ∆b
were calculated for f = n-2 degrees of freedom and α =
0.05. The number of measurements of ct for each series
ranged from 8 to 12.

Buffer catalysis

At constant pH, ionic strength and temperature,
in the presence of excess acetate, borate and phos-

Figure 3. The plot b/f2 = f(f1/f2) for the degradation of CPS at 353 K

Figure 4. The plot kpH/f4 = f(f3/f4) for the degradation of CPS at 353 K
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phate buffers, the observed rate constant of degrada-
tion of CPS did not depend on the total concentra-
tion of buffers. That indicates that components of
those buffers did not catalyze the degradation of
CPS. To verify that kobs determined at different con-
centration buffer were statistically insignificant, the
parallelism test was used. In the reaction solutions of
HCl, buffers and NaOH general acid-base catalysis
was not observed, therefore the values of kobs = kpH. 

pH-rate profiles

The rate constants kpH determined in
hydrochloric acid, sodium hydroxide, phosphate,
borate and acetate buffers were used to calculated
the relationship log kpH = f(pH). The semilogarith-
mic relationship k-pH indicates that in water solu-
tion (pH 0.44ñ13.00) the following reactions are
possible:
● degradation of CPS catalyzed by hydrogen ions

(kH
+), 

● degradation of dications (k1H2O), monocations
(k2H2O), zwitter ions (k3H2O) and monoanions of
CPS (k4H2O) under the influence of water. 

The total rate of reaction is equal to the sum of
partial reactions rates:

kpH = kH+ ◊ aH+ + k1H2O ◊ f1 + k2H2O ◊ f2 + k3H2O

◊ f3 + k4H2O ◊ f4

where f1, f2, f3, f4 ñ the fractions of the molecules of
CPS. The values of f1ñ4 were calculated after taking
into account values pKa of CPS that were about 1.62,
3.11 and 11.15 (27).

The catalytic rate constant (kH
+) was calculated

from the plot kpH = f(aH
+) taking into account kpH val-

ues from pH 0.44 to 1.39, in which f1 + f2 → 1. The
plot kpH = f(aH

+) (Fig. 2) was linear with a positive
slope a = kH

+. The value of kpH for aH
+ = 0 is equal b

= k1H2O ◊ f1 + k2H2O ◊ f2 (b/f2 = k1H2O ◊ f1/f2 + k2H2O).
The values of k1H2O and k2H2O were calculated from
the plot b/f2 = f (f1/f2) (Fig. 3). The plot b/f2 = f(f1/f2)
is linear and the slope of this plot is equal k1H2O

whereas k2H2O is equal to the value  for b/f2 for f1/f2 =
0. In the pH range 6.16ñ13.00 f3 + f4 → 1, therefore
kpH = k3H2O ◊ f3 + k4 H2O ◊ f4 kpH/f4 = k3H2O ◊ f3/f4 +
k4H2O. The plot of kpH/f4 = f(f3/f4) is linear (Fig. 4) and
its slope is equal to k3H2O whereas value of kpH/f4 (b)
for f3/f4 = 0 is equal to k4H2O. The consistency
between theoretical profile calculated from equation
9 and the experimental results indicates that the
equation 9 is correct (Fig. 5).

The influence of ionic strength

In hydrochloric acid and solutions of sodium
hydroxide none influences of the ionic strength was
observed. It confirms spontaneous hydrolysis of
CPS under the influence of water and the hydrolysis
of CPS molecules catalyzed by hydrogen ions.

CONCLUSION

In aqueous solutions, in the pH range
0.44ñ13.00, the degradation of CPS is a pseudo-
first-order reaction. The hydrolysis of the dications,
monocations, zwitter ions and monoanions of CPS
are the partial reactions of hydrolysis. CPS, similar-
ly to like other 4th generation cephalosporin - CSS
(11), was the most stable at pH range from 4.0 to 6.5
and less stable above pH 11.24. 

The analysis of the relationship log kpH = f(pH)
for the degradation of CPS indicate that CPS is more
stable in acid than base pH values and has wide
plateau region in acidic and neutral pH, which con-
firms influence of 3-non-acetoxy group at position 3
on the stability of cephalosporins (28). A compari-
son the above mentioned relationship for the degra-
dation of CPS and CSS (11) indicates the following:

CSS is more stable in the pH range 0.44ñ8.00
and 10.00ñ13.00,

CSS and CPS demonstrate similar stability in
pH range 8.00ñ13.00.

Figure 5. Log kpH = f(pH) profile for the degradation of CPS and
CSS (11) at 353 K. The points are determined experimentally and
the lines were calculated from determined equation 
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Stability of CPS and CSS is determined by
spontaneous hydrolysis under influence of water
depending on the substrate charge. For CPS in pH
range 0.44ñ1.39 hydrolysis of CPS molecules cat-
alyzed by hydrogen ions is observed.

The components of an acetate, borate and
phosphate buffers do not catalyze the degradation of
CPS while the acetate and phosphate buffers cat-
alyze the degradation of CSS (11). 

The stability of CPS in the presence of borate
buffer is significantly lower than in phosphate or
acetate buffers. Therefore, the components of borate
buffer should not be used in pharmaceutical formu-
lations of CPS as excipients. 
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Camptothecin (CPT), an alkaloid isolated from
the Chinese tree Camptotheca acuminata, exhibits
very high anticancer activity. CPT exists in two
forms: lactone and carboxylate, but only the lactone
exhibits biological activity. Under physiological
conditions (at pH 7.4), spontaneous hydrolysis
occurs and the active lactone changes to inactive
carboxylate form (1, 2). Currently, two CPT analogs
are used in cancer therapy: topotecan and irinotecan.
They exhibit relatively low affinity for plasma pro-
teins. Some other derivatives are currently in the
clinical trial phase. The new camptothecin deriva-
tives are also the subject of research, and the goal is
to obtain an analogue which has the greatest con-
centration of lactone form in the blood and moder-
ately binds to albumin, thus extending the drug
activity. Camptothecin is a fluorescent compound.
The biophysical properties of CPT, determined by
measurements of fluorescence anisotropy, help to
predict the behavior of this compound under physi-
ological conditions (3). The most important advan-
tage of fluorescence methods is their high sensitivi-

ty, which enables to test drugs which have high
affinity for albumin. Serum albumin is the basic pro-
tein of plasma (4). This protein serves a significant
function in action of CPT ñ it binds inactive car-
boxylate form of camptothecin and accelerates the
conversion of active lactone form into carboxylate
form (2). The serious limitation of CPT and its
analogs is achievement of high level of bound drug
to HSA. Almost all studies were performed with
commercially available human serum albumin. It
should be taken into consideration that an excessive
free radical formation and a reduced activity of
antioxidant systems (oxidative stress) cause an
oxidative damage to albumin, especially during can-
cer disease (5-7). This may result in a reduced CPT-
HSA binding, and, consequently, in increased levels
of free, pharmacologically active fraction of CPT (8,
9). In order to investigate the effects of oxidative
stress on the binding of CPT to the albumin, human
serum albumin was oxidized by chloramine T. The
structure of albumin oxidized by chloramine T is
similar to advanced oxidation protein products
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(AOPP) isolated from patients (10). In order to
investigate the effects of glycosylation on the bind-
ing of CPT to the albumin, human serum albumin
was glycosylated by glucose. Glycosylation of albu-
min may impair its transport functions (8). A signif-
icant amount of glycosylated albumin is observed in
patients with cancer, as compared to healthy per-
sons. Likewise, larger increase in level of glycosy-
lated albumin is observed in diabetes with hyper-
glycemia (11). At pH 7.2, the CPT drug exists in an
equilibrium of the active lactone and inactive car-
boxylate forms. Increase in pH value shifts the equi-
librium towards an inactive form, while at low pH (<
5.5) only the lactone form of CPT is present (1, 2).
It was demonstrated that inside and in the midst of
the tumor pH is lower than physiological pH values,
reaching even below 7 inside of the tumor (12-14).
Moreover, in the course of cancer, a slightly
decreased blood pH is observed. Therefore, one
would expect a larger amount of lactone form of
CPT in close proximity of the tumors and in the
blood of cancer patients, compared to healthy per-
sons. If both CPT and other drug pretend to take the
same position in albumin, there may be an increase
in free fraction of lactone form of CPT (15).
Flurbiprofen was used as an active competitor, due
to its strong binding to albumin.

MATERIALS AND METHODS

Flurbiprofen, chloramine T and human serum
albumin (HSA) were received from Sigma-Aldrich.
The samples of CPT were obtained from the labora-

tory of biotechnology, College of Pharmacy,
University of Kentucky, Lexington (USA). A 2 mM
stock lactone solution of CPT was prepared in
DMSO (dimethyl sulfoxide C2H6OS). For fluores-
cence anisotropy measurements, concentration of
lactone form of CPT in final samples was equal to 1
µM. The kinetic studies of the hydrolysis of lactone
form to carboxylate form of CPT in albumin solu-
tion (40 µM) at different pH (from 7 to 8) consisted
of a single series of measurements of fluorescence
anisotropy in time function (up to 3 h). The PBS was
adjusted to the desired value of pH using small
quantities of 0.1 M KOH or HCl. For fluorescence
anisotropy measurements, concentration of CPT in
final samples was equal to 1 µM. A PTI (Photon
Technology International, Birmingham, NJ, USA)
spectrofluorometer was used for the measurement of
steady-state fluorescence anisotropy. The effect of
flurbiprofen on rate of hydrolysis of lactone form of
CPT in HSA solution was studied using different
concentration of flurbiprofen (from 10 µM to 2
mM). Stock solutions of flurbiprofen were prepared
in ethanol. The oxidized form of HSA (40 µM) was
obtained by an incubation of albumin in a solution
of chloramine T (40 µM) for 60 min. The glycosy-
lated form of HSA (40 µM) was obtained by an
incubation of albumin in a solution of glucose (40
µM) for 60 min. The human blood from healthy peo-
ple (n = 30) was received from the local blood-dona-
tion center (Bydgoszcz, Poland). A spectrophotome-
ter UV-Vis JASCO V-550 was used to measure the
absorbance. Concentration of AOPP was deter-
mined by measuring absorbance at 340 nm accord-

Figure 1. Fluorescence anisotropy of camptothecin in function of time at different pH
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ing to the modified method described for the first
time by Witko-Sarsat (16, 17). Briefly, the reactant
mixture for AOPP assay contains 1.875 mL of 0.2 M
citric acid and 25 µL of 1.16 M potassium iodide.
Then, 1.9 mL of this mixture was added to 100 µL
of the test sample and after 30 min the absorbance
was recorded. In order to investigate the correlation
between AOPP and free fraction of CPT in healthy
subject, the single fluorescence anisotropy measure-
ments of CPT-C for each albumin concentration (1,
2, 5, 10, 20 µM) were recorded. The method of
determination of the affinity of drugs to the albumin
and the free fraction of drugs in the plasma, based on
measurements of the anisotropy, is described in our
earlier publications (15). The temperature of the all
sample was kept constant (37OC) using the ultrather-
mostat TW2.03 (ELMI).

RESULTS AND DISCUSSION 

Analysis of fluorescence anisotropy of CPT
enables to follow the process of hydrolysis, i.e., the
process of converting the biologically active lactone
form into inactive carboxylate. Fluorescence
anisotropy of bound CPT is high (close to 0.24) and
of free (not bound) CPT ñ low (close to 0). The
anisotropy measurements might be indicative of a
degree of drug-albumin binding. As anisotropy
reaches an upper limit (0.24), all drug molecules are
linked to the macromolecules of albumin.

Anisotropy equal to 0.12 indicates that about 50% of
the drug is bound to albumin. 

Figure 1 shows the time dependence of the flu-
orescence anisotropy of the lactone form of CPT
introduced into an albumin solution at different pH
(from 7 to 8). The value of the fluorescence
anisotropy of the lactone form immediately after
introduction to albumin solution is low (0.025). This
results from the lack or weak binding to albumin. On
the other hand, anisotropy increases over time. This
is due to the gradual transition of the lactone form to
the carboxylate form, which immediately binds with
albumin. CPT molecules bound to albumin, do not
re-enter an active form of lactone. Figure 1 shows
that with increasing pH, the process of inactivation
of CPT accelerates, and this is an undesirable effect.
In turn, at pH lower than 7.4, the process of con-
verting the lactone form of CPT into the inactive
form is slowed down, and requires a much longer
time. Considering that in the vicinity of tumors, the
pH value is often less than 7.2, the results suggest
that this will increase the therapeutic effect of CPT
in patients with diagnosed cancer.

Figure 2 shows the content of free fraction of
CPT-L in albumin solution, depending upon the pH
of the solution and incubation time of CPT-L. After
3 h in albumin solution of pH 7.4, the amount of lac-
tone form is only at the level of 4%. Of the solutions
tested, the lactone form is most abundant at pH 7
(30% of the unbound form of lactone CPT after 3 h).

Figure 2. Fraction of lactone form of camptothecin in dependence on pH in different time
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For given time, the amount of lactone form marked-
ly lowers with an increase in pH of the solution. The
lactone form almost disappears after only two hours
of CPT-L incubation in pH 7.2. The concentration of
the active form of topotecan and irinotecan in blood
at pH 7.4 is equal to 12% and 21%, respectively
(18). It is the result of weak binding of their car-
boxylate forms to albumin. The results shown in this
study suggest that also in case of the derivatives of
CPT, the concentration of the lactone form would
increase with decreasing pH. 

In order to check how the hydrolysis rate of
CPT-L changes in the presence of competing com-
pound, flurbiprofen in different concentrations
(from 10 µM to 3 mM) was added to a solution of
CPT-L-HSA (data not shown) and the fluorescence
anisotropy was measured in time. It was observed
that addition of flurbiprofen to the solution of CPT-
L and HSA reduces the rate of an inactivation of lac-
tone form of CPT in dependence on flurbiprofen
concentration. It can be concluded that an addition
of the competing drug to the solution of CPT-L-
HSA would block the binding of CPT-C with albu-
min. Therefore, the solution may contain more CPT
lactone form. However, only the concentrations of

flurbiprofen above 200 µM may significantly con-
tribute to the reduction of the growth rate of
anisotropy. Such large concentrations, however,
does not mimic the body condition, even in case of
multidrug therapy. 

Figure 3 compares the fluorescence anisotropy
values of CPT obtained 3 h after the lactone form of
CPT had been added to the 40 µM albumin solution
prepared in diverse conditions. As it was previously
shown in Figure 1, by lowering pH to 7, the
anisotropy reaches the value of 0.16 within 3 h after
the addition of CPT-L to HSA (the concentration of
lactone form equals approximately 30%). 

The addition of flurbiprofen at a concentration
of 10 µM (at pH 7.4) results in a modest decline in
the growth rate of anisotropy, by approximately 3%.
Nonetheless, merely an addition of larger amounts
of competing drug in non-physiological concentra-
tions causes a significant decrease in the growth rate
of anisotropy. Oxidative damage of albumin was
induced in vitro by chloramine T. Glycosylation of
albumin involves the non-enzymatic addition of glu-
cose to albumin. An incubation of albumin in a chlo-
ramine T solution (10 µM) or a glucose solution (10
µM) at pH 7, followed by an addition of CPT-L,

Figure 3. Fluorescence anisotropy of camptothecin in dependence on applied condition, 3 h after the lactone form of camptothecin had been
added to the albumin solution after addition of flurbiprofen (Fl), after oxidation of albumin induced by chloramine T (Ch) and after gly-
cosylation of albumin (Gl)
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caused a decrease of the hydrolysis rate, after 3 h
anisotropy was 0.11 or 0.14, respectively. These
results show that due to an oxidation or glycosyla-
tion of albumin, an inactivation rate of lactone form
is slower. Finally, it was examined how the fluores-
cence anisotropy of CPT in a solution of pH 7, con-
taining all three study factors is reduced. Three
hours following the introduction of CPT-L, the
anisotropy value was only 0.09. After this time, the
concentration of free CPT was about 63%. This
clearly shows that in patients with cancer, the plas-
ma concentration of free active lactone form of CPT
is higher than it was previously believed. This will
increase the therapeutic effect of the drug. However,
this will depend on the patient condition and
whether one uses the other drugs or is subjected to
radiotherapy. Radiotherapy is associated with a
strong oxidative stress, which also increases an
oxidative damage of the proteins. It seems that the
concomitant use of anticancer drugs and radiation
therapy is beneficial from the viewpoint of the ther-
apeutic effect of the drugs and may contribute to the
improvement of the patientís condition.

Another observation is a decrease in the bind-
ing affinity of the carboxylate form to oxidized and
glycosylated albumin by 22 and 10%, respectively,
as compared to the affinity of CPT-C to unmodified
albumin (K = 290 mM-1). For investigation of bind-
ing properties of glycosylated and oxidized albumin,
1 mol chloramine T or 1 mol glucose on 1 mol albu-

min were used. It demonstrates that the decrease in
the rate of hydrolysis is associated rather with a
reduction in binding of the carboxylate form to mod-
ified albumin.

The effects of oxidative stress on the binding
of CPT to albumin are also confirmed by the study
of CPT-C binding with plasma proteins, derived
from 30 healthy subjects.

For each sample the level of oxidative stress
was measured and in order to determine the affinity
and free fraction of CPT, the fluorescence
anisotropy of CPT-C was examined as a function of
albumin concentration (from 1 to 40 µM) at pH 7.4.
A significant positive correlation between the con-
centration of AOPP and free fractions of CPT in
plasma at physiological concentration of albumin
was observed (r = 0.56 p = 0.001) (Fig. 4). AOPP is
a marker of oxidative stress detected first in the plas-
ma of chronic uremic patients (16). In the course of
cancer, the oxidative processes are more intense,
resulting in an increase of the level of AOPP, rang-
ing from a few to 250 percent, depending on the
stage and type of the cancer (19-21). Linear regres-
sion between levels of AOPP and values of free
fraction of CPT reveals a slope of 0.46 and an inter-
cept of 0.12. The fitting trendline indicates that it
may cause an increase of the free fraction of CPT by
even 330% in some cancer patients. Undoubtedly,
this will result in larger amounts of lactone form in
the blood of these patients.

Figure 4. Correlation between advanced oxidation protein products (AOPP) and free fraction of camptothecin (CPT) in healthy subject
and regression curve fitting 
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CONCLUSION 

A reduced CPT drug binding to human serum
albumin results in elevated active CPT lactone lev-
els and thus improves the effectiveness of treatment
in cancer therapy. This study showed that during
cancer disease, level of active lactone form of CPT
can be higher than previously thought. It is related to
oxidative damages, glycosylation and decreased pH
in tumor. Conclusions drawn from the research may
also refer to the other derivatives of CPT. It seems
that an impact of the examined factors on the affini-
ty is important in the uses thereof as an anticancer
agent. In addition, these studies show what can be
done to increase the therapeutic effect of CPT and
its derivatives. The induction of oxidative stress
(e.g., by radiotherapy) may result in an improve-
ment of the efficacy of an anticancer therapy with
the use of CPT and its derivatives.
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Flunarizine dihydrochloride (FNH) is one of
the piperazine derivatives with antihistamine prop-
erties and calcium channel blocking activity and has
been widely used for migraine prophylaxis (1).
Calcium channel blocker FNH prevents calcium
from entering certain cells in the brain and muscles.
This, in turn, prevents blood vessels from dilating,
which blocks part of the migraine process (2). FNH
(Fig. 1) is chemically known as [trans-1-cinnamyl-

4-(4,4-difluorobenzenhydryl) piperazine dihy-
drochloride] (3).

FNH has official monographs in European
Pharmacopeia (3) and British Pharmacopeia (4)
which describe potentiometric titration for its assay
using sodium hydroxide. Various other methods are
also found in the literature such as high performance
liquid chromatography (HPLC) (5, 6), high per-
formance thin layer chromatography (HPTLC) (7),
spectrofluorimetry (8) and UV-spectrophotometry
(9ñ11).

Most of the reported methods are tedious, rela-
tively less sensitive, require expensive instrumental
setup and experienced personnel. In contrast to this,
visible spectrophotometry is still considered to be a
very convenient and economical technique because
of its simplicity and speed, the inexpensive equip-
ment needed and accuracy of results. Visible spec-
trophotometric methods based on diverse reaction
chemistries have been proposed for the assay of
FNH in pharmaceuticals. Adapa et al. (12) reported
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Figure 1. Structure of flunarizine dihydrochloride
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two methods based on the oxidation of drug with
excess of NBS and estimating the unreacted NBS
either with celestine blue (CB) or p-methyl
aminophenol sulfate (PMAP)-sulfanilamide (SA).
The same authors (13) reported two more methods

for the assay of FNH. First method is based on the
reaction of potassium permanganate with the
olefinic double bond in FNH and estimating the
unreacted permanganate with Fast Green FCF (FG
FCF). Second method involves the treatment of the

Table 1. Comparison of the proposed and the existing visible spectrophotometric methods.

Linear range,

No. Reagent used Methodology
λλmax

µg/mL and Remarks Ref. 
(nm) εε, L/mol cm

1. NBS Unreacted NBS - - 12
a) Celestine blue measured

b) P-N-Me aminophenol 
sulfate-sulfanilamide   

2. KMnO4 1.0-5.0 Used expensive 13
a) Fast Green-FCF Unreacted KMnO4 620 (5.77 ◊ 104) reagents.
b) NaIO4- MBTH measured 620 4.0-24.0

(1.22 ◊ 104)

3. Iron(III) Ferroin complex formed 510 0.6-77.0 14 
-o-phenanthroline was measured

mixture    

4. Lead(II) and eosin Ternary complex 547.5 2.4-19.1 Time consuming 15
maesured and involve strict

(3.2◊104)   pH control, 
heating step. 

5. a) Carbol fuchsin Complexes formed 285 10-200 Less sensitive and used 16
b) Thorium nitrate-Thoron were measured 555 50-300  expensive 

reagents. 

6. a) Molybdenum (V) Extractable ion-pair 469-471 Involve extraction step, 17
thiocyanate complexes were 498-500 strict pH control
b) Orange G measured. 425-426 and used organic 

c) Alizarin red S  solvents.

7. Cobalt thiocyanate Nitrobenzene soluble 620 NA Involve extraction 18
coordination complex step and used

was measured   organic solvents. 

8. a) Bromocresol green Extractable ion-pair NA NA Involve extraction 19
b) Bromocresol purple complexes were step, strict pH
c) Bromophenol blue measured. control and used 
d) Bromothymol blue    organic solvents. 

9. a) Supracen violet-3B Chloroform soluble 560 4.0-24.0 Involve extraction 20
ion-association (1.27 ◊ 104) step, strict pH

b) Tropacolin 000 complexes measured 480 1.0-6.0 control and used 
(2.50 ◊ 104) organic solvents.

c) Woolfast blue-BL 580 1.0-6.0
(4.21 ◊ 104)    

10. Iodine Charge-transfer complex 355 8.0-13.0 Used organic 21
measured. (ε = 4.40 ◊ 104) solvents. 

11. a) Picric acid Charge-transfer 402.8 12.0-65.0 Less sensitive and 8
b) DDQ complex measured. 460 30.0-175.0 used organic 

solvents.  

12. Bromate-bromide Simple, sensitive 
mixture: and no heating 
a) Iodine Tri-iodide ion 370 0.8-16.0 step. No use of Proposed

measured (ε = 2.83 ◊ 104) organic solvent. methods
b) Starch-iodine Starch-iodine complex 575 0.4-8.0 Use of a green 

measured (ε = 4.96 ◊ 104) brominating reagent.

DDQ: 2,3-dichloro-5,6-dicyano-1,4-benzoquinone, MBTH: 3-methyl-2-benzothiazolinone hydrazone hydrochloride, NA: Not available.
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olefinic double bond in FNH with a Lemieux
reagent (KMnO4 and NaIO4) and estimating the
aldehyde formed with 3-methyl-2-benzothiazoli-
none hydrazone (MBTH). A method developed by
El-Maamli (14) is based on the formation of tris (o-
phenanthroline) iron(II) complex (Ferroin) upon
reaction of FNH with iron(III) -o-phenanthroline
mixture. Kelani et al. (15) reported a method based
on the formation of ternary complex of FNH with
eosin and lead(II). Two methods reported by
Badalani et al. (16) describe the complexation reac-
tion between FNH with either carbol fuchsin or tho-
rium nitrate-thoron. 

Besides, few extractive ion-pair methods have
also been reported for FNH in pharmaceuticals.
Elazazy et al. (17) reported three methods based on
the formation of colored ion-pair complexes
between the basic nitrogen of FNH and the inorgan-
ic complex; molybdenum (V) thiocyanate, Mo(V)
(SCN) or the acid dyes; orange G (OR.G) and
alizarin red S (ARS). In another method reported by
Adapa et al. (18) colored coordination complex
formed between FNH and cobalt-thiocyanate
(CTC), which is extractable in nitrobenzene, was
measured. Four methods reported by Zarapkar and
Bapat (19) involve formation of ion-pair complexes
between FNH and bromocresol green, bromocresol
purple, bromophenol blue or bromothymol blue.
Adapa et al. (20) reported three methods based on
the formation of chloroform soluble ion-association
complexes of FNH with supracen violet 3B, tropa-
colin 000 or woolfast blue BL. A method based on
the molecular interaction between FNH and iodine,
to form a charge-transfer complex was reported by
El Walily et al. (21). Mohammad et al. (8) reported
two methods based on the charge-transfer complex-
ation reaction of drug either with picric acid or 2,3-
dichloro-5,6-dicyano-p-benzoquinone.

Most of the above visible spectrophotometric
methods suffer from one or other disadvantage such
as poor sensitivity (8, 16), use of expensive reagents
and organic solvents (8, 13, 16, 18-20), involve
heating step (15), strict pH control (15, 17, 19, 20)
etc., as indicated in Table 1.

The present investigation aims to develop sim-
ple, sensitive and cost-effective methods for the
determination of FNH in pure form and in dosage
form using titrimetric and spectrophotometric tech-
niques. The methods utilize bromate-bromide mix-
ture as brominating reagent, which has successfully
been used for the sensitive spectrophotometric
determination of many bioactive substances (22-28).
The proposed methods have the advantages of
speed, sensitivity and specificity besides being accu-

rate and precise as depicted in Table 1, and can be
adopted by the pharmaceutical laboratories for
industrial quality control.

EXPERIMENTAL

Instrument

A Systronics model 106 digital spectropho-
tometer (Systronics, Ahmedabad, Gujarat, India)
provided with 1 cm matched quartz cells was used
for all absorbance measurements.

Reagents and materials

All reagents and chemicals used were of ana-
lytical or pharmaceutical grade and distilled water
was used to prepare the solutions.

Bromate-bromide mixture

A stock standard solution of bromate-bromide
mixture equivalent to 5 mM KBrO3 and 10-fold molar
excess of KBr was prepared by dissolving accurately
weighed 0.209 g of potassium bromate (S.D. Fine-
Chem. Ltd., Mumbai, India) and 1.488 g of potassium
bromide (Merck, Mumbai, India) in water and dilut-
ing to volume in a 250 mL calibrated flask, and
directly used in the titrimetric method. Another stock
standard solution of KBrO3-KBr equivalent to 300
µg/mL KBrO3 was prepared by dissolving 30 mg of
KBrO3 and 300 mg KBr in a 100 mL calibrated flask
and this was diluted appropriately with water to get
working concentrations equivalent to 30 and 15
µg/mL in KBrO3 for use in spectrophotometric
method B and method C, respectively.

Potassium iodide

A 5% potassium iodide (Merck, Mumbai,
India) solution was prepared by dissolving 5 g
potassium iodide with water in a 100 mL calibrated
flask. This solution was prepared afresh daily. A 2%
solution was prepared separately for spectrophoto-
metric work.

Starch solution

One gram of starch (LOBA Chemie Ltd.,
Mumbai, India) was made into paste with water and
slowly poured with constant stirring into 100 mL
boiling water, boiled for 5 min, cooled and used.
This solution was prepared freshly every day.

Hydrochloric acid

Concentrated hydrochloric acid (Merck,
Mumbai, India, Sp. gr. 1.18) was diluted appropri-
ately with water to get 2 M HCl for use in all the
methods.
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Sodium acetate

A 3 M aqueous solution of sodium acetate was
prepared by dissolving suitable quantity of sodium
acetate trihydrate crystals (Merck, Mumbai, India)
in water for use in method B.

Standard solution of FNH

Pharmaceutical grade flunarizine dihydrochlo-
ride certified to be 99.78% pure was received from
Inga Pharmaceuticals, Mumbai, India, as gift sample
and was used as received. A stock standard solution
equivalent to 3.0 mg/mL of FNH was prepared by
dissolving accurately weighed 750 mg of pure drug
in 1 : 1 (v/v) (acetic acid : water) and diluted to mark
in a 250 mL calibrated flask with the same solvent.
The solution (3 mg/mL FNH) was used in titrimet-
ric work and diluted appropriately with water to get
the working concentrations of 40 and 20 µg/mL
FNH for use in spectrophotometric method B and
method C, respectively. 

The pharmaceutical preparations Flunatrac-10
(Minova Life Sciences Ltd., Bangalore, India) and
Flunarin-5 (FDC Ltd., Goa, India) were purchased
from commercial sources in the local market and
subjected to analysis. 

Recommended procedures

Method A (Titrimetry)
Different volumes (1.5-10.0 mL) of standard

FNH (3 mg/mL) solution were measured accurately,
transferred into a 100 mL iodine flask and the total
volume was made to 10 mL with acetic acid : water
(1 : 1, v/v) mixture. The solution was acidified by
adding 5 mL of 2 M HCl followed by the addition of
10 mL of bromate-bromide mixture (5 mM in
KBrO3) using a pipette. The content was mixed well
and the flask was kept aside for 10 min with occa-
sional swirling. Then, 5 mL of 5% (w/v) potassium
iodide was added to the flask and the liberated
iodine was titrated with 0.03 M sodium thiosulfate
to a starch end point. A blank titration was per-
formed under the same conditions taking 10 mL of
acetic acid : water (1 : 1, v/v) mixture. The drug con-
tent in the measured aliquot was calculated from the
following equation:

(B ñ S) × Mol. wt. × R∂
Amount (mg) =  ññññññññññññññññññññ

n
where B is the volume of titrant in the absence of the
drug, S is the volume of titrant in the presence of the
drug, Mol. wt. is relative molecular mass of the
drug, R is molarity of bromate in the bromate-bro-
mide mixture and n is the reaction stoichiometry
(number of moles of bromate reacting with each
mole of FNH).

Spectrophotometric method B (based on the meas-
urement of tri-iodide ion)

Varying aliquots (0.2ñ4.0 mL) of standard
FNH solution (40 µg/mL) were accurately trans-
ferred into a series of 10 mL calibrated flasks and
the total volume was adjusted to 4.0 mL with acetic
acid : water (1 : 1, v/v) mixture. One milliliter of 2
M HCl was added to each flask followed by the
addition of 1 mL bromateñbromide mixture solution
(30 µg/mL in KBrO3). The content was mixed well
and let stand for 10 min with occasional shaking.
Then, 1.0 mL of 3 M sodium acetate solution was
added to each flask followed by 1 mL of 2% potas-
sium iodide. The volume was brought to the mark
with water and the absorbance of the resulting tri-
iodide ion was measured at 370 nm after 5 min
against the water.

Spectrophotometric method C (based on the meas-
urement of starch-iodine complex)

Into a series of 10 mL calibrated flasks, differ-
ent aliquots (0.2-4.0 mL) of standard FNH (20
µg/mL) solution were transferred using a microbu-
rette. The total volume in each flask was brought to
4 mL by adding required quantity of acetic acid :
water (1 : 1, v/v) mixture. The solution was acidified
by adding 1 mL of 2 M HCl, and 1 mL of bro-
mateñbromide (15 µg/mL in KBrO3) solution was
then added to each flask. The flasks were kept aside
for 15 min with periodic shaking; 1 mL of 2% potas-
sium iodide was added and the content was mixed
well. After 5 min, 1 mL of 1% starch solution was
added to each flask and the volume was made up to
the mark with water and mixed well. The
absorbance of the resulting blue chromogen was
measured at 575 nm against water blank after 5 min. 
A standard graph was prepared by plotting
absorbance against concentration and the unknown
concentration was read from the graph or computed
from the regression equation derived using Beerís
law data.

Procedure for tablets
Twenty tablets each containing 5 mg or 10 mg

of FNH were weighed and finely powdered. An
amount of the powder equivalent to 300 mg of
FNH was accurately weighed and transferred to a
100 mL calibrated flask, 60 mL of acetic acid :
water (1 : 1, v/v) mixture was added and the con-
tent was shaken thoroughly for about 20 min. The
volume was diluted to the mark with the same sol-
vent, mixed well and filtered using Whatman No.
42 filter paper. The first 10 mL portion of the fil-
trate was discarded and a suitable aliquot of the fil-
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trate was assayed by titrimetric procedure. The
same tablet extract (3 mg/mL FNH) was appropri-
ately diluted with acetic acid : water (1 : 1, v/v)
mixture to get 40 and 20 µg/mL with respect to
FNH for the assay by the spectrophotometric
method B and method C, respectively.

Procedure for the analysis of placebo blank and
synthetic mixture

A placebo blank containing starch (10 mg),
acacia (15 mg), hydroxyl cellulose (20 mg), sodium
citrate (30 mg), lactose (10 mg), talc (60 mg), acacia
(30 mg), magnesium stearate (25 mg) and sodium
alginate (30 mg) was prepared, and 20 mg of the
placebo blank was extracted with 1 : 1, v/v acetic
acid : water mixture and the solution was made as
described under ìProcedure for the tabletsî and then
subjected to analysis. 

A synthetic mixture was prepared by adding
150 mg of FNH to about 40 mg of the placebo blank
prepared above, homogenized and the solution was
prepared as done under ìProcedure for the tabletsî.
The filtrate was collected in a 50 mL flask. The syn-
thetic mixture solution was analyzed by titrimetry
and then appropriately diluted with water to get 40.0
and 20.0 µg/mL FNH solutions, and appropriate
aliquots were subjected to analysis by method B and
method C, separately.

RESULTS AND DISCUSSION

Bromate-bromide mixture in acid medium
has been used for the assay of several organic
pharmaceutical compounds (22-27) as it behaves
as an equivalent solution of bromine. From the
preliminary experiments, FNH was found to

undergo bromination reaction. The present study
describes one titrimetric and two spectrophoto-
metric procedures for the determination of FNH
using bromine generated in situ as a green bromi-
nating agent and are based on the bromination
reaction of FNH with a known excess of bromate-
bromide mixture in acid medium through elec-
trophilic substitution reaction. The main advan-
tages of this reagent are: replacement of the high-
ly toxic and hazardous liquid bromine, no forma-
tion of hazardous byproducts and use of eco-
friendly and easily available chemicals. The pro-
posed methods entail the addition of a measured
excess of bromate-bromide mixture in acid medi-
um to FNH followed by determination of the
residual bromine after the reaction between the
drug and bromine is judged to be completed. In
titrimetry, the reaction which was found to follow
a 1 : 2 (FNH : KBrO3) stoichiometry was followed
by back titration of the unreacted bromine iodo-
metrically, whereas in spectrophotometry, the
amount of iodine liberated, by the reaction of
unreacted bromine with potassium iodide, was
either measured directly at 370 nm or reacted with
starch and resulting blue colored chromogen of
starch-iodine complex was measured at 575 nm.

In all methods, the amount of reacted bromate
(in situ bromine) corresponded to the amount of
FNH, which formed the basis of the assay. The pos-
sible reaction pathways are proposed and illustrated
in Scheme 1.

Method development

The various experimental conditions providing
accurate and precise results were carefully opti-
mized.

Scheme 1. Proposed reaction pathway for the bromination of flunarizine dihydrochloride by bromate-bromide mixture
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Figure 2: Absorption spectra: 8.0 µg/mL FNH, tri-iodate on (Method B): 4.0 µg/mL FNH, starch-iodide complex (Method C)

Figure 3. Effect acid concentration on 12 µg/mL FNH (Method B) and 6 µg/mL FNH (Method C)
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Titrimetry

The proposed titrimetric procedure is based on
bromination reaction between FNH and bromine
generated in situ. A 4.5-30.0 mg of FNH were treat-
ed with known excess of bromate-bromide mixture
in acid medium, and back titrating the unreacted
bromine iodometrically after ensuring the comple-
tion of the reaction. Hydrochloric acid medium was
found to be ideal and at optimum concentration (5
mL of 2 M HCl in a total volume of 25 mL), the
reaction was completed within 10 min. At lower

acid concentration (≤ 3.0 mL of 2 M HCl) the reac-
tion stoichiometry was not stable and at higher acid
concentration (≥ 4.0 mL of 2 M HCl) the reaction
stoichiometry was remained constant. Hence, 5 mL
of 2 M HCl in a total volume of 25 mL (1.0 M over-
all) was used. Hence, 5 mL of 2 M HCl was found
adequate to be used in the titrimetric study. The
reaction was found to be complete in 10 min and
contact time up to 20 min had no effect on the stoi-
chiometry or the results. Ten milliliters volume of 5
mM KBrO3-50 mM KBr was found adequate for a

Table 2. Regression and analytical parameters.

Parameter Method B Method C

λmax, nm 370 575

Beerís law limits, µg/mL 0.8-16.0 0.4-8.0

Molar absorptivity (ε) L mol-1 cm-1 2.83 ◊ 104 4.96 ◊ 104

Sandell sensitivitya, µg cm-2 0.0168 0.0096

Limit of detection (LOD), µg/mL 0.63 0. 28

Limit of quantification (LOQ), µg/mL 1.91 0.84

Regression equation, Yb

Intercept, (a) 0.9269 0.8217

Slope, (b) -0.0559 -0.0916  

Correlation coefficient (r) 0.9997 0.9998

Standard deviation of intercept (Sa) 0.08015 0.08584

Standard deviation of slope (Sb) 0.00963 0.02063

aLimit of determination as the weight in µg/mL of solution, which corresponds to an absorbance of A = 0.001
measured in a cuvette of cross-sectional area 1 cm2 and l = 1 cm. Yb = a + bX, where Y is the absorbance, X is
concentration in µg/mL, a is intercept, and b is slope.

Table 3. Evaluation of intra-day and inter-day precision and accuracy.

Intra-day (n = 7) Inter-day (n = 5)

Method 
FNH*

FNH % RSDb % REc FNH % RSDb % REctaken
founda  founda 

9.00 9.06 1.13 0.67 9.10 1.71 1.08
A

18.0 17.9 0.87 0.37 17.9 0.74 0.57
(Titrimetry)

27.0 27.2 0.48 0.81 27.3 0.57 0.95  

4.00 3.95 1.64 1.20 3.94 1.95 1.40
B

8.00 7.92 1.81 0.94 7.90 2.27 1.19
(Spectrophotometry)

12.0 12.2 0.80 1.28 12.3 1.20 2.25  

2.00 2.02 1.89 1.15 2.03 2.30 1.35
C

4.00 3.97 1.02 0.65 3.96 1.59 0.93
(Spectrophotometry)

6.00 6.10 0.69 1.69 6.11 0.84 1.80

*In method A, FNH taken/found are in mg and they are µg/mL in method B and C. aMean value of five determinations; b. Relative stan-
dard deviation (%); c. Relative error (%).
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quantitative bromination of FNH in the range inves-
tigated. 

Spectrophotometry

In spectrophotometric methods, the amount of
iodine liberated, by the reaction of unreacted bromine
with potassium iodide, was either measured directly at
370 in method B or iodine is reacted with starch and
resulting blue colored chromogen of starch-iodide
complex is measured at 575 nm for method C (Fig. 2). 

Optimization of experimental variables

Selection of the solvent
FNH is insoluble in many solvents like water,

chloroform, dichloromethane, toluene, ethyl acetate
and acetone. Even though FNH is soluble in methanol
and ethanol, these solvents suppress the liberation of
iodine, thus could not be used. Among the tested sol-
vents, acetic acid was found to be an ideal solvent for
the preparation of the standard solution of FNH, and
the minimum ratio to get a stable solution was 1: 1,
v/v (acetic acid : water) for 3.0 mg/mL FNH.

Effect of acid concentration
The reaction between FNH and bromate-bro-

mide was performed in different acid media. Better
results were obtained in hydrochloric acid medium.
The effect of acid concentration on the reaction
between FNH and bromate-bromide was studied by
varying the concentration of HCl keeping the con-
centrations of bromate-bromide and drug fixed. The
reaction was found to be rapid yielding a constant
absorbance with maximum sensitivity and stability
when the HCl concentration was maintained in the
range of 0.15ñ0.67 M (0.5 to 3.0 mL 2 M HCl).
Therefore, 1 mL of 2M HCl in a total volume of 7
mL (0.29 M) was used in both methods (Fig. 3).

Reaction time and color stability
The effect of time on the reaction between FNH

and bromate-bromide mixture in the presence of HCl
was studied by keeping all other reaction conditions
unchanged. The absorbance of the colored species
was measured after different reaction times (5.0-30.0
min) and the results showed that the reaction was
complete within 10 min in method B and 15 min in
method C. The yellow tri-iodide ion in method B was
stable up to 45 min whereas the absorbance of the
blue colored starch-iodine complex chromogen in
method C remained stable for at least 1 h. 

Role of sodium acetate
The liberation of iodine in method B did not

stop even after 30 min under the specified acidic
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Precision and accuracy 
In order to evaluate the precision of the pro-

posed methods, solutions containing three different
concentrations of the FNH were prepared and ana-
lyzed in five replicates. The analytical results
obtained from this investigation are summarized in
Table 3. The low values of the relative standard
deviation (% RSD) and percentage relative error (%
RE) indicate the precision and accuracy of the pro-
posed methods. The percentage relative error is cal-
culated using the following equation:

found - taken% RE = [ óóóóóó ] ◊ 100
taken

The assay procedure was repeated seven times,
and percentage relative standard deviation (% RSD)
values were obtained within the same day to evalu-
ate repeatability (intra-day precision), and over five
different days to evaluate intermediate precision
(inter-day precision).

Robustness and ruggedness 
To evaluate the robustness of the methods,

volume of HCl was slightly altered (5 ± 1 mL) with
reference to optimum values in titrimetry.
However, in spectrophotometry, the reaction time
(after adding BB, time varied was 10 ± 1 min in
method B and 15 ± 1 min in method C) and volume
of 2 M HCl were slightly altered (1 ± 0.1 mL) in
both B and C methods. To check the ruggedness,
analysis was performed using four different
burettes in method A and three different cuvettes in
method B and C. The robustness and the rugged-
ness were checked at three different drug levels (9,
18, 27 mg in method A; 4, 8, 12 µg/mL in method
B and 2, 4, 6 µg/mL in method C). The intermedi-
ate precision, expressed as percent RSD, which is a
measure of robustness and ruggedness, was within
the acceptable limits (0.88ñ2.64%) as shown in
Table 4.

conditions, but on adding sodium acetate the reaction
ceased immediately. The amount of sodium acetate
required was optimized and 1 mL of 3 M sodium
acetate in a total volume of 10 mL was found opti-
mum. In method C, the reaction was ceased by opti-
mum amount of starch (1 mL of 1% starch).

Method validation

The proposed methods have been validated for
linearity, sensitivity, precision, accuracy, selectivity
and recovery. 

Linearity and sensitivity 
Over the range investigated (4.5-30.0 mg),

fixed stoichiometry of 1 : 2 (FNH : KBrO3) was
obtained in titrimetry, which served as the basis for
calculations. In spectrophotometry, under optimum
conditions, a linear relation was obtained between
absorbance and concentration of FNH in the range
of 0.8-16.0 µg/mL (method B) and 0.4-8.0 µg/mL
(method C). The calibration graph is described by
the equation: 

Y = a + b X 
(where Y = absorbance, a = intercept, b = slope and
X = concentration in µg/mL) obtained by the
method of least squares. Correlation coefficient,
intercept and slope for the calibration data are sum-
marized in Table 2. Sensitivity parameters such as
apparent molar absorptivity and Sandellís sensitivi-
ty values, as well as the limits of detection and quan-
tification, were calculated as per the current ICH
guidelines (28) and compiled in Table 2. The results
attest to the sensitivity of the proposed methods. The
limits of detection (LOD) and quantification (LOQ)
were calculated according to the same guidelines
using the formulae: 

LOD = 3.3σ/s and LOQ = 10σ/s 
where σ is the standard deviation of five reagent
blank determinations, and s is the slope of the cali-
bration curve.

Table 5. Results of analysis of tablets by the proposed methods.

Found (Percent of label claim ± SD)a

Tablet brand Label claim
Reference Proposed methods

name mg/tablet
method Method A Method B Method C  

101.0 ± 0.79 99.51 ± 1.02 101.3 ±0.86
Flunarin-5 5 100.1 ± 0.46 t = 2.20 t = 1.18 t = 2.75

F= 2.95 F= 4.92 F= 3.50  

100.8 ± 0.67 99.27± 1.07 100.9± 0.98
Flunaract-10 10 99.86 ± 0.57 t = 2.39 t = 1.09 t = 2.05

F= 1.38 F = 3.52 F = 2.96

aMean value of five determinations. Tabulated t-value at the 95% confidence level is 2.78. Tabulated F-value at the 95% confidence level
is 6.39. 
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Selectivity 
The proposed methods were tested for selectiv-

ity by placebo blank and synthetic mixture analyses.
A convenient aliquot of the placebo blank solution,
prepared as described earlier, was subjected to
analysis by titrimetry and spectrophotometry
according to the recommended procedures. In all the
cases, there was no interference by the inactive
ingredients present in the placebo mixture. 

A separate experiment was performed with the
synthetic mixture. The analysis of synthetic mixture
solution prepared above yielded percent recoveries
which ranged from 98.4 to 102.9% with standard
deviation of 0.95-1.23% in all the cases. The results
of this study indicate that the inactive ingredients
present in the synthetic mixture did not interfere in
the assay. These results further demonstrate the
accuracy, as well as the precision, of the proposed
methods. 

Application to pharmaceutical formulation 

In order to evaluate the analytical applicability
of the proposed methods to the quantification of
FNH in commercial tablets, the results obtained by
the proposed methods were compared to those of the
reference method (6) by applying Studentís t-test for
accuracy and the F-test for precision. The reported
reference method describes HPLC determination of
FNH in tablets. The results (Table 5) show that the
Studentís t- and F- values at a 95% confidence level
are lower than the tabulated values, thereby con-
firming good agreement between the results
obtained by the proposed methods and the reference
method, with respect to accuracy and precision. 

Recovery studies 

The accuracy and validity of the proposed
methods were further ascertained by performing
recovery studies. Pre-analyzed tablet powder was
spiked with pure FNH at three concentration levels
(50, 100 and 150% of that in tablet powder) and total
quantity then determined by the proposed methods.
In all cases, the added FNH recovery percentage val-
ues ranged from 98.2 to 102.5% with a standard
deviation of 0.10-2.31% (Table 6), indicating good
recovery and absence of interference from the co-
formulated substance in the determination

CONCLUSION

The proposed methods use bromate-bromide
mixture as a green brominating reagent instead of
hazardous liquid bromine. The assay results demon-
strated that it is possible to use bromate-bromide
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mixture as an environmental friendly reagent and
potassium iodide and starch as auxillary reagents for
the indirect titrimetric and spectrophotometric deter-
mination of FNH in authentic samples. The pro-
posed titrimetric method is a first report on the
application of titrimetry for the assay of FNH. The
titrimetric method is simple, precise and accurate
compared to the other methods reported earlier. The
proposed methods make use of simple reagent,
which an ordinary analytical laboratory can afford
and, unlike most currently available spectrophoto-
metric methods, the present methods are free from
unwelcome steps such as heating or extraction and
also from critical pH conditions. The spectrophoto-
metric methods are sensitive more than many of the
previously reported methods for determination of
FNH. The methods are also useful for their high tol-
erance limit for common excipients found in drug
formulations. These merits, coupled with the use of
simple and inexpensive instruments, allow recom-
mendation of the use of these methods in routine
quality control laboratories.
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The biological macromolecules, including pro-
tein and nucleic acid, have naturally become targets
for a drug design. Nucleic acids play important roles
in living systems via participation in genetic infor-
mation storage, replication, transcription and trans-
lation directing protein synthesis. Thus, targeting
nucleic acids can selectively disrupt gene expression
for treating virus-caused diseases and cancers at the
genetic level (1). An understanding of the mecha-
nism, by which minor groove binding agents inter-
act with DNA, has led to the design of agents that
can interact reversibly with the selected DNA target
sequences. Due to their capability to react with DNA
in a more specific manner, minor groove binders
hold a great promise to treat the above mentioned
diseases at the DNA level (2). Actually, these minor
groove-binding agents have been extensively stud-
ied as a class of potential therapeutics exhibiting
antibacterial, antiprotozoal, antitumor and/or antivi-
ral properties. Analogues of naturally occurring
antitumor agents, such as distamycin A or netropsin,
which bind into the minor groove of DNA, named

lexitropsins, represent a new class of anticancer
compounds, currently being under investigation (3).
Distamycin A, netropsin (Fig. 1) and their analogues
have also been used as carriers of different active
fragments, e.g., alkylating groups, with desirable
result (4). 

This study is a continuation of rational drug
design program aiming at the development of dis-
tamycin analogues. Over the last few years, the syn-
thesis and biological evaluation of distamycin deriv-
atives containing benzene rings in the place of N-
methylpyrrole rings have been reported (5-9).

Compounds 1-6 presented here have different
heterocyclic residue connected to 3-[3-(4-dimethyl-
aminobutyrylamino)benzamido-benzamide] frag-
ment (Fig. 2). They were obtained using solid phase
syntheses (10). This novel approach to distamycin
analogues preparation allows the use of several dif-
ferent aromatic nitro amines, as well as acyl chlo-
rides with nitro group. It also sets a new way to
obtain a lot of new compounds based on distamycin
A structure as the parent molecule.

DRUG BIOCHEMISTRY
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Abstract: The evaluation of a new group of distamycin analogues 1-6 as potential minor groove binders for the
treatment of cancer were investigated. The activity of the new compounds against several restriction enzymes
was examined. The studied compounds did not block GC-rich sequences regions of DNA but inhibited catalytic
action of endonucleases in AA, AT, TT and AG restriction sites. Determination of association constants using
calf thymus DNA, T4 coliphage DNA, poly(dA-dT)2 and poly(dG-dC)2 have confirmed that the tested com-
pounds bind within minor groove of B-DNA. All of the compounds demonstrated activity against DNA topoi-
somerases II at the concentration 10 µM, but they did not inhibit activity of topoisomerase I. The studied deriv-
atives were evaluated in human MCF-7 breast cancer cells and showed antiproliferative and cytotoxic effects
in the range of 81.70 µM and 200.00 µM.
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Application of that preparation method has
been illustrated by parallel semi-automatic synthe-
ses of three groups of distamycin analogues contain-
ing benzene units, with use of the Syncore Reactor
(11). Ethidium bromide assay was used to show that
these compounds bind to plasmid pBR322. The
most active, in fluorescence reduction, appeared to
be compounds 1-6 presented here with configuration
meta-meta of benzene rings (11). The largest degree
of fluorescence reduction was observed in the case
of compound 6 ñ 37.20%, while the fluorescence
reduction caused by distamycin under the same con-
dition was 63.45% (7).

The purpose of our work was to confirm the
biological activity of these new compounds. We
investigated the influence of compounds 1-6 onto
restriction enzymes activity, to show their speci-

ficity of DNA binding. To understand the mecha-
nism by which compounds 1-6 interacted with
DNA, the association constants of complexes
drug-DNA, using calf thymus DNA, T4 coliphage
DNA, poly(dA-dT)2 and poly(dG-dC)2, were
assessed.

The antitumor activity of DNA binding drugs
is not only due to their interaction with DNA per se
but, is at least in part, the result of the inhibition of
different enzymes activity, Such enzymes could be
DNA topoisomerase I and II. Hence in our investi-
gation, compounds 1-6, employing the topoiso-
merase I/II inhibition assay, were studied. 

The final stage of the research was to deter-
mine the antiproliferative and cytotoxic effects of
the new distamycin analogues 1-6 against the MCF-
7 line cells. 

Figure 1. Structures of distamycin A and netropsin

Figure 2. Structures of distamycin analogues 1ñ6
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EXPERIMENTAL

Materials

Compounds 1-6 were synthesized in the
Department of Organic Chemistry of Medical
University of Bia≥ystok. Ethidium bromide was pur-
chased from Carl Roth GmbH, topoisomerase I and
II from Amersham Pharmacia, Biotech (USA).
Stock cultures of MCF-7 breast cancer were pur-
chased from the American Type Culture Collection,
Rockville, MD, USA. Dulbeccoís modified Eagleís
medium, fetal bovine serum (FBS), netropsin, strep-
tomycin, penicillin, calf thymus DNA, poly(dAñdT)
ïpoly(dAñdT), T4 DNA and poly(dGñdC)ïpoly
(dGñdC) were products of Sigma. Plasmid pBR322
and restriction enzymes was purchased from
Fermentas Life Science.

Endonuclease inhibition assay 

Plasmid pBR322 (0.2.mg/mL) was linearized
by incubation of DNA at 37OC for 1 h with 5 units
of restriction endonuclease NdeI (reaction buffer R:
10 mM Tris HCl (pH 8.5 at 37OC), 10 mM MgCl2,
100 mM KCl, 0.1 mg/mL BSA). The enzyme was
inactivated by incubation for 20 min at 65OC.
Afterwards, a single compound of the following:
netropsin (NT) and compounds 1-6 (2 mL of 1 mM
solutions) were added to all the samples, and the
samples were incubated at 37OC for 1 h. After that,
5 units of next restriction nuclease: SspI, VspI,
BamHI, SalI, SmaI, PstI, EcoRV, HindIII (reaction
buffer recommended by the producer) were added to
each sample. The mixtures were incubated at 37OC
for 1 h, and the enzymatic action was terminated
after 20 min at 65OC (for SspI, VspI, SalI, SmaI,
EcoRV) and at 80OC (for BamHI, PstI). The reaction
mixtures were subjected to electrophoresis (2 h, 70
V) on a 1.5% agarose gel, containing 1% ethidium
bromide, in the standard TBE buffer. The gels were
photographed under UV light (312 nm) and ana-
lyzed (Gel Doc System, InGenius, Syngen) (12).

Ethidium bromide displacement assay 

Each well of 96-well plate was loaded with
Tris buffer containing ethidium bromide (0.1 M
Tris, 1 M NaCl, pH 8, 0.5 mM EtBr final concentra-
tion, 100 µL). Then, 15 µg DNA (calf thymus DNA,
poly(dA-dT)2, T4 DNA and poly(dG-dC)2) as water
solution (0.05 µg/µL) was added to each well.
Afterwards, compounds 1ñ6 (1 mM solution in
water; final concentrations 10, 50, 75, 100, 150 and
200 µM) were added to each well. After the incuba-
tion at 25OC for 30 min the fluorescence of each
mixture was read on a fluorescence spectropho-

tometer Infinite M200 TECAN (ex. 546 nm, em.
595 nm) in duplicate experiments with two control
wells (no drug = 100% fluorescence, no DNA = 0%
fluorescence). Then, the concentrations reducing the
fluorescence to 50% for each solution under scope
were calculated. The fluorescence intensity data
points were fit to theoretical curves with one or two
different iterative nonlinear least-squares computer
routines. The apparent binding constant was calcu-
lated from KEtBr[EtBr] = Kapp[drug], where [drug] =
the concentration of tested compound at a 50%
reduction of fluorescence and KEtBr is known (14).

Relaxation assay of topoisomerase I and II

Native pBR322 plasmid DNA (0.20 µg) was
incubated with 2 units of human topoisomerase I
(reaction buffer: 50 mM Tris-HCl (pH 7.9), 1 mM
EDTA, 0.5 M NaCl, 1 mM dithiothreitol) or human
topoisomerase II (reaction buffer:10 mM Tris-HCl
(pH 7.9), 1 mM ATP, 50 mM KCl, 5 mM MgCl2, 50
mM NaCl, 0.1 mM EDTA, and 15 µg/mL bovine
serum albumin) in the absence or presence of vary-
ing concentrations of the tested compounds (10, 50
and 100 µM), in a final volume of 10 µL. The mix-
tures were incubated at 37OC for 30 min and the
reactions were terminated by adding 2 µL of 10%
SDS. The reaction mixtures were subjected to elec-
trophoresis (3 h, 90 V) on a 1.0% agarose gels in
TBE buffer (90 mM Tris-borate and 2 mM EDTA).
The gels were stained with ethidium bromide solu-
tion (0.5 µg/mL) for 30 min and photographed under
UV light (Gel Doc System, InGenius, Syngen). The
DNA was visualized using 312 nm wavelength trans-
illuminator. 

Cytotoxic and antiproliferative activity

Cell culture
Human MCF-7 breast cancer cells were main-

tained in DMEM supplemented with 10% fetal
bovine serum (FBS), 50 µg/mL streptomycin, 100
U/mL penicillin at 37OC. The cells were cultured in
Costar flasks and subconfluent cells were detached
with 0.05% trypsin and 0.02% EDTA in calcium-
free phosphate-buffered saline. The study was car-
ried out using the cells from passages 3-7, growing
as monolayer in 6-well plates (Nunc) (5 ◊ 105 cells
per well). 

Determination of IC50 by fluorescent microscopy
assay

To examine the effects of the studied com-
pounds on MCF-7 cells proliferation, the cells were
seeded in 24-well tissue culture dishes at 1 ◊ 105

cells/well with 1 mL of growth medium. The com-
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pounds were dissolved in DMSO and used at con-
centrations of 10, 50, 100 and 150 µM. Microscopic
observations of the cell monolayers were performed
with a Nikon optiphot microscope. Wright-Giemsa
staining was performed using the Fischer Leuko Stat
Kit. After 24 h of the drug treatment, the cancer cells
were mixed with a dye mixture (10 µM acridine
orange and 10 µM ethidium bromide, prepared in
phosphate-buffered saline). At the end of each
experimental time point, all of the media were
removed and the cells were harvested by incubation
with 0.05% trypsin and 0.02% EDTA for 1 min and
washed with the medium. Then, 250 µL of the cells
suspension was mixed with 10 µL of the dye mix
and 200 cells per sample were examined by fluores-
cence microscopy. Then, the amount of viable and
non-viable (apoptotic and necrotic) cells at each
concentration of compounds 1-6 were counted. 

Cell viability of breast cancer cells cultured in
the presence of the studied compounds was calculat-
ed as a percent of control cells. The experiments
were performed in triplicates. Cell number was plot-
ted versus drug concentration and IC50 values were
calculated from dose-response curves as the concen-
tration of drugs that reduce the number of viable
cells to 50% of control using Excel 2013 software. 

Determination of IC50 by flow cytometry assess-
ment of annexin V binding

Apoptosis was determined by assessment of
phosphatidylserine exposure by Annexin V binding
using the Annexin V-PE Apoptosis Detection Kit
according to the manufacturerís instruction.
Ungated cells (10,000) were analyzed in a flow
cytometer (Beckman, Coulter, USA). Propidium
iodide exclusively stains cells with a disrupted cell

membrane and can be used to identify late apoptotic
and dead cells.

Statistical analysis

In all experiments, the mean values for three
assays ± standard deviations (SD) were calculated.
The results were submitted to statistical analysis
using the Studentís test. Differences were consid-
ered significant when p < 0.05.

RESULTS AND DISCUSSION

The synthetic route of compounds 1-6 was pre-
sented in a previous paper (10). These carbocyclic
distamycin analogues were prepared with high puri-
ty and in good yield. The chemical structures of the
new lexitropsins 1-6 were proved by NMR and LC-
MS analysis.

Restriction enzyme activity assay has been
employed earlier to examine the sequence selectivi-
ty of the DNA binding to lexitropsins (12), so apply-
ing the same method in our study to examine the
activity of compounds 1-6 against several restriction
enzymes was the logical choice. 

Double-stranded closed circular medium copy
plasmid pBR322, used in this experiment, present in
more than 90% in the supercoiled form, was lin-
earized by the first nuclease - NdeI. Such linear plas-
mid was incubated with netropsin (NT) and com-
pounds 1-6 allowing them to bind to the DNA. The
next applied restriction enzyme was able to cut of
DNA at their recognition site unless it was occupied
by the tested compound. Table 1 presents the
applied endonucleases, their recognizable DNA
sequence and the activity of the studied compounds
compared to NT. The inhibition of the letter applied

Table 1. Influence of netropsin (NT) and compounds 1-6 on endonucleases activity.

Enzyme 
Recognized Compound

sequence NT 1 2 3 4 5 6

SspI AAA↓TTT + nm ± ± ± ± ±

VspI AT↓TAAT + ± ± ± ± ± ±

BamHI G↓GATCC ± nm - - - - -

SalI G↓TCGA - nm - - - - -

SmaI CCC↓GGG - nm - - - - -

PstI TGCA↓G + nm ± ± ± ± ±

EcoRV GAT↓ATC + nm - - - - -

HindIII A↓AGCTT + nm ± ± - ± ±  

+: inhibition of enzyme, ±: slight inhibition of enzyme, -: no effect, nm: no migration of DNA, ↓: restriction. 
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enzymes by NT and compounds 1-6 was identified
after a process of electrophoresis. It was not seen
two, specific for each enzyme, DNA fragments on
the gel, but only one, corresponding to linearized
plasmid pBR322. If the studied compound did not
inhibit an endonuclease activity, two linear frag-
ments of DNA were observed. Plasmid DNA did not
migrate in the presence of compound 1 and
remained in take-off pockets in the experimental
conditions. Such results led us to a conclusion that
compound 1 did not interact with the endonucleases
in this process.

At the preliminary stage of the experiment,
compounds 1-6 were tested against three restriction
enzymes cleaving the following sequences: SmaI ñ
CCC↓CCC, SspI ñ AAA↓TTT and VspI ñ
AT↓TAAT. Evidently, the studied compounds did
not block GC-rich sequence but they were active
against AT-rich regions. 

Afterwards, the cleavage of DNA by EcoRV
(GAT↓ATC) and HindIII (A↓AGCTT) in the pres-
ence of the ligands 1-6 was examined. Surprisingly,
neither of the compounds was active against the first
enzyme, but substances 2, 3, 5 and 6 inhibited activ-
ity of enzyme HindIII. This indicated that com-
pounds 2-6 could bind to AA and TA-rich sequences
with an embedded GC pair, but not to ATAT-box.

The observation of the products of cleavage by
SalI, BamI and PstI led to assumption that the stud-
ied compounds did not bind to GT and GG recogni-
tion sites but they could block AG sequences. The
obtained results confirmed DNA affinity and
sequence-specificity of the studied compounds,
because most of these ligands had inhibitory influ-
ence on AT-specific enzymes. 

Values of association constants of different lig-
ands of DNA permitted to qualify potential and
selectivity of interactions between ligands and
DNA. The binding affinities of compounds 1-6 to
calf thymus DNA, T4 coliphage DNA, and synthet-
ic polymers poly(dA-dT)2 and poly(dG-dC)2 were
compared by using the ethidium displacement assay
and are presented in Table 2. The DNA-binding data
characterized the affinity of compounds 1-6 and
gave an indication of base-sequence specificity

The values of association constants demon-
strated that each of the tested compounds can bind to
all of the studied types of DNA. The affinity con-
stants of compounds 1-6 in the range of 2.14 ñ 4.66
◊ 105 indicated moderate interactions with deoxyri-
bonucleic acid from calf thymus. The high values of
binding constants for T4 coliphage DNA were
observed for analogues 1-6, which gave evidence of
their minor-groove selectivity, because the major
groove of T4 coliphage DNA is blocked by α-gly-
cosylation of the 5-(hydroxymethyl)cytidine
residues (16). These data indicated that compounds
1-6 had interacted with GC-base pairs, although for
compounds 1, 3 and 6 the binding affinity had been
weaker than for AT-base pairs. Since calf thymus
DNA contains random sequences and therefore
fewer AT sites than poly(dA-dT)2, the selectivity of
ligands 3, 5 and 6 was further demonstrated by their
much weaker binding to calf thymus DNA com-
pared to poly(dA-dT)2. All of the compounds bound
to AT-rich sequences weaker than netropsin.

Topoisomerases were an extremely useful
research strategy for the potential anticancer and
antimicrobial drugs. DNA minor groove binders
were often topoisomerase I and/or topoisomerase II

Table 2. Association constants (Kapp ◊ 105 M-1) of ligands with polynucleotides and antiproliferative activity of netropsin (NT), distamycin
(DST) and compounds 1-6.

Kapp ◊ 105 M-1

Ligand
Calf thymus DNA T4 DNA poly(dA-dT) poly(dG-dC)

IC50 [µM]e

Ethidium bromide 100a) 100b) 95b) 99b) - 

NT 8.7c 8.3c 875c 2.5c 5.40 (± 2)d

DST 7.5c 6.4c 340c 2.0c 64.06 (± 2)

1 4.66 0.82 2.77 2.35 200.00 (± 2)

2 3.10 1.40 2.11 2.31 138.75 (± 2)

3 2.81 1.93 4.74 3.46 130.27 (± 2)

4 4.03 1.28 2.33 2.74 128.94 (± 2)

5 2.40 3.91 3.11 3.28 124.18 (± 2)

6 2.14 4.06 3.70 2.48 81.70 (± 2)

a)values from ref. 13; b)values from ref. 14; c)values from ref. 6; d)values from ref. 15. e)Mean values ± SD from three independent experi-
ments done in duplicate are presented.
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inhibitors. Distamycin A blocked activity of topoi-
somerase I (17), as well as topoisomerase II (18).
The ability of compounds 1-6 to inhibit these DNA
processing enzymes was also investigated. 

Purified human topoisomerases I and II were
incubated at increasing concentration of compounds
1-6 (10, 50 and 100 µM) in the presence of super-
coiled plasmid DNA pBR322. The products were
subjected to electrophoresis to separate relaxed and
supercoiled circular DNA. Figure 3 shows the
results of electrophoresis analysis of the examined
compounds after staining with ethidium bromide.

As seen on Figure 3, the supercoiled plasmid
(lane -) was relaxed by topoisomerases (lane +).
Figure 3 demonstrates that at concentration of 10
µM all of the compounds have visible effect on the
ability of topoisomerase II to transform supercoiled
DNA into several topoisomer forms of relaxed
DNA. At that concentration neither of the com-
pounds exhibited an activity in the presence of
topoisomerase I. The proof of the cleavage inhibi-
tion of DNA by the topoisomerase II is the fact that
minor groove binders interact with DNA and occu-
py the binding sites of the enzyme (18). Probably,
these compounds inhibited the catalytic activity of
the topoisomerase II at the step prior to the forma-
tion of the topo-DNA complexes because they acted
making it impossible access of topoisomerase to
sequences in DNA selectively recognized by the
drug. Under identical conditions, complete inhibi-
tion of DNA cleavage was obtained using 2 µM
camptothecin (inhibitor of topoisomerase I) and 10
µM etoposide (inhibitor of topoisomerase II) (19).

The described compounds were tested for their
in vitro antitumor activity in the standard human
MCF-7 breast cancer cells. Their cytotoxic activity
is presented in Table 2 as IC50 values. All of the
tested compounds displayed concentration depend-
ent activity. The concentrations for all the com-
pounds that inhibited 50% of the colony were with-
in the range of 81.70 (± 2) µM to 200.00 (± 2) µM,
while IC50 value of netropsin was 5.40 (± 2) µM and
distamycin 64.06 (± 2) µM. From those data we
could see that the most active, against MCF-7 cells,
was compound 6 with IC50 value of 81.70 ± 2 µM.
The high cytotoxic properties of compound 6 also
manifested themselves in highly effective DNA-
binding affinity ñ this ligand was the most active in
ethidium bromide assay with value of fluorescence
reduction of 37.20%, compared to 63.45% for dis-
tamycin (11).

CONCLUSION

The target of the research was to confirm the
specificity binding effectiveness of the chosen com-
pounds to DNA in minor groove and their interac-
tions with enzymes involved in anti-cancerous
processes. Additionally, the optional study of the
antiproliferative and cytotoxic activity in human
MCF-7 breast cancer cells was carried out.

The investigated compounds 1-6 displayed an
interesting spectrum of activity. They, except com-
pound 1, inhibited catalytic action of endonucleases
recognizing sequence of AA, AT, TT and AG.
These agents 2-6 interacted with GC-rich sequences

Figure 3. Effect of topoisomerase I and II on relaxation of supercoiled DNA in the presence of compounds 1ñ6
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though their binding affinity was weaker compared
to their activity in AT-rich regions. 

The experiment confirmed all of the com-
pounds were bound in minor groove of DNA.

Evaluation of the DNA topoisomerases inhibi-
tion provided an additional knowledge about the
mechanism of the 1-6 compounds activity. It was
shown that compounds 1-6 can bind to DNA and are
potent inhibitors of topoisomerase II. The observed
inhibitive activity of the studied compounds against
topo II, while their inactivity against topo I, indicat-
ed that the topoisomerase II inhibiting activity con-
tributes to the cytotoxicity of the investigated com-
pounds.

It was impossible to establish a close structure-
activity relationship in this study due to insignificant
differences obtained within the whole spectrum in
the activity of the group. But evidently it remained
clear that incorporating of the heterocyclic residue
into new distamycin analogues structure have not
increased the activity of the studied compounds ñ
the most active in this study was the compound with
6-aminophenyl residue. However, the investigated
analogues of distamycin with free amino groups
could be used as carriers of active groups, e.g., alky-
lating fragments. The potential therapeutic applica-
tions of the studied compounds could be considered
after their further investigation.
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Cyclosporin A is an efficient immunosuppres-
sive drug, which is used mostly for long-term thera-
py in patients after various solid organ transplanta-
tions (1), though its clinical use is also extended to
rheumatological and dermatological disorders (2, 3).
Cyclosporin A acts on dermal structures showing a
visible therapeutic effect in psoriasis, pyoderma,
arthritis or other skin lesions after oral use (3). The
drug influences various biological processes in
mammalian cells (4) and is a well-known inhibitor
of calcineurin, having an impact on the NFAT
(nuclear factor of activated T-cells) signaling path-
way. Such function can result in the inhibition of the

pathway in turn having a crucial impact on cell
homeostasis (5). Despite wide use, knowledge about
the effects of the drug on cellular processes is limit-
ed. New technologies such as oligonucleotide
microarrays allow investigating the reaction of cell
signaling pathways to various drugs, thus providing
accurate data that can have both positive and nega-
tive therapeutic relevance.

Cyclosporin A has many adverse side effects
such as gingival hyperplasia (6) and cancer (7),
which are connected with excessive cell prolifera-
tion. Due to the increasing use of the drug and long-
term therapy in new diseases, the reasons for these
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Abstract: Cyclosporin A is an immunosuppressant drug that is used not only in solid transplant rejection, but
also in moderate and severe forms of psoriasis, pyoderma, lupus or arthritis. Serious side effects of the drug
such as skin cancer or gingival hyperplasia probably start with the latent proliferation process. Little is known
about the influence of cyclosporin A on molecular signaling in epidermal tissue. Thus, the aim of this study was
to estimate the influence of cyclosporin A on the process of proliferation in normal human dermal fibroblasts.
Fibroblasts were cultured in a liquid growth medium in standard conditions. Cyclosporin A was added to the
culture after the confluence state. Survival and proliferation tests on human dermal fibroblast cells were per-
formed. Total RNA was extracted from fibroblasts, based on which cDNA and cRNA were synthesized. The
obtained cRNA was hybridized with the expression microarray HGU-133A_2.0. Statistical analysis of 2734
mRNAs was performed by the use of GeneSpring 13.0 software and only results with p < 0.05 were accepted.
Analysis of variance with Tukey post hoc test with Benjamini-Hochberg correction for all three (8, 24, 48 h)
culture stages (with and without cyclosporin A) was performed to lower the number of statistically significant
results from 679 to 66, and less. Between statistically and biologically significant mRNAs down-regulated were
EGR1, BUB1B, MKI67, CDK1, TTK, E2F8, TPX2, however, the INSIG1, FOSL1, HMOX1 were up-regulated.
The experiment data revealed that cyclosporin A up-regulated FOSL1 in the first 24 h, afterwards down-regu-
lating its expression. The HMOX1 gene was up-regulated in the first stage of the experiment (CsA 8 h), how-
ever, after the next 16 h of culture time its expression was down-regulated (CsA 24 h), to finally increased in
the later time period. The results indicate that cyclosporin A had a significant effect on proliferation in normal
human dermal fibroblasts through the changes in the expression of genes related to the cell cycle and tran-
scription regulation process.
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side effects are being intensively investigated (8, 9).
A well-known side effect in long-term therapy with
cyclosporin A in transplant recipients is skin cancer.
In cases of dermatological use in small doses the
drug has not observed tumor symptom (10).

Understanding the effect of cyclosporin A on
the process of proliferation of human dermal fibrob-
lasts can contribute to a better understanding of its
biological activity. It may also indirectly help to rec-
ognize the cellsí mechanism of action, when
exposed to cyclosporin A. Thus, the aim of this
study was to evaluate the influence of cyclosporin A
on the proliferation process in normal human dermal
fibroblasts.

EXPERIMENTAL

Reagents

Cyclosporin A (3S, 6S, 9S, 12R, 15S, 18S, 21S,
24S, 30S, 33S)-30-ethyl-33-[(1R, 2R, 4E)-1-hydrox-
yl-2-methyl-4-hexen-1-yl]-6,9,18,24-tetraisobutyl-
3,21-diisopropyl-1,4,7,10,12, 15,19,25,28-nonameth-
yl-1,4,7,10,13,16,19,22,25,28,31-undecaazacyclotri-
triacontane-2,5,8,11,14,17,20,23,26,29,32-unde-
cone) was obtained from Novartis Pharma GmbH as
Sandimmun Neoral oral solution 50 mg/mL in 0.9%
NaCl; agarose, 2,3-bis-(2-methoxy-4-nitro-5-sul-
fophenyl)-2H-tetrazolium-5-carboxanilide (XTT),
sulforhodamine B (SRB), phosphate-buffered saline
(PBS), trichloric acid (TCA) and ethidium bromide
were purchased from Sigma Aldrich. TRIZOL and
SuperScript Choice reagents were from Invitrogen
Inc. RNeasy Mini Kit columns and Sample Cleanup
Module were from Qiagen and DNase I from
Fermentas Inc. BioArray HighYield RNA Trans-
cript Labeling Kit was purchased from Enzo Life
Science. GeneChip Expression 3í-Amplification
Reagents Hybridization Control Kit and microarrays
were purchased from Affymetrix Co. CC-2511 cell
strain and FGMTM-2 bulletkit were purchased from
Lonza Group Ltd.

Cell culture

Normal human dermal fibroblasts (NHDFs)
were cultured in a fibroblasts growth medium
(FGM) in plates with antibacterial filters (25 cm2,
NunclonTM), at constant conditions: temperature
37OC, 5% CO2 and humidified atmosphere, accord-
ing to the Lonza protocol. 

Cell survival test 

NHDF cells survival was performed by using
in vitro tetrazolium test (XTT), which indicates the
number of cells based on mitochondrial activity of

living cells (In Vitro Toxicology Assay Kit XTT
based). The cultured fibroblasts when in the log
phase of growth and at a final cell number of 106

cells/cm2 were used for the experiment. Each proce-
dure had included also a blank sample with only
fresh FGM medium without cells. The cells were
seeded in 96-well plates to which cyclosporin A was
added at a concentration range from 0.1 to 100 000
ng / 1 mL of the medium and cultured 24 h (in eight
replicates). All procedures and reagents were used
according to the producer protocol. Absorbance of
the XTT formazan was measured at a wavelength of
450 and 690 nm using the MRX Revelation plate
reader (DYNEX Technologies).

Cell proliferation

NHDF cells proliferation test was performed
using in vitro sulforhodamine B, which indicates the
cell answer to cyclosporin A (In Vitro Toxicology
Assay Kit Sulforhodamine B based). After the cells
reached the confluent phase, cyclosporin A was
added to the same amount of cells as previously at a
concentration range from 0.1 to 100 000 ng / 1 mL
in a 96-well plates for 24 h (in eight replicates).
After the incubation time the cells were washed with
PBS, fixed in 10% TCA and stained with sulforho-
damine B according to producer protocol as previ-
ously. Absorbance of incorporated dye has been
measured at a wavelength of 565 and 690 nm using
the MRX Revelation plate reader (DYNEX
Technologies).

RNA isolation

The NHDFs with cyclosporin A at a concen-
tration of 100 ng / 1 mL of the medium were cul-
tured for 8, 24 and 48 h in standard condition as
described previously. Total RNA was isolated from
the harvested fibroblasts without and with
cyclosporin A using TRIZOL reagent according to
the producerís protocol. Isolated RNA has been
purified with DNase I and RNeasy Mini Kit
columns. The purity of the RNA was evaluated
spectrophotometrically (GeneQuant II, Pharmacia
Biotech) and by 1% agarose gel electrophoresis
(Mini, Kucharczyk) stained with ethidium bromide. 

HGU-133A_2.0 microarray performance

Obtained RNA was used for the expressions
microarray performance, which is starting from the
synthesis of cDNA by using the SuperScript Choice
reagent. Biotinylated cRNA synthesis was carried
out using BioArray HighYield RNA Transcript
Labeling Kit and its fragmentation done using the
Sample Cleanup Module. The preparation of the
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hybridization mixture was performed using the
GeneChip Expression 3í-Amplification Reagents
Hybridization Control Kit, and subjected to
hybridization with HG-U133A_2.0 microarrays. All
the mentioned steps were performed according to
the producer protocol. Fluorescence intensity signal
was measured with Affymetrix GeneArray Scanner
3000 7G (Affymetrix). The quality of cDNA and
cRNA were controlled using electrophoresis and
spectrophotometer, as previously.

All results from twelve microarrays were nor-
malized by the RMA (Robust Microarray Analysis)
method transforming data to logarithmic values
(log2). Normalized values were grouped according-
ly to the time in which they were cultured with
cyclosporin A, namely CsA 8 h, CsA 24 h, CsA 48
h and non-exposed control group (all in triplicate).

Statistical analysis

The obtained results were subjected to the sta-
tistical analysis using Statistica 11.0 (StatSoft) and
GeneSpring 13.0 (Agilent) software. Apart per-
formed repetitions of the microarray experiment, for
each mRNA was eleven probe sets for which fluo-
rescence signals were measured by the scanner read-
ings, and were analyzed with Wilcoxonís test.
Additionally, mined mRNAs related to the prolifer-
ation process have been compared using ANOVA
and Tukey post hoc test with Benjamini-Hochberg
correction. The differences in gene expression
between fibroblast samples with cyclosporin A and
non-exposed cells were calculated as a fold change
(FC = 1.0). Additionally, the individual comparisons

were performed using Studentís t-test. All results
were statistically significant at p ≤ 0.05. 

RESULTS

Cell survival and proliferation 

The measured changes in the amount of
formed formazan (mitochondrial dehydrogenases of
viable cells reduce the tetrazolium ring of XTT,
yielding an orange formazan derivative) indicate the
degree of cyclosporin A cytotoxicity (a decrease in
differences in absorbance of viable cells relative to
non-treated), which has been shown on Figure 1.
The greatest statistically significant viability of the
tested fibroblasts was shown for a concentration of
100 ng/mL compared to others (p = 0.01). This
amount of cyclosporin A has not shown toxic effects
and resulted in significant increase in growth of
fibroblasts. 

The SRB test results indicate that cyclosporin
A has no effect on the proliferation process in the
investigated human dermal fibroblasts. The compar-
ison between the control and cyclosporin A exposed
fibroblasts at the concentration range of 0.1 to 100
000 ng/mL indicated significant differences only for
the two samples shown in Figure 2. The highest test-
ed concentration demonstrated strong cytotoxicity. 

Proliferation-linked gene expression

The number of proliferation-linked mRNA was
obtained based on the NetAffx Analysis Center
database (www.affymetrix.com). Descriptive statis-
tics were calculated for the 2734 probe sets of

Figure 1. Influence of different concentrations of cyclosporin A on survival of human dermal fibroblasts Each point represents the mean
of eight experiments and their standard deviation; * shows p ≥ 0.05 comparing to control (for 0.1 ng/mL p = 0.03; 1000 ng/mL p = 0.01;
10 000 ng/mL p = 0.02).

� �
�
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mRNAs (9th of November 2014). The obtained
results were visualized as a whisker box plot in
Figure 3. Differences between the normalized fluo-
rescence signals for fibroblasts exposed to
cyclosporin A and the control ranged from a mini-
mum of -3.0 for CsA 8 h to a maximum value of
over 1.0 for CsA 48 h (deviated values in Fig. 3
named as differentiating mRNAs). More differenti-
ating genes in positive values were observed for the
control fibroblasts. The use of ANOVA and Tukey
post hoc test with Benjamini-Hochberg correction in
the comparison of the CsA samples to the control
limited the number of differentially expressed
mRNAs to 679, at a statistical significance of p ≤
0.05 (Fig. 4). Taking into comparison the results
from the previous analysis, only 66 common
mRNAs were revealed for all three study groups.
There were also 25 mRNAs specifically differentiat-
ing the CsA 8 h, as well as 111 the CsA 24 h and 65
in the long-term group of CsA 48 h.

Taking into consideration the highest fold
change of differentially expressed gene for CsA 8 h,
the statistically and biologically significant mRNAs
not less than 1.2 and no greater than -3.0 were
selected (Table 1). The EGR1 (Early Growth
Response 1), BUB1B (Budding Uninhibited by
Benzimidazoles 1 b), MKI67 (Marker of prolifera-
tion Ki-67), CDK1 (Cyclin-dependent kinase 1),
TTK (tramtrack), E2F8 (E2F transcription factor 8)
and TPX2 (Microtubule-associated Targeting
Protein) were down-regulated in all times of culture
with cyclosporin A. The experiment data also
revealed that exposure to cyclosporin A up-regulat-
ed INSIG1 (Insulin Induced Gene 1). Genes such as
FOSL1 (Fos-related antigen 1) and HMOX1 (Heme
Oxygenase 1) up-regulated expression in the first 8
h and showed significant down-regulation after 24
h. In the case of HMOX1, the expression was raised
once more in the final 48 h. All mentioned genes had
a significant influence on the progress of the fibrob-
last cellsí proliferation.

DISCUSSION AND CONCLUSIONS

According to the survival and proliferation
tests, only a cyclosporin concentration of 100 ng/mL
showed an increase in absorbance, but without sta-
tistical significance, (Fig. 1 and Fig. 2; p > 0.05). In
relation to the SRB test there was no significant dif-
ference of cell growth with the cyclosporin A com-
pared to the non-exposed culture at the investigated
range. Only at the highest concentration (100 000
ng/mL) were toxic effects on the tested cells
observed (Fig. 2). Zhou et al. (11) had stated that
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Figure 2. Influence of different concentrations of cyclosporin A on proliferation of human dermal fibroblasts. Each point represents the
mean of eight experiments and their standard deviation; * shows p ≥ 0.05 comparing to control (for concentration 10 ng/mL p = 0.04 and
100 000 ng/mL p = 0.0000).

Figure 3. Comparison of proliferation-linked mRNAs (n = 2734) in NHDFs exposed to cyclosporin A in different time of culture and con-
trol

*

*
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cyclosporin A in a concentration above 1000 ng/mL
inhibited mesangial cell proliferation and cell cycle
progression. Abe et al. (12), studying the effect of
cyclosporin on fibroblast proliferation, had shown
its cytotoxicity at a concentration of 10 and 100
ng/mL (13). However, the results of cell viability
were comparable to those described above. It is well
known that cyclosporin suppresses human dermal
fibroblast proliferation (13, 14). 

The usual therapeutic dose of cyclosporin in
skin diseases such as psoriasis is 3 mg per kg of
body weight, which gives a blood concentration
from 80 to 200 ng/mL (15, 16). Other studies stated
that the concentration of cyclosporin A in the blood
of psoriasis patients was in a range from 100 to 1000
ng/mL and has been considered as clinically rele-
vant (17, 18). The concentration of cyclosporin A
used in our experiment was similar. The applied
concentration may exert moderate proliferative
effect on dermal fibroblasts as has been shown in the
results (but without statistical significance). Based
on the performed survival and proliferation tests, the
non-toxic concentration of cyclosporin A, which
also has clinical significance in skin diseases (15-
18) was chosen for NHDFs analysis. Thus, to assess
the expression of genes related to the proliferation
process the optimal cyclosporin A concentration
was 100 ng/mL.

Our findings showed that cyclosporin A in this
concentration changed the expression of prolifera-

tion-linked genes in NHDFs culture. This is the first
study on the effect of cyclosporin A on human der-
mal fibroblasts proliferation based on microarray
analysis. The obtained results can be a valuable indi-
cator showing the tendency of the cell and its reac-
tion to a drug in large-scale usage. A strong effect of
cyclosporin A on proliferation-linked genes is visi-
ble in the obtained 679 significant mRNAs (selected
from all 2734). The biggest change was observed in
CsA 8 h, when its concentration was still at a high
level and the number of differentiating genes was
the highest (Fig. 3). Although the fibroblast reaction
to cyclosporin A was tested only in one of the most
commonly used concentrations in the studies on cul-
tured cells and clinically significant (12, 15-18), its
effectiveness was tested in three stages of culture
(CsA 8 h, CsA 24 h and CsA 48 h). It was found that
the number of differentially expressed genes was
reduced in time, which may arise from the effect of
its biotransformation. From this point of view,
checking the differences in expression of key signal
transmitters linked to proliferation gave an inside
view to the cell functioning under stress caused by
the drug. Comparison of the results with and without
cyclosporin A, as well as between them at various
culture times (Fig. 4), and the highest FC and speci-
ficity of probe sets had ten statistically significant
genes changing expression regardless to the culture
time (Table 1). Cyclosporin A changed the expres-
sion of proliferation-linked genes in NHDFs, partic-

Figure 4. Number of common and differentially expressed proliferation-linked mRNAs exposed to cyclosporin A in various time of cul-
ture, compared to control (n = 679).
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ularly those, which have a critical function in the
cell cycle and transcription regulation, as well as in
apoptosis and differentiation of cells.

The insulin induced gene 1 (INSIG1) is respon-
sible for coding an endoplasmic reticulum mem-
brane protein that regulates cholesterol concentra-
tion, lipogenesis, and glucose homeostasis in the cell
(19). It has been demonstrated that INSIG1 is
expressed predominantly in liver tissue, but in
preadipocyte it inhibits adipogenesis (20, 21), as
well as in cultured animal cells (19, 22). Similarly,
in this experiment the INSIG gene expression was
up-regulated as in primary mouse embryonic fibrob-
lasts (3T3-L cells) exposed to silibinin (23) and glu-
cose (24). Thus, cyclosporin A has the hardest effect
on INSIG1 expression in CsA 8 h, when there is a
great demand for cholesterol. Hence, the drug can
have indirect influence on proliferation by the regu-
lation of sterols and glucose homeostasis in fibro-
blasts.

Fos-related antigen 1 (FOSL1 or c-Fos)
encodes the leucine zipper protein, which is required
for the creation of the AP-1 transcription factor
complex. In turn, c-Fos also has the ability to act as
a transcription factor and regulates proliferation, dif-
ferentiation, and transformation of the cells (25).
The increase of FOSL1 in CsA 8 h (Table 1) has
influence on the cell growth. Decrease of its expres-
sion in the next culture time indicates the suppres-
sion of this gene. Expression of FOSL is regulated
during the cell cycle and probably has an essential
impact on cell proliferation and survival (26), but its
function is not clear. The proliferative role of c-Fos
as an inducer was only shown in exponentially
growing cells regardless of the cell cycle phase (27).
Up-regulation of FOSL1 was stated in most tumor
tissues, however, its over-expression can result in
fibroblasts transformation (28).

The heme oxygenase 1 (HMOX1) encodes an
enzyme that is participating in heme catabolism by
cleaving heme to biliverdin. It was stated in knock-
out mice that up-regulation of the HMOX1 gene can
indicate an adaptive and protective mechanism
against oxidative damage (29). In human skin
fibroblasts, transcriptional activity of HMOX1 was
increased under the influence of different chemical
and physical agents (30), which was also noticed
after 8 and 48 h of exposure to cyclosporin A (CsA
8 h and CsA 48 h; Table 1). Transient reduction in
the expression of this gene was observed in CsA 24
h, which can probably be connected to cyclosporin
biotransformation and response to its metabolites. It
has been observed that over-expression of the
HMOX1 gene in fibroblast cells exposed to chromi-

um was increased in the early hours of incubation,
but after 24 h it was significantly decreased (31),
similarly to the results presented here. Studying the
influence of other agents on HMOX1 gene expres-
sion has exhibited a significant dose-dependent
decrease (32) and incubation time-dependent or con-
centration-dependent increase or decrease (33). 

Cyclosporin A suppressed transcriptional
activity of EGR1, BUB1B, MKI67, CDK1, TTK,
E2F8 and TPX2 genes regardless to the culture time
of NHDFs (Table 1). All these genes have a role in
cell cycle regulation, thus influencing the cell pro-
liferation (34, 35). EGR1 and E2F8 are responsible
for encoding a transcription factor (35, 36). The
products of the BUB1B, CDK1 and TTK are related
to protein kinases (34, 37, 38), and the MKI67 gene
is a well-known proliferation marker, but little is
known about the microtubule-associated TPX2
gene. Decreased expression of those genes in fibrob-
lasts exposed to cyclosporin A can indicate dimin-
ished cell proliferation, despite that the used con-
centration was not toxic (Fig.1-2). Cyclosporin A
strongly reduced gene expression of EGR1, CDK1
and MKI67 in NHDFs, which was also seen in the
performed tests through high standard deviation and
lack of significant increase in absorbance (Fig. 2).
BUB1 inhibition decreases the cell proliferation
(37), but over-expression of TTK blocks photore-
ceptor cell differentiation (38). It was also con-
firmed that the level of E2F8 was decreased in each
treated cell line with nobiletin (39), and cyclosporin
A similarly acted in the tested NHDFs. 

Furthermore, it was observed that many chemi-
cal carcinogens added to the cell culture also decrease
the expression of genes involved in proliferation (40),
as these results show. Tiu et al. (41), in studying the
short-time (24 h) cyclosporin (5 mg/mL) effect on the
squamous cell line (SCC-015), stated that
îcyclosporin activates and inhibits a wide array of
genes important for life processes and should be used
cautiously for treatment of psoriasis and atopic
eczema, especially in childrenî. Our results indicate
that cyclosporin affects proliferation of human der-
mal fibroblasts on the molecular level, however, the
drug does not have an immediate effect on cell sur-
vival. Inhibition of proliferation (down-regulated
genes) and occurrence of adaptive and protective
mechanisms against the oxidative stress (upregulated
HMOX1) as well as disruption in lipogenesis (up-reg-
ulated INSIG1) are well-known symptoms of carcino-
genesis in the initial stage (42). The observed changes
in the proliferation of linked genes leading to meta-
bolic disruption and possibly to further stages of car-
cinogenesis in the cells indicate that cyclosporin
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behaves like a typical carcinogen. From the clinical
point of view to reduce this side effect, the patients
should necessarily take antioxidants.

Based on the results of the proliferation assay
(Fig. 2), a statistically significant increase of cell
growth was not observed in the investigated range of
concentrations, only toxic effects (10 and 100 000
ng/mL), but the expression of genes important to
proliferation underwent silencing. Cyclosporin A
did not allow an increase in the expression of genes
playing an important role in the cell cycle and tran-
scription process, which could mean that in human
skin fibroblasts at this (therapeutic) dose, an intense
process of carcinogenesis probably will not start. An
alternate explanation of the obtained results may be
that the task of cyclosporin A in various therapies is
to inhibit the immune response, which involves
cytokines that are linked through signaling pathways
to genes directly affecting the process of prolifera-
tion and hence the observed effect. Could it also
indicate that immunosuppression is the beginning of
the long process of carcinogenesis?

In summary, the presented results indicate that
cyclosporin is able to affect NHDFs proliferation.
Significant changes were also observed in the
expression of genes related to the regulation of the
cell cycle and transcription in the cultured fibrob-
lasts exposed to cyclosporin.
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Infectious diseases are answerable for a signif-
icant proportion of deaths worldwide and according
to the World Health Organization, antimicrobial
agents are considered to be ìmiracle drugsî that are
the leading armaments in the treatment of infectious
diseases. Unfortunately, however, a number of the
current clinically efficacious antimicrobial agents
are becoming less effective because of the spreading
out of antimicrobial resistance and there is evidence
for the rapid global spread of resistant clinical iso-
lates and the appearance of drug-resistant strains
among community acquired infections. So, there is
an urgent need for the discovery of novel antimicro-
bial agents that are active against these resistant
strains (1). 

Cancer is a serious disease that can affect
almost every tissue lineage in the human body and
poses great challenges to medical science. Hence,

there is necessity for the discovery and development
of novel antitumor drug molecules which could
effectively inhibit proliferative pathways (2). 

The 2-azetidinones are of immense attention in
diverse areas of medicinal chemistry because of
their different pharmacological activities like
antimicrobial (3, 4) anticancer (5, 6), antimycobac-
terial (7), anti-inflammatory and analgesic (8) and
antiviral activities (9). 

QSAR models are highly effective in describ-
ing the structural basis of biological activity. The
success of QSAR approach can be explained by the
insight offered into the structural determination of
chemical properties and the possibility to estimate
the properties of new chemical compounds without
the need to synthesize and test them (10). 

In the light of above facts and in continuation
of our efforts in the development of novel antimi-
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crobial and anticancer agents (11-15), in the present
study, we have planned to carry out synthesis,
antimicrobial, anticancer evaluation and QSAR
studies of 2-azetidinone derivatives.

RESULTS AND DISCUSSION

Chemistry

2-Azetidinone derivatives (1-18) were synthe-
sized according to synthetic procedure described in
Scheme 1. The structure of synthesized compounds
was confirmed by NMR and IR spectra which were
in full agreement with assigned molecular struc-
tures. The physicochemical properties of synthe-
sized compounds are given in Table 1.

Antimicrobial activity

The antimicrobial activity of the synthesized com-
pounds was carried out using the tube dilution method
(16) and results indicated that none of the synthesized
compounds was found to be better antimicrobial agent
than standard drugs, norfloxacin and fluconazole (Table
2). The antimicrobial activity results of the synthesized
compounds indicated that compound 7 was found to be
the most potent antimicrobial agent against B. subtilis
(pMIC = 1.86 µM/mL). In case of S. aureus and fungal
strain C. albicans, compound 9 (pMIC = 1.84 µM/mL)
was found to be the most potent antimicrobial agent.
Against Gram negative bacterium E. coli and fungal
strain A. niger, compound 14 (pMIC = 1.84 µM/mL)
was found to be the most potent antimicrobial agent.

Comp. Ar Comp. Ar Comp. Ar

1 7 13

2 8 14

3 9 15

4 10 16

5 11 17

6 12 18

Scheme 1. Scheme for the synthesis of 2-azetidinone derivatives (1-18).
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Overall antimicrobial activity results indicated that
compound 4 (pMIC = 1.68 µM/mL) was found to be
most potent antimicrobial agent. 

Anticancer activity

The in vitro anticancer activity of the synthe-
sized derivatives was determined against an estro-
gen receptor positive human breast adenocarcino-
ma, MCF-7 (ATCC HTB-22) cancer cell line using
the sulforhodamine B (SRB) assay (17) and the

results are presented in Table 1. In general, the syn-
thesized compounds showed average anticancer
activity as none of the synthesized compounds dis-
played better anticancer potential than standard
drug ñ 5-fluorouracil (5-FU) (IC50 = 6.00 µM) and
compounds 1, 2, 5, 9, 13, 15 and 17 showed better
anticancer potential than standard drug carboplatin
(IC50 = > 100 µM). Compound 17 (IC50 = 28.66
µM) was found to be the most potent anticancer
agent. 

Table 1. Physicochemical properties and anticancer activity of the 2-azetidinone derivatives.

Comp. 
Molecular M. P.

M. W.
Rf % yield 

IC50 (µM)
formula  (OC) value* MCF-7)

1 C20H20ClN3O5 102-104 417.84 0.67 71 38.29

2 C18H15Cl2N3O3 113-115 392.24 0.63 66 45.89

3 C20H21ClN4O3 125-127 400.86 0.56 79 107.27

4 C18H15Cl2N3O3 109-111 392.24 0.69 82 > 254.95

5 C19H16ClN3O4 157-159 385.8 0.58 76 64.80

6 C19H18ClN3O4 134-136 387.82 0.62 77 232.07

7 C21H22ClN3O6 142-144 447.87 0.53 73 > 223.28

8 C19H18ClN3O4 130-132 387.82 0.65 69 > 257.85

9 C18H15BrClN3O3 118-120 436.69 0.74 70 57.25

10 C18H15ClN4O5 160-162 402.79 0.73 74 > 248.27

11 C18H16ClN3O3 195-197 357.79 0.67 71 111.80

12 C19H18ClN3O5 149-151 403.82 0.59 88 > 247.64

13 C22H18ClN3O4 171-173 423.85 0.71 79 61.34

14 C22H25ClN4O3 180-182 428.91 0.65 67 100.25

15 C19H18ClN3O3 189-191 371.82 0.75 80 75.31

16 C18H16ClN3O4 121-123 373.79 0.55 59 133.76

17 C20H18ClN3O3 144-146 383.83 0.64 65 28.66

18 C19H18ClN3O4 201-203 387.82 0.67 68 > 257.85

5-FU** 6.00

Carboplatin > 100

*TLC mobile phase: benzene; ** 5-fluorouracil

Figure 1. Structural requirements for the antimicrobial and anticancer activities of 2-azetidinone derivatives (1-18)

withdrawing groups
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SAR (Structure Activity Relationship) studies

From the anticancer and antimicrobial screen-
ing results of synthesized 2-azetidinone derivatives,
the following structure activity relationship (SAR)
can be derived:
1. The presence of electron withdrawing group (-Br,

compound 9) on benzylidene portion improved
the antimicrobial activity of the synthesized com-
pounds against C. albicans and S. aureus.

2. The presence of electron releasing groups (com-
pounds 1, 7 and 14) on benzylidene portion
improved the antimicrobial activity of synthe-
sized compounds against A. niger, B. subtilis, E.
coli and their anticancer activity against MCF-7
(ATCC HTB-22) cancer cell line.

3. Compound 17 (synthesized using cinnamalde-
hyde) was found to be active against an estrogen
receptor positive human breast adenocarcino-
ma, MCF-7 (ATCC HTB-22) cancer cell line.

4. From these result we may conclude that differ-
ent structural requirements are required for a
compound to be effective against different tar-
gets. This is similar to the results of Sortino et
al. (18).

These findings are summarized in Figure 1.

QSAR studies

Quantitative structure activity relationship
(QSAR) is a predictive tool for preliminary evalua-
tion of the activity of chemical compounds by using
computer-aided models. For QSAR studies, the bio-
logical activity data determined as MIC values were
first transformed into pMIC (ñlog MIC) values and
used as dependent variables QSAR study (Table 2).
The different molecular descriptors selected and the
values of selected descriptors are listed in Tables 3
and 4, respectively.

In the present study, we attempted to develop
three different types of mt-QSAR models viz. mt-
QSAR model for describing antibacterial activity of
synthesized compounds against S. aureus, B. sub-
tilis and E. coli, mt-QSAR model for describing
antifungal activity of synthesized compounds
against C. albicans and A. niger as well as a com-
mon mt-QSAR model for describing the antimicro-
bial (overall antibacterial and antifungal) activity of
synthesized compounds by calculating their aver-
age antibacterial activity, antifungal activity and

Table 2. Antimicrobial activity (pMIC in µM/mL) of synthesized compounds.

Compound pMICbs pMICec pMICsa pMICan pMICca pMICab pMICaf pMICam

1 0.92 1.83 1.22 1.52 1.52 1.32 1.52 1.40

2 1.50 1.80 0.89 1.20 1.50 1.20 1.35 1.38

3 1.81 1.51 1.51 1.51 1.21 1.50 1.36 1.51

4 1.50 1.80 1.80 1.80 1.50 1.80 1.65 1.68

5 0.89 0.89 1.19 1.49 1.79 1.19 1.64 1.25

6 1.19 1.49 1.79 1.79 1.49 1.39 1.64 1.55

7 1.86 1.25 1.55 0.95 1.25 1.33 1.10 1.37

8 1.19 1.49 1.79 1.49 1.49 1.71 1.49 1.49

9 1.24 1.54 1.84 1.54 1.84 1.53 1.69 1.60

10 1.81 1.51 1.21 1.81 1.81 1.32 1.81 1.63

11 1.46 1.46 1.46 1.16 1.16 1.57 1.16 1.34

12 0.91 1.81 0.91 1.51 1.81 1.39 1.66 1.39

13 1.53 0.93 1.53 1.83 1.23 1.12 1.53 1.41

14 1.84 1.84 0.93 1.84 1.54 1.43 1.69 1.60

15 1.47 1.77 1.47 1.47 1.47 1.69 1.47 1.53

16 1.48 0.87 1.78 1.78 1.78 1.37 1.78 1.54

17 1.26 1.57 0.96 0.96 1.57 1.34 1.26 1.26

18 1.19 1.79 1.19 1.49 1.79 1.42 1.64 1.49

S.D. 0.32 0.33 0.34 0.28 0.23 0.18 0.21 0.12

Standard 2.61* 2.61* 2.61* 2.61* 2.64**

*norfloxacin, **fluconazole
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antimicrobial activity values which are presented in
Table 2.

Our preceding studies in the field of QSAR
(11-15) indicated that the multi-target QSAR (mt-
QSAR) models are better than one-target QSAR (ot-
QSAR) models in describing the antimicrobial
activity. 

Different outliers were observed against differ-
ent microorganisms and QSAR models were devel-
oped by removing these outliers (compounds in
brackets) i.e., antibacterial (1, 3, 4, 5, 10 and 12),
antifungal (2, 3, 9, 10, 11, 14 and 16) and antimicro-
bial (4, 5, 7, 9, 10, 11 and 14) activities. In multi-
variate statistics, it is common to define three types
of outliers (19). 
1. X/Y relation outliers are substances for which

the relationship between the descriptors (X vari-
ables) and the dependent variables (Y variables)
is not the same as in the (rest of the) training
data.

2. X outliers are substances whose molecular
descriptors do not lie in the same range as the
(rest of the) training data.

3. Y outliers are only defined for training or test
samples. They are substances for which the ref-
erence value of response is invalid.
As there was no difference in the activity

(Table 2) as well as the molecular descriptor range
(Table 4) of these outliers when compared to other
synthesized compounds, these outliers belong to the
category of Y outliers (substances for which the ref-
erence value of response is invalid). In order to
develop mt-QSAR models, initially we calculated
the average antibacterial, antifungal and antimicro-
bial activity values of synthesized compounds which
are presented in Table 2. These average antibacteri-
al activity values were correlated with the molecular
descriptors of synthesized compounds (Table 5). 

In general, high colinearity (r > 0.5) was
observed between different parameters. The high
interrelationship was observed between topological
parameter, valence first order molecular connectivi-
ty index (1χv) and molar refractivity (MR) (r =
0.989), and low interrelationship was observed for
topological parameter, valence third order molecular
connectivity index (3χv) electronic parameter, energy

Table 3. QSAR descriptors used in the study.

No. QSAR descriptor Type

1 log P Lipophilic

2 Zero order molecular connectivity index (0χ) Topological

3 First order molecular connectivity index (1χ) Topological

4 Second order molecular connectivity index (2χ) Topological

5 Valence zero order molecular connectivity index (0χv) Topological

6 Valence first order molecular connectivity index (1χv) Topological

7 Valence second order molecular connectivity index (2χv) Topological

8 Kierís alpha first order shape index (κα1) Topological

9 Kierís alpha second order shape index (κα2) Topological

10 Kierís first order shape index (κ1) Topological

11 Randic topological index (R) Topological

12 Balaban topological index (J) Topological

13 Wienerís topological index (W) Topological

14 Kierís second order shape index (κ2) Topological

15 Ionization potential Electronic

16 Dipole moment (µ) Electronic

17 Energy of highest occupied molecular orbital (HOMO) Electronic

18 Energy of lowest unoccupied molecular orbital (LUMO) Electronic

19 Total energy (Te) Electronic

20 Nuclear energy (Nu. E) Electronic

21 Molar refractivity (MR) Steric  
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of highest occupied molecular orbital (HOMO) (r =
-0.029). Corrrelation of molecular descriptors with
antibacterial, antifungal and antimicrobial activities
of synthesized compounds is shown in Table 6.

From the correlation Table 5, it was
observed that Balaban index (J) and topological
parameter, was found to be dominating descriptor
for antibacterial activity of the synthesized com-
pounds (Eq. 1).

QSAR model for antibacterial activity 

pMICab = 0.809 J + 0.356 Eq. 1
n = 12    r = 0.786   q2 = 0.534s = 0.064   F = 16.14 

Here and thereafter, n = number of data points,
r = correlation coefficient, q2 = cross validated r2

obtained by leave one out method, s = standard error
of the estimate and F = Fischer statistics.

The developed QSAR model for antibacterial
activity (Eq. 1) indicated that there is a positive cor-

Table 4. Values of selected descriptors calculated for synthesized compounds.

Comp. 
no.

log P 0χv 1χv 3χv κ1 J LUMO HOMO µ

1 1.93 16.41 9.45 0.82 23.66 1.41 -0.39 -8.97 4.95

2 2.64 15.12 8.71 0.89 20.73 1.38 -0.71 -9.90 2.02

3 1.92 16.37 9.23 0.99 22.68 1.39 -0.25 -8.76 7.58

4 2.64 15.12 8.71 0.85 20.73 1.40 -0.73 -9.87 5.91

5 1.80 14.91 8.63 0.79 21.70 1.38 -1.24 -10.04 7.19

6 1.87 15.33 8.73 0.74 21.70 1.43 -0.26 -9.21 3.78

7 1.37 18.00 9.78 0.86 25.62 1.45 -0.27 -9.14 7.65

8 1.87 15.33 8.72 0.76 21.70 1.38 -0.32 -9.13 2.49

9 2.92 15.93 9.11 1.03 20.73 1.38 -0.78 -9.92 2.04

10 2.08 15.19 8.70 0.81 22.68 1.40 -1.22 -9.94 3.93

11 2.13 14.00 8.20 0.69 19.75 1.37 -0.41 -9.85 3.21

12 1.59 15.70 8.86 0.82 22.68 1.40 -0.27 -9.01 4.58

13 2.84 16.53 9.75 0.89 23.17 1.20 -0.93 -9.04 4.97

14 2.60 17.79 10.38 0.88 24.64 1.39 -0.23 -8.66 8.48

15 2.59 14.93 8.61 0.86 20.73 1.38 -0.41 -9.79 3.83

16 1.84 14.37 8.33 0.77 20.73 1.38 -0.44 -9.62 3.27

17 4.34 18.47 10.93 0.89 26.07 1.12 -0.92 -8.89 3.80

18 1.87 15.33 8.72 0.76 21.70 1.39 -0.25 -9.39 4.73

Table 5. Correlation matrix for the antibacterial activity of the synthesized compounds.

pMICab log P MR 0χv 1χv 3χv J LUMO HOMO µ

pMICab 1.000

log P -0.506 1.000

MR -0.337 0.614 1.000
0χv -0.116 0.432 0.953 1.000
1χv -0.265 0.612 0.989 0.965 1.000
3χv 0.089 0.540 0.424 0.507 0.509 1.000

J 0.786 -0.835 -0.629 -0.400 -0.580 -0.256 1.000

LUMO 0.602 -0.779 -0.352 -0.213 -0.353 -0.597 0.794 1.000

HOMO -0.190 0.153 0.768 0.747 0.756 -0.029 -0.330 0.122 1.000

µ 0.238 -0.184 0.536 0.641 0.564 0.042 0.123 0.403 0.685 1.000 
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relation between Balaban index (J) and antibacterial
activity of the synthesized compounds. This is indi-
cated by low antibacterial activity value of com-
pound 13 (pMICab = 1.12 µM/mL) having low J
value (1.20).

The topological parameters signify the degree
of branching, connectivity of atoms and the unsatu-
ration in the molecule, that accounts for variation in
activity. The topological parameter, Balaban index J
= J(G) of G is defined as 

J = M/(µ + 1) Σ(di.dj)-0.5

where M is the number of bonds in G, µ is the
cyclomatic number of G, and di (i = 1, 2, 3, N; N is
the number of vertices in G) is the distance sum. The
cyclomatic number µ = µ(G) of a cyclic graph G is

equal to the minimum number of edges necessary to
be erased from G in order to transform it into the
related acyclic graph. In case of monocyclic graph µ
= 1 otherwise it is calculated by means of the fol-
lowing expression: 

µ = M ñ N + 1
In order to improve the value of correlation coeffi-
cient, we coupled Balaban index (J) with topological
parameter, valence third order molecular connectiv-
ity index (3χv) which improved r value from 0.786 to
0.841.

MLR-QSAR model for antibacterial activity

pMICab = 0.330 3χv + 0.891 J ñ 0.030      Eq. 2
n = 12 r = 0.841 q2 = 0.603 s = 0.059 F = 10.89 

Table 6. Correlation of antibacterial, antifungal and antimicrobial activities of synthesized compounds with
their molecular descriptors.

Descriptors pMICab pMICaf pMICam

Cos E 0.350 -0.611 -0.327

log P -0.506 -0.239 -0.695

MR -0.337 -0.715 -0.757
0χ -0.268 -0.770 -0.765
0χv -0.116 -0.834 -0.768
1χ -0.362 -0.735 -0.768
1χv -0.265 -0.709 -0.789
2χ -0.447 -0.682 -0.769
2χv -0.299 -0.659 -0.748
3χ -0.211 -0.590 -0.489
3χv 0.089 -0.532 -0.348

κ1 -0.202 -0.792 -0.758

κ2 -0.217 -0.771 -0.735

κ3 -0.284 -0.678 -0.706

κα1 -0.097 -0.807 -0.761

κα2 -0.092 -0.796 -0.737

κα3 -0.145 -0.712 -0.698

R -0.362 -0.735 -0.768

J 0.786 0.254 0.678

W -0.396 -0.728 -0.786

Te 0.172 0.724 0.782

Ee 0.058 0.816 0.688

Ne -0.049 -0.821 -0.676

SA -0.185 -0.790 -0.741

IP 0.190 0.381 0.304

LUMO 0.602 -0.058 0.687

HOMO -0.190 -0.381 -0.304

µ 0.238 -0.194 0.104  



72 AAKASH DEEP et al.

The developed QSAR model (Eq. 2) was cross
validated by q2 value (q2 = 0.603; q2 > 0.5) obtained
by leave one out (LOO) method. As the observed
and predicted values are close to each other (Table
7), the mt-QSAR model for antifungal activity (Eq.
2) is a valid one (20). The plot of predicted pMICab

against observed pMICab (Fig. 2) also favors the
developed model expressed by Eq. 2. The absence
of systemic error in the model development was
indicated by the plot of observed pMICab vs. residual
pMICab (Fig. 3) (21).

In case of antifungal activity, topological
parameter, valence zero order molecular connectivi-
ty index (0χv, Table 6) were found most dominant in
expressing antifungal activity of the synthesized
compounds.

QSAR model for antifungal activity

pMICaf = -0.123 0χv + 3.473                Eq. 3
n = 11 r = 0.834 q2 = 0.481s = 0.105 F = 20.52 

In contrast to antibacterial activity, antifungal
activity of the synthesized 2-azetidinone compounds
is negatively correlated with their 0χv values, which
means that antifungal activity of the synthesized
compounds will increase with decrease in their 0χv

values and vice versa (Tables 2 and 4).

The validity and predictability of the QSAR model
for antifungal activity i.e., Eq. 3 was cross validated
by q2 value (q2 = 0.481) obtained by leave one out
(LOO) method. As the observed and predicted val-
ues are close to each other (Table 7), the mt-QSAR
model for antifungal activity Eq. (3) is a valid one
(20). 

Topological parameter valence first order
molecular connectivity index (1χv) was found to be
most effective in describing antimicrobial activity of
the synthesized compounds (Eq. 4, Table 6).

QSAR model for antimicrobial activity

pMICam = -0.096 1χv + 2.325               Eq. 4
n = 11 r = 0.789 q2 = 0.500 s = 0.058 F = 14.87 

Antimicrobial activity of the synthesized 2-
azetidinone compounds is negatively correlated
with valence first order molecular connectivity
index (1χv), which means that antimicrobial activity
of the synthesized compounds will decrease with an
increase in their 1χv values (Tables 2 and 4). Further,
developed model is favored by plot of predicted
pMICam against observed pMICam (Fig. 4; Eq. 4) and
there is no systemic error (Fig. 5; plot of observed
pMICam vs. residual pMICam).

Table 7. Observed, predicted and residual antimicrobial activities of the synthesized compounds obtained by mt-QSAR models.

Comp. pMICab pMICaf pMICam
Obs. Pred. Res. Obs. Pred. Res. Obs. Pred. Res.

1 1.32 1.49 -0.17 1.52 1.45 0.07 1.40 1.42 -0.02

2 1.40 1.49 -0.09 1.35 1.61 -0.26 1.38 1.49 -0.11

3 1.61 1.53 0.08 1.36 1.46 -0.10 1.51 1.44 0.07

4 1.70 1.50 0.20 1.65 1.61 0.04 1.68 1.49 0.19

5 0.99 1.46 -0.47 1.64 1.64 0.00 1.25 1.50 -0.25

6 1.49 1.48 0.01 1.64 1.59 0.05 1.55 1.49 0.06

7 1.55 1.55 0.00 1.10 1.26 -0.16 1.37 1.39 -0.02

8 1.49 1.45 0.04 1.49 1.59 -0.10 1.49 1.49 0.00

9 1.54 1.54 0.00 1.69 1.51 0.18 1.60 1.45 0.15

10 1.51 1.48 0.03 1.81 1.60 0.21 1.63 1.49 0.14

11 1.46 1.42 0.04 1.16 1.75 -0.59 1.34 1.54 -0.20

12 1.21 1.49 -0.28 1.66 1.54 0.12 1.39 1.47 -0.08

13 1.33 1.33 0.00 1.53 1.44 0.09 1.41 1.39 0.02

14 1.54 1.50 0.04 1.69 1.29 0.40 1.60 1.33 0.27

15 1.57 1.48 0.09 1.47 1.64 -0.17 1.53 1.50 0.03

16 1.38 1.45 -0.07 1.78 1.71 0.07 1.54 1.53 0.01

17 1.26 1.26 0.00 1.26 1.20 0.06 1.26 1.28 -0.02

18 1.39 1.46 -0.07 1.64 1.59 0.05 1.49 1.49 0.00
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Figure 2. Plot of observed pMICab against predicted pMICab by Eq. 2

Figure 3. Plot of observed pMICab against residual pMICab by Eq. 2
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EXPERIMENTAL

Chemistry

Reaction progress was observed by thin layer
chromatography. Melting points were determined in
open capillary tubes on a Sonar melting point appa-
ratus and are uncorrected. 1H nuclear magnetic reso-
nance (1H-NMR) spectra were determined by
Bruker 400 MHz NMR spectrometer in appropriate
deuterated solvents and are expressed in parts per
million (δ, ppm) downfield from tetramethylsilane
(internal standard). IR spectra were recorded on a
Varian Resolutions Pro spectrophotometer in KBr
discs. 

General procedure for synthesis of 2-azetidinone

derivatives

A mixture of hippuric acid (0.25 M) and excess
of methanol (250 mL) with 1 mL of sulfuric acid
was refluxed for 3ñ4 h in round bottom flask. The
mixture was cooled; the precipitated solid was sepa-
rated by filtration and recrystallized from methanol
to yield methyl 2-benzamidoacetate. A mixture of
methyl 2-benzamidoacetate (0.20 M) and excess of
hydrazine hydrate (0.30 M) and ethanol (250 mL)
was refluxed for about 3 h and cooled. The solid was
separated by filtration and recrystallized from
ethanol to afford 2-benzamidoacetohydrazide. A

mixture of 2-benzamidoacetohydrazide (0.025 M)
and required aromatic aldehydes (0.025 M) was
refluxed in methanol (50 mL) in the presence of a
catalytic amount of glacial acetic acid for about 2 h.
The mixture was cooled; the solid was separated by
filtration and recrystallized from methanol to give
the corresponding hydrazones of hippuric acid. A
mixture of hydrazone of hippuric acid (0.015 M) and
required amount of triethylamine (0.02 M) and
chloroacetylchloride (0.02 M) in DMF (40 mL) was
refluxed for 3 h on water bath to yield 2-azetidinone
derivatives (1-18). After cooling, the solution was
poured on crushed ice to precipitate the product. The
product was recrystallized from rectified spirit.

N-{2-[3-chloro-2-(3-ethoxy-4-hydroxyphenyl)-4-

oxoazetidin-1-ylamino]-2-oxoethyl}benzamide

(1)

IR (KBr, cm-1): 3667 (OH), 3398 (NH), 2978
(C-H aromatic), 1770 (C=O of β-lactam), 1702
(C=O), 1629 (C=C aromatic), 1280 (C-N), 1172 (C-
O-C str., -OC2H5), 769 (Cl); 1H-NMR (400 MHz,
DMSO-d6, δ, ppm): 8.83-7.37 (m, 8H, ArH), 8.09 (s,
1H, NH), 6.83 (d, 1H, CH-Cl), 4.27 (s, 1H, OH),
4.09 (d, 2H, CH2), 4.05 (m, 2H, CH2 of -OC2H5),
1.36 (t, 3H, CH3 of -OC2H5). Analysis: for
C20H20ClN3O5 calcd.: C, 57.49; H, 4.82; N, 10.06%;
found: C, 57.44; H, 4.76; N, 10.09%.

Figure 4. Plot of observed pMICam against predicted pMICam by Eq. 4
am

am
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N-{2-[3-chloro-2-(4-chlorophenyl)-4-oxoazetidin-

1-ylamino]-2-oxoethyl}benzamide (2)

IR (KBr, cm-1): 3306 (NH), 3046 (C-H aromat-
ic), 1752 (C=O of β-lactam), 1692 (C=O), 1626
(C=C aromatic), 1209 (C-N), 706 (Cl); 1H-NMR
(400 MHz, DMSO-d6, δ, ppm): 8.38-7.58 (m, 9H,
ArH), 8.01 (s, 1H, NH), 7.50 (d, 1H, CH-Cl), 4.69
(s, 1H, OH), 4.19 (d, 2H, CH2). Analysis: for
C18H15Cl2N3O3 calcd.: C, 55.12; H, 3.85; N, 10.71%;
found: C, 55.18; H, 3.91; N, 10.77%.

N-{2-[3-chloro-2-(4-dimethylamino)phenyl)-4-

oxoazetidin-1-ylamino]-2-oxoethyl}benzamide

(3)

IR (KBr, cm-1): 3413 (NH), 3052 (C-H aromat-
ic), 2805 (C-H str., CH3), 1734 (C=O of β-lactam),
1719 (C=O), 1635 (C=C aromatic), 1368 (C-N str.,
aryl tertiary amine), 1224 (C-N), 741 (Cl); 1H-NMR
(400 MHz, DMSO-d6, δ, ppm): 8.57-7.47 (m, 9H,
ArH), 8.09 (s, 1H, NH), 6.73 (d, 1H, CH-Cl), 4.38
(d, 2H, CH2), 2.97 (s, 6H, N(CH3)2). Analysis: for
C20H21ClN4O3 calcd.: C, 59.92; H, 8.84; N, 13.98%;
found: C, 59.97; H, 8.89; N, 13.94%. 

N-{2-[3-chloro-2-(2-chlorophenyl)-4-oxoazetidin-

1-ylamino]-2-oxoethyl}benzamide (4)

IR (KBr, cm-1): 3410 (NH), 2997 (C-H aromat-
ic), 1762 (C=O of β-lactam), 1714 (C=O), 1636
(C=C aromatic), 1240 (C-N), 714 (Cl); 1H-NMR
(400 MHz, DMSO-d6, δ, ppm): 8.27-7.55 (m, 9H,
ArH), 8.04 (s, 1H, NH), 7.48 (d, 1H, CH-Cl), 4.25
(d, 2H, CH2). Analysis: for C18H15Cl2N3O3 calcd.: C,
55.12; H, 18.08; N, 10.71%; found: C, 55.16; H,
18.04; N, 10.75%.

N-{2-[3-chloro-2-(4-formylphenyl)-4-oxoazetidin-

1-ylamino]-2-oxoethyl}benzamide (5)

IR (KBr, cm-1): 3431 (NH), 3009 (C-H aromat-
ic), 2953 (C-H str., CHO), 1739 (C=O of β-lactam),
1701 (C=O), 1616 (C=C aromatic), 1273 (C-N), 751
(Cl); 1H-NMR (400 MHz, DMSO-d6, δ, ppm): 8.98
(s, 1H, CHO), 8.00 (s, 1H, NH), 7.95-7.58 (m, 9H,
ArH), 7.42 (d, 1H, CH-Cl), 4.14 (d, 2H, CH2);
Analysis: for C19H16ClN3O4 calcd.: C, 59.15; H,
9.19; N, 10.89%; found: C, 59.11; H, 9.23; N,
10.85%.

Figure 5. Plot of observed pMICam against residual pMICam by Eq. 4
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N-{2-[3-chloro-2-(2-methoxyphenyl)-4-oxoaze-

tidin-1-ylamino]-2-oxoethyl}benzamide (6)

IR (KBr, cm-1): 3421 (NH), 3063 (C-H aromat-
ic), 1728 (C=O of β-lactam), 1692 (C=O), 1598
(C=C aromatic), 1225 (C-N), 1175 (C-O-C str.,
-OCH3), 714 (Cl); 1H-NMR (400 MHz, DMSO-d6,
δ, ppm): 8.05 (s, 1H, NH), 7.88-7.49 (m, 9H, ArH),
6.78 (d, 1H, CH-Cl), 4.12 (d, 2H, CH2), 3.94 (s, 3H,
OCH3). Analysis: for C19H18ClN3O4 calcd.: C, 58.84;
H, 4.68; N, 10.84%; found: C, 58.89; H, 4.64; N,
10.88%.

N-{2-[3-chloro-2-oxo-4-(3,4,5-trimethoxyphen-

yl)azetidin-1-ylamino]-2-oxoethyl}benzamide (7)

IR (KBr, cm-1): 3378 (NH), 2945 (C-H aromat-
ic), 1745 (C=O of β-lactam), 1697 (C=O), 1622
(C=C aromatic), 1295 (C-N), 720 (Cl), 1184 (C-O-
C str., -OCH3); 1H-NMR (400 MHz, DMSO-d6, δ,
ppm): 8.16-7.22 (m, 7H, ArH), 7.93 (s, 1H, NH),
7.01 (d, 1H, CH-Cl), 4.43 (d, 2H, CH2), 3.98 (s, 9H,
(OCH3)3). Analysis: for C21H22ClN3O6 calcd.: C,
56.32; H, 7.92; N, 9.38%; found: C, 56.36; H, 7.91;
N, 9.32%.

N-{2-[3-chloro-2-(4-methoxyphenyl)-4-oxoaze-

tidin-1-ylamino]-2-oxoethyl}benzamide (8)

IR (KBr, cm-1): 3337 (NH), 3036 (C-H aromat-
ic), 1717 (C=O of β-lactam), 1701 (C=O), 1634
(C=C aromatic), 1247 (C-N), 1166 (C-O-C str.,
-OCH3), 712 (Cl); 1H-NMR (400 MHz, DMSO-d6,
δ, ppm): 7.96 (s, 1H, NH), 7.90-7.07 (m, 9H, ArH),
6.99 (d, 1H, CH-Cl), 4.41 (d, 2H, CH2), 3.98 (s, 3H,
(OCH3). Analysis: for C19H18ClN3O4 calcd.: C,
58.84; H, 4.68; N, 10.84%; found: C, 58.80; H, 4.73;
N, 10.89%.

N-{2-[2-(4-bromophenyl)-3-chloro-4-oxoazetidin-

1-ylamino]-2-oxoethyl}benzamide (9)

IR (KBr, cm-1): 3312 (NH), 3005 (C-H aromat-
ic), 1727 (C=O of β-lactam), 1701 (C=O), 1630
(C=C aromatic), 1288 (C-N), 707 (Cl), 659 (C-Br);
1H-NMR (400 MHz, DMSO-d6, δ, ppm): 7.99 (s,
1H, NH), 7.84-7.56 (m, 9H, ArH), 7.46 (d, 1H, 
CH-Cl), 4.43 (d, 2H, CH2); Analysis: for
C18H15BrClN3O3 calcd.: C, 49.51; H, 3.46; N,
9.62%; found: C, 49.57; H, 3.41; N, 9.67%.

N-{2-[3-chloro-2-(3-nitrophenyl)-4-oxoazetidin-

1-ylamino]-2-oxoethyl}benzamide (10)

IR (KBr, cm-1): 3432 (NH), 3006 (C-H aromat-
ic), 1753 (C=O of β-lactam), 1688 (C=O), 1630
(C=C aromatic), 1352 (NO2), 1214 (C-N), 700 (Cl);
1H-NMR (400 MHz, DMSO-d6, δ, ppm): 8.36-7.50
(m, 9H, ArH), 7.88 (s, 1H, NH), 7.26 (d, 1H, 

CH-Cl), 4.27 (d, 2H, CH2). Analysis: for C18H15ClN4O5

calcd.: C, 53.67; H, 3.75; N, 13.91%; found: C,
53.61; H, 3.79; N, 13.88%.

N-[2-(3-chloro-2-oxo-4-phenylazetidin-1-ylamino)

-2-oxoethyl]benzamide (11)

IR (KBr, cm-1): 3461 (NH), 3003 (C-H aromat-
ic), 1735 (C=O of β-lactam), 1723 (C=O), 1645
(C=C aromatic), 1264 (C-N), 715 (Cl); 1H-NMR
(400 MHz, DMSO-d6, δ, ppm): 7.96 (s, 1H, NH),
7.87-6.99 (m, 9H, ArH), 6.83 (d, 1H, CH-Cl), 3.17
(d, 2H, CH2). Analysis: for C18H16ClN3O3 calcd.: C,
60.42; H, 4.51; N, 11.74%; found: C, 60.46; H, 4.57;
N, 11.68%.

N-{2-[3-chloro-2-(4-hydroxy-3-methoxyphenyl)-

4-oxoazetidin-1-ylamino]-2-oxoethyl}benzamide

(12)

IR (KBr, cm-1): 3595 (OH), 3404 (NH), 3005
(C-H aromatic), 1722 (C=O of β-lactam), 1707
(C=O), 1633 (C=C aromatic), 1280 (C-N), 1139 
(C-O-C str., -OCH3), 756 (Cl); 1H-NMR (400 MHz,
DMSO-d6, δ, ppm): 8.70-7.46 (m, 8H, ArH), 8.02 (s,
1H, NH), 7.44 (d, 1H, CH-Cl), 4.44 (s, 1H, OH),
4.27 (d, 2H, CH2), 3.94 (s, 3H, (OCH3). Analysis:
for C19H18ClN3O5 calcd.: C, 56.51; H, 4.49; N,
10.41%; found: C, 56.57; H, 4.43; N, 10.46%.

N-{2-[3-chloro-2-(2-hydroxynaphthalen-1-yl)-4-oxo-

azetidin-1-ylamino]-2-oxoethyl}benzamide (13)

IR (KBr, cm-1): 3612 (OH), 3416 (NH), 3033
(C-H aromatic), 1777 (C=O of β-lactam), 1696
(C=O), 1621 (C=C aromatic), 1282 (C-N), 746 (Cl);
1H-NMR (400 MHz, DMSO-d6, δ, ppm): 8.04 (s,
1H, NH), 7.63-7.28 (m, 11H, ArH), 7.23 (d, 1H,
CH-Cl), 4.28 (d, 2H, CH2), 4.27 (s, 1H, OH).
Analysis: for C22H18ClN3O4 calcd.: C, 62.34; H,
4.28; N, 9.91%; found: C, 62.39; H, 4.23; N, 9.99%.

N-{2-[3-chloro-2-(4-(diethylamino)phenyl)-4-oxo-

azetidin-1-ylamino]-2-oxoethyl}benzamide (14)

IR (KBr, cm-1): 3399 (NH), 3035 (C-H aromat-
ic), 2966 (C-H str., CH3), 1751 (C=O of β-lactam),
1702 (C=O), 1599 (C=C aromatic), 1354 (C-N str.,
aryl tertiary amine), 1267 (C-N), 714 (Cl); 1H-NMR
(400 MHz, DMSO-d6, δ, ppm): 8.19-7.48 (m, 9H,
ArH), 8.06 (s, 1H, NH), 7.46 (d, 1H, CH-Cl).
Analysis: for C22H25ClN4O3 calcd.: C, 61.61; H, 5.87;
N, 13.06%; found: C, 61.66; H, 5.82; N, 13.01%.

N-[2-(3-chloro-2-oxo-4-p-tolylazetidin-1-ylami-

no)-2-oxoethyl]benzamide (15)

IR (KBr, cm-1): 3317 (NH), 3060 (C-H aromat-
ic), 2878 (C-CH3) 1760 (C=O of β-lactam), 1737
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(C=O), 1641 (C=C aromatic), 1278 (C-N), 775 (Cl);
1H-NMR (400 MHz, DMSO-d6, δ, ppm): 8.12-7.47
(m, 9H, ArH), 7.89 (s, 1H, NH), 6.92 (d, 1H, 
CH-Cl), 4.13 (d, 2H, CH2), 2.51 (s, 3H, CH3).
Analysis: for C19H18ClN3O3 calcd.: C, 61.38; H, 4.88;
N, 11.30%; found: C, 61.33; H, 4.92; N, 11.34%.

N-{2-[3-chloro-2-(4-hydroxyphenyl)-4-oxoaze-

tidin-1-ylamino]-2-oxoethyl}benzamide (16)

IR (KBr, cm-1): 3581 (OH), 3415 (NH), 3005
(C-H aromatic), 1747 (C=O of β-lactam), 1717
(C=O), 1632 (C=C aromatic), 1282 (C-N), 717 (Cl);
1H-NMR (400 MHz, DMSO-d6, δ, ppm): 8.25-7.48
(m, 9H, ArH), 7.91 (s, 1H, NH), 7.43 (d, 1H, 
CH-Cl), 4.43 (s, 1H, OH), 4.28 (d, 2H, CH2).
Analysis: for C18H16ClN3O4 calcd.: C, 57.84; H, 4.31;
N, 11.24%; found: C, 57.89; H, 4.27; N, 11.28%.

N-[2-(3-chloro-2-oxo-4-styrylazetidin-1-ylami-

no)-2-oxoethyl]benzamide (17)

IR (KBr, cm-1): 3441 (NH), 2922 (C-H aromat-
ic), 2866 (C-H str., -CH=CH-), 1719 (C=O of β-lac-
tam), 1686 (C=O), 1641 (C=C aromatic), 1285 
(C-N), 711 (Cl); 1H-NMR (400 MHz, DMSO-d6, δ,
ppm): 8.67-7.48 (m, 10H, ArH), 7.98 (s, 1H, NH),
7.21 (d, 1H, CH-Cl), 7.19 (d, 1H, CH), 4.41 (d, 2H,
CH2); Analysis: for C20H18ClN3O3 calcd.: C, 62.58;
H, 4.73; N, 10.95%; found: C, 62.63; H, 4.68; N,
10.90%.

N-{2-[3-chloro-2-(3-methoxyphenyl)-4-oxoaze-

tidin-1-ylamino]-2-oxoethyl}benzamide (18)

IR (KBr, cm-1): 3315 (NH), 3053 (C-H aromat-
ic), 1755 (C=O of β-lactam), 1729 (C=O), 1634
(C=C aromatic), 1221 (C-N), 1162 (C-O-C str.,
-OCH3), 692 (Cl); 1H-NMR (400 MHz, DMSO-d6,
δ, ppm): 8.79-7.49 (m, 9H, ArH), 7.91 (s, 1H, NH),
7.46 (d, 1H, CH-Cl), 4.12 (d, 2H, CH2), 3.94 (s, 3H,
OCH3). Analysis: for C19H18ClN3O4 calcd.: C, 58.84;
H, 4.68; N, 10.84%; found: C, 58.89; H, 4.63; N,
10.88%.

Antimicrobial assay

The antimicrobial activity of the synthesized
compounds was performed against Gram-positive
bacteria: Staphylococcus aureus, Bacillus subtilis,
the Gram-negative bacterium Escherichia coli and
fungal strains: Candida albicans and Aspergillus
niger using the tube dilution method (16). Dilutions
of test and standard compounds were prepared in
double strength nutrient broth ñ Indian
Pharmacopoeia (bacteria) or Sabouraud dextrose
broth ñ Indian Pharmacopoeia (fungi) (22). The
samples were incubated at 37OC for 24 h (bacteria),

at 25OC for 7 days (A. niger) and at 37OC for 48 h (C.
albicans) and the results were recorded in terms of
minimum inhibitory concentration (MIC).

Evaluation of anticancer activity

The anticancer activity of synthesized com-
pounds (1-17) was determined against an estrogen
receptor positive human breast adenocarcinoma,
MCF-7 (ATCC HTB-22) cancer cell line. The cell
line was cultured in RPMI 1640 (Sigma) supple-
mented with 10% fetal bovine serum (FBS) (PAA
Laboratories) and 1% penicillin/streptomycin (PAA
Laboratories). Culture was maintained in a humidi-
fied incubator at 37OC in an atmosphere of 5% CO2.
Anticancer activity of synthesized compounds at
various concentrations was assessed using the sul-
forhodamine B (SRB) assay as previously
described by Skehan et al. (17), but with minor
modifications, following 72 h of incubation. Assay
plates were read using a spectrophotometer at 570
nm. Data generated were used to plot a dose-
response curve of which the concentration of test
compounds required to kill 50% of cell population
(IC50) was determined (17).

Software used for QSAR studies

The structures of synthesized 2-azetidinone
derivatives were first pre-optimized with the
Molecular Mechanics Force Field (MM+) procedure
included in Hyperchem 6.03 (23) and the resulting
geometries were further refined by means of the
semiempirical method PM3 (Parametric Method-3).
We had chosen a gradient norm limit of 0.01 kcal/�
for the geometry optimization. The lowest energy
structure was used for each molecule to calculate
physicochemical properties using TSAR 3.3 soft-
ware for Windows (24). Further, the regression
analysis was performed using the SPSS software
package (25).

CONCLUSION

A novel series of 2-azetidinone derivatives was
synthesized and evaluated for its in vitro anticancer
and antimicrobial potentials. Results of newly
obtained derivatives displayed average antimicro-
bial and anticancer potentials and compounds 4 and
17 were found to be most potent antimicrobial and
anticancer agents, respectively. Developed QSAR
models indicated the importance of topological
parameters: Balaban index (J) as well as valence
zero and first order molecular connectivity indices
(0χv and 1χv) in determining the antimicrobial activi-
ty of the synthesized compounds.
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It is well know that 1,2,4-triazinone derivatives
are very important class of heterocyclic compounds
since they show a wide variety of applications both
in the pharmaceutical and agrochemical industries.
As potential human therapies, 1,2,4-triazinone
derivatives have exhibited antimycobacterial (1),
anticonvulsant (2) and antihemostatic effects (3).
Moreover, fused triazine derivatives have signifi-
cant biological activities as antimicrobial (4), antitu-
mor (5, 6), anti-inflammatory and analgesic agents
(7). In the agrochemical field, this class of com-
pounds has shown activity as herbicides, for exam-
ple Metribuzin and Goltix (8). Some commercially
available veterinary drugs like Toltrazuril
(BaycoxÆ), Diclazuril (VecoxanÆ) (9) and Ponazuril
(MarquisÆ) (10) contain the triazinone moiety in
their structures (Fig. 1).

In view of these facts and continuing our inter-
est in synthesis of heterocyclic compounds with
anticipated biological activities (11-13), we report
herein the synthesis of some new series of fused tri-
azine derivatives based on 6-methyl-3-thioxo-3,4-
dihydro-[1,2,4]triazin-5-one and examination of
their cytotoxicity and biochemical assays. The newly
synthesized compounds were characterized by ana-
lytical and spectroscopic data (IR, MS and 1H NMR).

MATERIALS AND METHODS

Chemistry

All melting points were measured on a
Gallenkamp melting point apparatus and are uncor-
rected. The IR spectra were recorded (KBr discs) on
a Perkin Elmer 1650 FT-IR instrument. The 1H

SYNTHESIS, CHARACTERIZATION AND BIOLOGICAL EVALUATION 
OF NEW FUSED TRIAZINE DERIVATIVES BASED ON 

6-METHYL-3-THIOXO-1,2,4-TRIAZIN-5-ONE

AMIRA S. ABD EL-ALL1, ASHRAF S. HASSAN2*, SOUAD A. OSMAN2, HISHAM ABDALLAH A.
YOSEF2, WAFAA H. ABDEL-HADY2, MAHER A. EL-HASHASH3, SAAD R. ATTA-ALLAH3, 

MAMDOUH MOAWAD ALI4 and AHMED A. EL RASHEDY1

1Department of the Chemistry of Natural and Microbial Products, 2Department of Organometallic 
and Organometalloid Chemistry, 4Department of Biochemistry National Research Centre, 

El-Behoos St., Dokki, 12622 Cairo, Egypt
3Department of Chemistry,  Faculty of Science, Ain Shams University, Abbasia, Cairo, Egypt

Abstract: A one-pot reaction of 6-methyl-3-thioxo-3,4-dihydro-[1,2,4]triazin-5-one 1 with selected aldehydes
2a-d and chloroacetic acid afforded the respective 2-arylidene-6-methyl-thiazolo[3,2-b][1,2,4]triazine-3,7-
diones 4a-d. Compunds 4a-d could be also obtained via the reaction of 1 with chloroacetic acid in refluxing
acetic acid to give 6-methyl-thiazolo[3,2-b][1,2,4]triazine-3,7-dione 3 then, Knoevenagel condensation of 3

with aldehydes 2a-d gave compounds 4a-d. Heterocyclization of 4a-c with hydrazine hydrate and phenylhy-
drazine gave the corresponding pyrazolines 5a-c and 6a-c, respectively. Moreover, 7-amino-9-(aryl)-3-methyl-
2-oxo-2H-pyrido[2í,3í:4,5][1,3]thiazolo[3,2-b][1,2,4]triazine-8-carbonitriles 7a-c were synthesized by the
reaction of 4a-c with malononitrile in the presence of ammonium acetate. The structures of newly synthesized
compounds were confirmed by analytical and spectroscopic measurements. Some selected new compounds
were screened for their cytotoxic activities against three human cancer cell lines (HepG2, MCF-7 and A549)
using SRB assay and the structure-activity relationship (SAR) was discussed. The biochemical assays includ-
ing antioxidant enzyme, oxidative stress and estimation of nucleic acids and proteins have been discussed for
some selected compounds. The molecular docking of 4c and 7b has been also studied.
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NMR (300 MHz) spectra were recorded on a Varian
spectrometer using DMSO-d6 as a solvent and TMS
as an internal standard. Chemical shifts are reported
in ppm. Mass spectra were recorded on a Varian
MAT 112 spectrometer at 70 eV. Elemental analy-
ses were carried out at The Micro Analytical Centre
at Cairo University, Egypt.

Progress of the reactions was monitored by
thin-layer chromatography (TLC) using aluminum
sheets coated with silica gel F254 (Merck) and view-
ing under a short-wavelength UV lamp effected
detection.

All chemicals and reagents are of analytical
grade. Dimethyl sulfoxide (DMSO), cisplatin and
sulforhodamine-B stain (SRB) were purchased from
Merck (Darmstadt, Germany). The other chemicals
and reagents were obtained from Sigma-Aldrich
Chemical Co. (St. Louis, MO, USA).

6-Methyl-3-thioxo-3,4-dihydro-[1,2,4]triazin-
5-one (1) (14) and 6-methyl-thiazolo[3,2-
b][1,2,4]triazine-3,7-dione (3) (15) were prepared
according to the literature procedures.

Synthesis of 2-arylidene-6-methyl-thiazolo[3,2-

b][1,2,4]triazine-3,7-diones (4a-d)

General procedures

Procedure A: A mixture of 6-methyl-3-thioxo-
3,4-dihydro-[1,2,4]triazin-5-one 1 (0.01 mol) with
selected aldehydes 2a-d [vanillin 2a, 2,5-
dimethoxybenzaldehyde 2b, salicylaldehyde 2c

and/or ferrocene-2-carboxaldehyde 2d] (0.01 mol)
and chloroacetic acid (0.01 mol) in the presence of
sodium acetate (0.01 mol) was refluxed in acetic

acid (40 mL) for 3 h. The reaction mixture was
poured onto ice water (100 mL). The formed solid
product was collected by filtration, dried and recrys-
tallized from a suitable solvent.

Procedure B: A mixture of compound 1 (0.01
mol) and chloroacetic acid (0.01 mol) in the pres-
ence of sodium acetate (0.01 mol) was refluxed in
acetic acid (40 mL) for 3 h to afford 6-methyl-thia-
zolo[3,2-b][1,2,4]triazine-3,7-dione 3. Afterwards,
compound 3 was reacted with selected aldehydes
2a-d (0.01 mol) and sodium acetate (0.01 mol) in
acetic acid (40 mL) for 3 h under reflux. The reac-
tion mixture was poured onto ice water (100 mL).
The formed solid product was collected by filtration,
dried and recrystallized from a suitable solvent.

2-(4-Hydroxy-3-methoxybenzylidene)-6-methyl-

thiazolo[3,2-b][1,2,4]triazine-3,7-dione (4a)

Yield: 69%, yellow crystals (dioxane), m.p. >
300OC. IR (KBr, cm-1): 3257 (OH, br), 1727, 1672
(2C=O), 1563 (C=N). 1H NMR (DMSO-d6, δ, ppm):
2.28 (s, 3H, CH3), 3.86 (s, 3H, OCH3), 7.01 (d, 1H,
J = 8.1 Hz, arom.), 7.28 (d, 1H, J = 8.1 Hz, arom.),
7.35 (s, 1H, arom), 8.17 (s, 1H, CH olefinic), 10.35
(s, 1H, OH, exchangeable with D2O). Analysis:
calcd. for C14H11N3O4S (317.32): C, 52.99; H, 3.49;
N, 13.24; S, 10.10%; found: C, 53.19; H, 3.45; N,
13.35; S, 10.05%.

2-(2,5-Dimethoxybenzylidene)-6-methyl-thiazo-

lo[3,2-b][1,2,4]triazine-3,7-dione (4b)

Yield: 65%, orange crystals (EtOH), m.p. 210-
212OC. IR (KBr, cm-1): 1745, 1678 (2C=O), 1593

Figure 1. Structures of some drugs bearing the triazinone moiety
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(C=N). 1H NMR (DMSO-d6, δ, ppm): 2.30 (s, 3H,
CH3), 3.76, 3.79 (2s, 6H, 2OCH3), 6.89-6.99 (m, 3H,
arom.), 8.32 (s, 1H, CH olefinic). MS (m/z, % rela-
tive abundance): 331 (M+, 22.00). Analysis: calcd.
for C15H13N3O4S (331.35): C, 54.37; H, 3.95; N,
12.68; S, 9.68%; found: C, 54.50; H, 3.84; N, 12.80;
S, 9.55%.

2-(2-Hydroxybenzylidene)-6-methyl-thiazolo[3,2-

b][1,2,4]triazine-3,7-dione (4c)

Yield: 69%, white crystals (EtOH), m.p. 170-
172OC. IR (KBr, cm-1): 3396 (OH, br), 1689, 1662
(2C=O), 1599 (C=N). 1H NMR (DMSO-d6, δ
ppm): 2.17 (s, 3H, CH3), 7.35-7.79 (m, 4H, arom.),
8.16 (s, H, CH olefinic), 11.85 (s, 1H, OH
exchangeable with D2O). MS (m/z, % relative
abundance): 289 (M+ + 2H, 5.40). Analysis: calcd.
for C13H9N3O3S (287.29): C, 54.35; H, 3.16; N,
14.63; S, 11.16%; found: C, 54.50; H, 3.05; N,
14.50; S, 11.00%.

2-(Ferrocen-2-ylidene)-6-methyl-thiazolo[3,2-

b][1,2,4]triazine-3,7-dione (4d)

Yield: 72%, brown crystals (EtOH), m.p. >
300OC. IR (KBr, cm-1): 1730, 1672 (2C=O), 1590
(C=N); 1H NMR (DMSO-d6, δ, ppm): 2.30 (s, 3H,
CH3), 4.20 (s, 5H, ferrocene ring protons), 4.61 (s,
2H, ferrocene ring protons), 4.80 (s, 2H, ferrocene
ring protons), 8.10 (s, 1H, CH olefinic). Analysis:
calcd. for C17H13FeN3O2S (379.21): C, 53.84; H,
3.46; N, 11.08; S, 8.46%; found: C, 54.00; H, 3.38;
N, 11.00; S, 8.55%.

3-(Aryl)-7-methyl-2H-3,3a-dihydro-pyrazo-

lo[3í,4í:4,5]thiazolo[3,2-b][1,2,4]triazin-6-ones

(5a-c)

General procedure

A mixture of compounds 4a-c (0.01 mol) and
hydrazine hydrate (0.01 mol) in ethanol (30 mL)
containing 2-3 drops of glacial acetic acid was
refluxed for 4-6 h. After cooling, the reaction mix-
ture was poured onto ice water and the resulting
solid was collected by filtration and recrystallized
from ethanol to give compounds 5a-c.

3-(4-Hydroxy-3-methoxyphenyl)-7-methyl-2H-

3,3a-dihydro-pyrazolo[3í,4í:4,5]thiazolo[3,2-

b][1,2,4]triazin-6-one (5a)

Yield: 69%, reddish brown crystals, m.p. >
300OC. IR (KBr, cm-1) 3332 (OH, br), 3223 (NH),
1679 (C=O), 1591 (C=N). Analysis: calcd. for
C14H13N5O3S (331.35): C, 50.75; H, 3.95; N, 21.14;
S, 9.68%; found: C, 50.50; H, 4.00; N, 21.00; S,
9.55%.

3-(2,5-Dimethoxyphenyl)-7-methyl-2H-3,3a-

dihydro-pyrazolo[3í,4í:4,5]thiazolo[3,2-b][1,2,4]

triazin-6-one (5b)

Yield: 70%, brown crystals, m.p. 190-192OC.
IR (KBr, cm-1): 3237 (NH), 1680 (C=O), 1595
(C=N); 1H NMR (DMSO-d6, δ, ppm): 2.33 (s, 3H,
CH3), 3.33 (d, 1H, CH-pyrazoline), 3.79, 3.82 (2s,
6H, 2OCH3), 4.05 (d, 1H, CH-pyrazoline), 7.02-7.28
(m, 3H, arom.), 7.86 (s, br, 1H, NH, exchangeable
with D2O). Analysis: calcd. for C15H15N5O3S
(345.38): C, 52.16; H, 4.38; N, 20.28; S, 9.28%;
found: C, 52.00; H, 4.50; N, 20.15; S, 9.40%.

3-(2-Hydroxyphenyl)-7-methyl-2H-3,3a-dihydro-

pyrazolo[3í,4í:4,5]thiazolo[3,2-b][1,2,4]triazin-6-

one (5c)

Yield: 65%, brown crystals, m.p. 189-191OC. IR
(KBr, cm-1): 3417 (OH), 3225 (NH), 1698 (C=O), 1620
(C=N). 1H NMR (DMSO-d6, δ, ppm): 2.33 (s, 3H,
CH3), 3.15 (d, 1H, CH-pyrazoline), 3.93 (d, 1H, CH-
pyrazoline), 7.00-7.77 (m, 4H, arom.), 7.87 (s, br, 1H,
NH, exchangeable with D2O), 10.15 (s, br, 1H, OH,
exchangeable with D2O). Analysis: calcd. for
C13H11N5O2S (301.32): C, 51.82; H, 3.68; N, 23.24; S,
10.64%; found: C, 52.00; H, 3.58; N, 23.15; S, 10.50%.

3-(Aryl)-7-methyl-2-phenyl-3,3a-dihydro-pyrazo-

lo[3í,4í:4,5]thiazolo[3,2-b][1,2,4]triazin-6-ones

(6a-c)

General procedure

A mixture of compounds 4a-c (0.01 mol) and
phenylhydrazine (0.01 mol) in ethanol (30 mL) con-
taining 2-3 drops of glacial acetic acid was refluxed for
4-6 h. After cooling, the reaction mixture was poured
onto ice water and the resulting solid was collected by
filtration and recrystallized from ethanol to give 6a-c.

3-(4-Hydroxy-3-methoxyphenyl)-7-methyl-2-

phenyl-3,3a-dihydropyrazolo[3í,4í:4,5]thiazo-

lo[3,2-b][1,2,4]triazin-6-one (6a)

Yield: 65%, brown crystals, m.p. > 300OC. IR
(KBr, cm-1): 3403 (OH), 1653 (C=O); 1H NMR
(DMSO-d6, δ, ppm): 2.34 (s, 3H, CH3), 3.41 (d, 1H,
CH-pyrazoline), 3.89 (s, 3H, OCH3), 4.29 (d, 1H,
CH-pyrazoline), 6.55-7.81 (m, 8H, arom.), 10.12 (s,
br, 1H, OH, exchangeable with D2O). Analysis:
calcd. for C20H17N5O3S (407.45): C, 58.96; H, 4.21;
N, 17.19; S, 7.87%; found: C, 59.16; H, 4.10; N,
17.25; S, 8.00%.

3-(2,5-Dimethoxyphenyl)-7-methyl-2-phenyl-

3,3a-dihydropyrazolo[3í,4í:4,5]thiazolo[3,2-

b][1,2,4]triazin-6-one (6b)
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Yield: 75%, yellowish brown crystals, m.p.
183-184OC. IR (KBr, cm-1): 1686 (C=O), 1592
(C=N). 1H NMR (DMSO-d6, δ, ppm): 2.35 (s, 3H,
CH3), 3.81 (d, 1H, CH-pyrazoline), 3.75, 3.80 (2s,
6H, 2OCH3), 4.00 (d, 1H, CH-pyrazoline), 6.91-7.31
(m, 8H, arom.); MS (m/z, % relative abundance):
421 (M+, 3.20). Analysis: calcd. for C21H19N5O3S
(421.47): C, 59.84; H, 4.54; N, 16.62; S, 7.61%;
found: C, 60.10; H, 4.50; N, 16.55; S, 7.50%.

3-(2-Hydroxyphenyl)-7-methyl-2-phenyl-3,3a-

dihydropyrazolo[3í,4í:4,5]thiazolo[3,2-b][1,2,4]

triazin-6-one (6c)

Yield: 65%, brown crystals; m.p. 186-188OC,
IR (KBr, cm-1): 3444 (OH), 1668 (C=O), 1600
(C=N). 1H NMR (DMSO-d6, δ, ppm): 2.30 (s, 3H,
CH3), 3.75 (d, 1H, CH-pyrazoline), 4.11 (d, 1H, CH-
pyrazoline), 6.79-7.33 (m, 9H, arom.), 10.18 (s, br,
1H, OH, exchangeable with D2O). Analysis: calcd.
for C19H15N5O2S (377.42): C, 60.46; H, 4.01; N,
18.56; S, 8.50%; found: C, 60.60; H, 3.90; N, 18.40;
S, 8.40%.

7-Amino-9-(aryl)-3-methyl-2-oxo-2H-pyrido[2í,

3í:4,5][1,3]thiazolo[3,2-b][1,2,4]triazine-8-car-

bonitriles (7a-c)

To a solution of 4a-c (0.01 mol) in absolute
ethanol (30 mL) containing ammonium acetate
(0.01 mol), malononitrile (0.01 mol) was added. The
reaction mixture was refluxed for 10 h. After cool-
ing, the reaction mixture was poured onto ice water
mixture containing a few drops of hydrochloric acid.
The resulting solid was collected by filtration and
recrystallized from ethanol to give 7a-c

7-Amino-9-(4-hydroxy-3-methoxyphenyl)-3-meth-

yl-2-oxo-2H-pyrido[2í,3í:4,5][1,3]thiazolo[3,2-

b][1,2,4]triazine-8-carbonitrile (7a)

Yield: 59%, brown crystals, m.p. > 300OC. IR
(KBr, cm-1): 3440 (OH), 3401 (NH2), 2221 (C≡N),
1643 (C=O). 1H NMR (DMSO-d6, δ, ppm): 2.37 (s,
3H, CH3), 3.82 (s, 3H, OCH3), 6.98-7.14 (m, 3H,
arom.), 9.30 (s, 2H, NH2, exchangeable with D2O),
9.80 (s, br, 1H, OH, exchangeable with D2O).
Analysis: calcd. for C17H12N6O3S (380.38): C, 53.68;
H, 3.18; N, 22.09; S, 8.43%; found: C, 53.50; H,
3.25; N, 22.00; S, 8.35%.

7-Amino-9-(2,5-dimethoxyphenyl)-3-methyl-2-

oxo-2H-pyrido[2í,3í:4,5][1,3]thiazolo[3,2-b][1,2,

4]triazine-8-carbonitrile (7b)
Yield: 71%, brown crystals, m.p. 157-159OC.

IR (KBr, cm-1): 3360 (NH2), 2211 (C≡N), 1662
(C=O). 1H NMR (DMSO-d6, δ, ppm): 2.37 (s, 3H,

CH3), 3.76, 3.82 (2s, 6H, 2OCH3), 6.90-7.18 (m, 3H,
arom.), 9.31 (s, 2H, NH2, exchangeable with D2O).
Analysis: calcd. for C18H14N6O3S (394.41): C, 54.81;
H, 3.58; N, 21.31; S, 8.13%; found: C, 55.00; H,
3.50; N, 21.21; S, 8.05%.

7-Amino-9-(2-hydroxyphenyl)-3-methyl-2-oxo-

2H-pyrido[2í,3í:4,5][1,3]thiazolo[3,2-b][1,2,4]tri-

azine-8-carbonitrile (7c)
Yield: 68%, brown crystals, m.p. 145-147OC.

IR (KBr, cm-1): 3421 (OH), 3328 (NH2), 2203
(C≡N), 1658 (C=O). 1H NMR (DMSO-d6, δ, ppm):
2.30 (s, 3H, CH3), 6.98-7.64 (m, 4H, arom.), 9.20 (s,
2H, NH2, exchangeable with D2O). 10.05 (s, br, 1H,
OH, exchangeable with D2O). Analysis: calcd. for
C16H10N6O2S (350.35): C, 54.85; H, 2.88; N, 23.99;
S, 9.15%; found: C, 55.00; H, 2.80; N, 24.10; S,
9.10%.

Cytotoxicity

Cell lines and culturing

Cytotoxicity screening for the tested com-
pounds was utilizing 3 different human tumor cell
lines namely, breast cancer MCF-7, human liver
cancer HepG2 and human lung cancer A549 which
were obtained from the American Type Culture
Collection (Rockville, MD, USA). The tumor cells
were maintained in Dulbeccoís modified Eagleís
medium (DMEM) supplemented with 10% heat
inactivated fetal calf serum (GIBCO), penicillin
(100 U/mL) and streptomycin (100 µg/mL) at 37OC
in humidified atmosphere containing 5% CO2. Cells
at a concentration of 0.50 ◊ 106 were grown in a 25
cm2 flasks in 5 mL of complete culture medium.

Cytotoxicity assay

Cytotoxic activity was measured in vitro using
the sulforhodamine-B stain (SRB) assay according
to the previously reported standard procedure (16).
Cells were inoculated in 96-well microtiter plate
(104 cells/well) for 24 h before treatment with the
tested compounds to allow attachment of cell to the
wall of the plate. Test compounds were dissolved in
DMSO and diluted with saline solution to the appro-
priate volume. Different concentrations of the com-
pounds under testing (0, 5, 10, 20, 40 µg/mL) were
added to the cells. Triplicate wells were prepared for
each individual dose. Monolayer cells were incubat-
ed with the compounds for 48 h at 37OC and in an
atmosphere of 5% CO2. After 48 h, cells were fixed,
washed and stained for 30 min with 0.4% (w/v) SRB
dissolved in 1% acetic acid. The unbound dye was
removed by four washes with 1% acetic acid and
attached stain was recovered with Tris-EDTA
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buffer. Color intensity was measured in an ELISA
reader. The relation between surviving fraction and
drug concentration is plotted to get the survival
curve for each cell line after the specified time. The
concentration required for 50% inhibition of cell
viability (IC50) was calculated and the results are
given in Tables 1 and 2.

Biochemical assays

The cells in culture medium were treated with
20 µL of 1/10 of IC50 values of the compounds or the
standard reference drug, cisplatin, then incubated for
24 h at 37OC, in a humidified 5% CO2 atmosphere.
The cells were harvested and homogenates were
prepared in saline solution using a tight pestle

homogenizer until complete cell disruption for fur-
ther biochemical analysis. The supernatants
obtained after centrifugation of cell homogenates
were used for determination of the following param-
eters.
Antioxidant enzyme assays

The activities of superoxide dismutase (SOD),
catalase (CAT) and glutathione peroxidase (GSH-
Px) were determined according to reported methods
(17-19).

Oxidative stress assays
The levels of hydrogen peroxide (H2O2), nitric

oxide (NO) and reduced glutathione (GSH) were
determined by known methods (20-22).

Table 1. Effect of treatment at various concentrations of tested compounds on human breast cancer cell line
MCF-7, cytotoxicity (IC50) as measured with SRB method.

Tested Concentration Cell viability IC50

compounds (µg/mL) (%) (µg/mL)

0 100
5 40

Cisplatin 10 20 4.00 
20 15
40 9

0 100
5 80

5b 10 55 12.20
20 33
40 11

0 100
5 70

6a 10 45 9.00
20 25
40 10

0 100
5 58

6b 10 40 7.00
20 20
40 9 

0 100
5 55

6c 10 45 6.80
20 24
40 7

0 100
5 60

7a 10 30 6.60
20 14
40 9

0 100
5 50

7b 10 35 5.00
20 21
40 11
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Estimation of nucleic acids and protein

Nucleic acids (DNA and RNA) and total pro-
tein were precipitated and measured in cell
homogenates. Total DNA was extracted and assayed
according to the reported method (23), total RNA
was extracted and assayed according to the method
provided by Hybaid/AGS (Germany) and total cel-
lular protein was assayed according to a reported
method (24).

Statistical analysis

The results are reported as the mean ± standard
error (S.E.) for at least three experiments. Statistical
differences were analyzed according to one way
ANOVA test followed by Studentís t test wherein
the differences were considered to be significant at p
< 0.05.

Molecular docking study

The molecular docking is performed and ana-
lyzed with the MOE program. Inosine-5í-
monophosphate dehydrogenase (IMPDH) is an
essential cytoplasmic purine metabolic enzyme that
catalyzes the NAD-dependent oxidation of inosine
monophosphate (IMP) to xanthosine monophos-

phate (XMP). IMPDH expression is found to be
upregulated in tumor tissues and tumor cell lines
(25, 26). Accordingly, human IMPDH is a target of
clinical anti-cancer drugs.

The synthesized compounds 4c and 7b are
investigated for the binding affinity of inosine-5í-
monophosphate dehydrogenase receptor (pdb:1NFB).
Its purpose is of lead optimization and to find out the
interaction between compounds 4c, 7b and the ino-
sine-5í-monophosphate dehydrogenase (IMPDH)
receptor.

Molecular modeling calculations and local
docking were done by using MOE (molecular mod-
eling environment) to evaluate the binding free
energies of these inhibitors into the target IMPDH
receptor.

RESULTS AND DISCUSSION

Chemistry

The starting compounds, 6-methyl-3-thioxo-
3,4-dihydro-1,2,4-triazin-5-one (1) (14) and 6-
methyl-thiazolo[3,2-b][1,2,4]triazine-3,7-dione (3)
(15) were utilized in preparing the target compounds
(Schemes 1 and 2).

Table 2. Effect of treatment at various concentrations of tested compounds on human liver cancer cell line
HepG2, cytotoxicity (IC50) as measured with SRB method.

Tested Concentration Cell viability IC50

compounds (µg/mL)  (%) (µg/mL)

0 100
5 30

Cisplatin 10 25 3.50
20 15
40 8

0 100
5 55

4a 10 27 6.00
20 16
40 9

0 100
5 50

4b 10 24 5.00
20 11
40 7

0 100
5 45

4c 10 35 4.60
20 20
40 11

0 100
5 80

4d 10 50 10.00
20 11
40 3
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It has been now found that a one-pot reaction
of 1 with some selected aldehydes 2a-d [namely,
vanillin 2a, 2,5-dimethoxy benzaldehyde 2b, salicyl-
aldehyde 2c and ferrocene-2-carboxaldehyde 2d]
and chloroacetic acid in the presence of sodium
acetate in refluxing acetic acid gave the respective
new 2-arylidene-6-methyl-thiazolo[3,2-b][1,2,4]tri-
azine-3,7-dione derivatives 4a-d. The same com-
pounds could be also obtained upon reacting com-
pound 1 with chloroacetic acid and sodium acetate
in refluxing acetic acid to give 3. Knoevenagel con-
densation (27) of compound 3 with aldehydes 2a-d
gave compounds 4a-d, respectively (Scheme 1).

Structures of compounds 4a-d were con-
firmed on the basis of their analytical and spectral
data. For compound, 2-(4-hydroxy-3-methoxyben-
zylidene)-6-methyl-thiazolo[3,2-b][1,2,4]triazine-
3,7-dione (4a), taken as a representative example,
its IR spectrum (KBr, cm-1) showed a broad band at
3257 corresponding to -OH and two bands at 1727
and 1658 due to two C=O groups. Its 1H NMR
spectrum (DMSO-d6, δ, ppm) showed two signals
at 2.28 and 3.86 due to -CH3 and -OCH3 group pro-
tons, respectively. The aromatic protons (3H)
appeared as a singlet at 7.35 and two doublets
(each with J = 8.1 Hz) at 7.01 and 7.28 ppm due to

Scheme 1. Synthesis of compounds 4a-d

2a-d
2a-d



86 AMIRA S. ABD EL-ALL et al.

the AB system of the vanillin ring. The singlet that
appeared at 8.17 ppm is attributed to the olefinic
(C=CHAr) proton. Moreover, the signal present at
10.35 was assigned for -OH proton, which was
D2O exchangeable.

The newly synthesized arylidene derivatives
4a-d have been now investigated as key mole-
cules for building new fused heterocycles through
the addition reaction on their exocyclic olefinic
double bond with some selected nucleophiles,
namely: hydrazine hydrate, phenylhydrazine and
malononitrile to give compounds 5, 6 and 7,
respectively (Scheme 2). The reactivity of the
olefinic bond towards nucleophilic attack may be
enhanced through its conjugation with the car-
bonyl group.

Thus, cycloaddition reactions of 2-arylidene-6-
methyl-thiazolo[3,2-b][1,2,4]triazine-3,7-dione 4a-c
with hydrazine hydrate and phenylhydrazine in
ethanol afforded the 3-(aryl)-7-methyl-2H-3,3a-
dihydro-pyrazolo[3í,4í:4,5]thiazolo[3,2-b][1,2,4]
triazin-6-ones (5a-c) and 3-(aryl)-7-methyl-2-
phenyl-3,3a-dihydro-pyrazolo[3í,4í:4,5]thiazo-
lo[3,2-b][1,2,4]triazin-6-ones (6a-c), respectively
(Scheme 2).

Structures of 5a-c and 6a-c were established
due to their analytical and spectral data. Thus, as an
example, the IR spectrum (KBr, cm-1) of compound
5c showed bands at 3417 for -OH, 3225 for -NH and
1698 for C=O. Its 1H NMR spectrum (DMSO-d6, δ,
ppm) revealed the presence of two doublets at 3.15
and 3.93 ppm due to the two vicinal methine protons

Scheme 2. Synthesis of compounds 5a-c, 6a-c and 7a-c
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of the pyrazoline ring. The two signals at 7.87 and
10.15 ppm are corresponding to -NH and -OH pro-
tons, respectively, which were D2O exchangeable.
The aromatic protons (4H) appeared as a multiplet
in the 7.00-7.77 region.

Moreover, the reaction of compounds 4a-c
with malononitrile in refluxing absolute ethanol in
the presence of ammonium acetate gave the corre-
sponding 7-amino-9-(aryl)-3-methyl-2-oxo-2H-
pyrido[2í,3í:4,5][1,3]thiazolo[3,2-b][1,2,4]tri-
azine-8-carbonitriles 7a-c as brown crystals
(Scheme 2).

Structures of compounds 7a-c were confirmed
on the basis of elemental analysis and spectral data.
As an example, the IR spectrum (KBr, cm-1) of 7-
amino-9-(4-hydroxy-3-methoxyphenyl)-3-methyl-
2-oxo-2H-pyrido[2í,3í:4,5][1,3]thiazolo[3,2-
b][1,2,4]triazine-8-carbonitrile 7a showed strong
stretching absorption bands at 3440 and 3401 for -
OH and -NH2, respectively, and a band at 2221 for
C≡N group. Its 1H NMR spectrum (DMSO-d6, δ,
ppm) showed two signals at 9.30 and 9.80 ppm due
to -NH2 and -OH protons, respectively, which were
D2O exchangeable, the singlet that appeared at 3.82
ppm is attributed to protons of the OCH3 group
while the aromatic protons (3H) appeared as a mul-
tiplet in the 6.98-7.14 ppm region.

Cytotoxicity

Cytotoxicity of 13 tested compounds was eval-
uated against human breast cancer cell line MCF-7,
human liver cancer cell line HepG2 and human lung
cancer cell line A549 using sulforhodamine B
(SRB) colorimetric assay, in comparison with cis-
platin as a reference drug. Cytotoxic activity is
expressed as median growth inhibitory concentra-
tion (IC50) and has been compiled in Tables 1 and 2.
From these results, it is evident that six of the inves-
tigated compounds have displayed a potent growth
inhibitory activity against human breast cancer cell
line MCF-7 (Table 1), while four compounds have
displayed a potent growth inhibitory activity against
HepG2 (Table 2). On the other hand, none of the
investigated compounds has exerted any activity
against human lung cancer cell line A549.

Both of MCF-7 and HepG2 cell lines showed
normal growth in the culture system. Meanwhile,
DMSO did not exert any noticeable effect on cellu-
lar growth. It was also observed that there was a
gradual decrease in the viability of cancer cells with
increasing the concentration of the tested com-
pounds in a dose-dependent inhibitory effect.

Against MCF7 cell line, the potency of the
investigated compounds decreased in the order 7b >
7a > 6c > 6b > 6a > 5b. Compound 7b was found to

Table 3. Effect of treatment with the tested compounds on the activities of superoxide dismutase (SOD), catalase (CAT), glutathione per-
oxidase (GSH-Px), as well as the levels of reduced glutathione (GSH) and hydrogen peroxide (H2O2) in MCF-7 and HepG2 treated cells.

SOD CAT GSH-Px GSH H2O2

Cell Tested U/mg U/mg U/mg nmol/mg nmol/mg
lines  compounds protein protein protein protein protein

MCF-7
Control
(DMSO)

40.00 ± 3.90 7.90 ± 0.80 10.20 ± 1.00 45.00 ± 4.80 18.80 ± 1.90

Cisplatin 140.0 ± 14.20a,b 3.00 ± 0.26a 5.00 ± 0.47a 17.50 ± 1.80a 70.50 ± 7.60a

5b 70.00 ± 6.80a,b 6.00 ± 0.60a 8.80 ± 0.90a 40.50 ± 6.30a 32.80 ± 3.40a,b

6a 80.50 ± 8.00a,b 5.40 ± 0.60a 7.85 ± 0.70a 33.80 ± 0.38a,b 36.50 ± 3.20a,b

6b 85.20 ± 9.00a,b 5.00 ± 0.52a 7.50 ± 0.76a 28.50 ± 3.00a,b 40.50 ± 5.00a,b

6c 90.20 ± 8.60a,b 4.40 ± 0.50a 7.20 ± 0.70a 26.50 ± 2.30a,b 55.30 ± 5.70a,b

7a 100.0 ± 11.00a,b 3.90 ± 0.39a 6.70 ± 0.65a 22.80 ± 2.20a 60.00 ± 5.80a

7b 120.00 ± 11.70a,b 3.70 ± 0.24a 6.20 ± 0.30a 19.00 ± 1.90a 65.30 ± 6.00a

HepG2
Control
(DMSO)

35.20 ± 3.60 7.75 ± 0.80 9.50 ± 0.90 45.00 ± 4.70 15.00 ± 1.50

Cisplatin 140.00 ± 15.50a 3.00 ± 0.30a 4.50 ± 0.40a 20.00 ± 2.20a 50.00 ± 4.80 a

4a 100.00 ± 12.20a,b 4.30 ± 0.46a,b 6.90 ± 0.78a 33.80 ± 3.80a 35.20 ± 3.80a

4b 112.60 ± 7.90a,b 4.00 ± 0.50b 6.60 ± 0.80a,b 29.50 ± 3.00a,b 41.20 ± 4.00a,b

4c 135.60 ± 8.20a,b 3.60 ± 0.42a,b 5.30 ± 0.60a,b 27.50 ± 2.50a,b 45.80 ± 4.60a,b

4d 90.60 ± 8.70a,b 4.30 ± 0.46a,b 7.00 ± 0.70a 37.50 ± 4.20a,b 29.00 ± 3.00a,b

Data are expressed as the means ± S.E. of three separate experiments. a and b are significant differences from control and cisplatin groups,
respectively, at p < 0.05.
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Table 4. Effect of the tested compounds on the level of total protein, nucleic acids (RNA and DNA) and nitric oxide (NO) in MCF-7 and
HepG2 treated cells.

Cell Tested Protein RNA DNA NO
lines  compounds (µg/106 cells) (µg/106 cells) (µg/106 cells) (µmol/mg protein)  

MCF-7
Control
(DMSO)

150.50 ± 14.80 22.30 ± 2.00 15.00 ± 1.50 3.00 ± 0.29

Cisplatin 50.30 ± 4.85a 5.20 ± 0.50a 4.00 ± 0.38a 8.00 ± 0.75a

5b 100.60 ± 9.80a 15.30 ± 0.58a,b 11.30 ± 1.26a,b 4.00 ± 0.40a

6a 85.60 ± 8.60a,b 13.50 ± 0.90a,b 9.00 ± 0.85a,b 4.80 ± 0.48a,b

6b 80.60 ± 8.10a,b 11.00 ± 0.76a,b 7.90 ± 0.80a,b 5.80 ± 0.60a,b

6c 77.00 ± 7.50a,b 9.00 ± 0.85a,b 7.30 ± 0.80a,b 6.20 ± 0.56a,b

7a 67.60 ± 4.00a 7.70 ± 0.36a 7.00 ± 0.65a,b 7.00 ± 0.70a

7b 60.00 ± 6.00a 6.80 ± 0.66a 5.70 ± 0.60a 7.70 ± 0.80a

HepG2
Control
(DMSO)

125.60 ± 12.00 20.70 ± 2.40 10.00 ± 0.90 2.00 ± 0.20

Cisplatin 40.00 ± 4.20a 5.00 ± 0.45a 4.50 ± 0.50a 5.00 ± 0.50a

4a 75.30 ± 8.20a,b 8.00 ± 0.84a,b 6.30 ± 0.60a 3.90 ± 0.33a

4b 70.20 ± 7.20a,b 7.60 ± 0.70a,b 5.60 ± 0.60a,b 4.50 ± 0.42a

4c 60.00 ± 6.30a,b 6.80 ± 0.80a 5.30 ± 0.60a,b 4.60 ± 0.40a

4d 80.60 ± 7.70a,b 9.60 ± 0.90a,b 7.60 ± 0.80a,b 3.20 ± 0.30a,b

The values are expressed as the mean ± S.E. of three separate experiments. a and b are significant differences from control and cisplatin
groups, respectively, at p < 0.05.

be the most potent (IC50: 5.00 µg/mL) amongst the
tested compounds and was almost as efficacious as
the reference drug cisplatin (IC50: 4.00 µg/mL)
(Table 1). Moreover, the potency of compounds 4a-
c against HepG2 cell line decreased in the order 4c

> 4b > 4a > 4d where they recorded IC50 (µg/mL)
values of 4.60, 5.0, 6.0 and 10.0, respectively.
Compound 4c showed a potency (IC50: 4.60 µg/mL)
which is relatively near to that of the reference drug,
cisplatin (IC50: 3.50 µg/mL) (Table 2)

Based on these results, it is evident that there is
a structure-activity relationship (SAR). As shown in
Table 1 and 2, from the screening of the tested com-
pounds against the MCF-7 and HepG2 cell lines, it
was found that some derivatives linked by 2,5-
dimethoxyphenyl group were more active than their
respective analogues with 4-hydroxy-3-methoxy-
phenyl group. Thus, compounds 4b (IC50: 5.00
µg/mL) and 7b (IC50: 5.00 µg/mL) were found to be
more potent than 4a (IC50: 6.00 µg/mL) and 7a (IC50:
6.60 µg/mL), respectively.

Biochemical assays

To elucidate the mechanism by which the
tested compounds exert their cytotoxic activities,
these compounds were selected to estimate their
ability to induce oxidative stress in the two human

cancer cell lines (human breast cancer cell line
MCF-7 and human liver cancer cell line HepG2).
We estimated the activities of the free-radical-
metabolizing enzymes including superoxide dis-
mutase (SOD), catalase (CAT) and glutathione per-
oxidase (GSH-Px) as well as the levels of the
oxidative stress parameters including hydrogen
peroxide (H2O2), nitric oxide (NO) and reduced
glutathione (GSH) in cells treated with tested com-
pounds. Moreover, the effect of these compounds
on the levels of total protein and nucleic acids was
estimated.

As shown in Table 3, general treatment of the
cells with tested compounds or cisplatin (at the 1/10
of IC50 values) (28) resulted in a significant increase
in the activity of SOD and the level of H2O2 to be
higher than those of the control, accompanied with a
significant decrease in the activity of CAT and
GSH-Px, and depletion in GSH level, indicating an
increase in the cellular levels of reactive oxygen
species. This means that the cytotoxic activity of
these compounds was accompanied with high activ-
ity of SOD with subsequent increase in H2O2 pro-
duction. The produced H2O2 should be rapidly
removed through the activation of CAT and GSH-
Px. The present results showed that activities of
CAT and GSH-Px and the level of reduced GSH
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Figure 2. The ligand interaction and the binding mode of the native ligand nicotinamide-adenine-dinucleotide (NAD) it is exhibited one
H-bond donor with ASP 274 and at distance 2.27 and one H-bond donor with HOH 731and at distance 2.74 and one H-bond acceptor with
SER 275 at distance 2.45 and three H-bond acceptor with SER 276 at distance 2.77, 2.95, 2.70 and one H-bond acceptor with ARG 322 at
distance 2.84 and one H-bond acceptor with HOH 731 at distance 2.74 shown as hatched line and it is score -22.314

were lowered in case of the groups treated with the
tested compounds compared to the control cells.
Consequently, the excess H2O2 that produced in
tumor cells with the tested compounds cannot be
removed. In other words, the accumulation of H2O2

and other free radicals in tumor cells may be partial-
ly the cause of tumor cell killing. Changes in the
activities of the free-radical-metabolizing enzymes
and oxidative stress parameters of the tested com-
pounds were found to be in the order: cisplatin > 7b

> 7a > 6c > 6b > 6a > 5b for MCF-7 while for
HepG2 cell line the order was: cisplatin > 4c > 4b >
4a > 4d which is in accordance with the order of
cytotoxic activity of the tested compounds against
both cell lines.

The highest activity was found for the most
potent cytotoxic compound 7b in MCF-7 and com-
pound 4c in HepG2 cell lines, which resulted in

the highest SOD activity and H2O2 and low activi-
ties of CAT and GSH-Px as well as GSH level
than the other tested compounds. The consistency
between cytotoxic activity and biochemical assay
results indicates that the cytotoxic effect of the
tested compounds may be exerted, at least partial-
ly, by production of ROS. Moreover, results in
Table 4 indicate that treatment of both MCF-7 and
HepG2 cells with these compounds led to a signif-
icant increase in the level of NO. These results
were in accordance with the reported method (29)
that the polysaccharides isolated from algae have
been applied to modify the macrophage activity by
inducing the production of cytokines and nitric
oxide. There is a growing body of evidence indi-
cating that NO is able to induce apoptosis by dis-
sipating the membrane potential of mitochondria
and to make it more permeable (30). In addition,
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the elevated level of NO was accompanied with a
depletion in the levels of total protein and nucleic
acids as compared to the control. This can be
explained by several cytotoxic effects that include
reaction of NO with proteins and nucleic acids.
The main targets of NO in proteins are the thiol
group (31) and iron of active sites (32) in the
nucleus. NO has been found to cause gene muta-
tion (33) to inhibit DNA repair enzymes (34) and
to mediate DNA strand breaks (35). Moreover, it
was reported that most chemotherapeutic agents
cause cells to overgenerate ROS and thus, are
capable of inducing apoptosis, and causing oxida-
tive damage to DNA and proteins (36). The cas-
cade of signals mediating apoptosis often involves
a ROS intermediate messenger and ROS can short
circuit the pathway, by passing the need for
upstream signals for cell suicide. Latter, Huang et
al. (37) reported that the regulation of free radical-
producing agents may also have important clinical
applications. This mechanism for the effects of
ROS generating anticancer agents is only in the
beginning to be understood, as previously the
mechanism of most anticancer agents was
believed to be mainly due to a direct interaction
with DNA, an interference with DNA regulatory
machinery (e.g., topoisomerases and helicases)
and as well as due to the initiation of DNA dam-
age via production of ROS (38).

Molecular docking study

The docking studies were carried out using
Molecular Operating Environment (MOE) 2008.10
(Moe source: Chemical Computing Group Inc.,
Quebec, Canada, 2008). First of all, a Gaussian con-
tact surface around the binding site is drawn. The
surface surrounds the van der Waals surface of a
molecule (filling in solvent inaccessible gaps).
Then, docking studies are carried out to evaluate the
binding free energy of the inhibitors within the
macromolecules. The dock scoring in MOE soft-
ware is done using London dG scoring function and
has been enhanced by using two different refine-
ment methods. The force-field and Grid-Min pose
have been updated to ensure that refined poses satis-
fy the specified conformations. Rotatable bonds
were allowed where the best 10 poses were retained
and analyzed for the binding poses best score. The
database browser was used in MOE to compare the
docking poses to the ligand in the co-crystallized
structure and to get RMSD of the docking pose com-
pared to the co crystal ligand position.

Preparation of ligands and target inosine-5í-

monophosphate dehydrogenase receptor

In this study, ligands 4c and 7b were studied for
their binding affinity into PTK. The Molecule Builder
tool in MOE was used to construct a three-dimen-
sional model of their structures. Energy minimization

Figure 3. Ligand interaction and the binding mode of compound 4c with receptor, exhibited one H-bond donor with HOH 731 at distance
2.95 and one H-bond acceptor with HOH731 at distance 2.95 and H-bond acceptor with HOH 742 at distance 2.56 shown as hatched line
similar to co-crystallized ligand it is give score -13.01.
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was done through a force-field MMFF94x
Optimization using gradient of 0.0001 for determin-
ing low energy conformations with the most favor-
able (lowest energy) geometry. The crystal structures
of inosine-5í-monophosphate dehydrogenase recep-
tor in complex with nicotinamide-adenine-dinu-
cleotide (NAD) were obtained from the Protein Data
Bank (PDB) http://www.rcsb.org/pdb/explore.
dofistructureId=1NFB (PDB code: 1NFB). Hydrogen
atoms and partial charges were added to the protein
with the protonation 3D application in MOE. This
application is performed to assign ionization states
and position of the hydrogen atoms in the macromol-
ecular structure. Most of protein structures obtained
from the Protein Data Bank contain little or no hydro-
gen coordinate data due to limited resolution. Yet, the
hydrogen bond network and ionization states can
have a dramatic effect on simulations results.

Molecular modeling and analysis of the docked

results

The binding free energy was used to rank the
binding affinity of the tested compounds to inosine
monophosphate dehydrogenase receptor protein.
Also, hydrogen bonds between the ligand and amino
acids in PTK were used in the ranking of the com-

pounds. Evaluation of the hydrogen bonds was done
by measuring the hydrogen bond length which does
not exceed 3�. RMSD of the docking pose com-
pared to the co-crystal ligand position was used in
the ranking. The mode of interaction of the native
ligand (NAD) within the crystal structure of inosine
monophosphate dehydrogenase receptor was used
as a standard docked model as well as for RMSD
calculation.
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Cancer is considered to be one of the most
intractable diseases because of the innate character-
istics of cancer cells to proliferate uncontrollably,
avoid apoptosis, invade and metastasize. The burden
of cancer is increasing across the world and thus it is
the leading cause of deaths in economically devel-
oped countries and second leading cause of deaths in
developing countries. Hence, in the field of
chemotherapeutic drugs, the search for new, more
active and less toxic compounds is still very intense,
and new promising anticancer approaches are being
tested (1).

The treatment of infectious diseases still
remains an important and challenging problem
because of a combination of factors including
emerging infectious diseases and the increasing
number of multi-drug resistant microbial pathogens.
Thus, search of novel antimicrobial agents is a field
of current and growing interest. A potential
approach to overcome the resistance problem is to
design innovative agents with a different mode of

action so that no cross-resistance with the present
therapeuticals can occur (2).

Thiazolidin-4-one derivatives are known to
exhibit diverse biological activities such as: anti-
cancer (3-5), antimicrobial (6, 7), antiviral (8),
antimycobacterial (9, 10), analgesic and anti-inflam-
matory (11), anti-HIV (12) and anticonvulsant (13).

Inspired by the above facts and in continuation
of our ongoing research program in the field of syn-
thesis and antimicrobial and anticancer activities of
medicinally important compounds we hereby report
the synthesis, antimicrobial, anticancer activities
and QSAR studies of some novel thiazolidin-4-ones
derivatives.

RESULTS AND DISCUSSION

Chemistry

The general procedure for the synthesis of 4-
thiazolidinone derivatives (1-17) was described in
Scheme 1. The structures of all compounds have
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Table 1. Physicochemical properties and anticancer activity of the synthesized compounds (1-17).

Comp. Ar Arí Molecular M. W. Rf
Anticancer 

activity
formula value*

[IC50 (µM)]  

1 C27H24FN3O5S 521.56 0.58 > 191.73  

2 C28H26ClN3O6S 568.04 0.72 72.18  

3 C29H30N4O5S  546.64 0.66 120.74  

4 C25H19ClFN3O3S 495.95 64.52 

5 C29H22N4O6S  554.57 0.59 34.26  

6 C29H29N5O5S 559.64 0.55 85.77  

7 C25H19ClN4O5S 522.96 0.69 > 191.22  

8 C29H29ClN4O3S 549.08 0.60 81.96  

9 C28H27N3O7S 549.59 0.53 > 181.95  

10 C26H23N3O5S 489.54 0.66 18.59  

11 C25H20BrN3O4S 538.41 0.58 78.01  

12 C27H25N5O5S 531.58 0.61 88.42  

13 C25H19ClN4O5S 522.96 0.72 74.58  

14 C26H22N4O5S 502.54 0.53 111.43  
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been confirmed by IR and NMR spectra which were
in full agreement with assigned molecular struc-
tures. The physicochemical properties of synthe-
sized compounds are presented in Table 1.

Antimicrobial activity

The antimicrobial activity of the synthesized
compounds was carried out using the tube dilution
method and results are described in Table 2. The
antimicrobial activity results of the synthesized
compounds indicated that compound 2 was found to
be the most potent antimicrobial agent against B.
subtilis and A. niger (pMIC = 1.96 µM/mL). In case

of S. aureus, compound 12 (pMIC = 1.93 µM/mL)
was found to be most potent antimicrobial agent.
Against Gram negative bacterium E. coli, compound
5 (pMIC = 1.95 µM/mL) was found to be most
potent antibacterial agent. The synthesized com-
pounds were found to be most potent against the
fungal strain C. albicans and compound 7 (pMIC =
2.22 µM/mL) was found to be most potent antifun-
gal agent against C. albicans.

Anticancer activity

The in vitro anticancer activity of the synthe-
sized derivatives was determined against an estro-

Scheme 1. Scheme for the synthesis of 2,5-disubtituted 4-thiazolidinone derivatives (1-17)

Table 1. Cont.

Comp. Ar Arí Molecula M. W. Rf Anticancer 
activity

formula value*
[IC50 (µM)]  

15 C25H20N4O6S  504.51 0.55 > 198.21  

16 C26H23N3O4S 473.54 0.64 158.38  

17 C27H25N3O4S 487.57 0.76 143.57

5-FU** 6.00

Carboplatin > 100

*Benzene, **5-Fluorouracil

2,5-disubstituted 4-thiazolidinones 2-substituted 4-thiazolidinones
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gen receptor positive human breast adenocarcinoma,
MCF-7 (ATCC HTB-22) cancer cell line using the
sulforhodamine B (SRB) assay (15) and the results
are presented in Table 1. In general, the synthesized
compounds showed average anticancer activity as
none of the synthesized compounds displayed better
anticancer potential than standard drug 5-FU (5-flu-
orouracil, IC50 = 6.00 µM) and more than 50% com-
pounds showed better anticancer potential than stan-
dard drug carboplatin (IC50 = >100 µM). Compound
10 (IC50 = 18.59 µM) was found to be the most
potent anticancer agent as compared to the standard
drugs (15).

Structure activity relationship

From the anticancer and antimicrobial screen-
ing results of synthesized, 4-thiazolidinone deriva-
tives the following structure activity relationship
(SAR) can be derived:
1. The presence of electron withdrawing groups 

(-NO2, -Cl, compound 7) on benzylidene portion
improved the antifungal activity of the synthe-
sized compounds against C. albicans.

2. The presence of electron releasing groups (com-
pounds 2 and 12) on benzylidene portion
improved the antimicrobial activity of the syn-
thesized compound against A. niger, S. aureus
and B. subtilis. 

3. The presence of fused aromatic ring substitution
(2-OH naphthaldehyde, compound 5) in ben-
zylidene portion improved antibacterial and
anticancer activity against E. coli and MCF-7
(ATCC HTB-22) cancer cell line.

4. The presence of electron releasing groups 
(-OCH3, -OH, compound 10) on benzylidene
portion improved the anticancer activity of the
synthesized compound against an estrogen
receptor positive human breast adenocarcino-
ma, MCF-7 (ATCC HTB-22) cancer cell line.

From these result we may conclude that differ-
ent structural requirements are required for a com-
pound to be effective against different targets. This
is similar to the results of Sortino et al. (16).

These findings are summarized in Figure 1.

QSAR studies

For quantitative structure activity relationship
(QSAR) studies, the biological activity data deter-
mined as MIC values were first transformed into
pMIC values (i.e., ñlog MIC) and used as dependent
variables in QSAR study (Table 2). The different
molecular descriptors selected and the values of
selected descriptors are listed in Table 3 and Table
4, respectively.

Here, we have attempted for development of
multi-target QSAR (mt-QSAR) models by calculat-
ing the average antimicrobial, antifungal and antibac-
terial activity values of synthesized 4-thiazolidinone
derivatives (Table 2). Our earlier studies (17-21) indi-
cated that the mt-QSAR models are better than one-
target QSAR (ot-QSAR) models in describing the
antimicrobial activity. During regression analysis,
outliers i.e., compounds 1, 2, 4, 8 and 16 were not
included as their response values were outside the
range of other synthesized thiazolidinone derivatives. 

Preliminary analysis carried out in terms of
correlation analysis (Table 5) indicated that high
colinearity (r > 0.5) was observed between different
parameters and antibacterial activity of 4-thiazolidi-
none derivatives. The data presented in Table 6 are
the result of correlation of molecular descriptors
with antibacterial, antifungal and antimicrobial
activities of synthesized compounds.

The high correlation of topological parameter,
Kierís a third order shape index (κα3) with antibac-
terial activity (Table 5) indicated its importance in
describing antibacterial activity of the 4-thiazolidi-
none derivatives (Eq. 1).

Figure 1. Structural requirements for the antimicrobial and anticancer activities of 2,5-disubtituted 4-thiazolidinone derivatives (1-17)
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QSAR model for antibacterial activity 
pMICab = -0.309 κα3 + 3.536          Eq. 1

n = 12  r = 0.830  q2 = 0.571 s = 0.088  F = 22.16 
Here and thereafter, n = number of data points,

r = correlation coefficient, q2 = cross validated r2

obtained by leave one out method, s = standard error
of the estimate and F = Fischer statistics.

The negative correlation between Kierís a third
order shape index (κα3) and antibacterial activity of
the synthesized compounds indicates a fact that anti-
bacterial activity of synthesized compounds will
increase with a decrease in their κα3 values and vice
versa, which was verified by the high antibacterial
activity value of compound 13 (pMICab = 1.82
µM/mL) which has low κα3 value (6.02).

When we coupled κα3 with energy of highest
occupied molecular orbital (HOMO) (electronic
parameter) the improvement r value from 0.830 to
0.911 was observed (Eq. 2).

MLR-QSAR model for antibacterial activity 
pMICab = -0.219 κα3 ñ 0.232 HOMO + 0.983 Eq. 2

n = 12 r = 0.911 q2 = 0.731 s = 0.069 F = 22.00
The developed QSAR model (Eq. 2) was cross

validated by the q2 value (q2 = 0.731; q2 > 0.5)

obtained by leave one out (LOO) method, the low
residual values (Table 7) (22) as well as by the plot
of predicted pMICab against observed pMICab (Fig.
2). The absence of systemic error in the model
development was indicated by the plot of observed
pMICab vs. residual pMICab (Fig. 3) as the propaga-
tion of error was observed on both sides of zero (23).

In case of antifungal activity, electronic param-
eter, cosmic total energy (cos E, Table 6) was found
most dominant in expressing antifungal activity of
the synthesized compounds (Eq. 3). 

QSAR model for antifungal activity 
pMICaf = 0.255 cos E + 1.138          Eq. 3

n = 12 r = 0.801 q2 = 0.455 s = 0.155 F = 17.87
In order to improve the value of correlation

coefficient, we coupled cos E with topological
parameter, Randic index (R) which improved r
value from 0.801 to 0.854.

MLR-QSAR model for antifungal activity 
pMICaf = 0.0314 cos E - 0.0865 R + 2.600    Eq. 4
n = 12 r = 0.854 q2 = 0.468 s = 0.142 F = 12.16

Equation 4 was cross validated by its q2 value
(q2 = 0.468) which less than 0.5 indicated that Eq. 4

�������� 	
���������������������������
������������
������� �����!
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Compound pMICbs pMICec pMICsa pMICan pMICca pMICab pMICaf pMICam

1 1.32 1.32 1.02 1.62 1.62 1.22 1.62 1.38

2 1.96 1.66 1.36 1.96 1.96 1.66 1.96 1.78

3 1.34 1.04 1.64 1.04 1.64 1.34 1.34 1.34

4 1.90 1.30 1.30 1.90 2.20 1.50 2.05 1.72

5 1.35 1.95 1.65 1.35 1.65 1.65 1.50 1.59

6 1.05 1.35 1.65 1.35 1.95 1.35 1.65 1.47

7 1.62 1.92 1.62 1.92 2.22 1.72 2.07 1.86

8 1.64 1.34 1.64 1.64 1.94 1.54 1.79 1.64

9 1.34 1.64 1.34 1.64 1.04 1.44 1.34 1.40

10 1.89 1.29 1.59 1.29 1.29 1.59 1.29 1.47

11 1.63 1.63 1.33 1.03 1.33 1.53 1.18 1.39

12 1.33 1.03 1.93 1.33 1.93 1.43 1.63 1.51

13 1.92 1.92 1.62 1.62 1.62 1.82 1.62 1.74

14 1.60 1.60 1.60 1.30 1.30 1.60 1.30 1.48

15 1.91 1.61 1.61 1.30 1.91 1.71 1.61 1.67

16 1.28 0.98 1.88 1.28 0.98 1.38 1.13 1.28

17 1.59 1.89 1.29 1.29 1.29 1.59 1.29 1.47

SD 0.28 0.32 0.23 0.29 0.38 0.16 0.29 0.17

Std. 2.61* 2.61* 2.61* 2.61* 2.64**

*Norfloxacin; **Fluconazole
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Table 4. Values of selected descriptors calculated for QSAR studies.

No. Cos E 0χ 0χv κ3 κα3 R Te LUMO HOMO µ

1 8.30 26.36 20.69 8.26 6.63 17.85 -6686.75 -0.86 -8.49 4.96

2 19.61 27.94 23.10 8.31 6.88 18.84 -7050.71 -1.03 -8.49 3.55

3 9.48 27.94 23.02 8.53 6.94 18.80 -6746.50 -0.51 -8.01 2.02

4 5.91 24.08 19.40 7.51 6.06 16.40 -6094.62 -0.93 -8.57 3.22

5 19.32 28.23 21.70 7.76 5.97 19.31 -6953.94 -1.77 -8.90 7.05

6 20.95 28.65 22.96 9.01 7.23 19.30 -6937.19 -1.35 -8.39 10.49

7 25.64 25.66 20.29 8.01 6.39 17.31 -6453.93 -1.55 -9.03 7.03

8 21.56 27.07 22.89 8.28 6.86 18.41 -6466.21 -0.61 -8.35 8.60

9 14.83 27.94 22.35 8.31 6.74 18.84 -7011.03 -0.83 -8.40 3.57

10 2.26 24.79 19.69 7.76 6.17 16.94 -6059.60 -0.74 -8.32 0.87

11 1.70 24.08 20.28 7.51 6.16 16.40 -5923.32 -0.84 -8.43 2.02

12 19.78 27.23 21.54 8.28 6.55 18.24 -6625.53 -1.16 -8.40 5.65

13 17.37 25.66 20.29 7.57 6.02 17.35 -6453.86 -1.29 -8.75 5.32

14 16.23 25.66 20.09 7.79 6.08 17.33 -6249.71 -1.25 -8.70 5.67

15 10.85 25.66 19.54 7.79 6.06 17.33 -6414.46 -1.29 -8.71 5.90

16 0.39 24.08 19.28 7.51 5.95 16.40 -5739.59 -0.73 -8.38 2.65

17 4.93 24.79 20.24 7.76 6.19 16.94 -5895.01 -0.84 -8.30 2.46 

Table 3. QSAR descriptors used in the study.

No. QSAR descriptor Type

1 log P Lipophilic

2 Zero order molecular connectivity index (0χ) Topological

3 First order molecular connectivity index (1χ) Topological

4 Second order molecular connectivity index (2χ) Topological

5 Valence zero order molecular connectivity index (0χv) Topological

6 Valence first order molecular connectivity index (1χv) Topological

7 Valence second order molecular connectivity index (2χv) Topological

8 Kierís alpha first order shape index (κα1) Topological

9 Kierís alpha second order shape index (κα2) Topological

10 Kierís first order shape index (κ1) Topological

11 Randic topological index (R) Topological

12 Balaban topological index (J) Topological

13 Wienerís topological index (W) Topological

14 Kierís second order shape index (κ2) Topological

15 Ionization potential Electronic

16 Dipole moment (µ) Electronic

17 Energy of highest occupied molecular orbital (HOMO) Electronic

18 Energy of lowest unoccupied molecular orbital (LUMO) Electronic

19 Total energy (Te) Electronic

20 Nuclear energy (Nu. E) Electronic

21 Molar refractivity (MR) Steric  
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Table 6. Correlation of antibacterial, antifungal and antimicrobial activities of synthesized compounds with
their molecular descriptors.

Descriptors pMICab pMICaf pMICam

Cos E 0.099 0.801 0.570

log P 0.445 0.275 0.437

MR -0.675 0.115 -0.323
0χ -0.548 0.218 -0.183
0χv -0.776 0.007 -0.452
1χ -0.525 0.177 -0.195
1χv -0.680 0.087 -0.344
2χ -0.400 0.282 -0.055
2χv -0.630 0.077 -0.321
3χ -0.295 0.448 0.113
3χv -0.488 0.023 -0.272

κ1 -0.604 0.213 -0.219

κ2 -0.690 0.157 -0.305

κ3 -0.779 0.240 -0.304

κα1 -0.675 0.167 -0.290

κα2 -0.761 0.084 -0.394

κα3 -0.830 0.131 -0.404

R -0.525 0.177 -0.195

J -0.282 -0.030 -0.185

W -0.581 0.229 -0.195

Te 0.364 -0.347 -0.008

Ee 0.531 -0.214 0.175

Ne -0.543 0.203 -0.190

SA -0.813 -0.001 -0.478

IP 0.765 0.621 0.846

LUMO -0.500 -0.668 -0.721

HOMO -0.765 -0.621 -0.846

µ 0.052 0.683 0.467  

Table 5. Correlation matrix for the antibacterial activity of the synthesized compounds.

pMICab Cos E 0χ 0χv κ3 κα3 R LUMO HOMO µ

pMICab 1.000

Cos E 0.099 1.000
0χ -0.548 0.572 1.000
0χv -0.776 0.332 0.893 1.000

κ3 -0.779 0.402 0.776 0.833 1.000

κα3 -0.830 0.248 0.662 0.832 0.962 1.000

R -0.525 0.535 0.993 0.882 0.735 0.617 1.000

LUMO -0.500 -0.750 -0.223 0.112 0.089 0.283 -0.239 1.000

HOMO -0.765 -0.590 0.121 0.429 0.414 0.541 0.109 0.881 1.000

µ 0.052 0.834 0.521 0.277 0.437 0.258 0.502 -0.819 -0.543 1.000
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may not be a valid one but as per the recommenda-
tions of Golbraikh and Tropsha, the only way to esti-
mate the predictive power of a QSAR model is to
test its ability to accurately predict the biological
activity (23). As the observed and predicted values
are close to each other (Table 7), the mt-QSAR
model for antifungal activity Eq. (4) is a valid one.

Electronic parameter, energy of highest occu-
pied molecular orbital (HOMO) was found to be
most effective in describing antimicrobial activity of
the synthesized compounds (Eq. 5, Table 6).

QSAR model for antimicrobial activity 
pMICam = -0.449 HOMO - 2.300        Eq. 5

n = 12 r = 0.846 q2 = 0.565 s = 0.086 F = 25.19
Antimicrobial activity of the synthesized com-

pounds is negatively correlated with HOMO (Eq. 5)
which means that antimicrobial activity of the syn-
thesized compounds will decrease with an increase
in their HOMO values (Tables 2 and 4). The validi-
ty of Eq. 5 is evidenced by its high q2 value (0.565)
as well the low residual values (Table 7). Further,
the plot of predicted pMICam against observed
pMICam (Fig. 4) also favors the developed model
expressed by Eq. 5. The plot of observed pMICam vs.
residual pMICam (Fig. 5) indicated that there was no

systemic error in model development as the propa-
gation of error was observed on both sides of zero. 

The high residual values observed in case of
outliers (1, 2, 4, 8 and 16) justified their removal
while developing QSAR models. It was observed
from mt-QSAR models [Eq. 1-5] that the most effec-
tive parameters are topological parameter, Kierís a
third order shape index (κα3) as well as electronic
parameters, cosmic total energy (cos E) and energy
of highest occupied molecular orbital (HOMO). 

EXPERIMENTAL

Melting points were recorded in open capillary
tubes and were uncorrected. Infrared (IR) spectra
were recorded on a Perkin Elmer FTIR spectrome-
ter. 1H nuclear magnetic resonance (1H NMR) spec-
tra were determined by Bruker Avance II 400 NMR
spectrometer in appropriate deuterated solvents and
are expressed in parts per million (δ, ppm) down-
field from tetramethylsilane (internal standard).
NMR data are given as multiplicity (s, singlet; d,
doublet; t, triplet; m, multiplet) and number of pro-
tons. Reaction progress was observed by thin layer
chromatography making use of commercial silica
gel plates (Merck).

Table 7. Observed (Obs.), predicted (Pred.) and residual (Res.) antimicrobial activities of the synthesized compounds obtained by mt-
QSAR models.

Comp.
pMICab pMICaf pMICam

Obs. Pred. Res. Obs. Pred. Res. Obs. Pred. Res.

1 1.22 1.50 -0.28 1.62 1.32 0.30 1.38 1.51 -0.13

2 1.66 1.45 0.21 1.96 1.59 0.37 1.78 1.51 0.27

3 1.34 1.32 0.02 1.34 1.27 0.07 1.34 1.30 0.04

4 1.50 1.64 -0.14 2.05 1.37 0.68 1.72 1.55 0.17

5 1.65 1.74 -0.09 1.50 1.54 -0.04 1.59 1.70 -0.11

6 1.35 1.35 0.00 1.65 1.59 0.06 1.47 1.47 0.00

7 1.72 1.68 0.04 2.07 1.91 0.16 1.86 1.76 0.10

8 1.54 1.42 0.12 1.79 1.68 0.11 1.64 1.45 0.19

9 1.44 1.46 -0.02 1.34 1.44 -0.10 1.40 1.47 -0.07

10 1.59 1.56 0.03 1.29 1.21 0.08 1.47 1.44 0.03

11 1.53 1.59 -0.06 1.18 1.23 -0.05 1.39 1.49 -0.10

12 1.43 1.50 -0.07 1.63 1.64 -0.01 1.51 1.47 0.04

13 1.82 1.69 0.13 1.62 1.64 -0.02 1.74 1.63 0.11

14 1.60 1.67 -0.07 1.30 1.61 -0.31 1.48 1.61 -0.13

15 1.71 1.68 0.03 1.61 1.44 0.17 1.67 1.61 0.06

16 1.38 1.62 -0.24 1.13 1.19 -0.06 1.28 1.46 -0.18

17 1.59 1.55 0.04 1.29 1.29 0.00 1.47 1.43 0.04
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Figure 2. Plot of observed pMICab against predicted pMICab by Eq. 2

Figure 3. Plot of observed pMICab against residual pMICab by Eq. 2
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igure 4. Plot of observed pMICam against predicted pMICam by Eq. 5

Figure 5. Plot of observed pMICam against residual pMICam by Eq. 5
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General procedure for synthesis of 2,5-disubsti-

tuted-4-thiazolidinone derivatives

A mixture of (0.25 M) hippuric acid and excess
of methanol (250 mL) with 1 mL of sulfuric acid
was refluxed for 3ñ4 h in round bottom flask. The
mixture was cooled; the precipitated solid was sepa-
rated by filtration and recrystallized from methanol
to yield methyl 2-benzamidoacetate. A mixture of
methyl 2-benzamidoacetate (0.2 M) and excess of
hydrazine hydrate (0.3 M) and ethanol (250 mL)
was refluxed for about 3 h and allowed to cool. The
resultant solid was separated by filtration and
recrystallized from ethanol to afford 2-benzami-
doacetohydrazide. A mixture of 2-benzamidoaceto-
hydrazide (0.025 M) and required aromatic aldehy-
des (0.025 M) was refluxed in methanol (50 mL) in
the presence of catalytic amount of glacial acetic
acid for about 2 h. The reaction mixture was then
cooled and the precipitated solid was separated by
filtration and recrystallized from methanol to give
the corresponding hydrazones of hippuric acid. A
mixture of corresponding hydrazone of hippuric
acid (0.015 M) and required amount of thioglycolic
acid (0.015 M) in DMF (50 mL) containing a pinch
of anhydrous zinc chloride was refluxed for about 6
h to yield 4-thiazolidinones (1ñ17). The reaction
mixture was then cooled and poured onto the
crushed ice. The solid thus obtained was filtered,
washed with water and the product was recrystal-
lized from rectified spirit. A mixture of 2-substitut-
ed-4-thiazolidinone (0.01 M), corresponding aro-
matic aldehyde (0.01 M) and anhydrous sodium
acetate in glacial acetic acid (20 mL) was refluxed
for 5ñ7 h and then poured on crushed ice to precipi-
tate the 2,5-disubstituted 4-thiazolidinones (1-17).

N-{2-[5-(4-fluorobenzylidene)-2-(3-ethoxy-4-

hydroxyphenyl)-4-oxothiazolidin-3-ylamino]-2-

oxoethyl}benzamide (1)

M.p.: 222-224OC; yield: 72%; IR (KBr, cm-1):
3545 (OH), 3307 (NH), 3083 (C-H arom.), 1689
(C=O), 1229 (C-N), 1631 (C=C arom.), 1156 
(C-O-C str., -OC2H5), 1077 (C-F), 716 (C-S). 1H
NMR (400 MHz, DMSO-d6, δ, ppm): 8.02 (s, 1H,
NH), 7.90-7.29 (m, 12H, ArH), 7.27 (s, 1H, CH),
4.43 (d, 2H, CH2), 4.42 (s, 1H, OH), 3.98 (m, 2H,
CH2 of -OC2H5), 3.36 (s, 2H, CH2 of thiazolidinone),
1.24 (t, 3H, CH3 of -OC2H5).

N-{2-[5-(3,4,5-trimethoxybenzylidene)-2-(4-

chlorophenyl)-4-oxothiazolidin-3-ylamino]-2-

oxoethyl}benzamide (2)

M.p.: 254-256OC; yield: 80%; IR (KBr, cm-1):
3321 (NH), 3073 (C-H arom.), 1692 (C=O), 1634

(C=C arom.), 1257 (C-N), 1136 (C-O-C str.,-OCH3),
820 (C-Cl), 709 (C-S). 1H NMR (400 MHz, DMSO-
d6, δ, ppm): 8.01 (s, 1H, NH), 7.91-7.52 (m, 11H,
ArH), 7.48 (s, 1H, CH), 4.43 (d, 2H, CH2), 3.74 (s,
9H, (OCH3)3), 3.36 (s, 2H, CH2 of thiazolidinone).

N-{2-[5-(2,4-dimethoxybenzylidene)-2-(4-(di-

methylamino)phenyl)-4-oxothiazolidin-3-

ylamino]-2-oxoethyl}benzamide (3)

M.p.: 211-213OC; yield: 81%; IR (KBr, cm-1):
3316 (NH), 2992 (C-H arom.), 2977 (C-H str., CH3),
1687 (C=O), 1600 (C=C arom.), 1374 (C-N str., aryl
tertiary amine), 1286 (C-N), 1157 (C-O-C str., -OCH3),
711 (C-S). 1H NMR (400 MHz, DMSO-d6, δ, ppm):
8.26 (s, 1H, NH), 7.92-7.51 (m, 12H, ArH), 7.46 (s, 1H,
CH), 4.38 (d, 2H, CH2), 3.82 (s, 6H, (OCH3)2), 3.34 (s,
2H, CH2 of thiazolidinone), 2.97 (s, 6H, (NCH3)2). 

N-{2-[5-(4-fluorobenzylidene)-2-(4-chlorophen-

yl)-4-oxothiazolidin-3-ylamino]-2-oxoethyl}benz-

amide (4)

M.p.: 199-201OC; yield: 78%; IR (KBr, cm-1):
3300 (NH), 1686 (C=O),1628 (C=C arom.), 1280
(C-N), 1048 (C-F), 749 (C-Cl), 715 (C-S). 1H NMR
(DMSO-d6, 400 MHz, δ, ppm): 8.16-7.48 (m, 13H,
ArH), 8.01 (s, 1H, NH), 7.26 (s, 1H, CH), 4.43 (d,
2H, CH2), 3.34 (s, 2H, CH2 of thiazolidinone).

N-{2-[5-(4-nitrobenzylidene)-2-(2-hydroxynaph-

thalen-1-yl)-4-oxothiazolidin-3-ylamino]-2-

oxoethyl}benzamide (5)

M.p.: 213-215OC; yield: 69%; IR (KBr, cm-1):
3647 (OH), 3418 (NH), 3057 (C-H arom.), 1699
(C=O), 1637 (C=C arom.), 1343 (C-NO2), 1282 
(C-N), 710 (C-S). 1H NMR (400 MHz, DMSO-d6, δ,
ppm): 8.40-7.57 (m, 15H, ArH), 8.00 (s, 1H, NH),
7.26 (s, 1H, CH), 4.47 (s, 1H, OH), 4.03 (d, 2H,
CH2), 3.34 (s, 2H, CH2 of thiazolidinone).

N-{2-[5-(4-nitrobenzylidene)-2-(4-(diethyl-

amino)phenyl)-4-oxothiazolidin-3-ylamino]-2-

oxoethyl}benzamide (6)

M.p.: 187-189OC; yield: 71%; IR (KBr, cm-1):
3355 (NH), 3086 (C-H arom.), 2888 (C-H str., CH3),
1698 (C=O), 1637 (C=C arom.), 1426 (C-N str., aryl
tertiary amine), 1345 (C-NO2), 1251 (C-N), 745 
(C-S). 1H NMR (400 MHz, DMSO-d6, δ, ppm): 8.18-
7.50 (m, 13H, ArH), 8.00 (s, 1H, NH), 7.48 (s, 1H,
CH), 4.47 (d, 2H, CH2), 3.35 (s, 2H, CH2 of thiazo-
lidinone), 2.65 (m, 4H, (CH2)2), 1.12 (t, 6H, (CH3)2).

N-{2-[5-(4-nitrobenzylidene)-2-(4-chlorophenyl)-

4-oxothiazolidin-3-ylamino]-2-oxoethyl}benz-

amide (7)
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M.p.: 191-193OC; yield: 75%; IR (KBr, cm-1): 3355
(NH), 3083 (C-H arom.), 1698 (C=O), 1640 (C=C
arom.), 1345 (C-NO2), 1251 (C-N), 747 (C-Cl), 708
(C-S). 1H NMR (400 MHz, DMSO-d6, δ, ppm): 8.00
(s, 1H, NH), 7.92-7.51 (m, 13H, ArH), 7.47 (s, 1H,
CH), 4.46 (d, 2H, CH2), 3.99 (s, 2H, CH2 of thiazo-
lidinone).

N-{2-[5-(2-chlorobenzylidene)-2-(4-(diethy-

lamino)phenyl)-4-oxothiazolidin-3-ylamino]-2-

oxoethyl}benzamide (8)

M.p.: 230-232OC; yield: 68%; IR (KBr, cm-1):
3351 (NH), 2972 (C-H arom.), 1685 (C=O), 1595
(C=C arom.), 1352 (C-N str., aryl tertiary amine),
2811 (C-H str., CH3), 1271 (C-N), 752 (C-Cl), 703
(C-S); 1H NMR (400 MHz, DMSO-d6, δ, ppm): 8.01
(s, 1H, NH), 7.64-7.45 (m, 13H, ArH), 6.77 (s, 1H,
CH), 4.44 (d, 2H, CH2), 3.46 (s, 2H, CH2 of thiazo-
lidinone), 2.51 (m, 4H, (CH2)2), 1.13 (t, 6H, (CH3)2).

N-{2-[5-(4-hydroxybenzylidene)-4-oxo-2-(3,4,5-

trimethoxyphenyl)thiazolidin-3-ylamino]-2-

oxoethyl}benzamide (9)

M.p.: 271-273OC; yield: 77%; IR (KBr, cm-1):
3540 (OH), 3385 (NH), 2973 (C-H arom.), 1698
(C=O), 1644 (C=C arom.), 1294 (C-N), 1127 (C-O-C
str., -OCH3), 713 (C-S). 1H NMR (400 MHz,
DMSO-d6, δ, ppm): 7.93 (s, 1H, NH), 7.89-7.00 (m,
11H, ArH), 6.88 (s, 1H, CH), 4.44 (s, 1H, OH), 4.43
(d, 2H, CH2), 3.85 (s, 9H, (OCH3)3), 3.51 (s, 2H,
CH2 of thiazolidinone).

N-{2-[5-(4-hydroxybenzylidene)-2-(4-methoxy-

phenyl)-4-oxothiazolidin-3-ylamino]-2-oxoeth-

yl}benzamide (10)

M.p.: 201-203OC; yield: 64%; IR (KBr, cm-1):
3543 (OH), 3373 (NH), 3095 (C-H arom.), 1682
(C=O), 1631 (C=C aromatic), 1281 (C-N), 732 (C-S),
679 (C-Br). 1H NMR (400 MHz, DMSO-d6, δ,
ppm): 8.24-7.72 (m, 13H, ArH), 7.92 (s, 1H, NH),
6.83 (s, 1H, CH), 4.46 (s, 1H, OH). 4.13 (d, 2H,
CH2), 4.01 (s, 3H, (OCH3), 3.39 (s, 2H, CH2 of thia-
zolidinone).

N-{2-[5-(4-hydroxybenzylidene)-2-(4-bromo-

phenyl)-4-oxothiazolidin-3-ylamino]-2-oxoeth-

yl}benzamide (11)

M.p.: 195-197OC; yield: 83%; IR (KBr, cm-1):
3504 (OH), 3317 (NH), 3062 (C-H arom.), 1692
(C=O), 1630 (C=C arom.), 1284 (C-N), 721 (C-S),
675 (C-Br). 1H NMR (400 MHz, DMSO-d6, δ,
ppm): 7.99 (s, 1H, NH), 7.91-7.51 (m, 13H, ArH),
7.48 (s, 1H, CH), 4.42 (s, 1H, OH), 4.14 (d, 2H,
CH2), 3.42 (s, 2H, CH2 of thiazolidinone). 

N-{2-[5-(2-nitrobenzylidene)-2-(4-(dimethyl-

amino)phenyl)-4-oxothiazolidin-3-ylamino]-2-

oxoethyl}benzamide (12)

M.p.: 211-213OC; yield: 76%; IR (KBr, cm-1):
3389 (NH), 3061 (C-H arom.), 2972 (C-H str., CH3),
1687 (C=O), 1599 (C=C arom.), 1346 (C-N str., aryl
tertiary amine), 1262 (C-N), 1234 (C-NO2), 741 
(C-S). 1H NMR (400 MHz, DMSO-d6, δ, ppm): 8.05
(s, 1H, NH), 8.03-7.56 (m, 13H, ArH), 7.48 (s, 1H,
CH), 4.42 (d, 2H, CH2), 3.94 (s, 2H, CH2 of thiazo-
lidinone), 2.97 (s, 6H, (NCH3)2). 

N-{2-[5-(2-nitrobenzylidene)-2-(2-chlorophenyl)-

4-oxothiazolidin-3-ylamino]-2-oxoethyl}benz-

amide (13)

M.p.: 229-231OC; yield: 65%; IR (KBr, cm-1):
3299 (NH), 3011 (C-H arom.), 1689 (C=O), 1624
(C=C arom.), 1342 (NO2), 1267 (C-N), 756 (C-Cl),
703 (C-S). 1H NMR (400 MHz, DMSO-d6, δ, ppm):
8.09-7.79 (m, 13H, ArH), 8.02 (s, 1H, NH), 7.42 (s,
1H, CH), 4.45 (d, 2H, CH2), 3.36 (s, 2H, CH2 of 
thiazolidinone).

N-{2-[5-(2-nitrobenzylidene)-4-oxo-2-p-tolylthia-

zolidin-3-ylamino]-2-oxoethyl}benzamide (14)

M.p.: 247-249OC; yield: 83%; IR (KBr, cm-1):
3630 (OH), 3372 (NH), 3104 (C-H arom.), 2855 
(C-CH3), 1688 (C=O), 1604 (C=C arom.), 1344
(NO2), 1264 (C-N), 742 (C-S). 1H NMR (400 MHz,
DMSO-d6, δ, ppm): 8.11-7.81 (m, 13H, ArH), 8.03
(s, 1H, NH), 7.48 (s, 1H, CH), 4.41 (d, 2H, CH2),
3.50 (s, 2H, CH2 of thiazolidinone), 2.39 (s, 3H,
CH3).

N-{2-[5-(2-nitrobenzylidene)-2-(4-hydroxyphen-

yl)-4-oxothiazolidin-3-ylamino]-2-oxoethyl}benz-

amide (15)

M.p.: 226-228OC; yield: 69%; IR (KBr, cm-1):
3581 (OH), 3380 (NH), 3125 (C-H arom.), 1689
(C=O), 1599 (C=C arom.), 1345 (NO2), 1263 (C-N),
740 (C-S). 1H NMR (400 MHz, DMSO-d6, δ, ppm):
8.05-7.68 (m, 13H, ArH), 8.04 (s, 1H, NH), 7.46 (s,
1H, CH), 4.49 (s, 1H, OH), 4.41 (d, 2H, CH2), 3.94
(s, 2H, CH2 of thiazolidinone). 

N-{2-[5-(4-methylbenzylidene)-2-(4-hydroxyphen-

yl)-4-oxothiazolidin-3-ylamino]-2-oxoethyl}benz-

amide (16)

M.p.: 180-182OC; yield: 70%; IR (KBr, cm-1):
3634 (OH), 3372(NH), 3070 (C-H arom.), 2966 
(C-CH3), 1687 (C=O), 1633 (C=C arom.), 1264
(C-N), 1130 (C-O-C, OCH3), 742 (C-S). 1H NMR
(400 MHz, DMSO-d6, δ, ppm): 8.15-7.78 (m, 13H,
ArH), 8.04 (s, 1H, NH), 7.46 (s, 1H, CH), 4.46 (s,
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1H, OH), 4.41 (d, 2H, CH2), 3.94 (s, 2H, CH2 of 
thiazolidinone), 2.51 (s, 3H, CH3).

N-{2-[5-(4-methylbenzylidene)-2-(3-methoxy-

phenyl)-4-oxothiazolidin-3-ylamino]-2-oxoeth-

yl}benzamide (17)

M.p.: 172-174OC; yield: 86%; IR (KBr, cm-1):
3472 (NH), 3093 (C-H arom.), 2976 (C-CH3), 1651
(C=O), 1629 (C=C arom.), 1245 (C-N), 1124 (C-O-C,
OCH3), 771 (C-S). 1H NMR (400 MHz, DMSO-d6,
δ, ppm): 8.04 (s, 1H, NH), 7.98-7.68 (m, 13H, ArH),
7.46 (s, 1H, CH), 4.41 (d, 2H, CH2), 3.94 (s, 2H,
CH2 of thiazolidinone), 3.80 (s, 3H, -OCH3), 2.51 (s,
3H, CH3).

Antimicrobial assay

The antimicrobial activity of the synthesized
compounds was performed against Gram-positive
bacteria: Staphylococcus aureus, Bacillus subtilis,
the Gram-negative bacterium Escherichia coli and
fungal strains: Candida albicans and Aspergillus
niger using the tube dilution method (14). The com-
pounds were all dissolved in DMSO. Dilutions of
test and standard compounds were prepared in dou-
ble strength nutrient broth - Indian Pharmacopoeia
(bacteria) or Sabouraud dextrose broth - Indian
Pharmacopoeia (fungi) (24). The samples were
incubated at 37OC for 24 h (bacteria), at 25OC for 7
days (A. niger) and at 37OC for 48 h (C. albicans)
and the results were recorded in terms of minimum
inhibitory concentration (MIC).

Evaluation of anticancer activity

The anticancer activity of synthesized com-
pounds (1-17) was determined against an estrogen
receptor positive human breast adenocarcinoma,
MCF-7 (ATCC HTB-22) cancer cell line. The com-
pounds were all dissolved in DMSO as stock of 100
mg/mL. The cytotoxicity of DMSO against MCF7
has been tested. DMSO of ≤ 0.1% did not result in
cell killing. The highest concentration of each com-
pound tested (100 µg/mL) contained only 0.1%
DMSO. The cell line was cultured in RPMI 1640
(Sigma) supplemented with 10% fetal bovine serum
(FBS) (PAA Laboratories) and 1% penicillin/strep-
tomycin (PAA Laboratories). Culture was main-
tained in a humidified incubator at 37OC in an
atmosphere of 5% CO2. Anticancer activity of syn-
thesized compounds at various concentrations was
assessed using the sulforhodamine B (SRB) assay as
previously described by Skehan et al. (15), but with
minor modifications, following 72 h of incubation.
Assay plates were read using a spectrophotometer at
570 nm. Data generated were used to plot a dose-

response curve of which the concentration of test
compounds required to kill 50% of cell population
(IC50) was determined (15). 

QSAR studies
The structures of synthesized 4-thiazolidinone

derivatives were first pre-optimized with the
Molecular Mechanics Force Field (MM+) procedure
included in Hyperchem 6.03 (25) and the resulting
geometries were further refined by means of the
semiempirical method PM3 (Parametric Method-3).
We had chosen a gradient norm limit of 0.01kcal/"
for the geometry optimization. The lowest energy
structure was used for each molecule to calculate
physicochemical properties using TSAR 3.3 soft-
ware for Windows (26). Further, the regression
analysis was performed using the SPSS software
package (27).

CONCLUSION

A novel series of 4-thiazolidinone derivatives
(1-17) was synthesized and evaluated for its in vitro
antimicrobial (against S. aureus, B. subtilis, E. coli,
C. albicans and A. niger) and anticancer (against
breast cancer MCF-7 cell line) activities. Results of
antimicrobial activity indicated that the synthesized
compounds were found to be most potent against the
fungal strain C. albicans and compound 7 (N-{2-[5-
(4-nitrobenzylidene)-2-(4-chlorophenyl)-4-oxothia-
zolidin-3-ylamino]-2-oxoethyl}benzamide, pMIC =
2.22 µM/mL) was found to be most potent antifun-
gal agent against C. albicans. The anticancer study
results demonstrated that N-{2-[5-(4-hydroxyben-
zylidene)-2-(4-methoxyphenyl)-4-oxothiazolidin-3-
ylamino]-2-oxoethyl}benzamide (10, IC50 = 18.59
µM) was the most effective anticancer agent. QSAR
studies indicated the importance of topological
parameter, Kierís a third order shape index (κα3) as
well as electronic parameters, cosmic total energy
(cos E) and energy of highest occupied molecular
orbital (HOMO) in describing the antimicrobial
activity of synthesized compounds.
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In the present work, novel thiazolo[4,5-
d]pyrimidine derivatives were synthesized and eval-
uated for their antivirus and antitumor activity.
Thiazolo[4,5-d]pyrimidines, 7-thia analogues of
purine bases of nucleotides, have acquired a grow-
ing importance in medicinal chemistry. Purine
antagonists may inhibit normal production of DNA
and stop cell replication. Modified nucleotides and
nucleosides represent an important class of antiviral
drugs such as acyclovir, lamivudine, abacavir,
zidovudine, tenofovir. Anti-hepatitis B and C virus
activity of synthetic pyrimidine and purine ana-
logues has been reported (1-5). Although thiazo-
lo[4,5-d]pyrimidines are known to possess a variety
of biological activities including antiviral (6-8),
however there are no reports about their anti HBV
and HCV bioactivity. Herein, the synthesis of new
derivatives of thiazolo[4,5-d]pyrimidines as well as
their evaluation for anti-virus and anticancer activi-
ties are reported. The newly synthesized compounds
3a and 3d-h were screened in vitro for the activity
against various viruses: the BK Virus, SARS,
Influenza A and B, Measles, Yellow Fever, Dengue,
Herpesviruses (EBV, CMV, HHV-6, HHV-8),
Hepatitis B and Hepatitis C viruses. The experimen-
tal results showed activity of the new thiazolo[4,5-
d]pyrimidines 3a and 3d-h only against hepatitis B

(HBV) and hepatitis C virus (HCV) replication.
They were found to be inactive towards all the other
screened viruses. Both hepatitis viruses are one of
the common agents of chronic liver diseases (9, 10).
The long term consequences of these persistent
infections can caused chronic active hepatitis. All
current agents have some serious liabilities, thus
intense efforts in drug discovery are still needed.
Especially, the development of drug-resistance has
been observed in the treatment of HBV and HCV
infections (11, 12). Furthermore, two of the synthe-
sized compounds 3d and 3h were selected by the
National Cancer Institute (Bethesda, MD, USA) for
a primary in vitro antitumor assay and showed high
inhibitory effects against leukemia cell lines.

EXPERIMENTAL

Materials and methods

Melting points were measured with a Boethius
heating-table microscope apparatus and are uncor-
rected. Elemental analyses for the synthesized com-
pounds were performed on a Perkin Elmer 2400
(Waltham, MA, USA) analyzer and results are
within ±0.4% of the theoretical values. 1H-NMR,
spectra were acquired in dimethyl sulfoxide-d6 on a
Bruker ARX 300 MHz (Bruker Analytic,

SYNTHESIS, ANTI-HEPATITIS B AND C VIRUS ACTIVITY AND 
ANTITUMOR SCREENING OF NOVEL THIAZOLO[4,5-D]-PYRIMIDINE

DERIVATIVES

LILIANNA BECAN1* and ANNA W”JCICKA1

1Department of Drugs Technology, Wroclaw Medical University, Borowska 211A, 50-556 Wroc≥aw, Poland

Abstract: The paper describes the synthesis, antivirus and antitumor evaluation of novel thiazolo[4,5-d]pyrim-
idine derivatives. The target compounds 3a-h were synthesized by cyclocondensation of 4-amino-Ní-(phenyl-
methylidene)-3-phenyl-2-thioxo-2,3-dihydrothiazole-5-carbohydrazides 2a-d with aromatic aldehydes. The
structures of new compounds were determined by IR, 1H-NMR and elemental analysis. Thiazolopyrimidines 3a

and 3d-h were screened by the National Institute of Allergy and Infectious Diseases against various viruses.
Four compounds 3e-h showed in vitro anti-HCV activity. One (3e) demonstrated significant activity against
HBV and was submitted to an anti-HBV in vivo assay but had a low bioavailability. As a result of antitumor
study, compound 3h was found to be most potent against leukemia SR.

Keywords: thiazolo[4,5-d]pyrimidines synthesis, anticancer screening, anti-HCV agents, anti-HBV agents 

107

* Corresponding author: e-mail: lilianna.becan@umed.wroc.pl



108 LILIANNA BECAN and ANNA W”JCICKA

Karlsruhe, Germany; Bruker AG, Fallanden,
Switzerland) instrument. Tetramethylsilane was
used as the internal standard and all chemical shift
values were recorded as δ (ppm) values. IR spectra
were recorded on a Specord M80 spectrometer
using KBr pellets. The course of the reactions and
the purity of the obtained compounds were moni-
tored by thin-layer chromatography on Merck silica
gel plates (Merck F254, Darmstadt, Germany) using
the solvent system dichloromethane: 1-propanol :
n-hexane (10 : 1 : 3, v/v/v) for elution. Iodine was
used as a visualization agent. The chemicals and
reagents for syntheses were obtained from Alfa
Aesar (Karlsruhe, Germany), Chempur (Piekary Sl.
Poland), and Lancaster (Frankfurt am Main,
Germany).

General method for the synthesis of 2-cyano-Ní-

[(phenyl/substituted phenyl)-methylidene]-aceto-

hydrazides 1a-d
An equimolar (0.1 mol) mixture of cyanoacetic

acid hydrazide and the appropriate aromatic alde-
hyde in 60 mL absolute ethanol was heated under

reflux for 6 h. The precipitate formed after cooling
was filtered, washed thoroughly with ethanol, dried,
and recrystallized (Table 1).

2-Cyano-Ní-phenylmethylideneacetohydrazide

(1a)

IR (KBr, cm-1): 3400 (NH), 2250 (C≡N) 1690
(C=O), 1570 (NH), 1530 (C=N), 760 (phenyl). 1H-
NMR (300 MHz, DMSO-d6, δ, ppm): 4.18 (s, 1H,
CH2), 7.27-7.43 (m, 5H, arom.), 8.11 (s, 1H,
CH=N), 10.87 (s, 1H, NH). Analysis: calcd. for
C10H9N3O: C, 64.16, H, 4.85, N, 22.45%; found: C,
64.22, H, 4.72, N, 22.68%.

Ní-(2-chlorophenyl)methylidene-2-cyanoaceto-

hydrazide (1b)

IR (KBr, cm-1): 3390 (NH), 2260 (C≡N) 1680
(C=O), 1570 (NH), 1530 (C=N), 770 (phenyl). 1H-
NMR (300 MHz, DMSO-d6, δ, ppm): 4.22 (s, 1H,
CH2), 7.21-7.32 (m, 4H, arom.), 8.08 (s, 1H,
CH=N), 11.15 (s, 1H, NH). Analysis: calcd. for
C10H8ClN3O: C, 54.19, H, 3.64, N, 18.96%: found;
C, 54.27, H, 3.68, N, 19.10%. 

Table 1. Characterization data of compounds 2a-d and 3a-h.

Comp. R1 R2 M.p. Yield Molecular Molecular Solvent
(OC) % formula weight 

1a H - 164-5 92.4 C10H9N3O 187.20 methanol

1b 2-Cl - 188-9 87.6 C10H8ClN3O 221.65 1-propanol

1c 4-Cl - 210-1 90.0 C10H8ClN3O 221.65 1-propanol

1d 4-F - 192-3 89.8 C10H8FN3O 205.06 ethanol

2a H - 230-1 87.6 C17H14N4OS2 354.45 1-propanol

2b 2-Cl - 252-3 79.1 C17H13ClN4OS2 388.89 1-propanol

2c 4-Cl - 255-6 88.8 C17H13ClN4OS2 388.89 1-propanol

2d 4-F - 260-1 76.5 C17H113FN4OS2 372.44 1-propanol

3a H H 351-2 59.3 C24H16N4OS2 440.54 1,4-dioxane

3b H 2-Cl 376-7 53.3 C24H15ClN4OS2 475.01 DMF-1-propanol
3 : 1 (v/v)

3c 4-Cl H 334-5 47.3 C24H15ClN4OS2 474.99 DMF-1-propanol
3 : 1 (v/v)

3d 4-F H 388-90 57.6 C24H15FN4OS2 458.56 DMF-1-propanol
3 : 1 (v/v)

3e 2-Cl 2-Cl 366-7 54.8 C24H14Cl2N4OS2 509.45 DMF-H2O
9 : 1 (v/v)

3f 4-F 4-F 347-8 59.5 C24H14F2N4OS2 476.55 DMF-H2O
9 : 1 (v/v)

3g 4-F 2-Cl 342-3 52.9 C24H14ClFN4OS2 493.00 DMF-H2O
9 : 1 (v/v)

3h 2-Cl 4-F 359-60 58.3 C24H14ClFN4OS2 493.00 DMF-H2O
9 : 1 (v/v) 
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Ní-(4-chlorophenyl)methylidene-2-cyanoaceto-

hydrazide (1c)

IR (KBr, cm-1): 3420 (NH), 2220 (C≡N) 1680
(C=O), 1570 (NH), 1540 (C=N), 760 (phenyl). 1H-
NMR (DMSO-d6, δ, ppm): 4.26 (s, 1H, CH2), 7.11-
7.52 (m, 4H, arom.), 8.00 (s, 1H, CH=N), 11.09 (s, 1H,
NH). Analysis: calcd. for C10H8ClN3O: C, 54.19, H,
3.64, N, 18.96%; found: C, 54.36, H, 3.70, N, 18.88%. 

2-Cyano-Ní-(4-fluorophenyl)methyleneacetohy-

drazide (1d)

IR (KBr, cm-1): 3400 (NH), 2260 (C≡N) 1680
(C=O), 1570 (NH), 1530 (C=N), 770 (phenyl). 1H-
NMR (300 MHz, DMSO-d6, δ, ppm): 4.28 (s, 1H,
CH2), 6.97-7.46 (m, 4H, arom.), 8.09 (s, 1H,
CH=N), 10.89 (s, 1H, NH). Analysis: calcd. for
C10H8FN3O: C, 58.53, H, 3.93, N, 20.48%; found: C,
58.71, H, 3.98, N, 20.60%. 

General method for the synthesis of compounds

2a-d
To a stirred suspension of 1a-d (0.1 mol), finely

divided sulfur (3.2 g, 0.1 mol) and triethylamine (12.5
mL) in ethanol (50 mL), phenyl isothiocyanate (1.35
g, 0.1 mol) was dropped. The mixture was refluxed
for 4 h. The solid product formed after cooling was
filtered, washed thoroughly with cold ethanol, dried,
and recrystallized from proper solvent (Table 1). 

4-Amino-3-phenyl-Ní-phenylmethylidene-2-

thioxo-2,3-dihydrothiazole-5-carbohydrazide (2a)
(14)

4-Amino-Ní-(2-chlorophenyl)methylidene-3-

phenyl-2-thioxo-2,3-dihydrothiazole-5-carbohy-

drazide (2b)

IR (KBr, cm-1): 3450 (NH), 1680 (C=O), 1570
(NH), 1530 (C=N), 1240 (C-S-C), 760 (phenyl). 1H-
NMR (300 MHz, DMSO-d6, δ, ppm): 7.32 (s, 2H,
NH2), 7.37-8.07 (m, 9H, arom.), 8.44 (s, 1H,
CH=N), 11.72 (s, 1H, NH). Analysis: calcd. for
C17H13ClN4OS2: C, 52.50, H, 3.37, N, 14.41%;
found: C, 52.44, H, 3.52, N, 14.27%. 

4-Amino-Ní-(4-chlorophenyl)methylidene-3-

phenyl-2-thioxo-2,3-dihydrothiazole-5-carbohy-

drazide (2c) (14)

4-Amino-Ní-(4-fluorophenyl)methylidene-3-

phenyl-2-thioxo-2,3-dihydrothiazole-5-carbohy-

drazide (2d)

IR (KBr, cm-1): 3450 (NH), 1680 (C=O), 1570
(NH), 1530 (C=N), 1240 (C-S-C), 780 (phenyl). 1H-
NMR (300 MHz, DMSO-d6, δ, ppm): 7.25 (s, 2H,

NH2), 7.36-7.75 (m, 9H, arom.), 8.12 (s, 1H,
CH=N), 11.43 (s, 1H, NH). Analysis: calcd. for
C17H13FN4OS2: C, 54.82, H, 3.52, N, 15.04%; found:
C, 54.34, H, 3.50, N, 14.92%. 

General method for the synthesis of compounds

3a-h
A mixture of the proper 2a-d (0.1 mol) and the

appropriate aromatic aldehyde (0.2 mol) was heated
and stirred under reflux for 5-6 h in the presence of
lithium hydroxide monohydrate (4.2 g, 0.1 mol).
The resulting solid precipitated by cooling, was fil-
tered, washed thoroughly twice with hot methanol
(2 ◊ 50 mL), dried, and purified by recrystallization
from proper solvent (Table 1).

6-(Benzylideneamino)-3,5-diphenyl-2-thioxo-2,3-

dihydrothiazolo[4,5-d]pyrimidin-7(6H)-one (3a) 
IR (KBr, cm-1): 1690 (C=O), 1640, 1490

(C=N), 1260 (N-C=S), 1040 (C-S-C), 760 (phenyl).
1H-NMR (300 MHz, DMSO-d6, δ, ppm): 7.25-7.88
(m, 15H, arom.), 10.79 (s, 1H, CH=N). Analysis:
calcd. for C24H16N4OS2: C, 65.43, H, 3.66, N,
12.72%; found: C, 65.34, H, 3.62, N, 12.78%.

6-(Benzylideneamino)-5-(2-chlorophenyl)-3-phen-

yl-2-thioxo-2,3-dihydrothiazolo[4,5-d]pyrimidin-

7(6H)-one (3b)

IR (KBr, cm-1): 1680 (C=O), 1640, 1480
(C=N), 1240 (N-C=S), 1030 (C-S-C), 780 (phenyl).
1H-NMR (300 MHz, DMSO-d6, δ, ppm): 7.30-8.18
(m, 14H, arom.), 9.24 (s, 1H, CH=N). Analysis:
calcd. for C24H15ClN4OS2: C, 60.69, H, 3.18, N,
11.80%; found: C, 60.77, H, 3.36, N, 11.58%. 

6-(Benzylideneamino)-5-(4-chlorophenyl)-3-

phenyl-2-thioxo-2,3-dihydrothiazolo[4,5-d]pyr-

imidin-7(6H)-one (3c)

IR (KBr, cm-1): 1670 (C=O), 1630, 1480
(C=N), 1260 (N-C=S), 1050 (C-S-C), 760 (phenyl).
1H-NMR (300 MHz, DMSO-d6, δ, ppm): 7.32-7.89
(m, 14H, arom.), 9.52 (s, 1H, CH=N). Analysis:
calcd. for C24H15ClN4OS2: C, 60.69, H, 3.18, N,
11.80%; found: C, 60.80, H, 3.32, N, 11.63%. 

6-[(4-Fluorophenyl)methyleneamino]-3,5-diphen-

yl-2-thioxo-2,3-dihydrothiazolo[4,5-d]pyrimidin-

7(6H)-one (3d)

IR (KBr, cm-1): 1680 (C=O), 1640, 1490
(C=N), 1230 (N-C=S), 1040 (C-S-C), 770 (phenyl).
1H-NMR (300 MHz, DMSO-d6, δ, ppm): 7.20-7.89
(m, 14H, arom.), 9.37 (s, 1H, CH=N). Analysis:
calcd. for C24H15FN4OS2: C, 62.87, H, 3.30, N,
12.22%; found: C, 62.66, H, 3.22, N, 11.99%. 
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5-(2-Chlorophenyl)-6-[(2-chlorophenyl)methyle-

neamino]-3-phenyl-2-thioxo-2,3-dihydrothiazo-

lo[4,5-d]pyrimidin-7(6H)-one (3e)

IR (KBr, cm-1): 1680 (C=O), 1650, 1470
(C=N), 1250 (N-C=S), 1020 (C-S-C), 760 (phenyl).
1H-NMR (300 MHz, DMSO-d6, δ, ppm): 7.32-7.89
(m, 13H, arom.), 9.52 (s, 1H, CH=N). Analysis:
calcd. for C24H14Cl2N4OS2: C, 56.58, H, 3.14, N,
11.00%; found: C, 56.82, H, 3.00, N, 11.29%.

5-(4-Fluorophenyl)-6-[(4-fluorophenyl)methyle-

neamino]-3-phenyl-2-thioxo-2,3-dihydrothiazo-

lo[4,5-d]pyrimidin-7(6H)-one (3f)

IR (KBr, cm-1): 1690 (C=O), 1640, 1490
(C=N), 1260 (N-C=S), 1040 (C-S-C), 780 (phenyl).
1H-NMR (300 MHz, DMSO-d6, δ, ppm): 7.34-7.82
(m, 13H, arom.), 9.54 (s, 1H, CH=N). Analysis:
calcd. for C24H14F2N4OS2: C, 60.49, H, 2.96, N,
11.76%; found: C, 60.66, H, 3.04, N, 11.54%.

5-(2-Chlorophenyl)-6-[(4-fluorophenyl)methyle-

neamino]-3-phenyl-2-thioxo-2,3-dihydrothiazo-

lo[4,5-d]pyrimidin-7(6H)-one (3g)

IR (KBr, cm-1): 1680 (C=O), 1660, 1490
(C=N), 1240 (N-C=S), 1050 (C-S-C), 760 (phenyl).
1H-NMR (300 MHz, DMSO-d6, δ, ppm): 7.32-8.14
(m, 13H, arom.), 9.26 (s, 1H, CH=N). Analysis:
calcd. for C24H14ClFN4OS2: C, 58.47, H, 2.86, N,
11.37%; found: C, 58.82, H, 2.99, N, 11.29%.

6-[(2-Chlorophenyl)methyleneamino]-5-(4-fluo-

rophenyl)-3-phenyl-2-thioxo-2,3-dihydrothiazo-

lo[4,5-d]pyrimidin-7(6H)-one (3h)

IR (KBr, cm-1): 1690 (C=O), 1650, 1480
(C=N), 1250 (N-C=S), 1040 (C-S-C), 770 (phenyl).
1H-NMR (300 MHz, DMSO-d6, δ, ppm): 7.23-7.88

(m, 13H, arom.), 9.56 (s, 1H, CH=N). Analysis:
calcd. for C24H14ClFN4OS2: C, 58.47, H, 2.86, N,
11.37%; found: C, 58.76, H, 3.06, N, 11.51%. 

Antiviral activity assays

Anti-HBV in vitro testing

Compounds 3a and 3d-h were tested in the pri-
mary antiviral evaluations in cultured HepG2 cell
line 2.2.15 for the inhibition of replication of hepa-
titis B virus (HBV) (17). HepG2 2.2.15 is a stable
cell line containing HBV ayw strain genome. It was
measured whether the compounds will reduce the
production of secreted HBV from cells using real
time quantitative PCR assay. Toxicity studies were
conducted to determine cellular sensitivities CC50.
The cytotoxic activity of a test compounds is a sig-
nificant aspect of understanding the compoundís
antiviral activity, because virus replication depends
on the cell. EC50 and EC90 values are compound con-
centrations which give 50% and 90% inhibition of
viral replication, respectively. The activity of com-
pounds is confirmed in secondary antiviral evalua-
tions using a different HepG2 stable cell containing
an HBV adr1 strain genome. In addition, intracellu-
lar HBV DNA replication was measured by quanti-
tative Southern blot hybridization analysis (17).
EC50, EC90 and SI values were calculated for both
extracellular virion DNA and intracellular HBV
DNA replication intermediates. Compounds with
desirable therapeutic index SI = CC50 /EC90 are can-
didates for further in vivo studies in animal models
(Table 2). Compound 3e exhibited a good toxici-
ty/activity profile against HBV by inhibition of the
synthesis of extracellular virion release EC50 = 1.4
µM, EC90 = 3.6 µM, CC50 = 148 µM, SI = 41 and
intracellular HBV replication intermediates EC50 =

Table 2. Anti-HBV activity and cytotoxicity of compounds 3a-h.

Antiviral
activity

Comp. Assay/level (µM)
Toxicity Selectivity

EC50 EC90

(µM) CC50 index SI

3a Virion/primary > 10 > 10 > 100

3d Virion/primary > 10 > 10 > 100

3e Virion/primary 1 3.6 > 100 > 28
Virion/secondary 1.4 3.6 148 41
RI/secondary 3.5 15 148 10

3f Virion/primary > 10 > 10 > 100

3g Virion/primary > 10 > 10 > 100

3h Virion/primary > 10 > 10 > 100   

Virion - data are based on extracellular HBV virion DNA. RI - data are based on intracellular HBV DNA replication intermediates. SI -
are calculated as CC50/EC90 ratio.
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3.5 µM, EC90 = 15 µM, CC50 = 148 µM, SI = 10. SI
(selectivity index) was calculated as CC50 (toxicity)
and EC90 (activity) ratio.

Anti-HBV in vivo testing

As a result of in vitro screens, compound 3e was
tested in vivo in the chimeric mouse model suffering
from a transgene-induced liver disease (18). The
compound was diluted in DMSO, then 10%
cremaphor ELP and saline at ratio 1 : 8 : 8, respec-
tively. The compound was prepared at concentrations
of 10, 3.2, 1.0, and 0.32 mg/mL and dosages of 100,
32, 10, 3.2 mg/kg/day. The vehicle group received the
DMSO, cremaphor, and saline solution (placebo) in
the same ratio as the treatment groups. Homozygous
transgenic HBV mice were administered i.p. the test
agents or placebo twice daily until day 14. At least 3
h after the last treatment on day 14 mice were necrop-
sied to obtain whole blood, serum and liver samples
for complete blood cell count, serum chemistry and
liver HBV DNA. Compound 3e did not produce any
signs of toxicity as determined as weight change,
blood chemistry, or blood cells. Liver HBV DNA
appeared to be lowered in the group receiving the
highest dose of compound 3e, but not to the level of
Advantan (ADV) (Fig. 1). Based on histological
report, it appears that most of the investigated com-
pound precipitated out of solution when injected i.p.
and that it probably did not have good tissue distribu-
tion. The phenomenon is probably unique to the
compoundís insolubility properties in vivo. 

Anti-HCV in vitro testing

Anti-HCV activity and toxicity were assessed
by the primary HCV RNA replicon assay (19) The
assay was performed using Huh 7 ET cell line which
contains the HCV RNA replicon with stable
luciferase (LUC) reporter. HCV RNA-derived LUC
activity is used as a measure of HCV RNA levels.
Human interferon a-2b was included as positive
control compound. Four compounds 3e-h showed
antiviral activity; they inhibited HCV replication in
48-68%. Compound cytotoxicity was evaluated as
the percent viable cells comparative to cell control.
In further testing, 3e and 3h exhibited 50% effective
concentration EC50 = 0.41 µM but their activity has
not been confirmed in HCV RNA replicon confir-
matory assay (Table 3).

Anticancer activity assay

All synthesized compounds were submitted for
testing at the National Cancer Institute (Bethesda,
MD, USA), to evaluate the cytotoxic effect. Only
two compounds 3d and 3h were selected for in vitro
antitumor assay against 60 different human tumor
cell lines representing leukemia, melanoma, and
cancers of the lung, colon, brain, breast, ovary,
prostate, and kidney. The tumor cells were cultured
in RPMI 1640 medium containing 5% fetal bovine
serum and 2 mM L-glutamine. The tumor cells were
plated in standard 96-well microtiter plates in 100
µL of medium. Density of the inoculum depended
on the type of tumor cells and their growth charac-

Scheme 1. Reagent and reaction conditions: (i) aromatic aldehydes, EtOH, reflux 6 h; (ii) H5C6NCS, S, TEA, EtOH, reflux 4 h; (iii) aro-
matic aldehydes, LiOH∑H2O, reflux 6 h
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teristics (5,000 to 40,000 cells/well). The cells cul-
tures were incubated at 37OC on the microtiter plate
for 24 h before adding the compounds at 10-5 molar
(M) concentration. After 48 h incubation under the
same conditions with the tested agent, the sulforho-
damine B (SRB) protein assay was used to estimate
cell viability and growth The details of used tech-
nique has been previously described (20). The one
dose data were reported as a mean graph of the per-
cent growth of the treated cells. Both compounds 3d

and 3h exhibited a noticeable antiproliferative effect
against leukemia K-562 cell line, resulting in
68.58% and 70.14% growth inhibition, respectively.
Compound 3h proved to be very sensitive towards
leukemia SR, caused 88.19% growth inhibition of
tumor cell line.

RESULTS AND DISCUSSION

Chemistry

Novel thiazolo[4,5-d]pyrimidine derivatives
3a-d were synthesised as presented in Scheme 1. At
first the starting 2-cyano-Ní-[(phenyl/substituted
phenyl)methylidene]acetohydrazides 1a-d were
formed, with excellent yield, through the reaction
of 2-cyanoacetic acid hydrazide with various aro-
matic aldehydes, followed by the elimination of
water, based on the reported procedures (13, 14).
The 2-cyano-acetohydrazides 1a-d were subse-
quently cyclized with sulfur and phenyl isothio-
cyanate in the presence of basic catalyst to the 4-
amino-Ní-[(phenyl/substituted phenyl)methyli-
dene]-3-phenyl-2-thioxo-2,3-dihydrothiazole-5-
carbohydrazides 2a-d, by using the method of
Gewald (15) and Rida et al. (14). The required 5-
substituted thiazolo[4,5-d]pyrimidines 3a-h were
achieved by heating the former in the twofold
excess of appropriate substituted aromatic aldehy-
des under base-catalyzed conditions, according to
the known procedure (16). These compounds were
formed by a pyrimidine ring closure reaction
between the 6-substituted hydrazide moiety and the
primary 5-amino group. The yields of the newly
synthesized thiazolo[4,5-d]pyrimidines 3a-h
ranged from 47 to 59% (Table 1). Their structures
were established on the basis of spectroscopic data
and elemental analysis. Absorption peaks in IR
spectrum were found at 1690 (C=O), 1640, 1490
(C=N), 1260 (N-C=S), 1040 (C-S-C), 760 (phenyl)
cm-1 for 3a and similarly for others, respectively. In
the 1HNMR spectra of 3a-h derivatives, besides
aromatic protons multiplet signal ranged between
7.20-8.18 ppm, characteristic one proton singlet of
6 CH=N resonated between 9.26 and 10.79 ppm.
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Biology

Compounds 3a and 3d-h were screened in vitro
against various viruses (the BK Virus, SARS,
Influenza A and B, Measles, Yellow Fever, Dengue,
Herpesviruses, Hepatitis B and Hepatitis C) through
contractual arrangements with the National Institute
of Allergy and Infectious Diseases (Bethesda, MD,
USA). Compound 3e exhibited promising toxici-
ty/activity profile against HBV and as a result of in
vitro screens was tested in vivo in the transgenic
HBV mice. Unfortunately, most of examined com-
pound 3e appeared to precipitate in the peritoneal
cavity as suggested by the pathology report and
showed no activity in vivo. The compounds 3e-h
were found to be active in vitro against HCV, they
inhibited HCV replication in 48-68%. In further
testing, 3e and 3h exhibited 50% effective concen-
tration EC50 = 0.41 µM but their activity has not
been confirmed in HCV RNA replicon confirmato-
ry assay EC50 > 20 µM. Summing up, only com-
pound 3e exhibited in vitro activity against both
hepatitis viruses HBV and HCV. The biological
screening results for anti-HBV and anti-HCV activ-
ities of compounds 3a and 3d-h are presented in
Tables 2, 3 and Figure 1. Two compounds 3d and 3h

were selected by the National Cancer Institute
(Bethesda, MD, USA) for in vitro antitumor assay
against 60 different human tumor cell lines.
Compound 3d exhibited significant antiproliferative
effect against leukemia K-562 cell line, resulting in
68.58% growth inhibition. Compound 3h proved to
be very sensitive towards leukemia SR and K-562

cell lines, caused 88.19% and 70.14% growth inhi-
bition, respectively. The other tumor cell lines were
slightly inhibited by these compounds, values below
20%.

CONCLUSION

The novel 3-aryl-6-(arylideneamino)-3-
phenyl-2-thioxo-2,3-dihydrothiazolo[4,5-d]pyrim-
idin-7(6H)-ones 3a-h were synthesized. Compounds
3a and 3d-h were evaluated for their in vitro
antivirus activity, 3d and 3h were also screened for
in vitro antitumor NCI assay. Four of six tested com-
pounds, 3e-h exhibited in vitro activity against HCV
replication. Compound 3e demonstrated significant
in vitro activity against HBV and was submitted to
an anti-HBV in vivo assay but had a low bioavail-
ability. These results indicate that further structural
modification of screened compounds may be of
value in search for new antivirus agents. In antitu-
mor screening compound 3h was found to be the
most potent against leukemia SR.

In conclusion, the presence of electron-with-
drawing groups (F or Cl) in the phenyl rings
increased biological activity. Devoid of these ele-
ments derivative 3a was inactive.
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Quinazoline is one of the most widespread
scaffolds in medicinal chemistry and its derivatives
were reported to possess diverse biological applica-
tions like antiviral (1, 2), antibacterial (3, 4), anti-
fungal (3, 5), antimalarial (6), anticancer (7-11),
antihypertensive (12), anti-inflammatory (13, 14),
analgesic and COX-II inhibitors (15-18). 

In spite of development of novel antitumor
drugs in recent years, cancer is considered the major
leading cause of death. The literature survey revealed
that anilinoquinazoline containing compounds were
recently approved for the treatment of HER2-posi-
tive metastatic breast cancer (19-27). The presence
of substituted aromatic ring at position 3 and at posi-
tion 2 is necessary requirement for its medicinal
properties (9, 10). On the other hand, diverse
chemotherapeutic agents contain pharmacophores
like Br (28), Schiff bases (29-31), carboxamide (32)
and carbothioamide (33) are known to contribute to
the enhancement of the antitumor activity.

Abdel Gawad et al. reported that 10 µM of
compound 1 (Fig. 1) revealed 34.3 percentage
growth inhibition when tested in vitro against MCF-
7 tumor cell line (34). 6,8-Dibromo substituted
quinazolin-4-one 2 (Fig. 1) showed a greater activi-
ty than doxorubicin against MCF-7, their IC50 values
were 1.7 and 29.6 µg/mL, respectively (11). In addi-
tion, 6-chloro-3-methyl-2-p-tolylquinazolin-4(3H)-
one derivative 3 showed to be more active than dox-
orubicin against MCF-7 cell line (8). Moreover, 3H-
quinazolin-4-one derivative 4 that bear aryl moiety
at position 2 and 3 was found to be more active also
than the reference drug doxorubicin against MCF-7
cell line (35). 

In view of the aforementioned facts, and in
continuation of our drug research program concern-
ing synthesis of new safer and more biologically
active quinazolinone derivatives, it was of interest to
synthesize a new series of anilinoquinazoline com-
pounds having the general formula A and B, in addi-
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tion to ethyl benzoate ester as a substituent at posi-
tion 3 (compound II) (Fig. 2); all these compounds
bear Br atom at position 6 and 8, and have aryl sub-
stitution at both positions 2 and 3. Further substitu-
tion of the 3-phenyl moiety at para position with
ester, hydrazide, carboxamide, thiocarboxamide and
Schiff bases was also performed aiming to obtain
new quinazolin-4-one derivatives with high activity
against breast cancer cells.

The estrogen receptors are considered as an
important pharmaceutical targets for the treatment
of variety of diseases such as osteoporosis and
breast cancer (36), as a result molecular docking
studies for the best active compounds were per-
formed against estrogen receptor α (ERα) subtype
to predict the ability of these derivatives to act as
modulators of the human estrogen receptor, in addi-
tion, the binding affinities of these compounds with
ERα were assessed to ensure their mode of action. 

EXPERIMENTAL

Chemistry

All melting points are uncorrected, elemental
analyses were carried out in the micro analytical
units of National Research Centre and Cairo
University, Egypt. IR spectra were recorded on
FTIR spectrophotometer-Nexus 670-Nicolet, USA
and Perkin Elmer-9712 spectrophotometer. 1H-

NMR spectra were determined on a Varian-Gemini-
300 MHz. and Jeol EX270 MHz NMR spectrome-
ters. 13C NMR (DMSO-d6) spectra were recorded at
100.62 MHz at the aforementioned research center
in Cairo University. Mass spectra were recorded on
Finnigan Mat SSQ 7000 mode EI 70 eV (Thermo
Inst. Sys. Inc. USA). Thin layer chromatography
was carried out on silica gel 60 F254 (Merck) thin
layer chromatography plates using a chloroform,
petroleum ether/methanol/mixture (7 : 4 : 1 v/v/v) as
the mobile phase. Synthesis of the desired com-
pounds (Scheme 1) was achieved by reacting com-
pound I, which was synthesized following the same
method used for the preparation of 6,8-dibromo-2-
phenyl-4H-benzo-[1,3]-oxazin-4-one (37) with
ethyl-p-aminobenzoate at 140OC to afford com-
pound II. Moreover, chemical structures of all the
newly synthesized compounds (Scheme 1 and 2)
were confirmed by IR, 1H-NMR, 13C NMR and mass
spectra. 

4-[6,8-Dibromo-2-(4-chlorophenyl)-4-oxo-4H-

quinazolin-3-yl] benzoic acid ethyl ester (II) 

A mixture of benzoxazine derivative I (4.1 g,
10 mmol) and ethyl p-aminobenzoate (1.65 g, 10
mmol) was heated together upon fusion at 140OC on
sand bath for 1 h. After cooling, the crude mass was
crystallized from ethanol twice to give white crys-
tals of II. M.p. 230OC, 70% yield. IR (KBr, cm-1):

Figure 1. Substituted-3H-quinazolin-4-one derivatives active against the human breast cancer cell line (MCF-7)
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Figure 2. The formula of the novel synthesized 3H-quinazolin-4-one derivatives

Scheme 1. Reagents and conditions: a, fusion 140OC on sand bath, 1 h. b, hydrazine hydrate 98%, abs. ethanol, reflux 8 h. c, reflux 5 h in
glacial acetic acid
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3060 (CH, arom.), 1710, 1700 (2CO). 1H-NMR
(DMSO-d6, δ ppm): 1.3 (3H, t, CH3, ethyl group),
4.3 (q, 2H, CH2, ethyl group), 7.25-8.25 (m, 10H,
arom. -H). 13C NMR (DMSO-d6, δ, ppm): 165.9,
164, 160.6, 154.3, 139.4, 137, 135.7, 131.3, 130.1,
129.1, 128.9, 126.7, 125.2, 124.3, 123.7, 122, 113,
60.9, 14.1. MS (m/z, R.I.): M+ 561.91 (100.0%),
563.91 (69.4%), 559.91 (44.1%). Analysis: for
C23H15Br2ClN2O3, m.w. 562.64, calcd.: C, 49.10; H,
2.69; N, 4.98%; found: C, 49.50; H, 2.65; N, 5.10%.

4-[6,8-Dibromo-2-(4-chlorophenyl)-4-oxo-4H-

quinazolin-3-yl] benzoic acid hydrazide  (III)
A solution of the ester derivative II (5.62 g, 10

mmol) and hydrazine hydrate 98%(1.6 g, 50 mmol)
in absolute ethanol (20 mL) was refluxed for 8 h.
Upon cooling, the formed precipitate was filtered
off and recrystalized from ethanol to give the
hydrazide derivative III. M. p. 170OC, 80% yield. IR
(KBr, cm-1): 3315, 3140 (NH, NH2), 3060 (CH,
arom.), 1715 (CO, quinazoline ring), 1645 (CO,
amide). 1H-NMR (DMSO-d6, δ ppm): 4.5 (s, 2H,
NH2, exchangeable with D2O), 7.53-8.25 (m, 10H,
arom. -H), 9.8 (s, 1H, NH, exchangeable with D2O).
13C NMR (DMSO-d6, δ, ppm): 167.2, 164.1, 160.4,
154.1, 139.2, 136.3, 131.2, 131.1, 130.1, 129.4,
128.8, 128.6, 128.2, 127.5, 125.2, 124.5, 122.2,
113.5. MS (m/z, R.I.): M+. 547.91 (100.0%), 549.91
(44.9%), 545.91 (44.0%), 549.90 (27.4%). Analysis:

for C21H13Br2ClN4O2, m.w. 548.61, calcd.: C, 49.97;
H, 2.39; N, 10.21%; found: C, 49.70; H, 2.59; N,
10.40%.

4-[6,8-Dibromo-2-(4-chlorophenyl)-4-oxo-4H-

quinazolin-3-yl] benzoic acid (substituted) ben-

zylidene hydrazide (IV a-h)

General method: A mixture of compound III

(5.48 g, 10 mmol) and the appropriate aldehyde,
namely: benzaldehyde, p-anisaldehyde, p-tolualde-
hyde, p-chlorobenzaldehyde, 3,4-dichlorobenzalde-
hyde, p-hydroxybenzaldehyde, naphthalene-2-car-
boxaldehyde or furan-2-carboxaldehyde (20 mmol)
in glacial acetic acid (30 mL), was refluxed for 5 h.
The reaction mixture was cooled and ice water was
added, the formed precipitate was filtered off,
washed with water and crystallized from the proper
solvent to obtain the desired Schiff bases (IVa-h),
respectively.

4-[6,8-Dibromo-2-(4-chlorophenyl)-4-oxo-4H-

quinazolin-3-yl] benzoic acid benzylidene

hydrazide (IVa)

Crystallized from methanol to give yellow
crystals, m.p. 150OC, 70% yield. IR (KBr, cm-1):
3370 (NH), 1710, 1685 (2CO), 1596 (C=N). 1H-
NMR (DMSO-d6, δ, ppm): 7.35-8.25 (m, 15H,
arom.-H), 8.36 (s, 1H, CH=N), 11.800 (s, 1H, NH,
exchangeable with D2O). 13C NMR (DMSO-d6, δ,

Scheme 2. Reagents and conditions: a, phenyl iso-/isothio-cyanate, pyridine, reflux 8 h. b, reflux 8 h
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ppm): 164.4, 163.3, 160.5, 154.3, 146.8, 139.2,
136.0, 135.4, 133.6, 131.2, 131.0, 129.6, 129.2,
129.1, 128.9, 128.8, 128.4, 126.7, 125.2, 124.7,
122.0, 112.9. MS (m/z, R.I.): M+ 635.94 (100.0%),
637.94 (70.4%), 633.94 (44.0%), 636.94 (31.7%).
Analysis: for C28H17Br2ClN4O2, m.w. 636.72, calcd.:
C, 52.82; H, 2.69; N, 8.80%; found: 55.70; H, 2.65;
N, 8.60%.

4-[6,8-Dibromo-2-(4-chlorophenyl)-4-oxo-4H-

quinazolin-3-yl] benzoic acid (4-methoxybenzyli-

dene) hydrazide (IVb)

Crystallized from acetic acid to give yellow
crystals, m.p. 190OC, 80% yield. IR (KBr, cm-1):
3355 (NH), 1715, 1690 (2CO), 1598 (C=N). 1H-
NMR (DMSO-d6, δ, ppm): 3.83 (s, 3H, OCH3),
7.00-8.25 (m, 14H, arom. -H), 8.36 (s, 1H, CH=N),
11.87 (s, 1H, NH, exchangeable with D2O). 13C
NMR (DMSO-d6, δ, ppm): 164.0, 163.2, 162.9,
160.6, 154.3, 146.8, 139.4, 136.1, 135.7, 131.3,
130.2, 129.6, 129.1, 128.9, 128.4, 126.7, 126.0,
125.2, 124.5, 122.0, 114.4, 113.2, 55.7. MS 
(m/z, R.I.): M+ 665.95 (100.0%), 667.95 (70.2%),
663.95 (44.1%), 666.95 (33.0%). Analysis: for
C29H19Br2ClN4O3, m.w. 666.75, calcd.: C, 52.24; H,
2.87; N, 8.40%; found: C, 52.20; H, 2.90; N, 8.56%.

4-[6,8-Dibromo-2-(4-chlorophenyl)-4-oxo-4H-

quinazolin-3-yl] benzoic acid (4-methylbenzyli-

dene) hydrazide (IVc)

Crystallized from ethanol to give white crys-
tals, m.p. 200OC, 80% yield. IR (KBr, cm-1): 3315
(NH), 1720, 1690 (2CO), 1600 (C=N). 1H-NMR
(DMSO-d6, δ, ppm): 2.35 (s, 3H, CH3), 7.06-8.28
(m, 14H, arom. -H), 8.36 (s, 1H, CH=N), 11.8 (s,
1H, NH, exchangeable with D2O). 13C NMR
(DMSO-d6, δ, ppm): 163.9, 163.0, 160.5, 154.7,
146.4, 140.7, 139.9, 136.0, 135.7, 131.1, 130.5,
129.6, 129.1, 128.9, 128.4, 126.7, 126.1, 125.2,
124.4, 122.1, 113.5, 21.3. MS (m/z, R.I.): M+ 649.95
(100.0%), 651.95 (69.7%), 647.96 (44.1%), 650.96
(31.8%). Analysis: for C29H19Br2ClN4O2, m.w.
650.75, calcd.: C, 53.52; H, 2.94; N, 8.61%; found:
C, 53.49; H, 3.00; N, 8.67%.

4-[6,8-Dibromo-2-(4-chlorophenyl)-4-oxo-4H-

quinazolin-3-yl] benzoic acid (4-chlorobenzyli-

dene) hydrazide (IVd)

Crystallized from acetic acid to give brown
crystals, m.p. 166OC, 75% yield. IR (KBr, cm-1):
3420 (NH), 1720, 1690 (2CO), 1600 (C=N). 1H-
NMR (DMSO-d6, δ, ppm): 7.06-8.4 (m, 14H, arom.
-H), 8.4 (s, 1H, CH=N), 11.7 (s, 1H, NH, exchange-
able with D2O). 13C NMR (DMSO-d6, δ, ppm):

164.2, 163.3, 160.5, 154.3, 146.7, 139.4, 136.9,
136.1, 135.7, 131.5, 131.3, 130.6, 129.7, 129.1,
128.9, 128.4, 126.7, 125.2, 124.3, 122.1, 112.7. MS
(m/z, R.I.): M+ 669.90 (100.0%), 671.90 (89.4%),
667.90 (38.6%), 670.90 (31.8%). Analysis: for
C28H16Br2Cl2N4O2, m.w. 671.17, calcd.: C, 50.11; H,
2.40; N, 8.35%; found: C, 50.21; H, 2.50; N, 8.40%.

4-[6,8-Dibromo-2-(4-chlorophenyl)-4-oxo-4H-

quinazolin-3-yl] benzoic acid (3,4-dichloroben-

zylidene) hydrazide (IVe)

Crystallized from ethanol to give brown crys-
tals, m.p.145OC, 82% yield. IR (KBr, cm-1): 3325
(2NH), 1715, 1700 (2CO), 1605 (C=N). 1H-NMR
(DMSO-d6, δ ppm): 7.3-8.2 (m, 13H, arom. -H),
8.54 (s, 1H, CH=N), 10.2 (s, 1H, NH, exchangeable
with D2O). 13C NMR (DMSO-d6, δ, ppm): 164.0,
163.2, 160.6, 154.5, 146.4, 139.4, 136.1, 135.9,
133.5, 133.2, 131.3, 130.6, 130.3, 129.6, 129.1,
128.9, 128.7, 128.4, 126.7, 124.2, 121.7, 112.5. MS
(m/z, R.I.): M+. 705.86 (100.0%), 703.86 (92.5%),
707.86 (32.8%), 701.86 (31.8%). Analysis: for
C28H15Br2Cl3N4O2, m.w. 705.61, calcd.: C, 47.66; H,
2.14; N, 7.94%; found: C, 47.70; H, 2.30; N, 7.80%.

4-[6,8-Dibromo-2-(4-chlorophenyl)-4-oxo-4H-

quinazolin-3-yl] benzoic acid (2-hydroxybenzyli-

dene) hydrazide (IVf)

Crystallized from methanol to give yellowish
white crystals, m.p.154OC, in 80% yield. IR (KBr,
cm-1): 3315 (NH), 1710, 1690 (2CO), 1600 (C=N).
1H-NMR (DMSO-d6, δ ppm): 7.2-8.3 (m, 14H,
arom. -H), 8.54 (s, 1H, CH=N), 10.1 (s, 1H, NH,
exchangeable with D2O), 11.2 (s, 1H, OH). 13C
NMR (DMSO-d6, δ, ppm): 163.5, 163.2, 160.1,
157.2, 154.3, 146.0, 139.2, 136.1, 135.7, 132.4,
131.3, 129.6, 129.1, 128.9, 128.4, 127.4, 126.7,
125.2, 124.5, 122.6, 121.4, 118.5, 113.2. MS 
(m/z, R.I.): M+ 651.93 (100.0%), 653.93 (69.7%),
649.94 (44.1%), 652.94 (30.7%). Analysis: for
C28H17Br2ClN4O3, m.w. 652.72, calcd.: C, 51.52; H,
2.63; N, 8.58%; found: C, 51.39; H, 2.60; N, 8.65%.

4-[6,8-Dibromo-2-(4-chlorophenyl)-4-oxo-4H-

quinazolin-3-yl] benzoic acid naphthalen-1-

ylmethylene hydrazide (IVg)

Crystallized from ethanol to give yellwish
brown crystals, m.p.195OC, 80% yield. IR (KBr, cm-1):
3410 (NH), 1715, 1690 (2CO), 1595 (C=N). 1H-
NMR (DMSO-d6, δ, ppm): 7.35-8.25 (m, 17H,
arom. -H), 8.36 (s, 1H, CH=N), 11.8 (s, 1H, NH,
exchangeable with D2O). 13C NMR (DMSO-d6, δ,
ppm): 164.0, 163.2, 160.6, 154.3, 146.8, 139.4,
136.1, 135.7, 133.9, 131.3, 129.6, 129.1, 128.9,
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128.6, 128.4, 128.2, 128.1, 127.2, 126.9, 126.7,
126.2, 125.2, 124.5, 122.0, 113.5. MS (m/z, 
R.I.): M+ 685.95 (100.0%), 687.95 (69.7%), 
683.96 (44.1%), 686.96 (35.0%). Analysis: for
C32H19Br2ClN4O2, m.w. 686.78, calcd.: C, 55.96; H,
2.79; N, 8.16%; found: C, 55.81; H, 2.60; N, 8.20%.

4-[6,8-Dibromo-2-(4-chlorophenyl)-4-oxo-4H-

quinazolin-3-yl] benzoic acid furan-2-ylmethyl-

ene hydrazide (IVh)

Crystallized from methanol to give white
crystals, m.p. 240OC, 75% yield. IR (KBr, cm-1):
3415 (NH), 1720, 1690 (2CO), 1605 (C=N). 1H-
NMR (DMSO-d6, δ, ppm): 6.5-8.25 (m, 13H,
arom, -H and furan -H ), 8.3 (s, 1H, CH=N), 11.1
(s, 1H, NH, exchangeable with D2O). 13C NMR
(DMSO-d6, δ, ppm): 163.6, 163.2, 160.0, 154.1,
144.2, 139.4, 136.1, 135.7, 131.0, 129.6, 129.1,
128.9, 128.4, 126.7, 125.2, 125.0, 122.5, 118.9,
113.2, 112.6. MS (m/z, R.I.): M+ 625.92 (100.0%),
627.92 (46.4%), 623.92 (43.9%), 626.92 (28.3%).
Analysis: for C26H15Br2ClN4O3, m.w. 626.68,
calcd.: C, 49.83; H, 2.41; N, 8.94%; found: C,
49.79; H, 2.30; N, 8.97%.

2-(4-(6,8-Dibromo-2-(4-chlorophenyl)-4-oxo-

quinazolin-3(4H)-yl)benzoyl)-N-phenylhydrazi-

ne carbo(oxa/thioamide) (Va, b)

General method: a mixture of compound III

(5.48 g, 10 mmol), the appropriate iso/isothio-
cyanate, namely: phenyl isocyanate or phenyl iso-
thiocyanate (10 mmol) in pyridine (20 mL) was
refluxed for 8 h. The solvent was poured on crushed
ice containing few drops of HCl. The solid product
was filtered off and washed with water to obtain the
desired products Va,b, respectively.

2-{4-[6,8-Dibromo-2-(4-chlorophenyl)-4-oxo-

quinazolin-3(4H)-yl]benzoyl}-N-phenylhydrazine

carboxamide (Va) 

Crystallized from acetic acid to give white
crystals, m.p. 194OC, 60% yield. IR (KBr, cm-1):
3313, 3270, 3200 (3NH), 3064 (CH arom.), 1709,
1669, 1659 (3CO). 1H-NMR (DMSO-d6, δ, ppm):
7.5-8.5 (m, 15H, arom. -H), 6.01, 9.02, 10.75 (3s,
3H, 3NH, exchangeable with D2O). 13C NMR
(DMSO-d6, δ, ppm): 164.8, 164.2, 160.6, 154.0,
153.6, 139.4, 136.1, 135.7, 131.0, 129.6, 129.1,
128.9, 128, 127.6, 126.7, 125.2, 124.5, 122.0, 121.4,
113.0. MS (m/z, R.I.): M+ 666.94 (100.0%), 668.94
(69.8%), 664.95 (44.1%), 667.95 (30.7%). Analysis:
for C28H18Br2ClN5O3, m.w. 667.74, calcd.: C, 50.36;
H, 2.72; N, 10.49%; found: C, 50.32; H, 2.59; N,
10.56%.

2-{4-[6,8-Dibromo-2-(4-chlorophenyl)-4-oxo-

quinazolin-3(4H)-yl]benzoyl}-N-phenylhydrazine

carbothioamide (Vb)

Crystallized from methanol to give brown
crystals, m.p. 200OC, 65% yield. IR (KBr, cm-1):
3285, 3265, 3200 (3NH), 3060 (CH arom.), 1685,
1660 (2CO), 1190 (C=S). 1H-NMR (DMSO-d6, δ,
ppm): 7.3-8.5 (m, 15H, arom. -H), 4, 10.04 and 12.2
(3s, 3H, 3NH, exchangeable with D2O). 13C NMR
(DMSO-d6, δ, ppm): 181.1, 164.8, 164.0, 160.6,
154.6, 139.4, 138.5, 136.1, 135.7, 131.3, 129.6,
129.1, 129.0, 128.9, 128.4, 128.0, 126.7, 126.5,
125.2, 124.5, 122.0, 113.9. MS (m/z, R.I.): M+:
682.92 (100.0%), 684.92 (73.0%), 680.92 (43.2%),
683.92 (32.9%). Analysis: for C28H18Br2ClN5O2S,
m.w. 683.80, calcd.: C, 49.18; H, 2.65; N, 10.24%;
found: C, 49.20; H, 2.70; N, 10.20%.

4-[6,8-Dibromo-2-(4-chlorophenyl)-4-oxo-4H-

quinazolin-3-yl] benzoic acid Ní-acetylhydrazide

(VI)

A mixture of hydrazide III (5.48 g, 10 mmol),
and a mixture of acetic anhydride (10 mL) and
acetic acid (10 mL) was refluxed for 8 h. The pre-
cipitated solid formed upon cooling was filtered and
recrystallized from ethanol to give orange crystals of
VI. M.p. 240OC, 60% yield. IR (KBr, cm-1): 3288,
3285 (2NH), 3065 (CH arom.), 1715, 1700, 1690
(3CO). 1H-NMR (DMSO-d6, δ, ppm): 2.1 (s, 3H,
methyl), 7.5-8.5 (m, 10H, arom. -H) 10.00 and 10.2
(2s, 2H, 2NH, exchangeable with D2O). 13C NMR
(DMSO-d6, δ, ppm): 168.3, 164.8, 164.3, 160.6,
155.0, 139.9, 136.1, 135.7, 131.3, 129.5, 129.1,
128.9, 127.6, 126.7, 125.2, 124.9, 122.0, 112.9,
20.4. MS (m/z, RI): M+ 589.92 (100.0%), 591.92
(45.5%), 587.92 (44.0%), 591.91 (27.3%). Analysis:
for C23H15Br2ClN4O3, m.w. 590.65, calcd.: C, 49.67;
H, 2.90; N, 10.07%; found: C, 46.77; H, 2.56; N,
9.49%.

Cell culture and treatment

All reagents were handled in a sterile fume
hood. DMEM medium and fetal bovine serum
(FBS) were purchased from Gibco; phosphate-
buffered saline pH 7.4 (PBS) and trypsin-EDTA
were obtained from Sigma-Aldrich. Alamar blue or
resazurin (Promega, Mannheim, Germany) reduc-
tion assay was used to assess the cytotoxicity of the
studied samples. The growth medium (DMEM
medium with 10% FBS, 100 U/mL penicillin, and
100 mg/L streptomycin), and alamar blue were
stored at 48OC, while trypsin-EDTA and FBS were
stored frozen at -208OC and thawed before use; PBS
was stored at room temperature. The MCF-7 cells
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were obtained from the German Cancer Research
Center (DKFZ). Cells were cultured in 50 cm2 cul-
ture flasks (Corning) using DMEM medium supple-
mented with 10% FBS, penicillin (100 IU/mL), and
streptomycin (100 mg/mL). The culture was main-
tained at 37OC in an atmosphere of 5% CO2 and 95%
relative humidity. The cells were transferred to a
new flask every 2 days and treated with trypsin-
EDTA to detach them from the flask. Cells were
counted under a microscope using a hemacytometer
(Hausser Scientific). Cell solutions were diluted
with growth medium to a concentration of 1 ◊ 105

cells/mL and transferred to a 96-well plate, and
treated with gradient concentrations of test com-
pounds.

Resazurin cell growth inhibition assay

The assay tests cellular viability and mitochon-
drial function. Briefly, adherent cells were grown in
tissue culture flasks as previously described (38-42)
and then harvested by treating the flasks with
0.025% trypsin and 0.25 mM EDTA for 5 min. Once
detached, cells were washed, counted and an aliquot
(5 ◊ 103 cells) was placed in each well of a 96-well
cell culture plate in a total volume of 100 µL. Cells
were allowed to attach overnight and then were
treated with samples. The final concentration of
samples ranged from 0 to 100 µM. After 48 h, 20 µL
resazurin 0.01% w/v solution was added to each
well and the plates were incubated at 37OC for 1ñ2
h. Fluorescence was measured on an automated 96-
well Infinite M2000 Proô plate reader (Tecan,
Crailsheim, Germany) using an excitation wave-
length of 544 nm and an emission wavelength of
590 nm. After 48 h incubation, plates were treated
with resazurin solution as above mentioned.
Doxorubicin was used as positive control. Each
assay was done at least three times, with two repli-
cates each. The viability was compared based on a
comparison with untreated cells. IC50 (on cancer
cells) were the concentration of sample required to
inhibit 50% of the cell proliferation and were calcu-
lated from a calibration curve by a linear regression
using Microsoft Excel.

ERαα binding assay

The fluorescent estrogen ligand (self-made)
was added to the recombinant ERα and screening
buffer (ES2 Screening Buffer, Invitrogen, USA) to
make the final concentration 9 nM for fluorescent
estrogen and 30 nM for ERα. Test compounds were
dissolved in DMSO (1 µL) and screening buffer (49
µL) to obtain the required concentration. The fluo-
rescent estrogen/ER complex was added to this 50

µL to make the final volume of 100 µL. Fifty µL
estradiol buffer (1 nM) and 50 µL fluorescent estro-
gen/ER complex was used as a positive control. A
negative control containing 50 µL screening buffer
and 50 µL fluorescent estrogen/ER complex was
used to determine the theoretical maximum polar-
ization. The microplate was incubated in the dark at
room temperature for 1.5 h and was shaken on a
plate shaker. Finally, the polarization values were
read on a Safire microplate reader.

Molecular docking

Molecular modeling studies were performed
using Molecular Operating Environment (MOE,
10.2008) software on an Intel Core i5, 2.53 GHz
processor, 4 GB memory with Windows XP 32-bit
operating system. Preparation of the synthesized
molecules was carried out by Chem Draw ultra to
generate their 2D structures that were saved as mol,
then their 3D, protonation and energy minimization
were done by MOE software, with RMSD gradient
of 0.05 kcal/mol, MMFF94X force field and auto-
matic calculation of the partial charges. ERα sub-
type cocrystallized with benzoxathin ligand was
obtained from protein data bank (43), the pdb file is
1SJ0, all bound water molecules were removed,
hydrogens were added, the active site was detected
and saved as moe file for docking. This model was
then used to predict the interactions and binding
score energy between the new compounds and the
active site.

RESULTS AND DISCUSSION

In vitro cytotoxic activity against MCF-7

In this present work novel series of quinazolin-
4(3H)-ones were synthesized. Synthetic Schemes 1,
2 illustrate the way used for the synthesis of target
compounds. All synthesized compounds were
screened for their in vitro cytotoxic and growth
inhibitory activities against MCF-7 cell line, in com-
parison with the activity of the known anticancer
reference drug doxorubicin (DOX) as a reference
standard. The cytotoxic activities of our tested com-
pounds were expressed as IC50 values (the dose that
reduces survival to 50%) in µg/mL. It is evident that
all of the tested compounds showed antitumor activ-
ities with IC50 values ranging from 8.52 to 25.96
µg/mL (Table 1). 

Compounds IVh, IVf, IVc, Va, IVb, IVa, IVd

and II exerted powerful cytotoxic effects against
MCF-7 with very low IC50 value less than that of
DOX, Their IC50 range was 8.52-11.44 µg/mL.
Compounds VI, IVe, III and Vb exerted cytotoxic
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effect against MCF-7 cells nearly as DOX (IC50 val-
ues were 13.21, 13.31, 13.81 and 14.29 µg/mL,
respectively). Compound IVg was the least active
one, its IC50 value is 25.9 µg/mL.

From these observed results we can conclude
that:
1 Substituting the para position of the 3-phenyl

moiety with ethyl ester II lead to better activity
than doxorubicin against MCF-7 cell line.

2 Compounds with general formula A (Fig. 2),
that have a Schiff base in addition to the quina-
zolin-4-one scaffold showed better activity than
doxorubicin against the same cell line except
compound IVe which showed a closely similar
activity to doxorubicin, IC50 13.31 and 12.2
µg/mL, respectively, and compound IVg which
was the least active. 

3 Compounds with general formula B (Fig. 2), III,
Vb and VI showed to be near the activity of
doxorubicin against breast cancer cells, whoev-
er, Va showed to be better active than doxoru-
bicin.

4 The best active compound was IVh and the least
active was IVg and both are quinazolin-4-one
bearing Schiff base at the para position of 3-
phenyl moiety. 

ERαα binding affinity assay

Docking studies indicated the ability of the
best active compounds IVh, IVf, IVb, IVc and Va

to quick fit the active site of ERα so the binding
affinities of these compounds with ERα were
assessed using fluorescence polarization procedure
(44) and tamoxifen was used as a positive control.
The obtained results (Table 2) exhibited a good
binding affinities with ERα and this is considered an
evidence that these compounds could act through
ERα inhibition. The inhibitory range was 41-85%,
compound IVh with a furan substituent at the para
position of the 3-phenyl moiety showed to be the
best active, its ERα inhibitory activity was 85% fol-
lowed by compound IVf (71%) that has a substitu-
tion in the para position of the 3-phenyl with a
phenyl moiety bearing an ortho hydroxyl group.
Also compound IVb with a 4-methoxy group
instead of 2-OH of IVf showed a percentage of inhi-
bition at 66.7%.

Molecular docking

The estrogen receptor is a nuclear receptor
which plays a critical role as a mediator for the
actions of the estrogen hormones, ERα is predom-
inant and highly expressed ER in breast cancer

Figure 3. 2D interactions of dihydrobenzoxathin as a cocrystallized selective ligand in the active site of ER· subtype 
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Table 1. IC50 values (dose that inhibits 50% of cells) of the tested compounds and doxorubicin expressed in
µg/mL ± S.E.

Compound IC50 ± S.E. Compound IC50 ± S.E

II 11.44 ± 1.56 IVf 9.1 ± 0.22

III 13.81 ± 2.73 IVg 25.96 ± 1.39

IVa 10.12 ± 3.23 IVh 8.52 ± 0.20

IVb 9.26 ± 0.14 Va 9.23 ± 1.66

IVc 9.23 ± 1.34 Vb 14.29 ± 1.71

IVd 11.12 ± 0.25 VI 13.21 ± 1.21

IVe 13.31 ± 0.23 Doxorubicin 12.2 ± 2.12 

Figure 4. Redocked dihydrobenzoxathin ligand in the active site of ERα subtype, rmds = 0.921 and S = -26.18 kcal/mol

Figure 5. Compound IVh in the active site of ERα subtype
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Figure 6. Compound IVf in the active site of ERα subtype

Figure 7. Compound IVb in the active site of ERα subtype
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(45). Docking the best active compounds into the
active site of ERα subtype to explore their ability
of binding to this receptor was performed using
Molecular Operating Environment (MOE,
10.2008) software and the PDB file that was
obtained from protein data bank is 1SJ0 (43),
refined, protonated and saved as moe file for dock-
ing. This file represents the human ERα subtype
cocrystallized with benzoxathin ligand (Fig. 3), to
perform accurate docking protocol. Validation
process was performed by redocking this ligand to
the active site of the ERα, the docking score ener-
gy was -26.18 kcal/mol, rmds value was 0.921 and
amino acid interactions was Gly 521, Glu 353, Arg
394 and His 524 (Fig. 4). All the docked com-
pounds showed good score energy range from 
-13.5 to -25.3 kcal/mol (Table 3), that indicates
their ability to fit into the active site of ERα sub-
type. Moreover, compound IVh (Fig. 5) showed
amino acid interaction with Thr 347, compound
IVf (Fig. 6) showed amino acid interactions with
the same amino acid and compound IVb (Fig. 7)
with Asp 351 amino acid. The best fitting score
energy was shown by compound IVh.

CONCLUSION

In this study novel series II-VI of compounds
having quinazolin-4(3H)-one scaffold was synthe-
sized. All synthesized compounds were screened
against MCF-7 cell line in order to determine their
possible anti-breast cancer activity. Most of the
tested compounds have shown promising activities
against the human breast cancer cell line at very low
concentrations and some of them showed better
activity than doxorubicin. Substituting the para
position of 3-phenyl moiety with ethyl ester II gave
better activity against MCF-7 than doxorubicin, the
best active of compounds with the general formula
A (Fig. 2) was IVh with the least bulky substitution
on Schiff base (furan moiety), whereas substitution
with naphthalene moiety IVg dramatically
decreased the activity. Substituting the aryl moiety
in Schiff base with 3,4-dichloro IVe decreased the
activity compared to mono chloro substituent IVd.
All compounds having the general formula A

(Schiff base derivatives) showed better activity than
doxorubicin except IVe and IVg as they contain
3,4-dichlorophenyl and naphthalene moiety,
respectively. None of compounds with the general
formula B (Fig. 2) showed to be more active than
doxorubicin except Va which is substituted with
carboxamide at the para position of 3-phenyl moi-
ety, the other derivatives III, Vb, VI showed activ-
ity nearly similar to doxorubicin. It is interesting to
note that a minor alteration in the molecular config-
uration of investigated compounds may have a pro-
nounced effect on anticancer activity, e.g., com-
pound Va having phenylhydrazine carboxamide
moiety showed higher anticancer activity than com-
pound Vb that have phenylhydrazine carboth-
ioamide moiety. On the other hand, Schiff bases
substitution with bulky group (compound IVg)

decreased anticancer activity compared to all other

Table 3. Binding score energy of the best active compounds and benzoxathin ligand with ER· subtype.

Compound Amino acid
No.

S (kcal/mol)
interaction

IVb -14.23 Asp 351

IVc -14.57

IVf -16.83 Thr 347

IVh -25.29 Thr 347

Va -13.52

Benzoxathin -26.18 Asp 351, His 524
Glu 353, Arg 394  

Table 2. Estrogen receptor a inhibition %.

Comp. Inhibition
No. %

IVb 66.7

IVc 47.3

IVf 71.3

IVh 85

Va 41

Tamoxifen 100
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Schiff bases, especially compound IVh, which is
the best active one. Docking IVb, IVc, IVf, IVh

and V compounds against the active site of ERα
subtype was performed to investigate their binding
mode with this receptor which is a key target in
treatment of breast cancer. All compounds showed
a good fitting score energy, evaluating ERα
inhibitory activity revealed good inhibitory proper-
ties of these compounds. In light of obtained results
we can conclude that 6,8-dibromo-2-(4-chloro-
phenyl)-4H-quinazolin-4-one with para substituted
phenyl moiety at position 3 represent a useful scaf-
fold for designing new promising active drugs in
breast cancer treatment with the ability of binding
to human ERα subtype which is the key target in
breast cancer treatment.
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Diabetes mellitus (DM) as a major public
health problem, has increased prevalence in the mod-
ern world (1). It is a group of metabolic diseases
characterized by chronic high blood sugar, either
because the body does not produce enough insulin,
or that target cells do not respond to the insulin that
is produced (2). The high blood sugar produces the
classical symptoms such as polyuria, polydipsia
(increased thirst) and polyphagia (increased hunger).
The World Health Organization estimated a total of
171 million people with DM from the global popula-
tion in 2000, and it has been projected to increase to
366 million by 2030 (3). Available research findings
indicate that type 2 diabetes is no longer a disease of
middle or old age, rather it now affects children of 10
years old or above, hence necessitating a holistic
approach in looking for a cure. 

Along with pharmacological treatment, non-
pharmacological treatment has become essential for

the prevention and management of diabetes mellitus
at such related conditions including malnutrition and
cardiovascular diseases. For instance, dietary advice
given to older people with diabetes is intended to
maintain adequate nutrition thereby complementing
the observed tissue wasting. However, besides the
nutritional complementary role, most leafy veg-
etable also exert therapeutic functions, in which case
they are referred to as functional foods. Natural
products in the medicinal plants have been used as a
source of drugs in the traditional medicine (4, 5).

Tinospora crispa is one such vegetable with
nutritional and pharmacological functions. Tinospo-
ra crispa is an indigenous medicinal plant belong-
ing to Menispermaceae family, known with local
name ìakar patawaliî and ìakar seruntumî. It is an
indigenous medicinal plant that commonly grows
wild in Asian countries including Malaysia
Indonesia, Thailand and the Philippines (6). The
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leaves, roots, stems, all have their own miracle in
curing diseases (7) that has a folk reputation in rural
southern India as a hypoglycemic agent. For many
years, Tinospora crispa has also been used in South
East Asia especially India, China and Malaysia for
treating various ailments such as prurigo, eczema,
impetigo and oxidative stress conditions (8), Whole
T. crispa is used to treat cholera among the Malay
community and its stem for various therapeutic pur-
poses such as treatment for hypertension, stimula-
tion of appetite and protection from mosquito bites
and to treat ailments like jaundice, wounds, intes-
tinal worms and skin infections, tooth and stomach
aches, coughs, asthma and pleurisy (9), and in Thai
a decoction from the stems has been used as an
antipyretic, for treating internal inflammations,
reducing thirst, cooling down the body temperature
and for maintaining good health (10). Sometimes, it
was also used as an anti-parasitic agent in both man
and domestic animals (6, 11) This plant, able to
cause a reduction in serum glucose level in diabetic
rats, and the hypoglycemic effect, was probably due
to its insulinotropic activity also increased periph-
eral utilization of glucose and inhibited hepatic glu-
cose release (1). T. crispa has been demonstrated to
possess antifilarial, antimalarial, antipyretic, anti-
bacterial, and antihyperglycemic effects (6). In
Indonesia (Borneo) it has been used to treat lumba-
go (10).

In another study, Tinospora crispa ethanol
extract was not capable of lowering blood sugar and
insulin levels (12). Previous studies on this herb
showed that its aqueous extract was able to cause a
reduction in blood glucose level in moderately dia-
betic rats, and the hypoglycemic effect was probably
due to its insulinotropic activity (13). 

Malaysian diabetics are also at high risk of
macro vascular complications including ischemic
heart disease and stroke, in part due to late diagno-
sis and poor glycemic control but also because of the
high association with other components of the meta-
bolic syndrome such as obesity, hypertension (10-
37%) and hyperlipidemia (63-76%) (14). Hence, the
dare for finding a new method such as a utilizing
herb/s in treating and controlling diabetes. In South
East Asian countries like Malaysia and China, an
aqueous extract of Tinospora crispa is taken orally
as a diabetes treatment. The Malays in Malaysia
consider the vine as a universal medicine and its the
most popular local medicinal plants. Makab¸hai, the
common Tagalog name, means ìto give lifeî. A
detailed review article also documented the chemi-
cal and biological importance of this plant (18).

In the present study, we investigated the normo-
glycemic and anti-hyperglycemic effect of T. crispa
extract on streptozotocin-induced diabetic rats. This
study also investigated the effect of different fractions
of T. crispa on lipid profile of diabetic rats.

Figure 1. The effect of oral administration of, glibenclamide petroleum ether, chloroform, methanol and water extracts of T. crispa stems
1 g/kg, respectively, on glycemic effect on diabetic rats. Values are the means ± S.E.M. of six animals
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MATERIALS AND METHODS

Plant materials

Overall weight of 10 kg of Tinospora crispa
stems were purchased from Herbagus, Penang
Island, Malaysia. One sample of the plant include
stems, leaves and roots was send to Herbarium lab-
oratory of USM and botanical identification of the
plant was carried out by Dr. Rahad Zakaria. A
voucher speciment of the plant (no. 11509) is
deposited at the Herbarium of School of Biology
Sciences, USM.

Preparation of plant extracts 

The stems were washed and dried in an oven at
45OC. The dried materials were grounded into pow-
der using Wiley Laboratory Mill apparatus to a
coarse powder, and weighed and stored in dry air-
tight plastic containers until use. The dried stems
powdered (1.95 kg) were extracted successively
with petroleum ether followed by chloroform then
with methanol and finally with water by maceration.
The residue of the stems from the water bath extrac-
tions were further macerated in water at 50-60OC for
three days but for water extract it was 80OC (10) and
it was repeated three times. The mixtures were fil-
tered with Whatman No. 1 filter paper three times to
obtain the supernatant. Afterwards, the solvent was
evaporated from each extract (using rotary evapora-
tor) and the concentrated extracts were kept in a
freezer at -70OC for 24 h. The concentrated frozen
extract was then freeze dried under vacuum at -40OC
for 24 h to give dried powdered extract. Dried
extract were stored at -4OC until used.

Experimental animals

Male Sprague Dawley rats weighing (200-
250 g) used in this study were obtained from the
animal house Universiti Sains Malaysia. They
were housed in clean cages and fed with food and
water (temperature 25-30OC, 12 h light/dark
cycle). Rats were randomly divided into six
groups of six animals (6 ◊ 6 = 36) separately for
the two categories of the experiments: hypo-
glycemic test on healthy rats (21) and anti-hyper-
glycemic test in diabetic rats.

Diabetes induction

In the anti-hyperglycemic set of the experi-
ment, 36 male Sprague-Dawley rats were induced
with diabetes by a single i.p. injection of streptozo-
tocin (55 mg/kg) dissolved in cold normal saline,
after an overnight fasting (10-12 h), as reported by
(16). The blood glucose levels of the rats were deter-
mined 3 days later using blood from tail puncture
and a glucometer. Rats with blood glucose level
higher than 15 mmol/dL were considered diabetic
and used for the experiment (16).

Experimental protocol

In the hypoglycemic test, rats were treated
orally with the plant extracts (1.0 g/kg) suspended in
Tween 80. Negative control group was treated with
10% Tween 80 in distilled water and positive con-
trol group with glibenclamide (10 mg/kg). Blood
samples were collected from the tail vein at 0, 1, 2,
3, 5 and 7 h after treatment for blood glucose meas-
urement and this treatment was continued for nine
days and blood samples collected every three days

Figure 2. The effect of oral administration of: glibenclamide, petroleum ether, chloroform, methanol and water extracts of T. crispa stems
1 g/kg, respectively, on antihyperglycemic effect on diabetic rats. Values are the means ± S.E.M. of six animals. * p < 0.05 compared with
normal control while # vs. diabetic control
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(14). In anti-hyperglycemic test, the diabetic rats
were fasted overnight (12 h), rat tails were cleaned
with 70% alcohol and a small cut was made on tail
vein to obtain 10 µL blood samples. Blood was
taken to measure glucose level using ACCU-
CHEKÆ Advantage III. The test groups of 6 diabet-
ic rats were treated orally with extracts of T. crispa
(1.0 g/kg), glibenclamide (10 mg/kg) and 10%
Tween 80, (10 mL/kg), respectively. Blood samples
were collected from the tail vein at 0, 1, 2, 3, 5 and
7 h after administration for blood glucose measure-
ment and the treatment was continued for nine days
and blood samples were collected every three days
to the end of experiment. Whole blood collected
directly from heart by using syringe and needle (No.
16) into heparinized tubes was centrifuged and 2 mL
plasma separated from each blood tube was used for
glucose and lipid profile tests.

Statistical analysis

Data were analyzed by using the SPSS and
GraphPad Prism software and differences between
treatment and controls were considered significant
at p < 0.05. Lipid profile data were analyzed by
using one way ANOVA and Boneferoni post hoc
test. 

RESULTS 

Figure 1 shows normoglycemic effects of dif-
ferent fractions of the plant. The extracts had no sig-
nificant effect on blood glucose level during 7 h test
comparing to normal control group, treated by nor-
mal saline and positive control group which was
receiving glibenclamide 10 mg /kg. It also shows
that 10 mg/kg glibenclamide is lowering glucose
level significantly compared to normal control.

The effect of administration of extracts of
Tinospora crispa on blood glucose level of diabetic
rats is shown in Figure 2. From the day 6, water and
methanol extracts significantly lowered blood glu-
cose level. However, on day 9, water extract along
with glibenclamide displayed strong blood glucose
lowering effect (p < 0.05) as compared to diabetic
control group.

Figures 3-6 show changes of triglyceride,
LDL, HDL and cholesterol in blood samples of dia-
betic rats after 9 days treated by petroleum ether,
chloroform, methanol and water extracts of
Tinospora crispa (1 g/kg) compared with diabetic
control (normal saline) and glibenclamide.
According to Figure 3 and 4, respectively, there is
no significant effect on total triglyceride and LDL

Figure 3. The effect of oral administration of petroleum ether,
chloroform, methanol and water extracts of T. crispa stems 1 g/kg,
respectively, on triglyceride level of diabetic rats. Values are the
means ± S.E.M. of six animals. * p < 0.05 compared with normal
control, Ψ p < 0.05 vs. diabetic control

Figure 4. The effect of oral administration of petroleum ether,
chloroform, methanol and water extracts of T. crispa stems 1 g/kg
respectively on LDL level of diabetic rats. Values are the means ±
S.E.M. of six animals. * p < 0.05, ** p < 0.005, *** p < 0.0001
compared with normal control while Ψ p < 0.05, ΨΨΨ p < 0.0001
vs. diabetic control
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although in Figure 5 we observed some significant
increase in HDL level of diabetic rats treated with
methanol and chloroform extract. Also in Figure 6,
we have the same significant increase of blood cho-
lesterol level treated by methanol extract of T.
crispa.

DISCUSSION

The present study was aimed to demonstrate
the most active and potential extract of T. crispa
plant (out of four extracts) as an oral anti-hyper-
glycemic agent effecting diabetic rats. This study
has shown that when petroleum ether, chloroform,
methanol and water extracts were given to normo-
glycemic rats they shown no hypoglycemic activity
and there was no statistically significant and scien-
tifically meaningful reduction in blood glucose
level. Our data is in line with some other study (15)
in which different fractions of plant has shown no
hypoglycemic activity even after several hours of
administration. These data are confirming the evi-
dence that capsule of T. crispa when given to healthy
rats make individual glucose level and insulin level
in the plasma unaffected (1). In the contrary to
extracts of this plant, the positive control drug has
shown hypoglycemic effect which is in line with
mode of action of the drug. Glibenclamide is the sul-
fonylurea and has an ability to sensitize the β cells

of Islets of Langerhans to secrete more insulin to
metabolize the glucose inside the body. Thus, it is
clearly indicated that four extracts of plant T. crispa
has no ability to sensitize these β cells to secrete
insulin.

In subsequent step, diabetes was induced by
streptozotocin (STZ) which causes the necrosis of β
cells of pancreas. The STZ is a glucose analogue,
accumulates in pancreas and dissociates into glucose
and methylnitrosourea. This methylnitrosourea
alkylates and modifies biomolecules (destroy DNA)
and destroy β cells thus causing diabetes (17). The
glibenclamide being positive control as standard
drug failed to bring the glucose level to normal or
close to normal value. The logic behind this failure
is destruction of β cells and lack of ability of b cells
to secrete insulin. However, among all the plant
extracts, water extract of T. crispa, at the dose of 1
g/kg, effected the glucose level less than gliben-
clamide. This shows that when β cells are destroyed,
then the water extract can reduce the glucose level
by a different mechanism which is still unclear.
However, these data are in line with previous study
on human in which insulin level in plasma was ele-
vated after taking aquous extract of T. crispa (13).
The mechanism by which water extract of T. crispa
reduces the blood glucose levels even when β cells
are destroyed remained unclear. In these results,
there was no significant effect on blood glucose lev-

Figure 5. The effect of oral administration of petroleum ether,
chloroform, methanol and water extracts of T. crispa stems 1 g/kg,
respectively, on HDL level of diabetic rats. Values are the means
± S.E.M. of six animals. * p < 0.05 compared with normal control
while Ψ vs. diabetic control

Figure 6. The effect of oral administration of petroleum ether,
chloroform, methanol and water extracts of T. crispa stems 1 g/kg,
respectively, on cholesterol level of diabetic rats. Values are the
means ± S.E.M. of six animals. ** p < 0.05, *** p < 0.001 com-
pared with normal control; Ψ p < 0.05 vs. diabetic control
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els in diabetic rats treated with petroleum ether,
chloroform and methanol extracts.

The dyslipidemic effect of four extracts of T.
crispa showed variable data in respect to pharmaco-
logical response. The total glyceride levels were
lower in chloroform and water extract of T. crispa
but this decrease was not significant, although it was
meaningful enough to be counted. The lethal cho-
lesterol LDL level was not reduced by using all four
fractions indicating that none of the extracts has dys-
lipidemic activity. In contrary to all good choles-
terol, HDL level was improved by using all the
extracts but the highest levels of HDL were
observed with methanol, chloroform and water
extracts, respectively, as compared to glibenclamide
treated and diabetic rats. This indicates that this
plant has potential of reducing cholesterol level by
improving HDL levels. However, the most active
fraction and different doses of that fraction need to
be elucidated to get therapeutic responses.

Furthermore, this study extended the effects of
all extracts of T. crispa on lipid profile of diabetic
rats. The reason behind this idea was that every dia-
betic patient should be given statin to avoid second-
ary complications. Water extract has been found to
be effect in modulating the lipid profile as compared
to other fractions. Although methanol extract have
been found to increase HDL levels in plasma, but at
the same time has been blamed for increasing TG
levels as compared to diabetic control. Lipid profile
found to be well controlled by administering water
extract irrespective of the fact that no statin as posi-
tive control is being used. The myth of the study was
to compare best fraction of T. crispa which has not
only antihyperglycemic control but also has ability
to reduce cholesterol levels as compared to diabetic
control and glibenclamide.

CONCLUSION

Present study confirmed that none of the frac-
tion of T. crispa has hypoglycemic effect but water
extract of T. crispa has antihyperglycemic effect
along with the ability to reduce the lipid profile in
diabetic rats.

Our results suggest that Tinospora crispa water
extract can affect serum glucose levels in diabetic
rats with type 2 diabetes mellitus and provide better
lipid control in diabetic rats.
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Perilla frutescens L. (perilla) is an annual
herbaceous plant belonging to the Lamiaceae Lindl.
family. Species is originated from East Asia where
it has been traditionally used as aromatic, spice and
medicinal plant for treatment of various ailments
including inflammation, allergies, food poisoning
(1, 2). Perilla generally exists as red/purple-leaf and
green-leaf forms in characteristics of leaf color (3).
Perilla leaves contain a multitude complex of phyto-
chemicals such as phenolic compounds (flavone
derivatives, phenolic acids ñ rosmarinic acid) (4),
triterpenic acids (ursolic, oleonolic acids) (5), bioac-
tive monoterpenes (perillyl alcohol, isoegomake-
tone) (6). Various studies confirmed antioxidant
power of phenolic-rich herbal extracts (7-9). 

The biochemical targets of phenolic com-
pounds are distributed in cellular compartments
(10). Ones of the most important and pivotal in life
and death processes of cell are mitochondria. Main
sites of effect are: interactions with reactive oxygen
species (ROS) formation processes (11); triggering
of intrinsic apoptotic pathway mediated by release
of cytochrome c (12); effect on mitochondrial per-
meability transition (MPT) (13); uncoupling of oxi-
dation and phosphorylation or activation of uncou-
pling proteins UCPs (14). It has been also shown
that activation of caspases may be regulated by the
redox state of cytochrome c, and the reduced
cytochrome c is less potent to caspase activation as
compared to oxidized form (15-18). Moreover,
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mitochondria play an important role as a source of
ROS in the cell as well as they are critical targets of
the damaging effects of ROS (19). The ROS can
cause variations in enzyme activity, inhibit protein
synthesis and increase the membranes permeability,
disturb the cell signaling and growth processes. 

Mitochondrial integrity and oxidative phos-
phorylation efficiency forms the basis of the bioen-
ergy and vitality of the cell. Depending on the con-
centration and structural peculiarities, biological
effect of the phenolic compounds is associated with
their antioxidant or pro-oxidant effect (20, 21) as
well as with their effects on oxidative phosphoryla-
tion (22, 23). Modulation of these effects can be
used in prevention of numerous mitochondria relat-
ed chronic diseases (24, 25). 

It is therefore important to investigate the
effect of the phenolic-rich herbal extracts on mito-
chondria energy metabolism, intracellular signaling
pathways and pathological processes. To our knowl-
edge the mechanism of action of perilla extracts on
heart mitochondrial functions has not been investi-
gated yet. 

Therefore, the aim of this study was to evalu-
ate the effects of the red-leaf form P. frutescens
extract (PFE) and the green-leaf form P. frutescens
var. crispa f. viridis extract (PCE) on the oxidative
phosphorylation in the rat heart mitochondria and on
the antioxidant activity.

MATERIALS AND METHODS

Chemicals and plant material

All the used solvents were of HPLC grade.
Methanol, acetonitrile, orthophosphoric acid, acetic
acid, chlorogenic acid, rosmarinic acid, caffeic acid,
cyanidin chloride and scutellarin hydrate were pur-
chased from Sigma-Aldrich GmbH (Buchs,
Switzerland). Ultrapure water (18.2 mΩ/cm) was
prepared by Millipore (USA) water purification sys-
tem. Ethanol was provided by Stumbras (Kaunas,
Lithuania). Potassium chloride and magnesium
chloride were purchased from Roth (Karlsruhe,
Germany). AmplexÆ Red was purchased from
Invitrogen (Carlsbad, USA). All other chemicals
used in this study were obtained from Sigma-
Aldrich Chemie (Steinheim, Germany). 

The raw material used for the research was
comprised of perilla aboveground part samples col-
lected in the trial area of the Botanical garden of
Vytautas Magnus University. Specimens with
voucher numbers (No. 10343, 10344) were deposit-
ed in the herbarium of Botanical garden of Vytautas
Magnus University. Two cultivars of P. frutescens

were used: the red-leaf form P. frutescens (PF) and
the green-leaf form P. frutescens var. crispa f. viridis
(PC). The air dry raw material was milled up to the
size of the particles passing through the 355 µm
mesh. The hydroalcoholic extracts (1 : 10) of PF and
PC were prepared by maceration method with 40%
ethanol at room temperature initially for 48 h and
thereafter until exhaustion. The obtained extracts (P.
frutescens ethanolic extract ñ PFE; P. frutescens var.
crispa f. viridis ethanolic extract ñ PCE) were freeze
dried for 48 h using a laboratory freeze dryer with
shell freezer FD8512S (Ilshin Lab. Co., Ltd.,
Gyeonggi-do, South Korea). 

Quantitative analysis of phenolic compounds by

HPLC

Chromatograph Waters 2695 with 2 detectors
Waters 2487 UV/Vis and Waters 996 DAD (Waters,
Milford, USA) was used for the analysis. The ana-
lytes were distributed by ACE C18 analytic column
(5 µm, 150 ◊ 4.6 mm) with the guard column ñ ACE
5 µm C18 (Aberdeen, Scotland). Ten microliters of
the test sample was injected. The analysis was per-
formed at room temperature.

Anthocyanidin analysis
Acid mediated hydrolysis was performed prior

to HPLC analysis. The anthocyanin content was
converted to anthocyanidin - cyanidin. The detec-
tion was performed at the wavelength of 520 nm.
The flow speed was 1 mL/min. Eluent A was ace-
tonitrile (ACN), eluent B was orthophosphoric acid
(H3PO4). The following alteration of the gradient
was used: 0 min ñ 7% A (93% B), 37 min ñ 25% A
(75% B), 40 min ñ 7% A (93% B), 45 min ñ 7% A
(93% B). Cyanidin was identified by comparing the
analyte retention time to standard retention time and
spectrum achieved by the DAD detector. Total
anthocyanidin content is presented in cyanidin
equivalents. 

Analysis of phenolic acids and flavones 
The detection was performed at the wavelength

of 290 nm. The flow speed was 1 mL/min. Eluent A
was acetic acid of 0.5%, eluent B ñ methanol.
Gradient alteration: 0 min. ñ 90% A and 10% B; 40
min. ñ 20% A and 80% B; 50 min. ñ 10% A and
90% B; 52 min. ñ 0% A and 100% B; 53 min. ñ 90%
A and 10% B; 60 min. ñ 90% and 10% B.
Rosmarinic acid, caffeic acid, chlorogenic acid and
scutellarin were identified by comparing the ana-
lytes retention times with standard retention times
and spectrum achieved with the DAD detector.
Combined detection system (HPLC-MS-DAD) was
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applied for the essence analysis for identification of
the flavones (apigenin-7-O-caffeoylglucoside, lute-
olin-7-O-diglucuronide and apigenin-7-O-diglu-
curonide). HPLC pump Waters 1525 connected to
the DAD detector Waters 996 and through flow sep-
arator connected to MS detector Waters ZQ 2000
(Waters, Milford, MA, USA) equipped with quadru-
pole mass analyzer was used under the negative
electrospray ionization conditions. M/z interval
from 100 to 950 a.u. was selected for the test.
Capillary voltage was 3 kV, the voltage of extractor
was 30 V, and temperature of the source was 120OC.
M/z ratio, mass fragments, DAD spectra, retention
time are used to identify separate components and to
relate the data of the both systems. Retention times,
molecular mass of the compound, mass fragments,
λmax absorption were compared with literature data.
Quantity of the flavone glycosides was calculated as
equivalents of luteolin-7-O-glucoside.

Ethics statement

All experimental procedures were performed
according to the European Convention for the
Protection of Vertebrate Animals Used for
Experimental and Other Scientific Purposes (License
No. 0006). The experimental procedures used in the
present study were performed according to the per-
mission of the Department of Public Food and
Veterinary Service of Lithuania (No. 0155 July 12th,
2007). Adult male Wistar rats weighing 200-250 g
were housed under standard laboratory conditions and
maintained on natural light and dark cycle and had
free access to food and water. Animals were acclima-
tized to laboratory conditions before the experiment.

Preparation of rat heart mitochondria

Hearts of male Wistar rats were excised and
rinsed in ice-cold 0.9% KCl solution. Subsequently,
the tissue was cut into small pieces and homoge-
nized in a buffer (10 mL/g tissue) containing 180
mM KCl, 10 mM Tris/HCl and 1 mM EGTA (pH
7.7) for 45 s. The homogenate was centrifuged at
750 ◊ g for 5 min and the supernatant obtained was
centrifuged at 6800 ◊ g for 10 min. The mitochon-
drial pellet was suspended in buffer containing 180
mM KCl, 20 mM Tris/HCl and 3 mM EGTA (pH
7.35) to approximately 50 mg/mL protein, and
stored on ice. Biuret method was applied for protein
quantity determination in the mitochondria suspen-
sion using bovine serum albumin as a standard (26).

Mitochondrial respiration measurement 

Thermostatically controlled cell with a Clark-
type oxygen electrode was used for mitochondrial

respiration measurement at 37OC in 1.5 mL measur-
ing medium of the following composition: 150 mM
KCl, 10 mM Tris-HCl, 5 mM KH2PO4, 1 mM
MgCl2, pH 7.2, with substrates: 1) 5 mM pyruvate
and 5 mM malate or 2) 15 mM succinate (+ 2 mM
amytal). It is estimated that the medium contains
420 nmol O/mL of dissolved oxygen.
Mitochondrial respiration rate in the second meta-
bolic state (V2) was registered by adding 0.5 mg/mL
of mitochondria and the respective substrate into
the medium, and after adding 1 mM ADP the mito-
chondrial respiration rate was registered in the third
metabolic state (State 3; V3). State 4 respiration rate
was measured after addition of atractyloside, an
inhibitor of ADP/ATP transport. Finally,
cytochrome c was added during State 4, and the
State 4 respiration rate in the presence of
cytochrome c (V4 + cyt c) was registered. P.
frutescens and P. frutescens var. crispa f. viridis
ethanolic extracts (14.6 mg/mL) were added to the
measuring cell (1.58 mL) during the phase of State
2 (V2) respiration in different quantities (9, 46, 69,
92, 184 and 323 µg/mL). Standard solution of ros-
marinic acid was prepared by dissolving the acid in
water (0.07 mg/mL). Mitochondrial respiration rate
was expressed in nmol O/min/mg of mitochondrial
protein. 

Measurement of H2O2 generation 

The generation of ROS was estimated as the
release of H2O2 from isolated rat heart mitochondria
(0.25 mg/mL) and determined fluorimetrically using
Ascent Fluoroskan plate reader (Thermo Fisher
Scientific). Mitochondria (0.25 mg/mL) were incu-
bated for 30 min in the same medium as used for
mitochondrial respiration (at 37OC) supplemented
with pyruvate (6 mM) plus malate (6 mM),
antimycin A (0.016 µg/mL), and without (for con-
trol) or with different amounts of PFE and PCE
(36.5ñ200.7 µg/mL). After incubation, Amplex Red
(5 µM) and horseradish peroxidase (2 U/mL) were
added, and fluorescence (excitation at 544 nm,
emission at 590 nm) was measured. Amplex Red
fluorescence response was calibrated by adding
known amounts (nmol) of H2O2.

Statistical analysis

Statistical data analysis packages SPSS 17.0
and Microsoft Excel were used in analysis of the
data. All experiments were carried out in triplicate
of three separate experiments and expressed as the
mean ± standard error. Statistically significant dif-
ferences were determined using Studentís t-test.
Level of significance α = 0.05 was chosen. 



138 LINA RAUDONE et al.

RESULTS

Phenolic composition of P. frutescens extracts

(PFE and PCE) 

Anthocyanins, flavones and phenolic acids
were determined in P. frutescens and P. frutescens
var. crispa f. viridis (PCE and PFE) extracts. During
HPLC-DAD-ESI/MS analysis 4 flavone glycosides
were identified by applying the negative ionization
model in the PFE and PCE extracts (27). Rosmarinic
acid was found to be predominant phenolic com-
pound in PFE and PCE extracts (Table 1). Main
qualitative difference between the extracts is that
PCE does not contain anthocyanins. Amounts of
luteolin-7-O-diglucuronide and scutellarin are sig-
nificantly greater in PFE extract 27.43 ± 2.3 and
10.49 ± 3.4 mg/g, respectively (p < 0.05). Notable
amount of apigenin-7-O-diglucuronide 15.18 ± 2.1

mg/g was detected in PCE extract. Chlorogenic and
caffeic acids were minor components among identi-
fied compounds in both extracts of P. frutescens
(Table 1). 

Effects of PFE and PCE on mitochondrial oxida-

tive phosphorylation

In order to compare the direct effects of red
leaf form P. frutescens (PFE) and green-leaf form P.
frutescens var. crispa f. viridis (PCE) extracts on
mitochondrial oxidative phosphorylation, the mito-
chondrial respiration rates in various metabolic
states were measured. In a first series of experi-
ments, the effects of PFE and PCE on the pyruvate
and malate (mitochondrial Complex I dependent
substrates) oxidation (Tables 2, 3) were assessed.

As can be seen in Tables 2 and 3, none of the
investigated extracts had any significant effect on

Table 2. Effect of P. frutescens ethanolic extract (PFE) on the rat heart mitochondrial function (pyruvate + malate substrate). 

Pyruvate + PFE 9 PFE 46 PFE 92 PFE 184 PFE 323
malate

Control
µg/mL  µg/mL µg/mL  µg/mL µg/mL 

V2 50.5 ± 2.1 53.4 ± 1.1 52.1 ± 2.9 47.2 ± 2.2 44.5 ± 2.9 46.2 ± 2.0

V2 + PFE 53.7 ± 0.4 51.5 ± 2.1 48.5 ± 2.2 50.1 ± 2.9 59.4 ± 2.2

V3 222.8 ± 11.1 210.7 ± 12.7 194.2 ± 19.5 174.3 ± 10.9* 87.1 ± 9.9* 66.1 ± 8.3*

V4 48.2 ± 1.6 53.3 ± 2.9 49.5 ± 1.8 46.5 ± 2.1 40.5 ± 5.4 47.3 ± 5.3

V4 + cyt c 90.6 ± 2.9 90.3 ± 3.3 98.8 ± 9.3 111.4 ± 8.3* 124.8 ± 8.9* 159.4 ± 7.4*

RCI 4.5 ± 0.3 3.9 ± 0.3 3.6 ± 0.3 3.7 ± 0.1* 1.9 ± 0.2* 1.4 ± 0.1*

V2 ñ mitochondrial respiration rate in the second metabolic state with 0.5 mg/mL mitochondria and 5 mM pyruvate + 5 mM malate. V3 ñ
mitochondrial respiration rate in the third metabolic state, with 1 mM ADP. V4 ñ mitochondrial respiration rate in the fourth metabolic
state, with 0.12 mM atractiloside. V4 + cyt c ñ mitochondrial respiration rate in the fourth metabolic state with 32 µM cytochrome c. RCI ñ
mitochondrial respiration control index; n = 3; *p < 0.05.

Table 1. Amounts of phenolic compounds in P. frutescens extracts (mg/g in dry extract of PFE and PCE and ng/µL in working solution). 

Compounds
PFE PCE

mg/g ng/µL mg/g ng/µL

Anthocyaninsa 2.79 ± 0.68 40.73 ± 0.15 n.d. n.d.

Apigenin-7-O-caffeoylglucosideb 2.44 ± 0.43 35.58 ± 0.34 2.06 ± 0.56 30.01 ± 0.65

Luteolin-7-O-diglucuronideb 27.43 ± 2.30 400.47 ± 8.80 4.17 ± 0.57 60.81 ± 1.33

Apigenin-7-O-diglucuronideb 11.65 ± 1.34 170.15 ± 5.30 15.18 ± 2.13 221.56 ± 6.40

Scutellarin 10.49 ± 3.40 153.26 ± 6.71 6.50 ± 1.12 94.84 ± 5.32

Rosmarinic acid 23.50 ± 3.20 343.20 ± 9.31 24.33 ± 2.74 355.25 ± 10.31

Chlorogenic acid 0.28 ± 0.01 4.05 ± 0.34 0.69 ± 0.10 10.02 ± 2.43

Caffeic acid 1.54 ± 0.70 22.48 ± 0.34 0.79 ± 0.11 11.47 ± 1.73

Total 80.13 ± 4.27 1169.93 ± 34.45 53.71 ± 2.13 783.98 ± 20.84

a ñ amount of anthocyanidins was expressed as equivalents of cyanidin; b ñ amount of flavone was expressed as equivalents of luteolin-7-
O-glucoside.
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the mitochondrial State 2 respiration rate. Maximal,
i.e., ADP stimulated mitochondrial respiration rate
(V3) was not affected by lower concentrations of
both extracts (Tables 2, 3), however higher concen-
trations (92 µg/mL, and higher) induced the inhibi-
tion (by 22-70% for PFE and by 45-55% for PCE,
respectively (p < 0.05), depending on the concentra-
tion used. The highest applied PFE (323 µg/mL) and
PCE (184 µg/mL) extract concentration inhibited the
V3 rate by 70 and 55%, respectively (Tables 2, 3).
For comparison of both extracts effect on the maxi-
mal mitochondrial respiration rate by oxidizing the
mitochondrial Complex II-dependent substrate -
succinate, further experiments were carried out. We
found that PFE (at the concentration range of 9ñ46
µg/mL) and PCE (9ñ69 µg/mL had no significant
effect on the mitochondrial respiration rates in the
States 2 and 3. Statistically significant (44ñ54% for
PFE and 19ñ30%, for PCE, respectively) decrease in
the mitochondrial respiration rate in the State 3 (V3)
was observed at the higher PFE (92ñ323 µg/mL) and
PCE (92ñ184 µg/mL) concentrations (Figs. 1, 2). In
summary, the inhibitory effects of both extracts
(PFE and PCE) on ADP-stimulated respiration are
more expressed on pyruvate malate (Complex I)-
dependent oxidation than on Complex II (succinate)
oxidation. 

Mitochondrial respiration control index (RCI)
showing the mitochondrial coupling between oxida-
tion and phosphorylation was assessed. RCI was not
affected at lower concentrations by both extracts,
whereas a concentration dependent decline in RCI
(from 24 up to 69% and from 46 up to 62%, respec-
tively, substrates pyruvate + malate (Figs. 1, 2), p <
0.05) was observed when 92 µg/mL and higher con-

centrations of PFE and PCE were used. Effect on
RCI when oxidizing succinate was lower (30-40%
and 24-33%, respectively), at 184-323 µg/mL of
PFE (Fig. 1) and 92-184 µg/mL of PCE (Fig. 2).

In order to find out why the inhibition of the
mitochondrial respiration rate is observed in the
third metabolic state when high concentrations of
perilla extracts were used, we investigated the effect
of these extracts on the mitochondrial respiration
rate uncoupled from the phosphorylation (i.e., from
ATP synthesis), VCCCP. (Table 4). Our results show
(Table 4) that the uncoupled respiration rate
decreased similarly as State 3 (by 45% and by 47%,
substrate pyruvate + malate; and by 43-27%; sub-
strate succinate) for both extracts (PFE and PCE,
respectively) respiration rate showing that it might
be due to the inhibition of mitochondrial respiratory
chain at Complex I and Complex II. 

The most important difference between the
anthocyanin-containing red perilla extract PFE and
green perilla extract PCE (which contains no antho-
cyanins) is that PFE induced a powerful concentra-
tion dependent stimulation of the State 4 respiration
rate when external cytochrome c was added at State
4. Thus, the State 4 respiration rate in the presence
of cytochrome c (V4 + cyt c) increased by 23, 38 and
76%, respectively, after addition of 92, 184 and 323
µg/mL of PFE (Table 2). Meanwhile, PCE had no
effect on this parameter at any used concentration
(Table 3). 

Finally, we measured the effect of rosmarinic
acid, predominant compound in the both extracts of
perilla leaves, on the heart mitochondrial oxidative
phosphorylation, in order to find out the direct
effects on mitochondrial respiration. Rosmarinic

Table 3. Effect of P. frutescens var. crispa f. viridis ethanolic extract (PCE) on the rat heart mitochondrial function (pyruvate + malate sub-
strate). 

Pyruvate + PCE 9 PCE 46 PFE 69 PCE 92 PCE 184
malate

Control
µg/mL  µg/mL µg/mL  µg/mL µg/mL 

V2 47.7 ± 2.5 52.8 ± 0.7 52.9 ± 3.9 55.5 ± 0.3 47.4 ± 3.2 46.8 ± 0.2

V2 + PCE 54.6 ± 1.8 53.6 ± 2.9 63.9 ± 0.3 45.5 ± 2.0 52.3 ± 0.7

V3 321.7 ± 8.3 311.5 ± 6.6 289.5 ± 15.1 307.5 ± 0.8 175.5 ± 2.6* 144.7 ± 2.9*

V4 39.0 ± 1.9 46.0 ± 1.3 43.6 ± 7.7 57.2 ± 0.5 28.8 ± 0.8 46.1 ± 0.2

V4 + cyt c 89.2 ± 2.7 93.1 ± 1.6 87.8 ± 4.1 103.5 ± 1.4 82.3 ± 5.9 73.7 ± 0.3

RCI 6.8 ± 0.4 5.8 ± 0.1 5.5 ± 0.2 5.5 ± 0.1 3.7 ± 0.2* 3.1 ± 0.6*

V2 ñ mitochondrial respiration rate in the second metabolic state with 0.5 mg/mL mitochondria and 5 mM pyruvate + 5 mM malate. V3 ñ
mitochondrial respiration rate in the third metabolic state, with 1 mM ADP. V4 ñ mitochondrial respiration rate in the fourth metabolic
state, with 0.12 mM atractiloside. V4 + cyt c ñ mitochondrial respiration rate in the fourth metabolic state with 32 µM cytochrome c. RCI ñ
mitochondrial respiration control index; n = 3; *p < 0.05.
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acid content accounts for 29% in PFE and 45% in
PCE of all the identified compounds in the dry
extract. Moreover, during the HPLC-ABTS research
it was determined that rosmarinic acid determines
up to 60% of the raw material antioxidant activity
(27). The rosmarinic acid content selected for the
experiments meet the determined content in the
extracts. The study revealed that rosmarinic acid did
not have any significant effect on the mitochondrial
respiration rates in any metabolic state when oxidiz-

ing pyruvate and malate (Table 5). Such an effect
was neither detected in the succinate oxidation case
(data not presented). 

Effects of PFE and PCE on mitochondrial H2O2

production

In the last experiments we tested the effect of
perilla extracts and rosmarinic acid on H2O2 produc-
tion by isolated rat heart mitochondria. Significant
reduction of H2O2 generation was determined using

Figure 1. Effects of P. frutescens extract (PFE) on mitochondrial State 3 respiration rate (V3), respiratory control index (RCI). Substrates
were 5 mM pyruvate + 5 mM malate or 15 mM succinate (+ 2 mM amytal). p < 0.05 vs. respective control; n = 3.

Figure 2. Effects of P. frutescens var. crispa f. viridis extract (PCE) on mitochondrial State 3 respiration rate (V3), respiratory control index
(RCI). Substrates were 5 mM pyruvate + 5 mM malate or 15 mM succinate (+ 2 mM amytal). p < 0.05 vs. respective control; n = 3
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selected concentrations of PFE, PCE and rosmarinic
acid (Fig. 3). At a concentration of 36.5 µg/mL, PFE
and PCE reduced H2O2 generation by 20% and 40%
as compared with control (p < 0.05). At higher con-
centration of 73 µg/mL, PCE extract also showed
more potent activity than PFE reducing peroxide
generation up to 64% when compared to control
(Fig. 3) whereas PFE induced the reduction by 40%.
Higher amounts of PFE caused the decrease of H2O2

production by 79% (not shown), similarly as PCE at
lower (36.5 µg/mL) concentration used. The power-
ful antioxidant rosmarinic acid at concentration of
0.35, 2.1 and 4.2 µg/mL reduced peroxide genera-
tion by 27, 48 and 69%, respectively, thus similarly,
as both extracts alone and was practically responsi-
ble for the full antioxidant activity of crude PFE and
PCE extract. 

DISCUSSION 

Scientific data concerning the effect of pheno-
lic compounds on mitochondrial functions is
ambivalent. In many researches, phenolic com-
pounds are ineffective or inhibit the mitochondrial
respiratory chain at Complexes I (the activity of
NADH-oxidase) and at Complex II activity succi-
nate-oxidase (10). Flavonols, isoflavones and
flavones are the most potent inhibitors of NADH
oxidase (28, 29). Our data revealed that the perilla
leaf extracts (both, PFE and PCE) containing
flavone glycosides (apigenin-7-O-caffeoylgluco-
side, luteolin-7-O-diglucuronide, apigenin-7-O-
diglucuronide, scutellarein-7-O-glucuronide) at
higher concentrations inhibit Complex I dependent
pyruvate + malate oxidation more potent as com-

Figure 3. Effect of P. frutescens extracts (PCE and PFE) and rosmarinic acid on production of peroxide by isolated rat heart mitochondria.
Standard incubation media was used, n = 3 separate measurements, with three reiterations within each. p < 0.05 vs. respective control; n = 3

Table 4. Effects of P. frutescens ethanolic extract (PFE) and P. frutescens var. crispa f. viridis ethanolic extract (PCE) on uncoupled from
phosphorylation respiration rate (VCCCP) of mitochondria energized with pyruvate + malate and succinate.

Substrate pyruvate + malate Substrate succinate

PFE 184 PCE 92 PFE 184 PCE 92 PCE 184Control µg/mL 
Control µg/mL 

Control µg/mL 
Control µg/mL µg/mL

248 ±  135.4 ± 447 ±  237 ± 206 ±  117.4 ± 309.2 ±  276.9 ±  225.5 ± 
2.5 11.5* 8.9 17.5* 3.2 12.2* 11.7 9.3 1.4*

Substrates: 5 mM pyruvate and 5 mM malate; 15 mM succinate (+ 2 mM amytal). VCCCP ñ respiration rate in the presence of 0.19 µM car-
bonyl cyanidin m-chlorophenylhydrazone (CCCP); n = 3; *p < 0.05.
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pared to succinate (Complex II) dependent oxida-
tion. 

Hubac et al. (30) also determined that luteolin
inhibits NADH oxidase in plant cells. The effects of
flavones are more potent on NADH oxidase than on
succinate-oxidase (29). It has been shown that
Complex II of mitochondrial respiratory chain is
more susceptible to the effect of anthocyanins (10),
as has been confirmed in our study. As 4 flavone
compounds with different B ring hydroxylation and
6 anthocyanin formations are identified in Perilla L.
species and varieties, the effect on the components
of the mitochondrial respiration chain may vary,
depending on the complex of the biologically active
compounds in the extract and their chemical-biolog-
ical interaction. 

Since the PFE and the PCE extracts inhibited
the uncoupled pyruvate and malate oxidation rate
(VCCCP ) by a similar rate (45% and 47%), like they
inhibited the mitochondrial ADP-dependent respira-
tion rate (State 3) (by 61% and 55%) and the succi-
nate oxidation (43% and 27% vs. 44% and 22%), it
can be proposed that the inhibition of the I and II
Complexes activity of the mitochondrial respiration
chain is one of the reasons for the inhibition of mito-
chondrial oxidation. However, this does not deny
the assumption that perilla extracts can also affect
the phosphorylation subsystem, i.e., ADP/ATP car-
rier and/or ATP-synthase.

The most important finding is that when
exogenous cytochrome c was added to mitochondria
during State 4 respiration, a powerful stimulation of
State 4 was found with anthocyanin containing
(cyanidin derivatives) P. frutescens (red perilla)
extract (PFE). Thus, PFE (92ñ323 µg/mL) resulted
in the increase in the mitochondrial respiration rate

by 23ñ78% (Table 2) as compared to the control
group. In contrast, PCE obtained from the green
forms (P. frutescens var. crispa f. viridis) did not
show such an effect. Noteworthy, no anthocyanins
were detected in this extract. This once again con-
firms our and other Lithuanian scientific findings
that the anthocyanins are significant for this effect
(18, 31). For example, the investigation of the black
current berry extract rich in anthocyanins deter-
mined that the extract also stimulates the mitochon-
drial State 4 respiration rate in the presence of
exogenous cytochrome c and higher concentrations
inhibits the mitochondrial State 3 respiration rate as
well (32).

We hypothesize, that the increase of the respi-
ration rate in the State 4 in the presence of added
cytochrome c may be associated with the ability of
the anthocyanins, ones of the biologically active
compounds of the perilla extract, to reduce
cytochrome c, as it is revealed by our preliminary
experiments and our previous studies investigating
the standard anthocyanin solutions or anthocyanins
rich herbal extracts (18, 31). Our previous studies
revealed that anthocyanins such as cyanidin-3-glu-
coside, delphinidin-3-glucoside were able to reduce
directly cytochrome c and very rapidly, whereas
other anthocyanins such as malvinidin-3-glucoside
and others had low cytochrome c reducing proper-
ties (18). HPLC analysis revealed that PFE extract
contained anthocyanins of cyanidin type.
Cytochrome c reduction induced by pure antho-
cyanins or anthocyanin containing plant extracts is a
very important fact, because apoptosis, the cellular
death process, can be regulated by changing the state
of cytochrome c redox. Moreover, the study of
Skemiene et al. (18), revealed, that pre-perfusion of

Table 5. Effect of the rosmarinic acid (RR) on rat heart mitochondrial functions at the oxidation on pyruvate and malate.

Control 
Rosmarinic acid

1.6 µg/mL 6.7 µg/mL 22.2 µg/mL 66.5 µg/mL

V2 58.4 ± 1.34 64.5 ± 2.3 59.5 ± 3.2 66.2 ± 1.8 65.2 ± 1.4

V2 + RR 69.8 ± 4.3 57.1 ± 1.7 64.1 ± 2.7 61.5 ± 2.0

V3 330.0 ± 34.4 342.0 ± 24.5 355.0 ± 18.6 346.0 ± 23.4 341.0 ± 20.5

V4 68.3 ± 6.5 63.1 ± 7.3 70.0 ± 10.5 85.0 ± 5.3 75.0 ± 6.2

V4 + cyt c 180.0 ± 9.7 164.0 ± 3.2 190.0 ± 3.8 155.0 ± 5.4 143.0 ± 4.3

RCI 5.6 ± 1.2 5.3 ± 0.5 5.9 ± 0.1 5.2 ± 0.5 5.2 ± 0.5

V2 ñ mitochondrial respiration rate in the second metabolic state with 0.5 mg/mL mitochondria and 5 mM pyruvate + 5 mM malate. V3 ñ
mitochondrial respiration rate in the third metabolic state, with 1 mM ADP. V4 ñ mitochondrial respiration rate in the fourth metabolic
state, with 0.12 mM atractiloside. V4 + cyt c ñ mitochondrial respiration rate in the fourth metabolic state with 32 µM cytochrome c. RCI ñ
mitochondrial respiration control index; n = 3; *p < 0.05.
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hearts with 20 µM of anthocyanin cyanidin-3-gluco-
side prevented from ischemia-induced caspase acti-
vation. They assumed that the property of antho-
cyanins to inhibit caspase activation might be due to
their ability to reduce cytosolic cytochrome c (18). 

Rosmarinic acid is predominant compound in
the extracts of Perilla L. plants, possessing antiox-
idant, anti-inflammatory, antibacterial and antiviral
activities (33). The mode of action of rosmarinic
acid is interrelated with antioxidant mechanisms
(34). Even though the rosmarinic acid accounts for
29ñ45% of all the compounds identified in the PFE
and PCE extracts, it is possible to suggest that the
effect on oxidative phosphorylation is caused by
the other biologically active compounds found in
perilla extracts. Phenolic acids such as chlorogenic
acid, as we have shown in our previous studies
(35), did not affect neither the mitochondrial State
2 nor State 3 respiration rate at the concentration
range from 30 ng/mL (36) and up to 300 ng/mL.
Higher concentrations inhibit State 3 respiration
rate by 10-40% (our unpublished data). Regarding
caffeic acid and itís effects on the State 3 respira-
tion rate, our unpublished data show the inhibition
of mitochondrial State 3 respiration rate by 18-42%
at concentration range of caffeic acid at 900-1620
ng/mL. Thus, the possibility exists that reduction
of mitochondrial State 3 respiration rate at higher
concentrations of PFE and PCE could be partially
caused by synergetic effects of phenolic acids such
as caffeic and chlorogenic acids and flavones api-
genin or luteolin glycosides in different extract
samples tested.

This is in agreement with the experiments of
other authors demonstrating that flavone derivatives
reduce consumption of oxygen in State 3 (29). It has
been shown, that flavone hispidulin inhibited mito-
chondrial respiration at V3 (29). The amount of
hydroxyl groups and their configuration in flavonoid
B ring markedly alter the effects to mitochondrial
respiration chain (10, 29). Scutellarein, apigenin and
hispidulin contains OH group at 4í, 7 and 5 posi-
tions. At C6 position scutellarein possesses OH
group and hispidulin ñ methoxy group. Melo et al.
(37), in experiments with Hyptis pectinata L. leaf
extract (containing flavone derivatives) effects on
mitochondrial respiration, determined that the
extract inhibited mitochondrial State 3 respiration
rate and had no effect on respiration rate at State 4.
Major flavone derivatives indentified in Hyptis
pectinata L. contained OH groups in C3í and/or
C4í, the same functional groups possess flavones in
perilla (C3í and C4í ñ luteolin, C4í ñ apigenin deriv-
atives). 

Scientific studies confirm that initial target of
the effects of flavones on mitochondrial respiration
chain is Complex I (29). Flavones inhibit Complex I
and II or act on respiratory chain in between cofer-
ment Q and cytochrome oxidase (29). The inhibito-
ry effect on NADH dehydrogenase is attributed to
hydroxy and methoxy groups in flavonoid B ring.
Double bond at C2-C3 and C3 OH group conjugat-
ed with 4-oxy group determined the interaction of
flavones and mitochondrial inner membrane inhibits
mitochondrial respiration chain or induces the
uncoupling of oxidation and phosphorylation (10,
11, 38).

In addition, we measured fluorimetrically in
the biological system the antioxidant capacity of
PFE and PCE. Both extracts reduced the generation
of H2O2 in rat heart mitochondria. The concentration
of extracts for antioxidant measurements was cho-
sen that had no suppressive effects on mitochondria.
Rosmarinic acid has been found to have major sig-
nificant effect for antioxidant activity of both
extracts. This is in agreement with our results of a
previous study evaluating antioxidant activity of
PCE using on-line HPLC-ABTS assay, where ros-
marinic acid determined about 61% of total antirad-
ical activity (27). Various studies demonstrate sig-
nificant protective effects of rosmarinic acid at a
concentration range of 0.036ñ20 µg/mL (39, 40). It
is very important to note that in our experiments
significant protective effects were already achieved
using 0.35 µg/mL of rosmarinic acid as this concen-
tration corresponds to the rosmarinic acid concen-
tration in plasma determined by Baba et al. (41), in
pharmacokinetic study with humans. 

CONCLUSION

Our results demonstrate that the effect of PFE
and PCE extracts on rat heart mitochondria depends
on the qualitative characteristics of complex of bio-
logically active compounds. One of the main find-
ings of our study is that the red-leaf form P.
frutescens extract (PFE) containing anthocyanins
induced a powerful stimulation of State 4 respiration
rate after addition of external cytochrome c, most
probably due to their ability to reduce cytochrome c.
In contrast, the green-leaf form P. frutescens var.
crispa f. viridis extract containing no anthocyanins
but greater amounts of apigenin-7-O-diglucuronide
as compared to PFE, had no such effect. Both, PFE
and PCE at higher concentrations inhibit maximal
ADP-dependent mitochondrial respiration rate pos-
sibly due to the inhibition of complexes of mito-
chondrial respiration chain. Pyruvate and malate
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(Complex I) dependent oxidation is more sensitive
to the effects of the extracts than oxidation of succi-
nate (Complex II). 

Our results in vitro show, that by using differ-
ent complexes and concentrations of bioactive com-
pounds, the mitochondrial function could be regu-
lated directly. Consequently, selective effects on
mitochondrial function could enable the regulation
of apoptosis or another mechanisms occurring in
cells. Since certain bioactive compounds can influ-
ence mitochondrial oxidative phosphorylation,
mitochondriotropic agents i.e., mitochondria target-
ed phytochemicals might be promising candidates in
order to maintain cell viability or regulate apoptotic
pathways.
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Antibiotic resistance is a common issue in the
whole world and it has become a serious problem in
case of treatment of many diseases which are
caused by resistant strains of bacteria. Therefore,
for the survival of human population and better
quality of health, we need some other antimicro-
bials which are highly effective against such dan-
gerous resistant strains. Antioxidant compounds
boost immune system making the human body to
fight against the infection (1). Recently many plants
have been proved to have antibacterial activities:
Vicia sativa, Asparagus racemosus, Amberboa
divaricata (2-4).

Zaleya pentandra L. (synonym Trianthema
pentandra L.), belonging to family Aizoaceae, is
widely distributed prostrate and branched herbs. The
genus has 6 species found in Africa, Asia and
Australia, only one species, Zaleya pentandra is
found in Pakistan (5). Traditionally, Zaleya pentan-
dra is used for stomach ailment, influenza and
phlegmatic cough (6). 

The objective of this study was to evaluate the
antibacterial and antioxidant activity of methanolic
extract of Zaleya pentandra.

MATERIALS AND METHODS

Plant collection

The whole plant of Zaleya pentandra was col-
lected from Peruwal (District Khanewal) in May
2005 and identified by Professor Dr. Altaf Ahmed
Dasti, Plant Taxonomist, Institute of Pure and
Applied Biology, Bahauddin Zakariya University,
Multan, Pakistan; voucher specimen No. FLP-235/5
for Zaleya pentandra was deposited.

Extraction

The freshly collected whole plant material of
Zaleya pentandra (1000 g) was shade dried, ground
and extracted successively with methanol (3 ◊ 6 L)
at room temperature for 24 h. The combined meth-
anolic extract was concentrated under vacuum on
Buchi-rotavapor model no. R.200 to yield dark
brown crude extract (35 g). 

Spectral analysis

Column chromatography has been used for the
purpose of isolation with silica gel of 70-230, 230-
400 mesh along with Sephadex LH-20. For TLC
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purpose, aluminium sheets pre-coated silica gel 60
F254 (20 ◊ 20 cm, 0.2 mm thick; E-Merck) have been
used to check the percentage purity of the com-
pounds. The visualization of components was
observed under ultraviolet light (254 and 366 nm)
followed by Godine reagent and 10% sulfuric acid
used as spraying reagents. IR spectrum was record-
ed using Bruker vector-200 spectrophotometer (ν in
cm-1). EI-MS spectrum was recorded on Jeol JMS-
600H spectrometer and HREI-MS was recorded on
MET-95-XP apparatus. The 1H-NMR spectrum was
recorded by Bruker Avon-300 MHz instrument by
using TMS as internal standard. The values of chem-
ical shift were reported in ppm (δ) units and the cou-
pling constants (J) were recorded in Hz. The 13C-
NMR spectrum was also recorded on Bruker Avon-
300 MHz instrument.

Antibacterial assay 

Assay was carried out using agar well diffusion
method. Mueller Hinton agar medium was prepared

by suspending Mueller Hinton agar 38 g/L of dis-
tilled water and then autoclaved. After autoclaving,
it was cooled up to 50OC then, 75 mL of medium
was poured in each 14 cm Petri plates and after
solidifying it was incubated at 37OC for 24 h to test
the sterility. Then, the plates were seeded with
inoculums of different strains of bacteria with the
help of sterile cotton swabs. Ten wells per plate
were made using the sterile steel borer (8 mm).
Hundred microliters of each test solution and their
different dilutions were poured in respective well.
Erythromycin (30 µg/100 µL) was used as positive
control. DMSO was used as negative control.
Finally, each plate was poured with four dilutions of
two different plant extract samples one positive con-
trol and one negative. Then, the Petri plates were
incubated for 24 h at 37OC. After 24 h incubation,
detected zone of inhibition (clear zones) were meas-
ured by using vernier caliper. The experiment was
performed in triplicate and the final results were cal-
culated. 

Figure 1. Mass fragmentation pattern of the isolated compound 
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Antioxidant activity

The free radical scavenging activity was meas-
ured with 1,1-diphenyl-2-picrylhydrazyl (DPPH).
The DPPH stock solution was prepared by dissolv-
ing 20 mg DPPH in 100 mL 95% methanol. This
stock solution was stored at 20OC until needed, not
more than 10 days. DPPH working solution was pre-
pared by diluting the stock of DPPH solution by
adding methanol and absorbance was adjusted about
0.980 ± 0.02 at 517 nm wavelength using the spec-
trophotometer. Three milliliter aliquot of this work-
ing solution mixed with 100 µL of the plant samples
at five different varying concentrations (4ñ322
µg/mL). The solutions in the test tubes were shacked
well and put in dark for 15 min at room temperature.
Then again, the absorbance was measured at 517
nm. The percentage scavenging activity was deter-
mined based on the percentage of DPPH radical
scavenged by using the following equation:

Scavenging effect (%) = [control absorbance 
ñ sample absorbance/ control absorbance] ◊ 100

RESULTS 

Spectral analysis

The compound was isolated as amorphous
solid from aerial part of methanolic extract of
Zaleya pentandra. The IR spectrum of compound
showed the absorption band at 1725 cm-1 (C=O).
The absorption at 1599 cm-1 showed the presence of
(C=C), the absorption at 3339 cm-1 was due to
hydroxyl function and stretching bands at 2856 cm-1

and 2926 cm-1 were due to sp3 C-H and sp2 C-H,
respectively. The absorption at 1664 cm-1 showed the
presence of aromaticity. UV spectroscopy gave the
result of (MeOH) λmax log nm = 230 (0.20), 255
(0.08).

The 1H-NMR spectrum of the compound
showed aromatic hydrogen at δ 7.60 ppm (1H, d, J
= 3.4 Hz, H-1), 7.61 ppm (1H, dd, J = 2.2, 3.3 Hz,
H-2), 7.62 ppm (1H, dd, J = 0.6, 3.5 Hz, H-3). The
phenolic proton gave singlet at δ 8.53 ppm (1H, s,
H-4) and alcoholic proton gave triplet at δ 3.41 ppm
(2H, t, J = 1.2, Hz, H-27). The compound displayed
signals at δ 0.94 ppm (6H, d, J = 7.4 Hz, H-24, 25)
showing the presence for isopropyl proton. The sig-
nal showed lactone hydrogen at δ 4.60 ppm (2H, d,
J = 4.5 Hz, H-19).

The 13C-NMR spectra (BB and DEPT) of
compound disclosed 27 carbon signals for four
methyls, ten methines, seven methylenes and six
quaternary carbon moieties. The downfield signal
at δ 169.3 ppm singlet showed the presence of car-
bonyl carbon. The aliphatic carbon appeared at δ
21.0 to 49.4 ppm. The signals at δ 71.6, 69.0 ppm
showed the presence of lactone carbon. The signals
at δ 127.0, 128.6, 129.8, and 132.4 ppm indicated
the presence of aromatic ring. The signal at δ 132.4
ppm showed the presence of phenolic carbon. HR-
EI-MS m/z gave the result of 442 [M]+ (calculated
for C27H37O5: 442). HREI-MS pattern of the com-
pound is given in Figure 1. By comparing the data
with literature it was found a novel compound,

Table 1. Zone of inhibition (in mm) by different concentrations of methanolic extract of Zaleya pentandra as
compared to erythromycin (30 µg/100 µL).

Concentration E. S. B. S. S. 
(mg/100 µL) coli typhi spizizenii aureus epidermidis

Standard 15 13 16.3 15.6 15.3

0.375 0 0 26 0 0  

0.75 0 0 34 0 0

1.5 0 11¢ 39 12.5¢ 0

3 0 13¢ 30 17.5¢ 0

Figure 2. Structure of pentandraol (C27H37O5: m.w. 442)
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which name was given on the basis of species as
ìpentandraolî (Fig. 2).

Antibacterial activities

Antibacterial activity was determined against
the five different strains of bacteria, two of them

were Gram negative bacteria (Escherichia coli,
Salmonella typhimurium) and three were Gram pos-
itive bacteria (Bacillus spizizenii, Staphylococcus
aureus, Staphylococcus epidermidis) (Table 1). The
zones of inhibition of Zaleya pentandra methanolic
extract (ZPM) against Gram negative bacterium S.

Table 2. DPPH radical scavenging activity of different extracts of Zaleya pentandra using ascorbic acid as standard.

Percentage radical scavenging at conc.

32 µg/mL 16 µg/mL 8 µg/mL 4 µg/mL

Extracts of Zaleya pentandra 73.79734 26.20266 22.72262 21.69908

Control - 93.69919 89.12602 56.09756

Table 3. 13C- (300 MHz) and 1H-NMR (300 MHz) spectral data of compound ìpentandraolî.

Carbon Multiplicity C13-NMR 1H-NMR J
no. (DEPT) (δ, ppm) (δ, ppm) value

C ñ 1 CH 127.0 7.60 d (J = 3.4, Hz, H-1)

C ñ 2 CH 128.6 7.61 dd (J = 2.2, 3.3 Hz, H-2)

C ñ 3 CH 129.8 7.62 dd (J = 0.6, 3.5 Hz, H-3)

C ñ 4 CH 132.4 8.53 s (J = 1H, s, H-4)

C ñ 5 C 133.6 - -

C ñ 6 CH2 11.4 3.41, 3.43 t (J = 1.0, Hz, H-6)

C ñ 7 CH2 30.1 1.66, 1.65 dt (J = 5.9, 6.0, Hz, H-7)

C ñ 8 C 40.1 - -

C ñ 9 CH 48.5 3.29 t (J = 1.3, Hz, H-9)

C ñ 10 C 142.9 - -

C ñ 11 CH2 24.0 1.68, 1.70 dt (J = 7.8, 6.1 Hz, H-11)

C ñ 12 CH2 24.9 1.42, 1.44 t (J = 7.0, Hz, H-12)

C ñ 13 CH 49.0 - -

C ñ 14 CH 49.5 1.67 dd (J = 6.2, 5.9, Hz, H-14)

C ñ 15 CH 71.6 4.20 dd (J = 4.9, 5.8, Hz, H-15)

C ñ 16 C 129.8 - -

C ñ 17 C 132.4 - -

C ñ 18 C 169.3 - -

C ñ 19 CH2 71.6 4.60, 4.22 d (J = 4.5, Hz, H-19)

C ñ 20 CH 49.0 3.30 dt (J = 1.8, 0.6, Hz, H-20)

C ñ 21 CH3 30.1 0.92 s (J = 3H, s, H-21)

C ñ 22 CH3 30.1 0.91 s -

C ñ 23 CH 24.9 1.68 m -

C ñ 24 CH3 24.0 0.94 d (J = 7.4, Hz, H-24)

C ñ 25 CH3 24.0 0.94 d (J = 7.4, Hz, H-25)

C ñ 26 CH2 69.0 4.21 t (J = 4.8, Hz, H-26)

C ñ 27 CH2 71.6 3.41 t (J = 1.3, Hz, H-27)

s = singlet, dd = doublet of doublets, d = doublet, dt = doublet of triplets, t = triplet, td = triplet of doublets, q = quartet, br = broad signal,
quint = quintet, m = multiplet (denotes complex pattern).
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typhi were found 13 mm and 11 mm at extract conc.
3 mg/100 µL and 1.5 mg/100 µL, respectively. ZPM
also showed zones of inhibition against Gram posi-
tive bacteria S. aureus were reported as 17.5 mm and
12.5 mm with conc. 3 mg/100 µL and 1.5 mg/100
µL, respectively. The activity against Gram positive
bacterium B. spizizenii was observed as large bacte-
riostatic zones: 30 mm, 39 mm, 34 mm 26 mm at
different concentrations. 

Antioxidant activity

In the antioxidant activity test (DPPH), it
showed the highest inhibitory percent reaching 73%
radical scavenging at conc. 161 µL/mL (Table 2).

DISCUSSION

The genus Zaleya has diverse medicinal appli-
cation that prompted us to carry out the phytochem-
ical investigations on this species. Herein we report
the isolation and characterization of a novel
steroidal compound named pentandraol. The genus
is enriched with pharmacological properties.
Trianthema decandra showed hepatoprotective,
antidiabetic, antioxidant, antibacterial, antimicro-
bial, antipyretic, analgesic and anti-inflammatory
activities (7). Trianthema portulacastrum also dis-
played hepatoprotective activity, anti-cancer proper-
ty, hypoglycemic, anti-hyperglycemic, hypolimi-
demic and anthelmintic activity (8). Literature sur-
vey of genus revealed phytochemical constituents:
trianthemine, trianthenol, and ecdysteroid along
with flavonoids and phytoserolines and ketone (9).
We have isolated a novel steroidal compound, pen-
tandraol. The steroids have already been confirmed
to have antibacterial and antioxidant activity (10).
Therefore, it seems that antibacterial and antioxidant
activity of methanolic extract of Zaleya pentandra is
due to this steroidal constituent.

From the present study, it was concluded that
the methanolic extract of Zaleya pentandra has anti-
bacterial activity against B. spizizenii and S. aureus
along with antioxidant activity. It contains a novel
compound named as pentandraol.
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When modeling a semisolid preparation with
protective effect, it is highly important to choose
appropriate base substances, because they deter-
mine physicochemical properties and therapeutic
effects of the end product. The base of protective
preparation has to soften and moisturize the skin
and give it elasticity; therefore, substances acting
on the surface layer of the skin are used. Equally
important criterion is proper consistency and
acceptable appearance of the modeled preparation
(1). Emulsion systems or hydrophilic gels are often
used as bases due to their positive sensory proper-
ties. Proper base ensures stability of semisolid
preparations during storage and good distribution

on the skin, efficient release of a drug substance
from the preparation (2).

Scientific literature provides a great deal of
studies supporting antioxidant effects of rosemary,
protecting the bodyís cells against reactive oxygen
species and their negative impact (3, 4). It is argued
that rosemary leaf extract has antioxidant properties
due to several main compounds, which are: pheno-
lic terpenes, rosemary acid and caffeic acid esters. It
has been noticed that antioxidant activity of these
compounds is higher than that of α-tocopherol or
butylated hydroxytoluene (BHT) (5). Examination
of effects of ethanol rosemary extract on Gram-pos-
itive and Gram-negative bacteria revealed antimi-
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crobial activity against methicillin-resistant
Staphylococcus aureus and Bacilus subtilis strains;
however, the effect on Gram-negative bacteria was
weak. Studies of A. Hamed revealed antibacterial
effects of rosemary essential oil on E. coli (MIC = 5
µL/mL; MBC = 25 µL/mL) and Staphylococcus
aureus (MIC = 1.25 µL/mL; MBC = 2.5 µL/mL) (6).
Other studies confirmed the hypothesis that aqueous
extract of rosemary has inhibitory effects on HSV-1
virus (7). Due to their antimicrobial and antifungal
properties, preparations containing rosemary extract
destroy bacteria and fungi on the skin surface, there-
by reducing the likelihood of inflammatory diseases
and mycoses caused by microorganisms.
Meanwhile, phenolic diterpenes and phenolic acids
ensuring antioxidant activity terminate chain reac-
tions, thus inhibiting the formation of free radicals
and their destructive effects on skin cells (4, 8).
Studies of Steinmetz and other scholars revealed
that rosemary essential oil inhibits the growth of
Candida albicans in vitro and in vivo (5, 9). Data
presented in the literature suggest that rosemary can
be used as an active ingredient in the production of
semisolid preparations used on the skin and possess-
ing antimicrobial and protective effects (10-12).
Semisolid preparations with rosemary extract can
also be used as protective preparations that protect
the skin from adverse environmental factors, such as
microbial pollution, UV radiation and free radicals
(13). It is relevant to use rosemary extract as an
active ingredient in the production of semisolid
preparations characterized by antimicrobial and
antioxidant effects. After an evaluation of applica-
bility of rosemary in semisolid systems, the follow-
ing research aim was chosen: to model semisolid
preparations with liquid rosemary extract and deter-
mine the influence of excipients on their quality, and
perform in vitro study of the release of active ingre-
dients and antimicrobial activity. 

EXPERIMENTAL

Materials and Methods

Raw material obtained from Alvas, UAB, was
used to produce rosemary extract. A solvent, i.e.,
ethanol of Stumbras, AB (Kaunas, Lithuania) was
used. Ethanol rosemary extracts were produced by
maceration method (14) using 40% ethanol, raw
material and extractant ratio 1 : 1.

Production of semisolid systems with rosemary

extract

For the purposes of experimenting, five types
of semisolid systems were modeled: hydrogel (N1),

oleogel (N2), absorption-hydrophobic ointment
(N3), oil-in-water-type cream (N4, N5) and water-
in-oil-type cream (N6, N7), which contained rose-
mary extract as an active ingredient.
Experimentative semisolid systems with rosemary
extract (ointments, oil-in-water and water-in-oil
emulsion creams) were produced at room tempera-
ture using a mixing system UnguatorÆ 2100
(GAKOÆ International GmbH, Munich, Germany).
Gels were produced using a ìcoldî method (2).

The microstructure of semisolid systems was
determined using a microscope MoticÆ (Motic
Instruments, Inc.), magnification 100◊, computer
software Motic images 1000, and by photographing
with a camera Motic Moticam 1000, with a live
image of 1280 ◊ 1024 pixels. 

pH of semisolid systems was analyzed using
pH meter HD 2105.1 (Delta OHM, Italy). Five per-
cent solution was prepared to determine pH levels.
The appropriate amount of semisolid formula was
topped with purified water and stirred for 30 min on
IKAMAGÆ C-MAG HS7 magnetic stirrer (IKA-
Werke GmbH & Co. KG, Staufen, Germany) at a
temperature of 50OC. Then, the solution was cooled
and filtered through a paper filter.

The viscosity (Pa◊s) of semisolid systems were
assessed using a rotary viscometer ST-2010. 

In vitro release studies of phenolic compounds
from the experimental semisolid rosemary formulas
were conducted (n = 3) using modified Franz-type
diffusion cells (15, 16). Donor phase (infinite dose:
~0.85 g) was added to a cell with regenerated cellu-
lose dialysis membrane CuprophanÆ (Medicell
International Ltd., London, Great Britain). Before the
experiment, the membranes were stored in purified
water (~30OC) for at least 12 h. The diffusion area
was 1.77 cm2. Aqueous acceptor medium that provid-
ed sink conditions was mixed using IKAMAGÆ C-
MAG HS7 magnetic stirrer with heating plate, while
maintaining a temperature of 32 ± 0.1OC. Acceptor
medium samples (1 mL) were taken after 1, 2, 4 and
6 h, whilst adding an equal volume of fresh acceptor
medium. The quantity of phenolic compounds was
determined using Agilent 8453 UV-Vis spectropho-
tometer (Agilent Technologies, Inc., Santa Clara,
USA) according to p-coumaric acid equivalents after
reaction with Folin-Ciocalteu phenol reagent (17).

To assess antimicrobial activity, two most
common cultures of microorganisms causing skin
infections were chosen: Staphylococcus epidermidis
bacteria culture and Candida albicans fungus cul-
ture. The study was conducted under aseptic condi-
tions, using agar diffusion well method (18). Each
semisolid system was tested five times. Results are
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presented as the mean values and expressed as the
width of area in which reproduction of microorgan-
isms is inhibited (mm). It is argued that semisolid
system has antimicrobial activity, when the width of
area in which reproduction of microorganisms is
inhibited, exceeds 7 mm (19).

Statistical analysis

All tests were repeated three times. The mean
values and standard deviations of the results were
calculated using IBM SPSS statistics 20 and
Microsoft Office Excel 2007 programs. The signifi-
cance of differences in study results was evaluated
using Studentís t-test. The differences were statisti-
cally significant at p < 0.05. 

RESULTS AND DISCUSSION 

According to the scientific literature (6, 20,
21), 40, 70 and 96% ethanol (v/v) was selected as a

solvent for the production of rosemary extracts.
Ethanol rosemary extracts were produced by macer-
ation method (14). The following forms of extracts
were chosen: tincture and extract with a ratio of raw
material and extractant 1 : 5 and 1 : 1, respectively.
Experimental studies have shown that higher quan-
tities of active compounds were present in extracts,
where the solvent used was 40% ethanol (Table 1).
The study data suggest that higher concentration of
active ingredients was in rosemary extracts based on
a ratio of 1 : 1. 

To assess biological activity of rosemary
extracts, antioxidant and antimicrobial activity tests
were performed. Antioxidant activity tests revealed
that stronger antiradical activity is characteristic of
rosemary extract prepared using 40% ethanol with
effective concentration that binds 50% of DPPH
radicals (EC50) amounting to 0.096 ± 0.003 mg/mL,
compared with the extraction prepared using 70%
ethanol as the extractant. Given the fact that the

Table 1. The content of active ingredients in rosemary extracts.

E1 E2 E3 E4

Ratio of raw materials 
and extractant 

1 : 1 1 : 1 1 : 5 1 : 5

Solvent
40% ethanol  70% ethanol 40% ethanol  70% ethanol

(v/v) (v/v) (v/v) (v/v)

Concentration of  
phenoliccompounds, 14.139 ± 0.025 7.625 ± 0.037 9.597 ± 0.0411 8.117 ± 0.011  
mg/mL 

Table 2. MIC (minimum inhibitory concentration) of ethanol rosemary extracts expressed as the concentration of phenolic compounds
(mg/mL) in accordance with p-coumaric acid equivalents.

Antimicrobial activity

Gram positive bacteria cultures Gram negative bacteria cultures
Fungal
culture

Tested 
extract 

1 : 1
40% 0.071 0.071 0.707 0.094 0.141 0.071 0.707 0.141 1.414

ethanol

1 : 1
70% 0.191 0.071 0.763 0.191 0.508 0.381 0.763 0.381 0.763

ethanol
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strongest antioxidant activity was found with rose-
mary extracts that had the highest content of pheno-
lic compounds, this confirms information presented
in the literature that phenolic compounds are respon-
sible for the antioxidant acitivity of plant extracts
(22). The obtained results confirmed once again that
rosemary preparations have antioxidant activity (23,
24) and liquid rosemary extract can be used in the
production of dermatological preparations with pro-
tective effects. 

In antimicrobial activity study of ethanol
rosemary extracts it was found that rosemary
extracts have inherent antimicrobial activity. Data
in Table 2 show that rosemary extracts produced
with 40% ethanol as the extractant have stronger
antibacterial activity, while extracts produced with
70% ethanol have stronger antifungal activity.
There are a number of scientific studies where it
was found antifungal effects of rosemary essential

oil on Candida albicans (5, 9). Our study results
revealed that liquid rosemary extract also inhibits
the growth of Candida albicans fungus. The
assessment of the effects of extracts on Gram pos-
itive and Gram negative bacteria confirmed the
information presented in the scientific literature
that rosemary extracts have stronger antimicrobial
activity against Gram positive bacteria cultures
(25, 26). Antimicrobial activity studies confirmed
the suitability of liquid extract for being used as an
active ingredient in the production of semisolid
preparations with protective effects. Therefore, due
to greater content of phenolic compounds and
stronger biological effects, liquid rosemary extract
(1 : 1) produced using 40% ethanol as the extrac-
tant was chosen as an active ingredient for further
studies. There are study data that rosemary extracts
are made with 50% ethanol (21); however, when
modeling semisolid formulas, it is expedient to use

Figure 1. Microstructure of semisolid systems with rosemary extract
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extract prepared with ethanol of lower concentra-
tion (27).

In the course of studies, different semisolid
systems (Table 3) were produced with active ingre-
dient added in the form of liquid extract. During the
first study stage, microstructure of produced semi-
solid preparations was assessed. 

Pictures of microstructure presented in Figure
1 show that active ingredient (liquid rosemary
extract) is evenly distributed in hydrogel (N1),
forming a homogeneous structure. Meanwhile, in
oleogel and absorption-hydrophobic base (N2, N3),
it forms a heterogeneous structure (Fig. 1). In terms
of microstructure of oil-in-water-type systems (N4,
N5), we can see that liquid rosemary extract is dis-
tributed in an aqueous medium. Moreover, study
results show that in water-in-oil-type systems (N6,
N7), active ingredient, i.e., liquid rosemary extract,
is distributed in the aqueous phase, forming stable
emulsion systems.

Study data presented in Figure 2 show that pH
of all the tested semisolid systems is weakly acidic
(4.98-5.91). pH value of all the modeled semisolid
preparations corresponds to or is very close to the
physiological pH value of the skin; therefore, it can
be argued that the modeled semisolid systems are
suitable for use on the skin.

Drug release testing from semisolid systems is
considered as necessary prerequisite in development
of efficient formulations. In vitro release testing
assessed the influence of the base on the release of
phenolic compounds from the semisolid systems.
Application of Higuchi plots permitted comparison
of release rates (corresponding to the slopes of
Higuchi plots) of phenolic compounds from semi-
solid systems, demonstrating up to 3-fold higher
release process from gel-cream based formulation
(N4) if compared to other semisolid systems (Fig.
3). Linearity of Higuchi plots was confirmed by
coefficients of determination (R2) ranging from

Table 3. Compositions of the modeled semisolid systems (100 g).

Semisolid systems

Composition

N1 N2 N3 N4 N5 N6 N7

Carbomer 934 0.77

Purified water 85 30 55

10% NaOH 1.23

Pionier PLW 90 53

Pionier KWH 30

White vaseline 61.4

Anhydrous 
lanolin 13.6

Glycerol 15 5

Sorbitan oleate 7

Gel-cream oil-
in-water base 90

Eucerin oil-in-
water base 90 

1 : 1 rosemary 
extract in 10 10 10 10 10 10 10

40% ethanol 

Viscosity, Pa◊s 1.9 ±  4.9 ± > 10 * 0.85 ± 3.36 ±  3.61 ±   > 10 *
0.06 0.0.08 0.06 0.05 0.07

*reached the limit of measurement instrument
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0.9096 to 0.9849 for the formulated systems, and
indicated that diffusion of phenolic compounds from
tested gels and creams was a rate limiting step in the
release of active compounds. Also it confirmed that
applied membrane was not affecting diffusion of
phenolic compounds.

Results demonstrated that 1 h after the begin-
ning of testing, from 13.03% to 14.53% of phenolic
compounds were released from hydrogel (N1),
oleogel (N2) and oil-in-water-type cream (N5), and
no statistically significant difference was observed
(p > 0.05). The lowest amount of phenolic com-
pounds after 1 h of testing was released from

absorption-hydrophobic ointment (N3); and the
highest amount was released from oil-in-water-type
cream (N4). Over 1 h, 7.5% and 30.33% of phenolic
compounds, respectively, were released from these
systems. After 6 h of testing, the amount of released
total phenolic compounds was 15.35% from absorp-
tion-hydrophobic ointment (N3), 19.92% from
oleogel (N2), 22.21% from oil-in-water-type cream
(N5), 34.41% from hydrogel (N1) and 78.35% from
oil-in-water-type cream (N4), which was the highest
amount of phenolic compounds released. The lowest
released amount was observed with absorption-
hydrophobic ointment (N3). No release of phenolic

Figure 2. pH value of semisolid systems with rosemary extract

Figure 3. Release of phenolic compounds from semisolid systems in vitro

Time (h)
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compounds was determined when water-in-oil-type
creams (N6, N7) were applied for 6 h. Data analysis
showed that statistically significant difference (p <
0.05) existed among all amounts of phenolic com-
pounds released within 6 h from the experimental
semisolid systems with rosemary extract. Lower
release rates of phenolic compounds from semisolid
systems were determined for lipophilic bases that
could be due to lipophilic properties of the active
compounds. Active compounds of lipophilic nature
do not diffuse or diffuse only to a small extent into
the aqueous acceptor phase (28). Studies have
shown that viscosity of the base slows down the dif-
fusion of drug substance through a membrane (29).
In view of the fact that excipients with high viscosi-
ty (vaseline, anhydrous lanolin) were used in the
production of preparation N3 (Table 3), this may
have influenced slow release of phenolic com-
pounds from the tested system due to its high vis-
cosity lipophilic medium. Meanwhile, larger
amounts of active compounds were released from
oleogel (N2) than those released from absorption
ointment. This could have been influenced by the
viscosity of the base (Table 3). Pionier PLW base is
often used as a substitute for vaseline in the produc-
tion of cosmetic and pharmaceutical products due to
lower viscosity and more acceptable sensory proper-
ties. Study results supported data provided in the lit-
erature that drug substances are released from
oleogel of this composition more quickly than from
vaseline bases. It is worth noting that N3 base con-
tains vaseline and N6 and N7 contains vaseline oil
(Table 3) that form a film on the surface of the skin
(30), and this may create additional barrier to pene-
tration of phenolic compounds. One can predict that
the diffusion of phenolic compounds from the aque-
ous phase of preparations N6 and N7 was inhibited

by a lipophilic medium. The test results showed that
water-in-oil-type emulsion bases are not suitable for
introduction of liquid rosemary extract, because dur-
ing the period of 6 h phenolic compounds were not
released from the tested bases. With gel-cream base
(N4), where less viscous excipients were used in the
production (Table 3), larger amount of the com-
pounds is released than that released from eucerin
base (N5) that contains ingredients with higher vis-
cosity. The test results confirmed the data presented
in the literature that the diffusion of drug substances
from emulsion dispersion system can be influenced
by the complex nature of the system itself, because
it enables drug substances, vehicles and excipients
to form a variety of physical structures (31). Thus,
test results revealed that the amount of phenolic
compounds released from semisolid preparations
depends not only on the properties of the active
ingredient, but also on the chosen base (32).
Evaluation of the quality of semisolid preparations
requires the analysis of their homogeneity, viscosi-
ty, particle size, amount of active compounds; it is
also recommended to perform release test. Results
of this study showed that in vitro release test is nec-
essary to assess the suitability of the base for the
introduction of the active ingredient, which would
allow determining therapeutic effectiveness in
advance.

The next stage was devoted to the analysis of
antimicrobial activity of semisolid preparations.

The antimicrobial activity test revealed effects
of semisolid systems N1 and N4 on the tested
microorganisms (Table 4). Data in Table 4 show that
preparation N4 inhibits the growth of
Staphylococcus epidermidis bacteria and Candida
albicans fungal cultures (the width of sterile area is,
respectively, 13.0 ± 1.0 and 10.6 ± 2.07 mm).

Table 4. Evaluation of antimicrobial activity of semisolid systems.

Width of area in which reproduction of
Semisolid microorganisms is inhibited (mm)

system Staphylococcus Candida
epidermidis  albicans

N1 11.6 ± 0.55 0

N2 0 0

N3 0 0

N4 13.0 ± 1.0 10.6 ± 2.07

N5 0 0

N6 0 0

N7 0 0
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Meanwhile, it was found that hydrogel N1 had
antimicrobial activity only against Staphylococcus
epidermidis bacteria culture (the width of sterile
area: 11.6 ± 0.55 mm). The study results confirmed
data presented in the literature that rosemary prepa-
rations have antifungal effects on Candida ablicans
(5, 9).

Differences in antimicrobial activity of tested
semisolid systems could have occurred due to dif-
ferent diffusion of active compounds from the mod-
eled semisolid systems into the microorganism
growth medium used during the testing. The test
results showed that preparations N4 and N1 have
antimicrobial effects and can be used on the skin as
preparations with protective effects.

CONCLUSIONS 

Antimicrobial activity tests revealed that G+
microorganisms are most sensitive to liquid rose-
mary extract, while G- microorganisms are most
resistant to it. Due to its antimicrobial properties,
liquid rosemary extract can be used as an active
ingredient in the production of semisolid prepara-
tions. Studies have shown that chosen bases affect
antimicrobial activity of formulas. It was found that
oil-in-water-type gel-cream has antimicrobial activ-
ity against Staphylococcus epidermidis bacteria and
Candida albicans fungus, while hydrogel affected
only Candida albicans. Based on the study results, it
can be argued that the activity of semisolid dosage
forms is influenced not only by the amount of active
compounds, but also by the base type. According to
the results of biopharmaceutical study, semisolid
forms can be arranged in an ascending order of the
release of phenolic compounds from the forms:
water-in-oil-type cream < absorption-hydrophobic
ointment < Pionier PLW oleogel < oil-in-water-type
Eucerin cream < hydrogel < oil-in-water-type gel-
cream. Study results showed that oil-in-water-type
gel-cream is the most suitable vehicle for liquid
rosemary extract used as an active ingredient.
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One of the most important processes in an oral
drug absorption is the dissolution process. The
release study of active substances from solid dosage
forms is carried out by one of the pharmacopoeial
methods using the basket, the paddle and the flow
through cell apparatus (1, 2). Dissolution testing is
of primary importance for drug formulation and
quality control. The ultimate role of dissolution test-
ing is possibility of making the correlation of results
obtained from in vitro with those from in vivo tests.
The future of dissolution testing is discussed in
terms of new initiatives in the industry such as qual-
ity by design, process analytical technology and
design of experiments (3, 4). 

Studies where the principles underlying the
dissolution process are examined can be found in the
literature. They concern the phenomenon of drug
release in laminar flow in order to understand the
effect of hydrodynamic conditions on drug dissolu-
tion better and to predict the drug dissolution from a
solid dosage form (3, 5-10). A number of studies
were conducted to compare the release of drugs
between different types of pharmacopoeia appara-
tuses (6, 11, 12) and the effect of rotational speed of

the paddle or basket stirrer on the dissolution pro-
files of active substances (7, 8, 11, 13, 14). 

The data obtained from studies of the tablets
using both the basket and the paddle apparatuses at
various rotational speeds showed a faster dissolution
of a substance using a paddle method and a relation
between the amount of the drug released and the rota-
tion speed of a stirrer: the amount of substances
increased with the rotation speed. The rate of the dis-
solution also depended on the tablet surface, their
shape, diameter and the area of the paddles used (6).
This showed that hydrodynamic conditions, the type
of dissolution testing used, and the design of the stir-
rer had an effect on the dissolution rate, mass transfer
rate, and the film thickness underlying the dissolution
process (6, 7). What is more, the effects of vibration
on the paddle and the basket stirrer during the release
study influenced the dissolution profiles (10).

In order to interpret the results obtained from
the release study, pharmacopoeial requirements
referring to the amount of a drug released in a peri-
od of time in percentage are set (1, 2). There are
many reports describing the kinetics of the release
process from modified and matrix tablets using
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mathematical models (15-18).The release kinetics of
drugs is usually evaluated by plotting in various
kinetic models, for example zero order or first order
(16, 17). Based on the proposed kinetic models it is
possible to determine the release rate constant, but it
is not entirely possible to describe the phenomenon
of mass transfer on the solid ñ liquid boundary layer
during the release process. More precisely, the dis-
solution process of a solid substance in a dissolution
medium is described by Nernst-Brunner equation,
which takes into account the diffusion coefficient of
a solid substance turning into liquid, the size of the
solid surface and the thickness of the boundary layer
(16). The effective hydrodynamic diffusion layer
thickness of a drug particle dissolved into an agitat-
ed fluid is of great importance for oral absorption
simulation (19). The process of mass transfer on the
solid-liquid boundary layer during the dissolution of
a solid was also described by dimensionless num-
bers (Sh, Re, Sc) (19-23). Sherwood number (Sh) is
directly proportional to the mass transfer coefficient
and it is characterized by the ability of a solid to dif-
fuse into the liquid. Schmidt number (Sc) defines the
diffusion of a dissolving solid into the liquid
depending on the viscosity and density of the disso-
lution medium. Reynolds number (Re) describes
hydrodynamics of the liquid surrounding of a dis-
solving solid (19-23). The Re is also used to deter-
mine the type of flow in apparatuses during the
release process: laminar or turbulent (24-26). There
were reports describing the use of Re numbers to
calculate the theoretical size of the microparticles
obtained by the emulsion technique (27), to deter-
mine rheological characteristics of fluids (28, 29)
and to model the supercritical fluid extraction (30). 

The Re and Sh numbers were used to describe
the release process carried out in the paddle and flow
apparatuses (7). Results showed that hydrodynamic
conditions and the type of dissolution testing appara-
tus had an effect on dissolution and mass transfer
rates as well as on thickness of the diffusion layer.
The mass transfer coefficient is calculated to under-
stand the role of an external hydrodynamic condition
on mass transfer rate better (6). The expression of
mass transfer coefficient is derived from the first
principles for the turbulent non-Newtonian fluid
flow in the membrane modules (28).

The aim of this study was to investigate the
release process of diclofenac sodium and papaverine
hydrochloride from composed tablets with different
formulations of excipients in the paddle apparatus
using different rotation speeds and to describe the
mass transfer on the solidñliquid boundary during
the dissolution process by the dimensionless num-

bers for a better understanding of the effect of
hydrodynamic condition on drug dissolution, in
order to predict drug dissolution from a tablet.

EXPERIMENTAL

Materials and Reagents

Diclofenac sodium (DIC) was produced by
Caesar and Loretz, GmbH, Hilden Germany,
papaverine hydrochloride (PAP) was purchased
from Galfarm PPH, Cefarm Lublin, Poland,
polyvinylpyrrolidone K 22 (PVP 22), mannitol (M),
potato starch (PS), microcrystalline cellulose (MC)
were the products of Merck, Germany,
polyvinylpyrrolidone K 10 (PVP 10), β-lactose (lac-
tose) were purchased from Sigma Aldrich, hydrox-
ypropylmethylcellulose (HPMC) was purchased
from Fluka. Pregelatinized starch (GPharmGel) pro-
duced by Cargill Benelux, microcrystalline cellulose
(Avicel PH102, Avicel) and croscarmellose sodium
(AcDiSol) produced by FMC BioPolymer Belgium
were obtained as gift from IMCD, Warsaw, Poland.
Colloidal silicon dioxide 200 (Aerosil) produced by
Evonic Germany was obtained by gift from
Chempol, Warsaw, Poland. Magnesium stearate
(StMg) was purchased from POCh Gliwice, Poland.
All the reagents and chemicals used were of analyt-
ical grade.

Characterization of tablets

The prepared and patented tablets contained
following ingredients (31):
T1: DIC 50 mg, PAP 20 mg, PVP (K22), M, S to
300 mg of weight.
T2: DIC 50 mg, PAP 20 mg, PVP (K22), M, HPMC,
CellM, StMg to 300 mg of weight.

Tablets were obtained by direct compression of
granules which were previously prepared by a wet
granulation method. 

Powders of components were sieved through a
0.710 mm mesh screen. Then, the powders of each
series of tablets were mixed manually, except for
magnesium stearate. An alcoholic solution of PVP
was added to the powder mixture. The obtained wet
mass was granulated using a rotary granulator
(Erweka, Germany) by passing it through a 1.0 mm
mesh screen. Granules were dried in a hot air oven
(Memmert INB-500) at a temperature of 40OC for 1
h. The dried granules (moisture 3-5%) were passed
through a 1.00 mm mesh screen. At the end, mag-
nesium stearate was added and mixed manually.
The tablets were obtained in a press tableting
machine (Erweka, Germany) with 9 mm concave
punches.
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Physical properties
Physical properties of the prepared tablets were

checked out in accordance with the pharmacopoeial
requirements (1, 2). Weight uniformity test of the
tablets was conducted using a weighing balance
(Ohaus AV 513C, USA). Tablets diameter and
thickness were measured using a Vernier Caliper
(Digital Caliper 0-150 mm, Comparator). Hardness
of the tablets was determined using an Erweka tablet
hardness tester (Erweka, Germany). Friability test of
the tablets was conducted using an Erweka friabila-
tor (Erweka, Germany). Disintegration time of the
tablets was measured using an USP Apparatus
(Erweka, Germany).

Drug content analysis 
Ten tablets from each series were crushed

together and weighed exactly (300 mg). The powder
sample was transferred into a 50 mL volumetric
flask containing 30 mL of methanol. The flask was
shaken for 5 min and the content was diluted with
methanol to volume. The content of the flask was
filtered using the Sartorius filter of 0.22 µm. The
obtained solution was mixed with citrate buffer at
pH 6.5 in ratio 1 : 1, v/v. The content of DIC and
PAP was determined using HPLC according to the
published method (32). The HPLC system consisted
of a series 200 HPLC pump, a series 200 autosam-
pler equipped with a 100 µL loop, a series 200
UV/VIS detector, a series 200 vacuum degasser and
Chromatography Interface 600 series Link, all pur-
chased from Perkin Elmer, USA. The column was a
Zorbax SB-C, 150 mm ◊ 4.6 mm, 5 µm (Agilent,
USA).The detection wavelength was at 278 nm. A
mobile phase of methanol-water (60 : 40, v/v) was
used at a flow rate of 1.0 mL/min. Samples of 10 µL
were injected into the column. The UV signals were
monitored and peaks were integrated using the soft-
ware version 6.2.0.0.0:B27. 

In vitro release study 

The release study of DIC and PAP from pre-
pared tablets was carried out using a paddle appara-
tus (Erweka, Germany) (1, 2). As a dissolution
medium 900 mL of citrate buffer at pH 6.5 at 37 ±
0.5OC was used. One tablet was set in each of six
vessels of the apparatus and the paddle was rotated
at different speeds: 25, 50, 75, 100, 125, 150 and
175 rpm. The release tests were conducted for 60
min or 120 min for T1 and T2, respectively. The
samples (2 mL) were withdrawn with 5 or 10 min
intervals for T1 and T2, respectively. For each sam-
ple, an equivalent volume of citrate buffer at pH 6.5
(2 mL) was added to the vessels. The samples were

filtered by Sartorius filter of 0.22 µm. Each sample
was mixed with methanol in ratio 1 : 1, v/v. The
obtained solutions were analyzed by HPLC method
described previously (32).

Statistical analysis was carried out using SAS
9.1.3 (SAS Institute, Cary, NC, USA). The data
obtained were subjected to statistical analysis using
one-way ANOVA and a ìpî value of < 0.05 was
considered as statistically significant.

Parameters of mass transfer process and values of

dimensionless numbers

The dimensionless numbers (Sh, Sc, Re) were
calculated from the following expressions (14-18):

Sh = K∑dz/D∑ρ Eq. 1
Sc = µ/D∑ρ Eq. 2

Re = ρ∑dz∑ν/µ Eq. 3
where Sh is Sherwood number, Sc is Schmidt num-
ber, Re is Reynolds number, K (g/cm2∑s) is the mass
transfer coefficient, dz (cm) is the diameter of the
grain, D (cm2/s) is the diffusion coefficient of active
substance, ρ (g/cm3) is the density of the dissolution
medium, µ (g/cm∑s) is the viscosity of the dissolu-
tion medium and ν (cm/s) is the linear rate of flow
liquid.

Characteristics of citrate buffer solution at pH
6.5 at 37OC: density (ρ) = 1.0129 (g/cm3) and vis-
cosity (µ) = 7.958∑10-3 (g/cm∑s).

The diffusion coefficients (D) of DIC and PAP
in citric buffer at pH 6.5 were obtained from Othmer
equation (20, 23):

D = 14∑10-5/[ηw
1.1 (rB/rw)∑ν4

0.6∑ηB] (cm2/s) Eq. 4
where ηw is the viscosity of water under process
temperature (0.7745 cP/37OC), ηB is the viscosity of
the citric buffer at pH 6.5 (1.0528 cP/22OC), νA is the
molar volume of the diffused substance calculated
by summarized atomic volumes (mL/mol), and
[(rB/rw ) ≈ 1] is the quotient of the molar heats of
vaporization of the buffer and water.

In order to calculate Sh and Re numbers, the
values of average diameter of a single grain (dz) of
DIC and PAP are necessary. Similarly, as published
in the previous report (23), it is assumed that at the
end of the dissolution process the quantity of the
active substances dm dissolved in the period of time
dt (s) occupied by the volume Vdm (cm3) as
expressed:

Vdm = (Vmol ∑ dm)/mmol Eq. 5
where Vmol (cm3/mol) is the molar volume of the sub-
stance, mmol (g/mol) is the molar mass of the active
substance. The average diameter of grains (dz) is not
changed because during the dissolution process the
big grains become smaller and smaller grains are
dissolved (33, 34). Having assumed that the shape of
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the grains was oval, the diameter (dz), the volume
Vsg (cm3) and the surface area Ssg (cm2) of single
grain can be expressed as:

dz = 2∑rg Eq. 6
Vsg = (4/3)∑Π∑rg

3 Eq. 7
Ssg = 4∑Π∑rg

2 Eq. 8
where rg (cm) is the radius of the grain.

From the system of equations: 
VN = N∑ (4/3)∑Π∑rg

3 Eq. 9
SN = N∑4∑Π∑rg

2 Eq. 10
where N is the number of grains dissolved in the
period of time (dt) it is possible to calculate the aver-
age (rg) values of the DIC and PAP grains released
from the tablets.

The linear rate of flow liquid (Ì) in the paddle
apparatus was calculated from the equation:

ν = rpm∑2Π∑r Eq. 11
where rpm is the rotation speed of the paddle stirrer,
r (cm) is a radius of the paddle.

The mass transfer coefficient (K) was calculat-
ed from the expression: 

K = dm/S∑dt Eq. 12
where dm (g) is the amount of the released substance
at intervals dt (s); S (cm2) is the value representing
the change in the surface area size of the of dissolv-
ing grains of DIC and PAP during the release
process at different speeds of the rotation paddle.
The (S) value was calculated from the Nernst-
Brunner equation (16):

dC/dt = [D∑S/V∑h]∑(Cs ñ Ct) Eq. 13
where dC (g/mL) is the concentration of the active
substance in the dissolution medium after time dt
(s), V (mL) is the volume of the dissolution medium,
h (cm) is the thickness of the boundary layer, Cs

(g/mL) is the concentration of saturated solution on
the boundary diffusion layer.

The thickness of the boundary layer (h) was
calculated from the equation (23):

h = D/{(Cs - dCt1 )/(Cs - dCt2)]/dt} Eq. 14
where dCt1 and dCt2 (g/mL) are the concentrations of
the active substance in the dissolution medium in the
period of time dt (s).

RRSULTS AND DISCUSSION

Physical properties

Physical properties of the obtained tablets (T1,
T2) and the content of the active substances were in
accordance with pharmacopoeial specifications (1,
2). An average weight (mg, SD) amounts to 300.54
± 2.45 for T1 and 298.76 ± 2.35 for T2 (= 5%), a
hardness ratio (kG/mm2, SD) 0.105 ± 0.01 for T1
and 0.103 ± 0.02 for T2 (= 0.1), the disintegration
time (min, SD) 7 ± 2.5 for T1 and 11 ± 3.7 for T2 (=

15 min), friability (%) 0.09 and 0.15 for T1 and T2
(= 1%), respectively, the content (%, SD) of DIC in
T1 99.08 ± 1.17 and PAP 100.05 ± 1.76 and in T2
DIC 97.68 ± 2.51 and PAP 93.75 ± 2.43 (= 10%).

The release results

According to pharmacopoeia recommenda-
tions, interpretation of the release results is carried
out based on the quantity of the active substance dis-
solved in a specified time which is expressed as a
percentage of the declared content. Citrate buffer at
pH 6.5 at 37 ± 0.5OC was used as a dissolution medi-
um because previous tests showed that DIC and
PAP were better dissolved in citrate buffer at pH 6.5
comparing with phosphate buffer at pH 6.8 (23). 

Data in Figure 1 show that over 80% of DIC is
released from tablets T1 depending on the rotation
speed of a paddle at 50-175 rpm within 25 min to 15
min. At the lowest speed of 25 rpm, 76.89% DIC
was released during a 60-min long test. The release
of PAP was longer, so at 50 rpm 80% of PAP was
released after 60 min, whereas at speeds of 75-175
rpm within 25-10 min, but at 25 rpm only 47.62% of
PAP was released within the test time (60 min).

Analyzing the release results of the active sub-
stances from T2, it was noticed that the dissolution
process from T2 for both substances was longer
comparing to T1. At the rotation speed of 50-175
rpm over 80% DIC was released within 60-20 min.
and PAP up to 70-20 min. At the lowest speed of 25
rpm within 120 min only 62.43% and 47.6% DIC
and PAP were released, respectively. From the
above results, it is clear that the release of both
active substances increases with the agitation speed
of the fluid in the paddle apparatus. A similar rela-
tion was observed by Saleh et al. (35), Wu et al. (6),
Kincl et al. (11) and Mour„o et al. (14) during the
release study of active substances from the tablets. 

Release process parameters expressed in dimen-

sionless numbers

The values of the grain surface areas of the
active substances involved in the release process (S),
the mass transfer coefficients (K), the thickness of
the diffusion boundary layer (h) and the dimension-
less numbers were calculated in order to understand
the process of mass transfer on the solid-liquid bor-
der during the release test of drug substances in a
paddle apparatus at different agitation speeds.

Having analyzed the changes to the surface of
DIC and PAP grains during the release process pre-
sented in Figure 2, it was observed that these surface
areas were dynamically changed in the first minutes
after turning on a paddle stirrer. After 5 min, the
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Figure 1. Mean dissolution profiles of the active substances (mean values, n = 6) in a paddle apparatus at different rotation speeds a) DIC
from T1, b) PAP from T1, c) DIC from T2, d) PAP from T2
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Figure 2. The change in the surface area size of the of dissolving grains of DIC and PAP during the release process at different speeds of
the rotation paddle: a) 25 rpm, b) 50 rpm, c) 75 rpm, d) 100 rpm, e) 125 rpm, f) 150 rpm, g) 175 rpm
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sizes of the surface areas of dissolving DIC grains
released from T1 were 2.8 cm2 and 8.7 cm2, for PAP
2.7 cm2 and 13.7 cm2 at rotation speed of 25 and 175
rpm, respectively. However, it was observed that the
initial surface areas of DIC grains after 5 min at 50
rpm had lower value than those of PAP grains and
they amounted to 3.6 cm2 (DIC) and 5.6 cm2 (PAP),
75 rpm 4.3 cm2 (DIC) and 6.1 cm2 (PAP), 100 rpm
5.1 cm2 (DIC) and 8.9 cm2 (PAP), 125 rpm 6.2 cm2

(DIC) and 9.1 cm2 (PAP), 150 rpm 8.3 cm2 (DIC)
and 12.6 cm2 (PAP). Greater the PAP surface areas
than the DIC surface areas (with an exception at 25

rpm) are probably due to a lower than DIC solubili-
ty of PAP in citrate buffer at pH 6.5. It can be
assumed that the grains of DIC dissolved rapidly
after released from tablet T1, creating a smaller sur-
face dissolution, and PAP remains in the diffusion
layer for a longer period of time.

During the release test from T2, the surface
areas of dissolving PAP grains were approximately
3 times larger than the ones of the DIC grains. Thus,
after 10 min at 50 rpm the surface areas were equal
to 2.9 cm2 (DIC) and 8.5 cm2 (PAP), at 175 rpm to
9.8 cm2 (DIC) and 31.2 cm2 (PAP), which is related

Figure 2. Continued
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Figure 3. The dependence between Sh and Re for a) DIC from T1, b) PAP from T1, c) DIC from T2 and d) PAP from T2
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to the influence of T2 excipients on the dissolution
of DIC and PAP. Differences in the surface area size
of the dissolving grains of the active substances may
have been caused by the change in the rate of tablet
disintegration and by the modification of solubility
of the substances caused by the presence of various
excipients of the tablets. Changes of the surface area
size values of the dissolving grains indicated that the
excipients forming T2 caused a slow release of both
DIC and PAP.

As shown in Table 1, the values of mass trans-
fer coefficients (K) for DIC and PAP vary depend-
ing on the composition of tablets, but they do not
depend on different rates of dissolution medium
mixing (± 0.5%).Values of (K) for DIC were four
and seven times higher than for PAP in T1 and T2,
respectively, which suggests greater solubility of
DIC from both T1 and T2 tablets. Values of (K) for
the active substances included in T1 were higher
both for DIC (2 times) and PAP (4 times) than in T2,
indicating that T2 excipients caused a decrease in
dissolution of both substances.

The values of diffusion boundary layer thick-
ness (h) are slightly different for DIC and PAP in
bothT1 and T2. However, the values of (h) are twice
higher in T2 than in T1 for both active substances,

which confirmed that the excipients forming T2
caused a decrease in the release of DIC and PAP.
With an increasing rotation speed of the paddle, (h)
values slightly decreased. 

The release tests provided by Wu et al. (6)
using theophylline tablets showed an increased mass
transfer rate and decreased boundary diffusion
thickness with an increasing basket rotation speed.
The values tested at the same speed in a paddle
apparatus presented higher mass transfer coefficient
and lower boundary diffusion thickness than in the
basket apparatus.

In our study, where the numbers of Sh for
tablets T1 and T2 were compared, it can be observed
that for DIC they were 2.7 times higher and for PAP
9.7 times higher in T1 than in T2. Having compared
the average values Sh in the same formulation (T1),
it was observed that the number Sh was 11.4 times
higher for DIC compared with PAP and 41.5 times
higher for DIC in T2 tablets. Higher values Sh indi-
cated that the rate of mass transfer at the solid-liquid
border was greater, which indicates a faster release
of both substances from T1 and a faster dissolution
of DIC than of PAP from both tablets.

As presented in the previously published study
(23) carried out in the flow-through apparatus, the

Table 1. The parameters describing the release process of DIC and PAP from tablets in a paddle apparatus

Parameters 
T1 T2

DIC PAP DIC PAP

D (cm2/s) 5.462∑10-6 4.643∑10-6 5.462∑10-6 4.643∑10-6

dz (cm) 0.0242 6.92∑10-3 0.0208 3.086∑10-3

K (g/cm2∑s) 1.3351∑10-5 3.4747∑10-6 5.8309∑10-6 8.0681∑10-7

(± SD, %) (± 0.27) (± 0.5) (± 0.16) (± 0.26)

h (cm) 1.6409∑10-3 1.3938∑10- 3.2797∑10-3 2.7896∑10-3

(± SD, %) (± 0.26) 3 (± 0.15) (± 0.15) (± 0.09)  

Sh
at rpm   

Re
at rpm

Sc 1438.42 1692.15 1438.42 1692.15 

25 
50
75
100
125
150
175

0.058569
0.058556
0.058514
0.058452
0.058404
0.058170
0.058122

5.1290∑10-3

5.1243∑10-3

5.1236∑10-3

5.1191∑10-3

5.1178∑10-3

5.1159∑10-3

4.4917∑10-3

0.021940
0.021945
0.021957
0.021937
0.021912
0.021917
0.021848

5.3134∑10-4

5.3053∑10-4

5.2976∑10-4

5.2940∑10-4

5.2812∑10-4

5.2881∑10-4

5.2691∑10-4

25 
50
75
100
125
150
175

16.925
33.851
50.777
67.702
84.616
101.553
118.451

4.84
9.68
14.52
19.359
24.196
29.039
33.871

14.548
29.095
43.643
58.19
72.727
87.286
101.809

2.158
4.317
6.475
8.633
10.79
12.95
15.105
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Sh values for DIC were 24% and for PAP 80%
lower in T2 comparing with T1. The Sh values,
which represent the changing mass transfer rate of
the solid-liquid boundary obtained from both appa-
ratuses release results, were higher for DIC than
PAP from T1 and T2. 

The values of Sc number depended on the dif-
fusion coefficient of the therapeutic substance in the
soluble liquid, as well as its density and viscosity
(14-18). That is why the values were different for
each active substance (DIC and PAP) and independ-
ent of the apparatus used for the release examina-
tion. 

The numbers Re were higher by 14% for DIC
and by 55% for PAP in T1 compared with T2.
However, the numbers Re were 3.5 and 7 times larg-
er for DIC than PAP in T1 and T2, respectively. The
values of numbers Re confirmed that the release of
the active substances was faster from T1 than T2
and the release of DIC compared to PAP was faster
from both formulations T1 and T2. 

The values of Re number, representing fluid
hydrodynamics for solid, increased together with an
increase of both the mixing rate in the paddle appa-
ratus and fluid flow rate in the flow-through appara-
tus (23) for T1 and T2. The values of Re numbers
were higher for the flow-through as well as for the
paddle apparatus in T1 tablets at approximately 14%
for DIC and 57% for PAP in comparison to T2. This
confirmed that the release of DIC occurs faster than
that of PAP. The numbers Re were 3.5 times higher
for DIC in T1, and 7 times higher in T2 than for PAP
in both apparatuses. This fact may mean that various
auxiliary substances in the formulations may influ-
ence the process of active substances release. 

The Re numbers were also calculated from Eq.
3 without taking into account a grain diameter of
active substances (dz), to represent the fluid hydro-
dynamics of the liquid at different agitation speeds
in a paddle apparatus: 699.4 (25 rpm), 1398.81 (50
rpm), 2098.21 (75 rpm), 2797.61 (100 rpm),
3496.51 (125 rpm), 4196.42 (150 rpm) and 4894.68
(175 rpm). These Re numbers, calculated without
taking into account the (dz) of DIC and PAP,
describe the type of fluid flow in the release appara-
tus. Laminar flow of the liquid occurs at values of
Re of less than or equal to 2300, but above 2300 a
partially turbulent flow occurs (19). From this fol-
lows that the laminar flow, which is desirable for the
release studies, occurred in a paddle apparatus at
mixing rates 25, 50 and 75 rpm, whereas at higher
speeds of 100, 125, 150 and 175 rpm a partially tur-
bulent flow occurred. McCarthy et al. (36) showed
that there are significant differences in the hydrody-

namics of liquid flow in a paddle apparatus at dif-
ferent stirring speeds from 25 to 150 rpm. These
researchers observed that the approximate time
required to achieve a complete mixing varied
between 2 to 5 s at 150 rpm and 40 to 60 s at 25 rpm. 

Wu et al. (7), based on the results of the release
study of two active substances from tablets, estab-
lished an equation to predict drug dissolution from
conventional tablets using the relationship of the
values ofdimensionless numbers Sh and Re) In their
study, it was demonstrated that hydrodynamic con-
ditions and the type of the dissolution apparatus
used have an effect on the dissolution rate, mass
transfer rate and film thickness underlying dissolu-
tion process, and that the drug dissolution at a given
time increases with the flow rate of the dissolution
medium. The hydrodynamic conditions did not
affect the drug dissolution from HPMC controlled
release tablets indicating that the drug dissolution is
controlled by the matrix. 

In our study, as shown in Figure 3, we obtained
direct dependences between Sh and Re numbers for
DIC and PAP in both tablets at rotation speeds in the
range from 25 rpm to 125 rpm (and even to 150 rpm
for PAP in T1), except for DIC from T2 (direct
dependences 75-125 rpm). Tablets T2 contained
10% HPMC as an excipient and may be the addition
caused interruption in the dissolution process of
DIC. Generally, we obtained direct dependences
between Sh and Re in the range from 75 rpm and 125
rpm for both substances from all tablets.

The description of the dissolution process by
the dimensionless numbers has advantages because
it presents the mass transfer coefficient and relevant
parameters of the dissolution medium such as densi-
ty and viscosity, diffusion coefficient and the rota-
tion speed of the paddle in the apparatus. Thus, it is
possible to plan the drug with a required release pro-
file under given in vitro conditions. 

CONCLUSION

The release of diclofenac sodium and papaver-
ine hydrochloride from tablets varied depending on
the excipients in tablets. Generally, two active sub-
stances were released faster from tablets comprising
potato starch than from tablets containing HPMC
and microcrystalline cellulose. The mass transfer
process on the solid-liquid boundary was character-
ized by values of mass transfer coefficients, the dif-
fusion boundary layer thickness and dimensionless
numbers (Sh and Re). Having known the parameters
of release, the suitable conditions for lasting of the
process can be planned, as well as the paddle rota-
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tion speed in the apparatus and the effect of compo-
sition of solid dosage form on the released process
in given dissolution medium can be predicted. The
mass transfer coefficient and the dimensionless
numbers can be used to anticipate the quantity of the
dissolution active substance over time under the set
or scheduled hydrodynamic conditions.
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Schizophrenia is severe debilitating mental ill-
ness leading to devastating disability in about 0.6%
of the world population (1). Cost of treatment in
such large population is in billions of dollars annu-
ally but still patients have significantly reduced life
expectancy and suffer from mental disability (2).
Schizophrenia has characteristic episodes of relapse
and remission, which requires a long term pharma-
cotherapy with antipsychotic medication (3). There
is no cure available for the chronic debilitating dis-
ease like schizophrenia but medication therapy can
certainly reduce the symptoms of the patients and
improve the quality of life. Most of the patients
require a lifelong treatment with medications. Other
interventions for the treatment includes psychoso-
cial training and rehabilitation care process (4).

Atypical antipsychotics can be described as drugs
producing antipsychotic effects with minimal
extrapyramidal symptoms on normal treatment
doses (5). Atypical antipsychotic drugs are very
potent antagonists of 5-HT2A receptors, but in com-
parison having a low antagonistic effect on D2

receptors (6). Olanzapine is considered as an inno-
vative drug entity and widely used in about four mil-
lion patients around the world, due to its safety and
efficacy profile (7). Olanzapine has shown to have
affinity with dopamine D1 and D2, muscarinic and
serotonin 5HT2 receptors (8). Nonadherance to
antipsychotic agents can lead to frequent relapses,
decreased mental and functional capacity, re-hospi-
talization and inability to maintain relationships in
schizophrenic patients (9). Nonadherance to med-
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Abstract: Schizophrenia is a lifelong debilitating illness requiring extended treatment with antipsychotic
agents. Non-adherence to therapy is a very common and severe problem in these patients, which can be
improved by prescribing depot injectable or implant formulations. The purpose of this study was to develop
PNA microgels based in situ gelling system for sustained release of olanzapine. PNA [poly(N-isopropylacry-
lamide-co-acrylic acid)] microgels were prepared using a previously developed method employing emulsion
polymerization technique, applying one of the optimized formulations. Olanzapine loaded PNA microgels were
characterized by viscosity measurements, cytotoxicity assay and TEM analysis. In vitro release of olanzapine
from PNA microgels was determined on different pH and temperature range. In vivo studies were performed
on male Sprague-Dawley rats with average weight of 315 g (n = 6). Olanzapine loaded PNA microgels were
successfully prepared with drug loading efficiency of 2.14 ± 0.52%. The fluid like viscosity of microgels for-
mulation at lower pH value (pH 5.0) and room as well as body temperature made it favorable for injection form.
In vitro release was characterized by a high initial burst release up to 38.6% of the drug release within 2 h. In
vivo release data also indicated similar initial high burst release that might indicate toxicity when administered
in injectable dosage form but subcutaneous injection of PNA microgels proved fruitful results as this initial
burst release followed a sustained release for 72 h. Hence, PNA microgels can be formulated for short term
depot injection, which can potentially provide the release of olanzapine for 72 h. 
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ication can be improved by introduction of depot
parenteral drug delivery system for sustained deliv-
ery of antipsychotic medication (10), which will sig-
nificantly reduce the dosage frequency and thereby
improve adherence.

Microgels have attracted attention in recent
years as in situ gelling system for biomedical appli-
cation (11). Microgels are hydrogels in colloidal
size range and consisted of cross-linked polymers.
Microgels are in situ gelling systems, which
response to various stimuli presents in situ e.g., sol-
vent composition, pH of dispersion medium, tem-
perature of medium, ionic strength and osmotic
pressure (12). Microgels in concentrated dispersion
show a better phase transition behavior as compared
to linear polymers, as small sized microgels com-
bine to form a larger network of gel (13-15). All
these properties of microgels, make them a potential
and suitable candidate as an in situ gelling system
for drug delivery (16). Parenteral depot delivery of
olanzapine based on poly(N-isopropylacrylamide-
co-acrylic acid) (PNA) in situ gelling has not been
reported to our knowledge.

A dual temperature/pH responsive microgels
based on PNA were prepared according to previous-
ly developed and optimized method (16). PNA
microgels based in situ gelling system was applied
for depot injection drug delivery of olanzapine. 

EXPERIMENTAL

Materials

Pure drug samples of olanzapine (2-methyl-4-
(4-methyl-1-piperazinyl)-10H-thieno[2,3][1,5]ben-
zodiazepine) and fluoxetine were kindly gifted by
Miracle Pharmaceuticals (Islamabad, Pakistan). N-
isopropylacrylamide (NIPAM), N,Ní-methyl-
enebisacrylamide (MBA), sodium dodecyl sulfate
(SDS), acrylic acid (AA), potassium persulfate,
Dulbecco's modified Eagle's medium (DMEM),
dimethyl sulfoxide (DMSO), 3-(4,5-dimethylthia-
zol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
and fetal bovine serum (FBS) were purchased from
Sigma-Aldrich (Steinheim, Germany).

Methods

Preparation of olanzapine loaded PNA microgels

PNA microgels were prepared using a method
as stated by Xiong Wi et al., employing an optimized
formulation developed by authors (16). Initially, 2.6
g of NIPAM (monomer), 0.2 g of MBA (monomer
and cross linker) and 0.116 g of SDS (surfactant)
were added to 280 mL of water containing 10% AA
(co-monomer). This solution was transferred to three

necked flask fitted with reflux condenser. The solu-
tion was bubbled with nitrogen for at least 40 min to
remove any oxygen from the solution. After purging
with nitrogen, the solution was heated at 70OC on a
magnetic stirrer at 300 rpm. Potassium persulfate
solution (0.14 g/10 mL) was rapidly added to above
solution to initiate the process of polymerization.
The polymerization process was carried out for 5 h at
70OC. Residual monomers were removed by dialysis
against water for 2 weeks. After dialysis, the micro-
gels were separated and dried by using a freeze dryer.
Formulation was sterilized with γ irradiation at 25
kGy and degradation was prevented by using dry ice.

Loading of olanzapine to microgels was done
according to previously described procedure (17).
The freeze dried PNA microgels were immersed in
100 mL of 0.2 mg/mL solution of olanzapine for 4
days. Drug loaded PNA microgels were washed
with phosphate buffer saline (PBS) repeatedly for at
least three times and freeze dried or carried to disso-
lution medium for release studies.

Drug loading efficiency

Drug loading efficiency of PNA microgels was
calculated using the following formula:

WdrugLoading efficiency % =  ñññññññññ  ◊  100 
Wdried microgel

where Wdrug is weight of drug in dosage form and
Wdried microgel is weight of drug loaded freeze dried
PNA microgel. 

Transmission electron microscopic analysis

Transmission electron microscope (TEM)
model JEOL JEM-1010 (Korea) was used to analyze
the morphology of olanzapine loaded PNA micro-
gels. A dispersion of microgels was deposited on a
carbon coated formvar grid. These grids were air
dried and observed with TEM at accelerating volt-
age of 100 kV.

Measurement of viscosities

Viscosity of olanzapine loaded PNA microgels
was evaluated at various pH and temperature range.
The samples of microgels (8%) were dispersed sep-
arately in citric acid-phosphate buffer solutions of
pH 5.0, 7.0 and different temperature ranges of 20-
45OC using thermostat. All viscosity measurements
were taken on programmable viscometer (Brook-
field DV-II pro, USA).

Measurement of cytotoxicity with MTT assay

MTT method was used to evaluate the cyto-
toxicity of olanzapine loaded PNA microgels.
Briefly describing, NH 3T3 cells (mouse embryon-
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ic fibroblast cells) were seeded at 5000 cells per µL
in each well of 96-well plate. Well plate was main-
tained in DMEM with 100 U/mL of penicillin, 100
µg/mL streptomycin and 10% heat inactivated FBS.
Well plate was incubated for 1 day in 5% CO2

atmosphere at 37OC and 100 µL of olanzapine
loaded microgel dispersion was added to culture
medium. After adding microgels, this culture medi-
um was incubated for 24 and 72 h. After incubation
time point, the culture medium was replaced with
MTT solution (5 mg/mL) and incubated for 4 h in

dark at 37OC. Then, MTT solution was replaced
with DMSO (200 µL) and stirred at room tempera-
ture. Samples were analyzed with optical rotation
measured at 490 nm. 

In vitro release studies

In vitro release of olanzapine from PNA micro-
gels was carried out in USP apparatus I with phos-
phate buffer saline (PBS) pH 7.4 at 100 rpm and cal-
ibrated to 37OC ± 0.5OC. At predetermined time
intervals, the samples (10 mL) were collected, fil-

Figure 1. Transmission electron microscopic (TEM) image of olanzapine loaded PNA microgels

Figure 2. Viscosity of olanzapine PNA microgel dispersion at various pH and temperature range
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tered (0.45 µm membrane filter) using Sartorius
syringe filtration assembly and were replaced with
fresh BPS already maintained at specified tempera-
ture. The samples were analyzed for olanzapine con-
centration using ultraviolet spectrophotometer
(Shimadzu, Japan) at 226 nm. A calibration curve
demonstrating absorbance of known concentration
of olanzapine was constructed in BPS media and
analyzed to determine amount of olanzapine
released (18).

The release pattern was evaluated by applying
different kinetic equations including zero order,
Higuchi, Korsmeyer-Peppas and Hixson-Crowell to
determine correlation coefficient r2 value for inter-
pretation of release pattern along with mechanism of
drug release from PNA microgels.

In vivo studies of olanzapine loaded PNA micro-

gels

In vivo studies were performed on male
Sprague-Dawley rats with average weight of 315 g.
Rats were divided into two groups (n = 6) and pro-
vided with free access to food and water at all the
time during study. Control group of animals was
administered with oral dose of olanzapine (7 mg/kg)
and test group was administered with subcutaneous
injection of olanzapine (7 mg/kg) loaded PNA
microgels suspended in normal saline. All animals
were observed for 72 h prior to study for any abnor-
mality. Animal studies were approved by Pharmacy
Research Ethics Committee, Department of
Pharmacy, the Islamia University of Bahawalpur
and all experiments were performed in accordance

Figure 3. MTT assay of olanzapine loaded PNA microgels after incubation for 24 h and 72 h

Figure 4. In vitro release profile of olanzapine from PNA microgels observed on tissue conditions



Development of olanzapine loaded PNA microgels for depot... 179

with international guidelines for animals (19). Blood
samples (0.5 mL) from tail vein were collected at 0,
1, 3, 6, 12, 24, 36, 48, 60 and 72 h. All blood sam-
ples were immediately centrifuged at 4500 ◊ g for
10 min and plasma was separated and stored at 
-80OC in dark. Plasma samples were brought to
room temperature before analyzing with a previous-
ly developed and validated reverse phase HPLC
method. Thermo Kinetica 5.0 (Thermo Fisher
Scientific, USA) was used to evaluate the pharma-
cokinetic parameters of olanzapine in rat plasma. 

Statistical analysis

Results were statistically investigated for sig-
nificant difference by using t-test at 5% significance
level and considered significantly different if value
of p ≤ 0.05. All statistical analysis was performed
using Microsoft Excel-2010 software package.

RESULTS AND DISCUSSION

Olanzapine loaded PNA microgels were suc-
cessfully prepared with drug loading efficiency of
2.14 ± 0.52%. Loading efficiency was found low
because of the nature of drug loading process; how-
ever, the results were consistent with a previous
study using the same method of drug loading (17).
Transmission electron microscopic studies revealed
the morphology of olanzapine loaded PNA micro-
gels as shown in Figure 1. TEM study indicates the
micron size of the PNA gel particles with spherical
shape and slightly irregular outer surface. 

Viscosity measurements of olanzapine PNA

microgels

Viscosity of olanzapine PNA microgel disper-
sion was measured at pH 5.0 and pH 7.4, applying
temperature range of 20-45OC as shown in Figure 2.
The PNA microgels formulation is both pH and tem-
perature sensitive, therefore showing a variable
behavior in viscosity when temperature was
increased on pH 7.4. At pH 7.4, viscosity was high
even at 20OC, showing conversion to gel form on
this pH value. Viscosity was decreased as tempera-
ture increases when measured in pH 5.0 dispersion.
The nature in viscosity variation make this formula-
tion favorable for injection form, as at pH 5.0 injec-
tion will not turn into gel on room temperature or
even at higher temperatures. The dual nature of
microgel prevents clogging of syringe and prema-
ture gelation of formulation when compared with
only temperature sensitive in situ gels.

MTT cytotoxicity assay

Olanzapine loaded PNA microgels did not
show any significant sign of cytotoxicity when eval-
uated with MTT assay, as shown in Figure 3. A
range of microgels concentrations (up to 50 mg/mL)
were applied, but did not show a cytotoxic effect on
any of the concentrations. After incubation for
longer period (72 h), there was little but no signifi-
cant effect on metabolic proliferation of NH 3T3
cells. Alone MTT assay cannot predict the cytotoxi-
city of dosage form; further animals studies are
required to prove the safety parameter regarding

Figure 5. In vivo release profile of olanzapine from oral olanzapine (7 mg/kg) and subcutaneous PNA microgels (7 mg/kg) in rats (n = 6)

In situ microgels of OLZ

Olanzapine Oral
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PNA microgel, so careful and precise animal studies
can predict the actual toxicity of PNA microgels. A
previous study also showed the non toxic behavior
with PNA microgels (17). 

In vitro release studies

In vitro release profile of olanzapine from PNA
microgels was observed on simulated tissue condi-
tions, as shown in Figure 4. In vitro release was
characterized by a high initial burst release up to
38.6% of the drug release within 2 h that was attrib-
uted to the hydrophilic characters of the gel materi-
al, which resulted in excellent swelling on penetra-
tion of water in the gel matrix. This high initial burst
release may indicate that this microgel dosage form
might not be suitable candidate for injectable dosage
form due to potential of producing toxic effects but
efficiently controlling the loading of drug by limit-
ing minimum toxic concentration to 40% of loaded
drug can overcome the stated problem. In vitro
release pattern for olanzapine from PNA microgel
was consistent with in vitro release of other
hydrophobic drugs from microgels in a previous
study (17). This initial release was followed by an
extended sustained release phase, which lasted for
50 h. Release mechanism was best described by
Korsmeyer-Peppas model (r2 = 0.9681, n = 0.397), n
value indicates that release of olanzapine from PNA

microgels was controlled by Fickian diffusion (20).
The initial burst release demonstrated such release
pattern but the release profile was also found some-
what consistent with the Higuchi model (r2 = 0.944)
indicating the release pattern from these PNA
microgel followed diffusive release as a predomi-
nant pattern of drug release (21). In vitro release
kinetics of olanzapine from PNA microgels is
described in Table 1.

In vivo studies of olanzapine loaded PNA micro-

gels

In vivo release profile of subcutaneous injec-
tion of olanzapine loaded PNA microgels was com-
pared with oral olanzapine dose on healthy rats. In
vivo release data indicated an initial high burst
absorption of released drug from the subcutaneous
injection of PNA microgels but this initial burst
release was followed by a sustained release for 72 h
(Fig. 5). Oral dose of olanzapine also provided an
initial rapid absorption but plasma levels were main-
tained for only 24 h (Fig. 5). PNA microgels can be
formulated for short term depot injection, which can
potentially provide the release of olanzapine for 72
h. Pharmacokinetic parameters were evaluated for
both oral olanzapine and olanzapine loaded PNA
microgels as described in Table 2. Half life of the in
situ gel (8.66 ± 0.18) was higher as compared to oral

Table 1. In vitro release kinetics of PNA microgels based olanzapine in situ gel formulation.

Model Zero order Higuchi Korsmeyer-Peppas Hixson-Crowell

Parameter K0 R2 KH R2 KKP R2 n KHC R2

Value 2.269 0.4584 14.057 0.9448 20.027 0.9681 0.397 0.015 0.8401

Table 2. Non-compartmental pharmacokinetic parameters of olanzapine (Mean ± S.D) in rats (n = 6) after oral dose of olanzapine (7 mg/kg)
and subcutaneous dose of PNA microgels of olanzapine (7 mg/kg).

Olanzapine PNA microgels Difference
Parameter Unit  (oral) of olanzapine p-value  based on

Mean ± S.D. Mean ± S.D. p-value

t1/2 h 2.54 0.15 8.66 0.18 1.85E-10 highly significant

Tmax h 1 5.09 1.33 0.82 0.36322 non significant

Cmax ng/mL 412.7 18.7 226.58 10.08 5.77E-06 highly significant

AUC0-t ng/mL ◊ h 1956.7 119.2 3522.90 226.90 3.45E-05 highly significant

AUC0-inf ng/mL ◊ h 1959.5 119.5 3525.20 227.39 3.45E-05 highly significant

MRT0-inf h 4.6 0.08 16.24 0.26 8.53E-10 highly significant

Where t1/2 is half life, Tmax is time for maximum concentration, Cmax is maximum plasma concentration, AUC is area under plasma vs. time
curve, MRT is maximum residence time, h = hours and S.D is standard deviation.
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olanzapine (2.54 ± 0.15), which indicates a more
sustained release pattern of olanzapine from PNA
microgels (22). Mean residence time (MRT) was
also higher for PNA microgels when compared with
oral olanzapine. Area under the plasma versus time
curves (AUC) for subcutaneous injection of PNA
microgels was higher as compared to oral olanzap-
ine because subcutaneous route of administration
provides better bioavailability than oral route (23).
When pharmacokinetic parameters were compared
statistically, all parameters were having highly sig-
nificant difference except Tmax (time for maximum
plasma concentration). Tmax for oral olanzapine and
PNA microgels of olanzapine was found with non-
significant difference, which indicates that sustained
formulation was exhibiting an initial burst release
comparable with oral absorption.

CONCLUSIONS

Olanzapine loaded PNA microgels prepared by
radial polymerization containing drug loading effi-
ciency of 2.14 ± 0.52% proved fruitful method of
delivery as depot injection. The favorable character-
istics of viscosity at low pH such as pH 5.0 made
this formulation ideal candidate for injectable deliv-
ery because it will not turn to rigid gel instead of
microgel on room temperature or even at higher
temperatures. In vitro release was characterized by
Fickian diffusion due to high swellability and initial
burst release of 38.6% of the total drug loaded with-
in first 2 h of the study. Similar kind of release
behavior was shown by in vivo subcutaneous injec-
tion of PNA microgels that indicated a potential of
toxicity if loaded dose is not controlled efficiently.
Both in vitro and in vivo release data indicated initial
burst release followed by a steady sustained release
for 72 h. Hence, PNA microgels can be formulated
for short term depot injection, which can potentially
provide the release of olanzapine for 72 h. 
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Drug delivery systems have been known for
enhancing therapeutic efficacy, minimizing side
effects, and improving patient compliance. Among
drug delivery systems, hydrogels have attracted the
interest of biomaterial scientists due to their
hydrophilic character and biocompatibility (1). Due
to their softness and pliable nature, they have ten-
dency to absorb higher amounts of water and physi-
ological solutions, these absorbed aqueous solutions
are capable of retaining water even if subjected to
pressure. They have numerous applications as drug
carriers, water-absorbents and food additives (2).

Superabsorbent hydrogels have an ability to
absorb water from 10% to thousands times of their
dry weight (3). Due to special characteristics, these
materials have gained attention in the fields of: agri-
culture, waste water treatment (4-6), pharmaceuti-
cals and biomedical (7, 8) and biotechnology (9,
10). Polysaccharide based hydrogels are currently

attracting much interest for their unique properties,
which are their better biocompatibility, biodegrad-
ability, renewability, and nontoxicity. Various poly-
saccharides, such as starch (11), chitosan (12), car-
rageenan (13), alginate (14), cellulose and cellulose
derivatives (15-17) have been used for superab-
sorbent hydrogel formulation.

In this work, a super-absorbent hydrogel was
synthesized by copolymerization of two monomers
(acrylic acid and AMPS) and their crosslinking with
HPMC using potassium persulfate to initiate the
reaction and MBA as crosslinking agent. Hydroxy-
propyl methylcellulose (HPMC), the cellulose
derivative, is a semisynthetic, inert and viscoelastic
polymer found in a variety of commercial products.
Depending on the grade, HPMC is widely utilized in
oral solid dosage forms (tablets and capsules) as
well as an ophthalmic lubricant (18, 19). HPMC
comprises of repeated units of glucose, linked with
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Abstract: A super-absorbent hydrogel was developed by crosslinking of 2-acrylamido-2-methyl-1-propanesul-
fonic acid (AMPS) and acrylic acid with hydroxypropyl methylcellulose (HPMC) for controlled release drug
delivery of captopril, a well known antihypertensive drug. Acrylic acid and AMPS were polymerized and
crosslinked with HPMC by free radical polymerization, a widely used chemical crosslinking method. N,Ní-
methylenebisacrylamide (MBA) and potassium persulfate (KPS) were added as cross-linker and initiator,
respectively. The hydrogel formulation was loaded with captopril (as model drug). The concentration of capto-
pril was monitored at 205 nm using UV spectrophotometer. Equilibrium swelling ratio was determined at pH 2,
4.5 and 7.4 to evaluate the pH responsiveness of the formed hydrogel. The super-absorbent hydrogels were eval-
uated by FTIR, SEM, XRD, and thermal analysis (DSC and TGA). The formation of new copolymeric network
was determined by FTIR, XRD, TGA and DSC analysis. The hydrogel formulations with acrylic acid and
AMPS ratio of 4 : 1 and lower amounts of crosslinker had shown maximum swelling. Moreover, higher release
rate of captopril was observed at pH 7.4 than at pH 2, because of more swelling capacity of copolymer with
increasing pH of the aqueous medium. The present research work confirms the development of a stable hydro-
gel comprising of HPMC with acrylic acid and AMPS. The prepared hydrogels exhibited pH sensitive behav-
ior. This superabsorbent composite prepared could be a successful drug carrier for treating hypertension.
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one another by 1,4-glycosidic bonds, while the poly-
mer chains are attached together by hydrogen bond-
ing (20).

Acrylic acid (AA) has been extensively used as
monomer in hydrogel synthesis due to relatively
economical advantage, crosslinking ability as well
as rapid polymerization by various formulation tech-
niques. It possesses a pH and electrically responsive
behavior due to ionic repulsion between anionic
charged carboxylate groups. It polymerizes to poly-
acrylic acid (PAA) - an established vehicle in con-
trolled release drug delivery (21, 22).

2-Acrylamido-2-methyl-1-propanesulfonic
acid (AMPS) has attracted an attention in hydrogel
formation due to the presence of sulfonate groups.
Strongly ionizable sulfonate groups increase the
hydrophilicity and ultimately swelling capability of
hydrogels. The polymeric network comprising of
AMPS have ability to swell at all pH ranges, there-
fore it does not impart a pH-sensitive behavior to its
hydrogel formulation. As stated in the literature, it
swells rapidly in acidic medium and relatively
slower at pH higher than 5. AMPS contains both
nonionic and anionic groups; whereas AA is an
anionic monomer (23). Due to these characteristics,
acrylic acid was combined with AMPS, to release
the drug loaded in a controlled manner. The hydro-
gels prepared were observed for their swelling
behavior at different pH (2, 4.5 and 7.4). They were
loaded with captopril and its release was studied by
dissolution process at pH 2 and 7.4. Moreover,
FTIR, SEM, XRD, DSC and TGA analyses were
performed for in vitro characterization of super-
absorbent composite. 

MATERIALS AND METHODS

Chemicals 

Hydroxypropyl methylcellulose (2600-5600
cps) and acrylic acid were from Sigma Aldrich,
Netherlands. AMPS, (99%, Aldrich, product of
Germany) N,N-methylene-bis-acrylamide (98%,
Fluka, Switzerland), potassium persulfate (Analar,
BDH, England) and potassium dihydrogen phos-
phate (Merck, Germany) were purchased through
local commercial sources. Distilled water from lab-
oratory and solvents of analytical grades were used.

Preparation of hydrogel

The hydrogel was prepared by free radical
polymerization, where the polymer (HPMC) in
varying quantities was added in distilled water and
stirred at 80OC for 1 h. Then, the HPMC solution
was subjected to nitrogen purging for about 30 min

and potassium persulfate (0.5% w/w) was added to
initiate the reaction by generating free radicals.
After that, the reactants were cooled down to 30OC
and MBA as cross-linking agent dissolved in
acrylic acid (AA) was added under magnetic stir-
ring. Then, AMPS previously dissolved in small
quantity of water was added to above mixture and
final volume was adjusted by addition of deionized
distilled water. After that, the above mixture was
poured in test tubes and heated in water bath at 50,
55, 65 and 75OC for 30 min, 1, 2 and 3 h, respec-
tively. Then, the glass tubes were cooled to 25OC
and hydrogels were taken out and cut in the form of
discs of nearly 8 mm long diameter. They were then
thoroughly treated with ethanol and distilled water
mixture (50 : 50, v/v) for removing catalysts and
uncross-linked monomer, till the pH of solutions
after washing became nearly the same as before
being used. After washing process, the hydrogel
discs were air dried for overnight and then trans-
ferred to oven at 45OC for 4 to 5 days until they
attained a constant weight. 

In vitro evaluation

Fourier transform infrared spectroscopy (FT-IR)

FT-IR spectrophotometer (Bruker, Tensor 27)
was used to record the spectra of hydrogel, HPMC,
acrylic acid and AMPS. The hydrogel samples were
ground by the help of cutter as well as pestle and
mortar. The components and crushed hydrogel sam-
ples were then analyzed in wavelength range from
4000 to 500 cm-1.

Scanning electron microscopy (SEM)

SEM images were taken to investigate the sur-
face morphology of super-absorbent hydrogels
using a scanning electron microscope (Quanta 250,
FEI). Both drug free formulations and drug loaded
samples were ground and scanned at different mag-
nifications to observe the microscopic surface of
dried hydrogels. It was done to assess the capability
to adsorb and entrap the drug into their polymeric
network. 

X-ray diffraction (XRD)

X-ray diffraction analysis determines the crys-
talline and amorphous properties of the substances.
It investigates the interaction of components or
polymers and drug. Xpert Pro diffractometer
(Panalytical) was used to record x-ray diffraction.
The XRD patterns of pure drug and drug loaded for-
mulations were measured at room temperature by
scanning at angle 5-50O (2θ), at scanning speed of
20/min.
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Thermal analysis

Thermal analysis was recorded by thermo-
gravimetric analysis (TGA) and differential scan-
ning calorimetry (DSC) using Q5000 series (TA
instruments) and Q2000 series (TA instruments),
respectively. The hydrogel samples were crushed
into powder form using pestle and mortar and
passed through a mesh no. 50. 

TGA
For measuring TGA, 1-4 mg of ground sample

was placed in platinum pan connected to microbal-
ance and heated till 500OC at a rate of 20OC/min in
nitrogen atmosphere.

DSC
To record DSC, hydrogel samples (1 to 3 mg)

along with HPMC, AMPS and acrylic acid were
placed in aluminum pan crimped with an aluminum
lid and heated from 0 to 500OC at the same rate as
used for TGA. 

Swelling study 

The swelling of hydrogels was measured at dif-
ferent pH (2, 4.5 and 7.4) at room temperature.
Dried discs of hydrogels were accurately weighed
and immersed in swelling medium i.e., 0.1 M USP
phosphate buffer solution. Hydrogel discs were
weighed at regular intervals of time and before

Figure 1. Crosslinked HPMC-g-poly(AA-co-AMPS) hydrogels
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weighing they were placed on filter paper to remove
excess of solution from the surface. The hydrogels
were weighed for a period until they attain equilibri-
um. The swelling ratio was calculated as: 

WsS = ññññññ                           (1)
Wd

where, Ws is the weight achieved after swelling and
Wd denotes the weight of dry hydrogel discs. The
percentage equilibrium swelling was determined by
equation:

Weq ñ Wd%ES = ññññññññññññ                  (2)
Weq

where, Weq is the equilibrium weight and Wd is the
initial weight of hydrogels before swelling study.

Drug loading

Hydrogels were loaded with drug (captopril)
using absorption method by immersing the dry discs
of hydrogels in 100 mL of captopril solution (1%
w/v) comprising of phosphate buffer solution and

methanol (50 : 50, v/v). The hydrogels were swollen
till they achieved equilibrium, then taken out and
dried in oven at 40OC to their constant weights. The
amount of drug loaded in hydrogels was measured
by extracting them with the methanol/phosphate
buffer solution in the same ratio used for drug load-
ing. The extraction was done repeatedly at regular
intervals and each time with freshly prepared solu-
tion until no drug remained in the extracting solu-
tion. All samples of drug solutions used during
extraction procedure were analyzed for drug con-
tents. The calibration curve of captopril was drawn
by preparing its various dilutions to determine the
drug concentration spectrometrically at λmax of 205
nm.

Drug release

Drug release measurement was carried out by
dissolution process using 0.1 M USP phosphate
buffer solutions of lower and higher pH values (pH

Figure 2. FT-IR spectra of HPMC-g-poly(AA-co-AMPS) (a), HPMC (b), acrylic acid (c) and AMPS (d)
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2 and 7.4). The dried hydrogel discs loaded with
captopril were placed in 500 mL buffer solution
(dissolution medium) maintained at 37OC and agitat-
ed by a paddle stirrer at a speed of 50 rpm. Then, the
samples were taken at specific time intervals and
drug released was measured by UV spectropho-
tometer at λmax of 205 nm.

Drug release kinetics

Various drug release models were used to
determine the mechanism of drug release as given
below:

Zero order kinetic model
It relates the drug delivery systems, where the

rate of drug release does not exhibit concentration
dependency. It is represented as:

M0 - Mt = Kt (3)
where, M0 is the initial quantity of drug, Mt is the
fraction of drug released at time t and K is the pro-
portionality constant. 

First order kinetic model
The first order kinetics describes the concen-

tration dependent release of drug and is represented
by the following equation:

Log M0 - Log Mt = K1 t/2.303 (4)
where, M0 is the initial amount of drug, Mt is the
drug concentration released at time t and K1 is the
release constant.

Higuchi model
Higuchi model can be presented by a simpli-

fied equation as:

Figure 3. SEM images of HPMC-g-poly(AA-co-AMPS) hydrogels, without drug (A) and loaded with drug (B)

Figure 4. XRD patterns of captopril (a) and HPMC-g-poly(AA-co-AMPS) hydrogels (b)
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Q = KH t1/2 (5)
where, Q represents the fraction of drug released at
time t and KH is the Higuchi constant.

Weibull model
The dissolution and release process was

described by an equation expressing the fraction of
drug accumulated ëMí in dissolution medium at time
t given as:

-(t ñ Ti)b

M = 1 ñ exp[ñññññññññ]                 (6)
a

where, a defines the dependency on time, b denotes
the shape parameter of dissolution curve and the

other parameter ìTiî represents the lag time before
dissolution process.

Korsmeyer-Peppas model
Korsemeyer-Peppas model is described by a

simple empirical equation to describe the Fickian
and non-Fickian drug release from polymeric drug
carriers, given as following:

Mt/M∞ = K tn                                          (7)
where, ìKî is the kinetic constant that incorporates
the geometric and structural properties of the hydro-
gels and other drug carriers. Mt/M∞ represents the
drug fraction released at time t and n is the release

Figure 5. DSC and TGA thermograms of acrylic acid AA (A), AMPS (B), HPMC (C), drug free hydrogel (D), captopril (E) and drug loaded
hydrogel (F)
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exponent. When the value of n is 0.45, it indicates
Fickian release order and for n = 1, represents case
II transport mechanism. On the other hand, n value
between 0.45 and 1 corresponds to non-Fickian dif-
fusion. 

RESULTS AND DISCUSSION

FT-IR spectroscopy

The structure and formation of cross-linkage
among the polymers were investigated by spectra
recorded using FT-IR spectroscopy. The spectrum
of HPMC (b) shows an absorption band at 3444.60
cm-1 assigned to stretching frequency of the hydrox-
yl (-OH) group. Another band at 1373.63 cm-1 is due

to bending vibration of -OH. Other stretching vibra-
tion bands related to C-H and C-O were observed at
2929 cm-1 and 1055.52 cm-1, respectively. The spec-
trum of HPMC-g-poly(AA-co-AMPS) suggests the
formation of intermolecular hydrogen bonding due
to carboxylic acid groups of acrylic acid as observed
by the appearance of an absorption peak at 1710.75
cm-1. In Figure 2, the hydrogel spectrum (a) indicates
the shifting of -OH vibration band of HPMC from
3444.60 cm-1 to 3292.58 cm-1 due to formation of
hydrogen bonds. Hence, it confirms the crosslinking
of HPMC with acrylic acid involving the reaction of
-OH (of HPMC) with -COOH (of acrylic acid). In
addition, characteristic bands at 1547.30 cm-1 (C=O
stretching vibration of ñCONH groups) and at

Figure 6. DSC thermograms of a) drug free and b) drug loaded and c) pure drug

Figure 7. Percent equilibrium swelling (%ES) of formulations at different pH containing different concentrations of HPMC
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1153.14 cm-1 attributed to stretching vibration of sul-
fonate (ñSO3H) groups of AMPS monomer were
observed. Consequently, it is concluded that the AA
and AMPS monomers were successfully grafted
onto the HPMC backbones.

SEM

In order to determine the microstructure and
surface morphology of the hydrogel formulations,
SEM images were taken. Scanning electron
microscopy is one of the preferred methods to char-
acterize the hydrogels in terms of porosity and water
retention. The micrographs recorded, as shown in
Figure 3 (A and B), show the surface of the drug free
and drug loaded hydrogels.

As could be clearly seen from the SEM images
in Figure 3, hydrogel surface was rough along with
micro spaces for water retention and entrapment of
solutes. Figure 3 (A) presents drug free hydrogel for-
mulation with voids and spaces for accommodation
of biological fluids as well as drug particles. They
had tendency to exhibit remarkable swelling because
of their water absorption capability. 

Moreover, due to the presence of these voids
and roughness of surface of hydrogels, the captopril
was loaded into these regions as shown in Figure 3
(B). It was concluded from the prepared grafted
polymeric network that HPMC-g-poly (AA-co-
AMPS) had ability to act as suitable drug carrier for
drug delivery.

Figure 8a. Comparative swelling ratios of the hydrogels with different concentrations of crosslinking agent

Figure 8b. Percent equilibrium swelling (%ES) of formulations at different pH containing different concentrations of MBA
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(i) - Increase in percent equilibrium swelling with increase in AMPS concentration 

(ii) - Decrease in percent equilibrium swelling with increase in AMPS concentration above 3.75 g (with AA/AMPS ratio 4 :1 )
Figure 9 (i and ii). Percent equilibrium swelling (%ES) of formulations at different pH containing different ratios of AA/AMPS

Figure 10. Captopril released up to 24 h from HPMC-g-poly(AA-co-AMPS) hydrogels (S3, S7, and S9) in dissolution media of pH 2 and
pH 7.4
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XRD

X-ray diffractograms of pure captopril and
captopril loaded hydrogel formulation are presented
in Figure 4. The diffraction patterns of hydrogels
loaded with drug were compared with pure drug.
The XRD scan of plain captopril had characteristic
sharp and intense peaks between 0O and 50O (2θ),
which were appeared due to its crystalline nature as
shown in Figure 4, diffraction pattern (a). 

The appearance of a sharp peak at 2θ = 27.79O

is the characteristic of captopril. The diffractogram
of drug loaded hydrogel was not showing any
notable sharp peak, which was due to amorphous
characteristics of the formed polymeric network.
Therefore, in comparison to pure captopril, the cap-
topril loaded formulations had low intensity and
dense peaks suggesting the amorphous distribution
of drug into polymeric network, as it could be
observed from Figure 4 diffractogram (b).

Thermal analysis

The grafting of HPMC-g-poly (AA-co-AMPS)
polymeric network was also determined by ther-
mogravimetric analysis (TGA). The pure acrylic
acid decomposition starts at nearly 80OC and com-
plete mass loss was observed at 189.50OC as shown
in Figure 5, thermogram (A). Similarly, the degra-
dation of other monomer AMPS had taken less time
as can be seen in Figure 5, thermogram (B). The
TGA thermogram (C) of HPMC shows decomposi-
tion at 265OC which then continued till 350OC.
During that period 78% of loss in weight was
observed because of polymer degradation. In com-
parison to the individual components, thermogram
of the grafted product (D) was recorded, where three
stages of decomposition from 30 to 500OC were
observed. In the first stage of degradation, loss of
weight started from 114OC to 250OC, there was
about 12% weight loss during this stage due to loss
of absorbed and bound water. Then, the second
stage of weight loss started at 250OC and continued
to 331.88OC, corresponding to 40% weight loss.
Finally, the third stage beginning from 332OC till
500OC caused the degradation of hydrogelís struc-
ture. In case of HPMC, there was complete removal
at 490OC, whereas the hydrogel had 67% weight loss
and 33% still remaining at that temperature. A
greater thermal stability of the formed polymeric
network was observed as compared to its individual
polymer and monomers (HPMC, acrylic acid and
AMPS). Hence, the hydrogels prepared were more
stable and resistant to higher temperatures.

The alterations in heat capacity as well as
enthalpy changes are measured using differential

scanning calorimetry (DSC). It is a well-known and
established technique adopted for quantitative
assessment of physicochemical variations in heat
capacity of crystalline drugs, when loaded into
hydrogels. The DSC endothermic peaks of pure
HPMC, AA, AMPS and cross-linked polymeric net-
work were in accordance with TGA thermal pat-
terns. The thermal behavior of pure captopril drug
loaded S3 hydrogel was characterized using DSC, as
shown in Figure 5 (F).

The disappearance of characteristic peaks and
appearance of other peaks suggests some sort of inter-
action of drug with polymers. In thermogram (E) of
pure captopril, the appearance of sharp peak at 106OC
indicates its melting point. This peak of drug was not
appeared in DSC thermogram of the drug loaded for-
mulation, whereas two peaks were observed at 225OC
and 292OC. It could be clearly suggested that the drug
loaded hydrogels showed an increase in the exother-
mic peak temperature (Fig. 6). The extra obvious peak
of the drug (106OC) was not observed in the drug
loaded hydrogels. It suggests that captopril was mole-
cularly dispersed in different hydrogel matrix without
changing its thermal behavior.

Swelling study 

Swelling ratios of the gels synthesized were
measured gravimetrically at the pH 1.2, 4.5 and 7.4
in phosphate buffer. The swelling of hydrogels is
dependent upon the presence of hydrophilic groups.
Hydroxypropyl methylcellulose interact with water
due to its ñOH groups. The hydrogel swelling is
enhanced by increasing the amount of AMPS. This
high swelling property of AMPS is attributed to the
presence of strongly ionizable sulfonate groups that
create charge repulsion among the grafted chains.
The sulfonate groups present have better
hydrophilicity than carboxylate groups. The car-
boxylic groups associated with acrylic acid impart a
pH responsiveness that prevents the abrupt swelling
of copolymeric system due to AMPS. Increasing the
pH of the buffer solution made ionization of car-
boxylic groups, which ultimately generates repul-
sive forces responsible for the swelling behavior of
hydrogels containing acrylic acid.

Effect of polymer concentration
Hydrogels containing higher amount of poly-

mer show less comparative swelling ratios As
shown in Figure 7, the S3 formulation comprising
lower amount of polymer swells more as compared
to the S6 and S7 formulations. As the quantity of
polymer increases in the hydrogels, the value of
their swelling ratio decreases.
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Effect of crosslinking agent
The graphic presentation of swelling ratios in

Figure 8(a) and percent equilibrium swelling in
Figure 8(b) elaborates the effect of different concen-
trations of MBA on swelling behavior. By increas-
ing the amount of crosslinking agent there was
decrement in swelling ratio. Increasing the
crosslinker amount leads to increment of crosslink-
ing density due to higher interaction among the
components and ultimately reduces the porosity.
Hence, the structure of hydrogels becomes dense
having less spaces to accommodate aqueous solu-
tions. On the other hand, the hydrogels comprising
less amounts of MBA were able to swell more due
to lower crosslinking density. The formulation S10
containing the lower quantity of crosslinker exhibit-

ed the highest swelling ratio among other formula-
tions.

Various quantities of MBA, 0.09% w/w,
0.12% w/w and 0.15% w/w were added for S3, S8
and S9 formulations, respectively. Formulation S3
containing less amount of crosslinking agent exhib-
ited higher percent equilibrium swelling (% ES) as
shown in Figure 8 (b).

Effect of AMPS concentration 

The result of varying the ratio of acrylic acid to
AMPS was demonstrated in Figure 9 (i) and 9 (ii).
Increasing the amount of AMPS in formulation had
enhanced the swelling, which reached maximum as
the mass ratio of AA to AMPS was 4 : 1. Further
increase of AMPS content led to a decrement of

Table 2. Amount of captopril loaded and percentage of drug released at pH 2 and pH 7.4.

Formulation Amount of captopril loaded (mg) % release of captopril 

code  per 0.3 g of dry hydrogel discs pH 2 pH 7.4

S1 113.5 32.83 82.57

S2 118.81 34.75 86.28

S3 124.28 38.22 88.50

S4 117.5 33.29 84.39

S5 109.7 30.84 81.56

S6 112.55 32.63 82.12

S7 104.15 28.65 77.68

S8 119.56 35.16 87.07

S9 114.31 33.08 83.16

S10 127.78 44.40 90.01

Table 1. Hydrogels formulations using different amounts of HPMC, AMPS and MBA.

Crosslinking
Formulation Polymer Monomers, g/100g agent, mol % of 

code  (HPMC) each monomerís
g/100g

AA AMPS AA/AMPS ratio
concentration

S1 1 15 2.5 6 : 1 0.6

S2 1 15 3 5 : 1 0.6

S3 1 15 3.75 4 : 1 0.6

S4 1 15 5 3 : 1 0.6

S5 1 15 7.5 2 : 1 0.6 

S6 1.5 15 3.75 4 : 1 0.6

S7 2 15 3.75 4 : 1 0.6

S8 1 15 3.75 4 : 1 0.8

S9 1 15 3.75 4 : 1 1

S10 1 15 3.75 4 : 1 0.4
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swelling ratio. By increasing the amount of AMPS,
number of hydrophilic groups such as -CONH and 
-SO3H increased accordingly. As a result, the syner-
gistic effect produced by -CONH and -SO3H on
AMPS, together with that of -COOH on AA
increased (24), which brought about great enhance-
ment of absorbency of aqueous solution. 

However, when the mass ratio of AA to AMPS
was below 4 : 1, which meant that AMPS content was
over one-fifth of total monomers, swelling decreased
because the electrostatic repulsion between ions weak-
ened and the three-dimensional network compacted. In
addition, as AMPS contained quaternary carbon atoms
and -SO3H groups which were of high size, stretching of
the polymer chains would be obstructed and absorbency
would decrease accordingly. The subsequent decrease in
swelling ratio of the hydrogels can be ascribed to the low
reactivity of the AMPS monomer (25, 26). This indi-
cates that the monomer grafting onto CMC chains
decreases with increasing AMPS/AA molar ratio.

Drug loading and release studies

The hydrogel discs exhibiting greater swelling
accommodated higher amounts of drug. The release

study of captopril was performed at pH 2 and 7.4 as
shown in Figure 10. The drug release at both pH (2
and 7.4) was observed for a period of 24 h, while
USP phosphate buffer was used as dissolution medi-
um. Drug release measured was in correspondence
to swelling studies where relatively higher amount
of drug was loaded and ultimately released in for-
mulations exhibiting more swelling.

The drug release kinetics of prepared superab-
sorbent hydrogels was determined by different
kinetic models already mentioned. The values of
release coefficient R2 calculated by kinetic models
are presented in Table 3. The drug release from
hydrogel formulations were best fitted into the
kinetic model having value of R2 close to 1.

The release exponent n obtained by
Korsemeyer-Peppas model for the formulations of
HPMC-g-poly(AA-co-AMPS) copolymer contain-
ing different components, polymer concentration,
AA/AMPS ratio and amount of crosslinker are pre-
sented in Table 4. 

The mechanism of drug release was indicated
by the values of n i.e., release exponent. By fitting of
recorded data to Peppas model, it was found that

Table 3. Determination coefficient (R2) of various release kinetic models for the prepared superabsorbent hydrogel formulations.

Sample 
pH Zero order First order Higuchi Weibullcode 

S1 2 0.9815 0.7443 0.9954 0.7489

7.4 0.9934 0.6024 0.9673 0.8986

S2 2 0.9629 0.6954 0.9959 0.7257

7.4 0.9956 0.5858 0.9659 0.9198

S3 2 0.9484 0.5329 0.9961 0.8081

7.4 0.991 0.5774 0.9822 0.8989

S4 2 0.9691 0.7125 0.9974 0.7001

7.4 0.9945 0.5842 0.9683 0.9133

S5 2 0.9717 0.7269 0.9978 0.7025

7.4 0.9855 0.5106 0.9931 0.8856

S6 2 0.9851 0.7503 0.9919 0.7142

7.4 0.9912 0.5766 0.9816 0.8894

S7 2 0.9434 0.6957 0.9947 0.6683

7.4 0.9917 0.5428 0.9842 0.901

S8 2 0.9633 0.6986 0.9941 0.7366

7.4 0.9958 0.5912 0.9637 0.9188

S9 2 0.9758 0.7307 0.9938 0.7743

7.4 0.9956 0.6003 0.9691 0.987

S10 2 0.9359 0.4794 0.9845 0.7975

7.4 0.994 0.5914 0.9775 0.9071  
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approximately all hydrogel formulations in spite of
using different concentrations of polymer,
monomers and crosslinking agent were following
non-Fickian mechanism of drug release as presented
in Table 4. The value of n in all cases were higher
than 0.45 but lower than 1.

CONCLUSIONS

It has been revealed from the entire discussion
that the developed superabsorbent hydrogel
exhibits remarkable swelling properties, reason-
able stability and smart pH responsiveness. The
HPMC-g-poly(AA-co-AMPS) polymeric network
was successfully crosslinked by a well-established
and widely used chemical crosslinking method -
free radical polymerization. The formulations pre-
pared by varying amounts of components were
then loaded with an antihypertensive drug, capto-
pril. The drug entrapped into these hydrogels
remained stable and was compatible with its com-
ponents. The hydrogel network was also capable to
release relatively smaller fraction of drug in acidic
medium and more quantity at higher pH. Thus,

after oral administration, the hydrogel formulation
would be capable of exerting the effects throughout
its retention in the stomach and intestine.
Therefore, this can prove its worth as a successful
and promising drug carrier for the controlled
release of captopril, which can be used for treat-
ment of hypertensive patients as well as for the
management of cardiac disorders.
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Dissolution test is considered as one of the
most important quality control procedures per-
formed on pharmaceutical dosage forms to check
batch-to-batch consistency and compliance with
specifications, to determine the long-term stability
and shelf life of a dosage form, and to assess the
impact of post-approval changes in the formulation
and manufacturing process. Besides, dissolution
performance may provide valuable information
when comparing different formulations and/or when
identifying product and process quality critical
attributes (1). In the case of immediate release oral
solid dosage forms such as tablets, containing active
pharmaceutical ingredients (APIs) poorly soluble
but highly permeable across gastrointestinal mem-
brane, dissolution tests can be prognostic of in vivo
performance of such drug products (2, 3). 

The analysis of dissolution test samples is usu-
ally carried out using UV spectrophotometry.

However, simple UV measurements are often insuf-
ficient when analyzing dosage forms containing
excipients that are strongly UV active or when
products containing two or more active ingredients
are being analyzed. Also separation and determina-
tion of enantiomers in formulations containing chi-
ral drugs often demands more sophisticated analyz-
ing tools. Therefore, separation techniques, such as
HPLC or HPCE, offer an attractive alternative to the
standard methods for determination of APIs in phar-
maceutical dosage forms after their dissolution test.
The main advantages of HPCE over HPLC are high
efficiency and resolution, high speed of separation
and the low solvent consumption. In recent years,
the HPCE methods have been widely applied for
analysis of drugs and their impurities in pharmaceu-
tical formulations. El-Sabawi et al. elaborated a cap-
illary electrophoresis (CE) method with electroki-
netic injection for determination of amoxicillin

DISSOLUTION KINETICS STUDIES OF CLOPIDOGREL FROM SELECTED
MULTISOURCE COATED TABLETS WITH APPLICATION OF CAPILLARY

ZONE ELECTROPHORESIS METHOD
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Abstract: Resistance to an anti-platelet agent clopidogrel (CLP) and the growing number of products with the
drug cause the need for comparison of their quality to assure patients safe and effective treatment. Therefore,
the aim of the study was to compare in vitro dissolution kinetics of CLP immediate-release tablets, commonly
used in anti-platelet therapy in Poland. For analysis of CLP in samples obtained from dissolution test a capil-
lary zone electrophoresis (CZE) method was elaborated and validated. Separation of CLP and ticlopidine, used
as an internal standard, was performed in silica capillary filled with phosphate buffer of pH 2.5, at the applied
voltage of 20 kV. The CZE method fulfilled the validation requirements for determination of drugs in pharma-
ceutical matrices and was successfully applied for analysis of CLP dissolved from the tablets. Dissolution pro-
files were prepared for each product and mean dose fractions of CLP dissolved from tablets at 30 min were cal-
culated. Kinetic parameters of the CLP dissolution from the studied products were compared. Analysis of vari-
ance (ANOVA) did not reveal differences between CLP fractions dissolved at 30 min time point from the test-
ed drug products. However, ANOVA with Tukey multiple comparison test revealed significant differences in
first-order dissolution rate constants and t0.5 values (times at which 50% of drug is dissolved) of CLP among
tested tablets. It was concluded that the studied CLP products met the acceptance criteria regarding dissolution
test but differed with each other in dissolution kinetics.
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released from capsules (4). There are also reports
concerning an application of CE for determination
of active ingredients in formulations with rimanta-
dine hydrochloride (5), acetaminophen, phenyle-
phrine and chlorpheniramine (6) and many others. 
Clopidogrel (CLP), an anti-platelet and anti-throm-
botic agent with an absolute S configuration at car-
bon 7 (7), is used worldwide for the long term pre-
vention of atherothrombotic events. According to
Biopharmaceutical Classification System (BCS),
which is based on aqueous solubility and intestinal
permeability, CLP is classified to the second class
(II) of drugs ñ low soluble and highly permeable (8).
Many clinical studies have shown that even 40% of
patients treated with conventional doses of CLP do
not display adequate antiplatelet response, which
may lead to serious cardiovascular complications
including stent thrombosis, myocardial infarction,
stroke and death (9). Therefore, an introduction of
the growing number of products with CLP into an
anti-platelet therapy causes the need for comparison
of their quality to assure patients safe and effective
treatment. CLP is inactive pro-drug and hepatic acti-
vation by cytochrome P450 isoenzymes is necessary
to induce expression of its anti-aggregating proper-
ties. In the biotransformation process, a small frac-
tion of CLP is converted into the intermediate
metabolite 2-oxo-clopidogrel, which is subsequent-
ly hydrolyzed to isomers of thiol metabolite (CTM).
In patientsí plasma, CTM is present as two isomers
(H3 and H4) (10, 11) but only H4 is considered as
pharmacologically active (11, 12). This compound
reacts with the thiol of an amino acid of the platelet
receptor and causes an irreversible blockade of ADP

binding for the plateletís life span. The major
metabolite of CLP is inactive carboxylic acid deriv-
ative of CLP, which represents 85% of circulating
drug-related compounds in plasma (13) and is also
regarded as one of the impurities present in pharma-
ceutical products of CLP (14). 

According to USP 32, spectrophotometric
method is encouraged for determination of CLP in
dissolution test and HPLC should be used for analy-
sis of drug impurities (14). Until now, only few
methods for the determination of CLP in pharma-
ceutical formulations have been presented in the lit-
erature. Mitakos and Panderi reported a non-stereo-
specific HPLC method with UV detection for the
determination of CLP in oral dosage forms. The
method was applied to degradation studies under
stress conditions (15). Moreover, a validated HPLC-
UV method was reported for determination of CLP
and its impurities in 19 drug products present on
Asian and South American market (16). Recently,
capillary electrophoresis method was presented for
separation and determination of CLP and its impuri-
ties in commercial bulk samples (17) as well as for
separation and determination of CLP and its
metabolite in serum samples (18). However, up to
now, capillary electrophoresis assay for the determi-
nation of CLP in samples obtained from dissolution
test has not been published. Moreover, there is no
data regarding kinetic parameters of dissolution
process of CLP from the different drug products.

Therefore, the aim of this study was to com-
pare the in vitro dissolution kinetics of CLP from the
selected drug products commonly used in anti-
platelet therapy in Poland. The usefulness of the val-

Table 1. Examined CLP coated tablets.

Producta Lot No. Pharmaceutical company

a ñ originator product is marked in bold.

1

2

3

4

5

6

7

8

9

10

AreplexÆ

ClopidixÆ

Clopidogrel GSKÆ

Clopidogrel TevaÆ

ClopinovoÆ

EgitrombÆ

PlavixÆ

PlavocorinÆ

TrombexÆ

ZylltÆ

DM045108

081008

F21162

C97036

1101395

5041A0111

3Y050

CJ0903

3570810

P12484

ADAMED Sp. z o.o. (Poland)

LEK-AM Sp. z o.o. (Poland)

GlaxoSmithKline Export Ltd. (UK)

Teva Pharma B.V. (Netherlands)

ARTI FARMA Sp. z o.o. (Poland)

EGIS PHARMACEUTICALS PLC (Hungary)

Sanofi (France)

Sandoz (Austria)

Zentiva (Czech Republic)

KRKA Polska Sp. z o.o. (Poland)
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idated CZE method for determination of CLP in
samples obtained from tablets dissolution tests was
also examined. 

MATERIALS AND METHODS

Materials

(+)-S-clopidogrel bisulfate (optical purity, o.p.
99.0%) was a generous gift of Pharmaceutical
Research Institute (Warszawa, Poland). Ticlopidine
hydrochloride (TCLP, IS) were purchased from
Sigma-Aldrich (Steinheim, Germany). Hydrochloric
acid 37ñ38% and potassium chloride were from
POCH S.A. (Gliwice, Poland). NaOH (1.0 M and
0.1 M), water for HPCE and 50 mM phosphate
buffer of pH 2.5 for HPCE (Agilent Technologies,
Waldbroon, Germany) were used. Methanol (J.T.
Baker, Deventer, The Netherlands) was of HPLC
grade. Demineralized water (Simplicity UV,
Millipore, USA) was always used to prepare buffer
applied in dissolution test. The original product
(PlavixÆ) and 9 generic products of CLP in the form
of coated tablets containing 75 mg of the drug were
included in the study. The commercial names and
manufacturers are listed in Table 1.

Dissolution test

The in vitro dissolution studies were performed
based on USP 32 monograph îClopidogrel Tabletsî
method (14) on ten formulations of CLP tablets
using USP apparatus 2 (DT60 dissolution tester,
Erweka, Heusenstamm, Germany). The labeled
amount of drug substance for each brand was the
same (75 mg). The dissolution medium consisted of
1000 mL of a pH 2.0 hydrochloric acid buffer main-
tained at 37 ± 0.5OC. The buffer was prepared
according to USP monograph îBuffer solutionsî
(14) by mixing 250 mL of 0.2 M potassium chloride
solution with 65 mL of 0.2 M hydrochloric acid
solution and further dilution with deionized water to
1000 mL. The buffer was filtered (0.45 µm regener-
ated cellulose membrane filter) by drawing a vacu-
um and deaerated by ultrasonic sound waves. The
rotation speed of the paddles was set at 50 rpm.
Samples (5 mL) were withdrawn at 5, 10, 15, 20 and
30 min by a syringe using an Erweka manual sam-
pling manifold equipped with a tip filter with a
porosity of 1 µm. After withdrawal of the sample,
fresh dissolution medium was simultaneously
replaced in the vessel to maintain a constant disso-
lution volume. The samples were then analyzed by
the reference spectrophotometric method and HPCE
method. Based on the acceptance criteria of the USP
for CLP tablets (14), not less than 80% of the

labeled amount of CLP should dissolve in 30 min.
Subsequently, at the first stage of the test (S1) the
percentage of CLP dissolved for each of the six
tablets examined might not be less than 85% of the
theoretical drug content. If the tablets did not pass
the test, another 6 units were examined. At the sec-
ond stage (S2) the acceptance criteria for 12 units
implied the average content ≥ 85% and each unit
content ≥ 65%. The third stage (S3) with testing of
another 12 tablets did not have to be performed.

Equipment and conditions for CE and spec-

trophotometric analysis

Analytes were determined on an Agilent model
3DCE apparatus (Agilent Technologies, Waldbronn,
Germany) with UV detector set at λ = 200 nm. The
samples were automatically injected using hydrody-
namic injection at the anode. The temperature of the
capillary was maintained by a thermostatic system at
25OC. The separation was performed in a fused sili-
ca capillary, 35 cm ◊ 50 mm i.d., 26.5 cm to the
detector. The system was controlled by
ChemStation software. All experiments were carried
at the 20 kV and 50 × 5 mbar ◊ s injection (12 nL
injected volume). The volume of a sample loaded to
capillary was calculated using Hagen-Poiseuille
equation (19). BGE was composed of commercially
available 50 mM phosphate buffer of pH 2.5 and
water for HPCE (1 : 1, v/v). A new capillary was
conditioned with 1.0 M sodium hydroxide, subse-
quently 0.1 M sodium hydroxide, water for HPCE
and finally with BGE for 10, 10, 5 and 8 min,
respectively. Before each run the capillary was
rinsed out with 0.1 M sodium hydroxide, water for
HPCE and BGE for 2, 5 and 5 min, respectively. 

In spectrophotometric analysis the amount of
CLP in filtered medium samples obtained from dis-
solution test was determined by employing spec-
trophotometer Spekol UV-Vis (Analytic Jena AG,
Jena, Germany) at a wavelength of 200 nm. 

Sample preparation for calibration curves

CLP and IS stock solutions of 1.0 g/L were
prepared in methanol. Then, standard solutions of
5.0, 10.0, 20.0, 50.0, 75.0, 100.0, 120.0 and 150.0
mg/L CLP were prepared in a buffer of pH 2.0, used
as dissolution medium in the dissolution test.
Moreover, a solution of 50 mg/L IS in the above
buffer was also prepared. For CE determination, the
volume of 100 µL of the standard solution was
transferred to a vial containing 100 µL of IS solution
and injected into the capillary. For spectrophotomet-
ric method, samples with CLP were diluted with
dissolution buffer (1 : 4, v/v) prior to analysis.
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Preparation of the samples obtained from disso-

lution test

The sample of medium obtained from the dis-
solution test was passed through 0.45 µm filters to
remove the particles present after dissolution. For
CE determination, an aliquot of 100 µL of the sam-
ple was mixed with 100 µL of 50 mg/L IS solution.
For spectrophotometric method, samples with CLP
were diluted with dissolution buffer. 

Validation parameters

Selectivity 
Selectivity describes an ability of a method to

discriminate the analyte among all potential interfer-
ing substances. To confirm selectivity of the elabo-
rated CZE method, resolution of CLP and IS was
performed in a buffer used as dissolution medium. 

Linearity
Linearity of the calibration curve was estimat-

ed for the ratio of the peak area of CLP to IS as a
function of the analyte concentration covering the
range of 10ñ150 mg/L. The correlation coefficient r
was calculated. Mandelís fitting test has been
applied for the evaluation of the linearity of a
straight line regression model, test value (TV) < Fcrit

means statistically non-significant differences (20).

LOD, LOQ, precision and accuracy 
LOD of the analyte was determined as an S/N

baseline ratio of 4 : 1. LOQ was defined as the low-
est concentration of CLP determined by the method
with the relative standard deviation (RSD) ≤ 2% of
its nominal value. 

Intra-day and inter-day precision of the
method, expressed as %RSD, has been estimated for
QC samples at concentrations of 20, 75 and 120
mg/L of CLP, prepared in six replicates analyzed
over six different days. Accuracy was estimated for
the same analyte concentrations as for evaluation of
precision of the method and was expressed as rela-
tive error (%RE) equal to the percent relative differ-
ence between the mean determined concentration
and the nominal concentration.

Stability
Stability of CLP in solutions, prepared in

buffer used for dissolution test, was evaluated at
concentrations of 20, 75 and 120 mg/L (in three
replicates for each analyte concentration) after 24 h
standing in autosampler and long-term storage for 3
months at ñ25 ± 3OC. The concentration of the ana-
lyte after each storage period was calculated using a
calibration curve, obtained from freshly prepared

samples in the same analytical run. The analyte was
considered stable if the deviation from the nominal
concentration was within ± 2%. 

Determination of agreement between methods

using Bland-Altman analysis 

The spectrophotometric method was assumed
as the reference method for determination of CLP in
dissolution test. The degree of agreement between
CE and spectrophotometric measurements was
assessed by Bland-Altman analysis, which includes
the use of a graphical method to plot the difference
between two measurements against the mean for
each sample. In the method, the 95% limits of agree-
ment as the mean difference (± 2◊SD) were evaluat-
ed for visual judgment of how well two methods of
measurement agree. The smaller the range between
these two limits, the better the agreement is (21).

Kinetic studies

To study the in vitro dissolution kinetics of
CLP from the examined IR tablets, the obtained dis-
solution data were fitted to first-order model:

%diss = 100[1 ñ eñkt]                (1)
where %diss is the CLP percent dissolved at time t
and k is dissolution rate constant.

The first-order model was fitted to six individ-
ual dissolution data (first stage of the dissolution test
(S1), CLP determined using CE assay) of each brand
of CLP tablets with linear least-squares curve-fitting
technique using DDSolver software (22). The first-
order dissolution rate constants (k) and times at
which 50% of drug is dissolved (t0.5), were calculat-
ed (23, 24), and normal distribution of data was ver-
ified using the Shapiro-Wilk test. Next, the differ-
ences in kinetic parameters (k, t0.5) were compared
using a one-way analysis of variance (ANOVA)
with Tukey post hoc multiple comparison test, at α
= 0.05. For all comparisons, p ≤ 0.05 was considered
to be statistically significant. Univariate statistical
analyses were performed using the STATISTICA
data analysis software system, version 10.0
(StatSoft, Inc., Tulsa, OK, USA). Unless stated oth-
erwise, data are presented as the mean ± SD.

RESULTS

Validation of the CE method

The CE method was highly selective with no
interferences from components of the buffer used in
dissolution test or excipients from tablets (Fig. 1). 

Standard curve estimated for CLP was linear in
the range of concentrations 10ñ150 mg/L. Its equa-
tion and correlation coefficient are presented in
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Table 2. The curve was determined as the mean of
six calibration curves prepared for CLP. Statistical
analysis using Mandelís test with results TV < Fcrit

confirmed linearity of the calibration curve. The
curve was applied for the quantification of the ana-
lyte in samples obtained from dissolution test. In the
worked out conditions, LOD at an S/N baseline ratio
= 4 : 1 for CLP was found to be 5 mg/L and LOQ
was 10 mg/L. Intra- and inter-day precision of the
CE method, expressed as %RSD, was in the range of

0.8ñ1.9%, while intra- and inter-day accuracy of the
method, expressed as %RE, was ≤ 2.0% (Table 2).

CLP proved to be stable in buffer solutions for
24 h standing in autosampler and for at least three
months stored at -25OC, as demonstrated by %RE <
2%. 

The validation parameters of the reference
spectrophotometric method was also calculated and
they comprise linearity in the range of CLP concen-
tration 20ñ150 mg/L and %RSD and %RE ≤ 2.0%.

Table 2. Validation parameters of the CE method for analysis of CLP in samples obtained from dissolution
test.

Nominal Mean Accuracy Precision
concentration assayed (%RE) (%RSD)

(mg/L)   value (mg/L)

Quality Control Samples (QCS)

Intra-day repeatability (n = 6)

20 19.8 1.0 1.9

75 73.9 1.5 1.3

120 119.0 0.8 1.4

Inter-day reproducibility (n = 6)

20 19.9 0.5 1.2

75 75.1 0.1 1.8

120 120.0 0.0 0.9

Calibration curve  

Inter-day reproducibility (n = 6)

10 10.2 2.0 0.8

20 20.3 1.5 1.2

50 49.2 1.6 1.3

75 74.1 1.2 1.8

100 98.6 1.4 1.1

120 119.0 0.8 1.5

150 151.0 0.7 1.0

Equation of calibration curve: y = 0.019∑x, r = 0.999

Figure 1. Electropherograms of: a ñ blank sample (dissolution buffer); b ñ sample of dissolution buffer spiked with 120 mg/L of CLP and
50 mg/L of IS; c ñ sample of dissolution medium after dissolution test spiked with 50 mg/L of IS (determined CLP concentration amount-
ed to 27.3 mg/L). CE conditions: 0.025 M phosphate buffer of pH 2.5, 35 cm total length of fused silica capillary, 50 µm i.d., temperature
25∞C, voltage 20 kV, current 30ñ35 µA. Peaks denoted: 1 ñ IS, 2 ñ CLP
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Bland-Altman analysis

To assess the agreement of CE with the refer-
ence spectrophotometric method, CLP concentra-
tions were determined using both assays in all sam-
ples obtained from dissolution test. Figure 2a pres-
ents a simple plot of the values of CLP concentra-
tion in samples determined by spectrophotometric
method against those determined by CE. The data
points fall near the line of equality, suggesting there
is agreement between methods. Moreover, the high
value of determination coefficient confirmed that
the results of both methods are highly related. To
assess the degree of agreement between spectropho-
tometric and CE measurement, the Bland-Altman
plot was constructed (Fig. 2b). The x-axis represents
the average concentrations of CLP determined with
both methods while the y-axis expresses the differ-
ence between the values. The SD of the difference

scores was used to calculate the 95% limits of agree-
ment presented on the plot as the dotted horizontal
lines. The methods were considered equivalent
because 95.4% of the differences lie between the
limits of agreement. 

Dissolution test

According to the acceptance criteria from USP
32, all the studied products passed the dissolution
test at the first (S1) or at the second (S2) stage of the
study, releasing at least 80% of the declared drug
content in 30 min. Dissolution profiles obtained for
the studied products at the S1 stage with CLP deter-
mined using CE assay are presented in Figure 3. The
highest mean amount of CLP was dissolved from
PlavocorinÆ tablets (92.0%) while the lowest from
ClopidixÆ ones (83.5%). For the reference product
(PlavixÆ), a total of 86.1% of the labeled CLP con-

Table 3. Cumulative percentage of CLP dissolved from the tested tablets (mean ± SD, n = 6) at each time point.

Tablets CLP dissolved (%)b

(n = 6)a
5 min 10 min 15 min 20 min 30 min

AreplexÆ 21.19 ± 8.33 51.44 ± 8.09 68.07 ± 5.84 74.48 ± 5.80 83.80 ± 3.46

ClopidixÆ 17.23 ± 6.41 32.65 ± 6.89 51.61 ± 3.84 70.49 ± 10.15 83.49 ± 2.83

Clopidogrel GSKÆ 15.28 ± 3.81 70.76 ± 10.38 80.20 ± 4.05 84.10 ± 1.97 87.32 ± 2.16

Clopidogrel TevaÆ 42.10 ± 8.76 70.46 ± 3.98 73.75 ± 4.20 78.65 ± 4.55 83.27 ± 3.98

ClopinovoÆ 52.02 ± 5.12 64.98 ± 5.39 72.24 ± 5.46 79.83 ± 4.09 87.07 ± 3.93

EgitrombÆ 15.16 ± 3.06 58.45 ± 12.23 81.32 ± 8.91 84.95 ± 8.91 86.98 ± 8.93

PlavixÆ 36.64 ± 9.74 55.48 ± 2.75 72.49 ± 8.80 80.59 ± 10.73 86.12 ± 10.56

PlavocorinÆ 22.73 ± 3.74 55.53 ± 8.10 79.44 ± 4.85 87.02 ± 3.39 91.96 ± 1.83

TrombexÆ 19.20 ± 2.23 48.07 ± 7.09 68.35 ± 6.99 81.83 ± 4.61 89.01 ± 3.34

ZylltÆ 20.48 ± 10.49 39.89 ± 9.40 61.37 ± 14.54 74.37 ± 9.93 87.47 ± 5.50

a - originator product is marked in bold, b - data taken from the first stage (S1) of the dissolution test, CLP determined using CE assay.

Figure 2. Plots for the Bland-Altman analysis. a ñ scatter plot of the CLP concentrations determined by UV spectrophotometric method
versus those obtained by CE method; b ñ Bland-Altman plot of the difference between the CLP concentrations determined by UV spec-
trophotometric and CE methods against the mean of the concentrations

C
o

n
ce

n
tr

at
io

n
s 

o
f 

C
L

P
m

ea
su

re
d

 b
y

sp
ec

tr
o

p
h

o
to

m
et

ri
c 

m
et

h
o

d
 [

m
g

/L
]

D
if

fe
re

n
ce

 b
et

w
ee

n
 C

L
P

co
n

ce
n

tr
at

io
n

 m
ea

su
re

d
b

y 
sp

ec
tr

o
p

h
o

to
m

et
ri

c 
an

d
 C

E
 m

et
h

o
d

s 
[m

g
/L

]

Mean CLP concentration measured by 
spectrophotometric and CE methods [mg/L]



Dissolution kinetics studies of clopidogrel from selected multisource... 203

tent was dissolved in 30 min (Table 3). The differ-
ences were not statistically significant (ANOVA at
α = 0.05, p = 0.18). 

Kinetic studies

The first-order model was fitted to six individ-
ual dissolution data of each brand of CLP tablets
using the DDSolver software. This model provides a
good fit for all of the brands (R2

adjusted > 0.9), indicat-
ing similar drug release mechanisms for CLP drugs
under different brands. Kinetic parameters (k, t0.5)
calculated for each drug product are presented in
Table 4. 

The highest value of k were noticed for
ClopinovoÆ while the lowest one for ClopidixÆ

tablets. The model parameters were compared using
a one-way analysis of variance (ANOVA). The
results of ANOVA (p = 0.00000004 and p =
0.0000075 for k and t0.5, respectively) showed that
the drug products were significantly different in
terms of first-order kinetic parameters, implying that
the dissolution profiles of these products were not
similar. As for post hoc procedures, the results of
pair-wise comparisons among tested products by
Tukey multiple comparison test are given in Table
5. It was found that the first-order dissolution rate
constant (k) of the CLP from ClopinovoÆ tablets was
significantly higher than from ClopidixÆ, ZylltÆ,
AreplexÆ and TrombexÆ tablets. In opposite, the k of
the CLP from ClopidixÆ tablets was significantly

Table 4. Kinetic study results of CLP dissolution from the examined tablets (k is the first-order dissolution rate
constant; t0.5 is time at which 50% of drug is dissolved: R2

adjusted is the adjusted coefficient of determination).

Tablets First-order dissolution rate parametersb

(n = 6)a k [min-1] t0.5 [min] R2
adjusted

AreplexÆ 0.068 ± 0.007 10.31 ± 1.06 0.9613 ± 0.0225

ClopidixÆ 0.051 ± 0.006 13.63 ± 1.58 0.9492 ± 0.0221

Clopidogrel GSKÆ 0.090 ± 0.009 7.82 ± 0.85 0.9039 ± 0.0153

Clopidogrel TevaÆ 0.096 ± 0.012 7.29 ± 0.99 0.9330 ± 0.0215

ClopinovoÆ 0.100 ± 0.016 7.04 ± 1.09 0.9322 ± 0.0390

EgitrombÆ 0.083 ± 0.019 8.65 ± 1.86 0.9177 ± 0.0197

PlavixÆ 0.082 ± 0.012 8.58 ± 1.27 0.9353 ± 0.0705

PlavocorinÆ 0.086 ± 0.010 8.13 ± 0.88 0.9625 ± 0.0124

TrombexÆ 0.071 ± 0.009 9.88 ± 1.35 0.9683 ± 0.0082

ZylltÆ 0.063 ± 0.018 11.67 ± 2.86 0.9588 ± 0.0227

a - originator product is marked in bold, b - calculation based on data taken from the first stage (S1) of the dis-
solution test, CLP determined using CE assay.

Figure 3. Mean dissolution profiles (n = 6) of ten CLP 75 mg products (apparatus 2, 50 rpm, 1000 mL of pH 2.0 hydrochloric acid buffer,
first stage (S1) of the dissolution test, CLP determined using CE assay)
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slower compared to PlavixÆ, EgitrombÆ PlavocorinÆ,
Clopidogrel GSKÆ, Clopidogrel TevaÆ and Clopin-
ovoÆ tablets. Similar pattern of similarities/dissimi-
larities of pair-wise comparisons for t0.5 parameter
was observed (Table 5).

DISCUSSION

The high inter-subject variability of pharmaco-
kinetic parameters and pharmacodynamic effect
demonstrated in patients with cardiovascular dis-
eases treated with CLP (25, 26) requires explanation
with reference to the factors which contribute to the
drug behavior in human body. In the case of CLP,
which is the poorly soluble but highly permeable
drug, dissolution tests can be prognostic of its
absorption (2). As the CLP formulations contain dif-
ferent salts of the drug, their performance in disso-
lution process may provide valuable information on
the product equivalency and further effectiveness. 

For determination of CLP in samples obtained
in dissolution test, CZE method was elaborated and
validated. The method was adequately accurate and
precise and fulfilled the validation requirements for
pharmaceutical analysis (27). Moreover, the CZE
method was equivalent with the spectrophotometric
reference method, as has been confirmed by the
Bland-Altman analysis (Fig. 2), and therefore it
could be applied in the dissolution study of CLP
from the commercial drug products. 

One point sampling is very common for imme-
diate release (IR) products in the USP monographs.
The choice of one time point to collect samples rep-
resents a substantial data reduction of the kinetic
process of dissolution (i.e., time vs. amount dis-
solved relationship). This reduction does not allow
to fully characterize the biopharmaceutical proper-
ties of the formulation. For example, a film-coated
tablet may required more precise observation at the
early phase of the dissolution test to determine
whether dissolution of the film is the rate-limiting
step for subsequent release processes. To study the
in vitro dissolution kinetics of CLP from the exam-
ined IR tablets, we generated dissolution profiles by
taking samples at 5, 10, 15, 20 and 30 min during
dissolution test. Dissolution profiles obtained for the
studied formulations exhibit slight differences with
the highest amount of CLP dissolved from
PlavocorinÆ tablets and the lowest from ClopidixÆ
ones (Fig. 3). However, both the original product
and the generic formulations with CLP released at
least 80% of the declared drug content and passed
the pharmacopoeial dissolution test acceptance cri-
teria (14). In contrast, Gomez et al. (16) observed an

evident disparity between dissolution profiles of
CLP from PlavixÆ and 18 generic products. They
found that 95% of CLP was dissolved from the ref-
erence product, while two formulations failed the
test with less than 61% of CLP. Moreover, many
generics exhibited different, non-homogeneous dis-
solution profiles in comparison with PlavixÆ. The
study did not include the dissolution kinetics of CLP
(16). 

Dissolution data can be represented by mathe-
matical models which allow to describe the rate of
the drug release from the formulation (23, 24). The
approach requires a suitable mathematical function
that can be linear or nonlinear to describe the disso-
lution data. Nonlinear models tend to be more reli-
able as they predict responses outside the observed
range of data, whereas linear models are linear in
their parameters (28). The dissolution profiles of
CLP were compared and evaluated in terms of the
first-order model parameters. We selected this
model because it is based on the relationship of the
ln function of the percent of undissolved drug versus
time, and it is mainly related to immediate-release
formulations, where the amount of drug released is
proportional to the remaining amount in the dosage
form, which decreases over time (1, 23). Based on
calculated mean fitted kinetic parameters (k, t0.5) it
can be concluded that the fastest dissolution of CLP
occurred from ClopinovoÆ tablets with k = 0.100 ±
0.016 min-1 and t0.5 = 7.04 ± 1.09 min, and was
almost two times faster than CLP dissolution from
ClopidixÆ tablets (k = 0.051 ± 0.006 min-1, t0.5 =
13.63 ± 1.58 min) (Table 4). The faster dissolution
of CLP from ClopinovoÆ tablets is probably due to
different API salt used in this product. ClopinovoÆ
tablets contain clopidogrel besylate compared to
clopidogrel bisulfate in all the other tested tablets.
Literature data regarding therapeutic equivalency of
the CLP salts are inconsistent. Kim et al. (29) found
that the pharmacokinetic/pharmacodynamic profiles
of CLP besylate in healthy volunteers were not sig-
nificantly different from those of CLP bisulfate.
Similar results were obtained by Chamilos et al.
(30), who did not find any differences for
antiplatelet response between the patients with sta-
ble coronary artery disease treated with CLP bisul-
fate or CLP besylate. This suggests that both forms
of the drug may be clinically equivalent. However,
Meves et al. (31) observed the worse effect of the
antiplatelet therapy in patients with ischemic stroke
after switching them from the CLP bisulfate formu-
lation to the product containing CLP besylate. Patel
et al. (32) suggested that differences in the drugís
absorption from formulations containing various
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CLP salts may be related to their ionization status in
the gastro-intestinal tract. CLP is a basic ionizable
molecule and has a pKa value of 4.55, whereas the
bisulfate and besylate counter-ions have pKa values
of 1.92 and 2.54, respectively. At pH 1-5 both the
drug and the counter-ion are ionized and absorption
of an ion-pair between the drug and its salt in solu-
tion could be observed. Differences in dissociation
constant of the two counter-ions may lead to a dif-
ferent amount of ion-pair at any given pH and result
in significant differences in bioavailability (32).

CONCLUSIONS

According to our knowledge, this is the first
study on dissolution kinetics of CLP from immediate-
release commercial film-coated tablets, commonly
used in anti-platelet therapy. Our results confirmed
that all studied products with CLP met the acceptance
criteria regarding dissolution test, releasing at least
80% of the declared drug content within 30 min.
However, significant differences between the kinetic
parameters of dissolution of the CLP salts from the
studied formulations were noticed. Moreover, in the
study the usefulness of the validated CZE method was
confirmed for determination of CLP in samples
obtained in dissolution test. Therefore, the CZE
method can be applied alternatively to the spectropho-
tometric method in the study concerning pharmaceuti-
cal availability of formulations containing CLP. 
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IN VIVO PERFORMANCE OF THE EXPERIMENTAL CHITOSAN BASED 
BONE SUBSTITUTE ñ ADVANCED THERAPY MEDICINAL PRODUCT.
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Abstract: When evaluating a novel bone substitute material, advanced in vivo testing is an important step in
development and safety affirmation. Sheep seems to be a valuable model for human bone turnover and remod-
eling activity. The experimental material composed with the stem cells is an advanced therapy medicinal prod-
uct (acc. to EC Regulation 1394/2007). Our research focuses on histological differences in bone formation
(guided bone regeneration ñ GBR) in sheep maxillas after implantation of the new chitosan / tricalcium phos-
phate / alginate (CH/TCP/Alg) biomaterial in comparison to the commercially available xenogenic bone graft
and a/m enhanced with the stem cells isolated from the adipose tissue. Twelve adult female sheep of BCP syn-
thetic line, weighing 60-70 kg were used for the study. The 11 mm diameter defects in maxilla bone were pre-
pared with a trephine bur under general anesthesia and then filled with the bone substitute materials:
CH/TCP/Alg, BioOss Collagen, Geistlich AG (BO), CH/TCP/Alg composed with the stem cells (CH/S) or left
just with the blood clot (BC). Inbreeding cycle of the animals terminated at 4 months after surgery. Dissected
specimens of the maxilla were evaluated histologically and preliminary under microtomography. Histological
evaluation showed early new bone formation observed around the experimental biomaterial and commercially
available BO. There were no features of purulent inflammation and necrosis, or granulomatous inflammation.
Microscopic examination after 4 months following the surgery revealed trabecular bone formation around chi-
tosan based bone graft and xenogenic material with no significant inflammatory response. Different results - no
bone recreation were observed for the negative control (BC). In conclusion, the tested materials (CH/TCP/Alg
and BO) showed a high degree of biocompatibility and some osteoconductivity in comparison with the control
group. Although the handiness, granules size and setting time of CH/TCP/Alg may be refined for future clini-
cal tests. The relevant beneficial influence of using the adipose derived stem cells in GBR was not confirmed
in this model. 

Keywords: alginate, bone substitute material, chitosan, guided bone regeneration, β-tricalcium phosphate,
sheep model, stem cells

Abbreviations: AI ñ acute inflammation, Alg ñ alginate salt, BF ñ bone formation, BO ñ BioOss collagen, CH-
chitosan, CH/S ñ experimental material comprised with the stem cells, CH/TCP/Alg ñ experimental biomater-
ial, CI ñ chronic inflammation, F ñ fibrosis, GBR ñ guided bone regeneration, GI ñ granulomatous inflamma-
tion, L ñ lymphoid cells, M ñ macrophages, N - neutrophils, Ne ñ necrosis, NV ñ neovascularization, TB ñ bone
type, TCP - β-tricalcium phosphate 
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Guided bone regeneration (GBR) techniques
has significantly changed the oral surgery during the
last decades. Although the autogenous bone is still
considered as the ìgold standardî for the bone sub-
stitution, there are a wide variety of biomaterials
used alternatively. 

The basic concept of our project was to design
and evaluate the biodegradable and well tolerated by
the tissues alloplastic material for the GBR. The basis
of this composite material was chitosan ñ naturally
occuring polysacharide, widely studied in pharmaceu-
tical and nonpharmaceutical applications (1-5). The
other components were calcium phosphate salt - β-tri-
calcium phosphate (βTCP)and solution of alginate
salt. The ability of composing chitosan with osteocon-
ductive and osteoinductive substances promised well
to synthesize an allograft of desirable properties. 

Chitin and its derivatives have been used as
scaffolds for bone and other natural tissue regenera-
tion as well as structures by which three dimension-
al formation of tissues are supported (2, 5, 6). While
searching for a proper material for a good scaffold,
there are important factors that should be taken into
account, like ability to form porous structure for tis-
sue to grow, ability to form resorbable matrix,
biodegradability and nontoxic byproducts from the
digestion (1, 7). Thus, neither the physical nor bio-
logical properties of such biomaterials should be
ignored (6, 8). Chitin and its derivatives have been
shown to possess these criteria.

Its excellent gel-forming properties and ability
to be reshaped into various forms simply by ther-
mally induced separation method strongly enhance
its potential applications in the biomedical field.
Some researchers also suggested that chitosan has
osteoinduction and osteoconduction potentials when
used as a bone scaffold material (4, 5). 

It is worth to mention that we intentionally
chose β-tricalcium phosphate instead of hydroxy-
apatite as one of the components. Grafting materials
with high resorption rates may allow for the forma-
tion of bone with no residual graft particles at the
time of implant placement and loading (9).
However, their capability to sustain alveolar ridge
volume in the long term might be inferior to that of
mineralized grafts (9). 

βTCP can also alter morphological structure
and degradation behavior of the chitosan. These
changes probably are attributed to fact that βTCP
could bind with chitosan through ionic bonding, and
subsequently crosslinked to the different parts of
chitosan polymer chains (4).

Alloplastic materials of those kind are biocom-
patible and free of the risk of contamination. They

can be manufactured with precisely defined physical
and crystalline properties and have a consisted batch
quality. There is no need to inform patients about the
residual risk of immunological reaction or infection,
as in the case of the materials of biological origin
(10).

Although in many cases, the method of choice
for such a material is its convenient application for
surgeons. Advantageous bone graft for oral surgery
and general dentistry applications may well be
injectable, sculptable and with a controllable setting
time. The material we developed seems to fulfill the
above mentioned criteria. The recent experiments in
rats and cell cultures emboldened us to proceed the
research on big animal model (11).

According to many authors, a dog is the most
suitable as a model for human bone from a biologi-
cal point of view (12). However, adult sheep takes
the advantage of being more similar to humans in
weight and bone dimensions, what allows the
implantation of e.g., human prostheses (13).
Another important matter is that we used the small
ruminants at the end of the breeding cycle. The ani-
mals were not sacrificed just for the research but
were utilized for goods commonly obtained from
sheep breeding. 

Notwithstanding the advances in tissue engi-
neering, oral regenerative medicine strategies are
still unpredictable for repair tooth-supporting tissues
destroyed as a consequence of trauma, chronic
infection or surgical resection.

In order to overcome the limitations of routine-
ly adopted biomaterials as allografts, xenografts,
and alloplastics in terms of predictability and quali-
ty of bone formation and, for example, ability to sus-
tain alveolar ridge morphology over long periods of
time, novel tissue engineering therapies have been
developed including the delivery of growth factors
incorporated in carriers, scaffolds and bone grafts. 

Implantation of culture-expanded mesenchy-
mal stem cells has been demonstrated to effect tissue
regeneration in a variety of animal models and
depends on local factors to stimulate differentiation
into the appropriate phenotype (14, 15).

Stem cell research is not a new medical entity
by any means. There has been extensive research for
many years in the areas of orthopedics, cardiology,
neurology and internal medicine. For quite a few
years, also the dental surgeons have taken a harder
look at stem cells and their use in promoting more
predictable bone grafting.

Composing a biomaterial with the stem cells
gives rise to the tissue engineering product.
According to the EC Regulation 1394/2007 such a
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material is then the advanced therapy medicinal
product.

EXPERIMENTAL

Methods

The evaluated biomaterial ñ CH/TCP/Alg was
designed as a biphasic system, where the solid phase
consisted of chitosan (CH) and β-tricalcium phos-
phate (TCP) particles and the liquid one of a 2%
solution of alginate salt (Alg). The injectable system
formation relied on calcium ions being released
from chitosan/TCP particles into the liquid alginic
phase tending to form a gel in the presence of calci-
um ions. 

Chitosan (~95% degree of deacetylation) (3,
16) was purchased from Medical Heppe GmbH, β-
tricalcium phosphate from Sigma Aldrich and
alginic acid sodium salt from brown algae was pur-
chased from Fluka, Sigma Aldrich, Seelze,
Germany. The manufacturing process was described
in detail in previous publications (11, 17).

The material was previously evaluated accord-
ing to the European / Polish Standard PN-EN ISO
10993 Biological evaluation of medical devices. The
results of the biocompatibility tests were favorable
according to expectations and the biological proper-
ties of basic materials. The tested material showed
its cytocompatibility, with no adverse reactions
when in direct contact with living tissues and its
extracts were safe for laboratory animals (11, 17).

BioOss Collagen (Geistlich AG, Wolhusen,
Switzerland) was chosen as a reference material and
a positive control. This xenogenic bone graft is
acknowledged among professionals, extensively
used and has major long-term success reports (18-
22). 

BioOss Collagen is comprised of BioOss spon-
giosa (bovine xenograft) with the addition of 10%
highly purified porcine collagen type I. The collagen
acts, according to the manufacturer, as a cohesive
for the granules. 

The Local Committee of the Animal
Experimentation Ethics Commission, Poland
approved the research protocol.

Twelve female sheep of synthetic BCP line, 3
years old, weighing 60ñ77 kg were used for the
study. The animals were prepared dietetic for the
surgery: starvation for 6 h and no access to water for
3 h. Xylazine was used for the intravenous premed-
ication and after 5 min the induction of general anes-
thesia was administered with a combination of
diazepam and ketamine (mixture 1 : 1). The conduc-
tion of anesthesia was proceeded with the same

drugs in doses fractionated according to the strength
effect. 

A local anesthetic (2 mL of 4% articaine with
adrenaline 1 : 100000) was administered under the
mucosa after the application of topical antiseptic
(0.2% chlorhexidine) in the vestibule. A semilunar
incision in the region of last upper molars was made
and the full thickness flap was detached to expose
the bone surface of the maxillal. Eleven millimeters
diameter bone defects were prepared with a 10 mm
trephine drill (Hager & Meisinger, Neuss, Germany)
mounted on a contra-angle handpiece coupled to a
surgical motor rotated at 8,000 rpm. The surgical
site was continuously irrigated with sterile saline
and the undercut bone was elevated with bone
curettes or elevators at the depths up to 5 mm. After
the implantation, the flaps were sutured with 3/0
braided, absorbable suture material. No membranes
were used for the protection of the grafts. 

Adipose tissue used to acquire the stem cells
to combine them with CH/TCP/Alg was obtained
from six sheep a day before the implantation. Under
local anesthesia (2% lignocaine) a small incision in
the area of the base of the tail was made to collect
about 2 g of the tissue. Subcutaneous adipose tissue
was placed into falcon tube containing phosphate
buffered saline (PBS) supplemented with antibi-
otics (100 U/mL penicillin and 100 µg/mL strepto-
mycin) and transferred to the laboratory. Tissues
were purified from blood vessels, weighed and then
cut using surgical scissors into small pieces (10ñ20
mg). Cells were isolated from 0.612 to 3.788 g of
adipose tissue with modified method described by
Bunnell et al. (23). Collagenase buffer (buffer con-
tent: PBS, 100 U/mL penicillin, 100 µg/mL strepto-
mycin, 0.15% collagenase) was added to tissue in a
ratio of 4 mL of buffer per 1 gram of tissue, trans-
ferred into a falcon tube and then incubated at 37OC
under continuous shaking for 1 h. Subsequently,
DMEM supplemented with 10% FBS, streptomycin
and penicillin, was added in ratio 1 : 1 to tube to
stop digestion reaction. Cell suspension was then
filtered through nylon mesh. The sample was then
centrifuged at 1200 ◊ g for 5 min at room tempera-
ture, washed with PBS containing antibiotics and
centrifuged again. The pellet was resuspended in 1
mL of erythrocyte lysis buffer and incubated for 5
min in 5OC. After incubation, 5 mL of PBS contain-
ing antibiotics was added and probe was then cen-
trifuged. The pellet was resuspended in DMEM
supplemented with 10% FBS, streptomycin and
penicillin. Live nucleated cells were counted in
B¸rker chamber after staining with trypan blue. The
number of cells isolated per gram of the sheep adi-



212 WITOLD BOJAR et al.

pose tissue was 1.1-2.32 ◊ 105 cells. Isolated cells
were then plated in T25 falc and incubated at 37OC
and 5% CO2 overnight. The next day, cells were
collected, centrifuged and platelet was suspended
with a proportional amount of PBS so that we

received a cell suspension with a concentration of 1
◊ 105 cells/mL. Cell suspension was then mixed
with equal volume of 4% sodium alginate solution.
Cell suspension in 2% sodium alginate was then
used for graft formation.

Table 1. The list of animals.

No. Sheep No. Right site Left site Body weight [kg]

1 3442.7 BO BC 64

2 3287.4 BC BO 69

3 3495.3 CH/TCP/Alg BC 70

4 3213.3 CH/TCP/Alg BC 75

5 3348.2 BO CH/TCP/Alg 75

6 3226.3 BO CH/TCP/Alg 69

7 3336.9 CH/S BO 86

8 3398.7 CH/S CH/TCP/Alg 64

9 3492.2 CH/S CH/TCP/Alg 64

10 3227.0 CH/S BO 77

11 3203.4 CH/S BO 60

12 3337.6 BC CH/S 77

Figure 1. Surgical procedure. A: bone perforation with the trephine drill; B: 11 mm bone defect in the maxilla; C: biomaterial on the place;
D wound suturing
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After rinsing the surgical site and double check
of hemostasis, the sheep were transported to the
adjacent room for postanesthetic recovery.
Intramuscular injection of penicillin-streptomycin
was administered to every animal for postsurgical
protection.

Eight weeks after implantation, a radiographic
control of the surgical sites was performed to evalu-
ate the bone alteration and graft particles distribu-
tion. The animals were immobilized for 1-2 min to
take the radiographs. The x-rays were taken using
portable device and digital scanner, which assured
the minimal exposition time. There was no need for
anesthesia to perform the procedure. 

At 4 months after implantation, the sheep were
passed to the abattoir. It is worth to mention that this
happened in line with the breeding cycle. The max-
illas with overlying skin were collected and fixed in
10% formalin in a phosphate buffer. Some of the
specimens were scanned using a micro CT at a res-
olution of 18 µm to measure dimensions of bone
defects and observe the distribution of biomaterial
particles.

The tissue samples taken from animals 4
months post-implantation underwent careful histo-
logical examination. After decalcification (with
Decalicifier II, Surgipath, Richmond, USA), the
specimens were processed by routine histological
processing using paraffin-embedding method. The
sections (4-5 µm thick) were stained with hema-
toxylin and eosin. The evaluation was performed
using light microscope Nikon Eclipse 50i.

The total number of surgical defects were 24 (n
= 24). The defects were filled with CH/TCP/Alg (n
= 6), BioOss Collagen (BO) (n = 7), CH/TCP/Alg
combined with stem cells (CH/S) (n = 6) or left only

with a blood clot (BC) (n = 5). Every animal had a
different test sample on both sides of maxilla. 

The list of animals is shown in Table 1. 

RESULTS

The results of histopathological evaluation
were based on the analogical tests on the small ani-
mal model (11). The following parameters were
evaluated: 
● bone formation (scale 0-3);
● type of bone tissue (newly formed / mature);
● feature of acute inflamation (absent, minimal,

moderate, severe);
● feature of chronic inflamation (absent, minimal,

moderate, severe);
● presence of granulomatous inflamation;
● infiltration of: neutrophils, limphoid cells,

macrophages (0 - absent, 1 - rare: 1 - 5/HPF, 2 -
moderate: 5ñ10/HPF, 3 - heavy, numerous infil-
trate: > 10/HPF;

● presence of giant cells (0 - absent, 1 - rare 1-
2/HPF, 2 - moderate 3-5/HPF, 3 ñ extensive
>5/HPF);

● fibrosis (scale 0-3);
● necrosis (present, absent);
● neovascularization (present, absent).

The results are presented in a descriptive man-
ner for each animal and each control group because
of some problems with systematizing. The trouble
with specific evaluation of some cases was due to
sheep behavior just after the sedation. The animals
started to eat the hay from the floor of recovery
room immediately. Starvation after the surgery was
not recommended by the veterinary anesthesiologist
but in some cases it caused separation of the layers

Figure 2. Biomaterial (CH/S) in the sheep maxilla. Radiographic
image 2 months following implantation 

Figure 3. Defect filled with coagulum (BC). Loose and fibrotic
connective tissue, adipocytes and small capillaries (100◊) 
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of the wound and migration of the particles of the
grafts. All animals, as assessed by the veterinary,
were in a good shape after the surgery, there were no
signs of pain or suffering in next few days. 

In the defects filled with coagulum (BC ñ neg-
ative control) a moderate fibroblastic alteration was
observed in all cases (F 1). In one case there was
also a minimal bone formation (BF 1). Neither acute
nor chronic inflammation was recorded. There were
no signs of neovascularization as well. 

The commercially available xenogenic materi-
al (BO) exhibited different manners. Because of the
reasons mentioned above, just six out of seven sam-
ples were evaluated. In five cases a woven bone for-
mation was observed (Fig. 2). There was no mature
bone features in any of them. In three cases bone
formation was rated 1 (scale 0-3), in two cases rated
2. The fibrosis occurred in each sample with BO:
minimal in two, moderate in three and extensive in
one of the samples. The chronic inflammation with

Table 2. Detailed results of histological tests.

Right site Left site
Material / the most distinctive features Material / the most distinctive features

1 BO AI 3, GI T, G 2, Ne 3, L 1, M 1, F 2, Ne 1 BC F 1

2 BC BF 1, NB, F 1 BO BF 1, NB, GI T, L 1, F 1, NV 1

3 CH/TCP/Alg BF 1, NB, F 1 BC F1

4 CH/TCP/Alg BF 1, NB, F 1 BC BF 1, NB, F1

5 BO BF 2, NB, F 2 CH/TCP/Alg no data

6 BO no data CH/TCP/Alg BF 2, NB, F1

7 CH/S BF 1, MB, F 1 BO BF 2, NB, CI 2, F 2

8 CH/S BF 1, MB, CI 1, F 1, NV 1 CH/TCP/Alg BF 1, MB, NB, F 2, NV 1

9 CH/S BF 2, MB, F 2, NV 1 CH/TCP/Alg BF 1, NB, F 2, NV 1

10 CH/S BF 1, NB, MB, F 2, NV 1  B O BF 1, NB, CI 1, F 2, NV 1

11 CH/S BF 1, MB, CI 1, F 2 BO BF 1, NB, CI 2, GI Y, L 2, F 3, NV 1

12 BC F1 CH/S no data

BF, bone formation: 0 ñ absent; 1 ñ minimal (single trabeculae); 2 ñ moderate; 3 ñ intensive (numerous trabeculae); TB, bone type: NB ñ
newly fomed, early bone; MB ñ mature, calcified bone; AI, acute inflammation, CI, chronic inflammation: 0 ñ absent, 1 ñ minimal, 2 ñ
moderate, 3 ñ severe; GI, granulamotus inflammation: Yñ yes, present, N ñ no, absent; N, neutrophils, L, lymphoid cells, M, macrophages:
0 ñ absent, 1 ñ rare 1-5/HPF, 2 ñ moderate 5ñ10/HPF, 3 ñ heavy infiltrate >10HPF; F, fibrosis: 0 ñ absent, 1 ñ minimal, 2 ñ moderate, 3
ñ extensive; Ne, necrosis; NV, neovascularization: 0 ñ absent, 1 ñ present.

Figure 4. BO. New bone formation with accompanying NV and F
(100◊)

Figure 5. CH/TCP/Alg. Bone formation with accompanying fibro-
sis (100◊)
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minimal and moderate intensity was observed in
three of six cases. In one of the animals (sheep no.
1) there were signs of acute inflammation (AI 3)
with its morphological exponent ñ heavy infiltration
of neutrophils (N 3) and minimal necrosis (1). Sheep
no. 11 samples were characterized by a classic
chronic inflammation (CI 2) composed with a gran-
ulomatous inflammation (GI), extensive fibrosis (F
3) but also new bone formation (NB). In three of six
cases neovascularization was listed (NV 1). 

The total number of the defects filled with the
experimental CH/TCP/Alg and the same material
composed with stem cells (CH/S) which were appro-
priate for microscopic evaluation was 10. Thus, it
was not possible to evaluate two of twelve samples. 

The typical clinical picture was the formation
of newly formed and mature bone in all cases with
the moderate fibrosis, F 2 in four and F 1 in six of
ten samples.

There were no signs of acute inflammation in
any case. The minimal chronic inflammation (CI 1)
were present in two samples of CH/S. Neovascul-
arization was observed in five of ten samples. 

When evaluating the samples of CH/TCP/Alg
(n = 6) in four cases, the newly formed bone was
estimated as the woven bone (NB) and in two cases,
as a fusion with the mature bone (NB and MB). The
biomaterial composed with the stem cells (CH/S, n
= 4) gave the evidence of the mature bone in three
cases and the mature with the woven bone in one. 

The attempt to systematize the results is shown
in Table 2. 

DISCUSSION AND CONCLUSION

The histological evaluation of the defects filled
with the biomaterials revealed the presence of the

bone remodelling fields with the active osteoblasts
and single osteoclasts at the margins. The mes-
enchymal alteration was characterize by the dynam-
ic foci of bone formation with the osteoblasts partic-
ipation. The remnants of the CH/TCP/Alg, CH/S
and BO particles were present with the fibroblastic
remodelling of the implantation sites. There were
also visible spots of beginning mineralization with
collagenization of the submucosal membrane and
osteoblastic reactivity. The differentiation between
the experimental biomaterial and positive control
(BO) were associated with the disintegration of the
particles of CH/TCP/Alg and CH/S, rather than the
degree of ossification. The commencing resorption
at 4 months after implantation is in compliance with
the expectations of its originators. 

In case of negative control (BC), the predomi-
nant features in histological observations were pas-
sive vasocongestion and reactive fibrosis around the
minor ossified structures and fibrosis without ossifi-
cation. There were some single trabeculae (BF 1) in
the fields of fibroblastic remodeling in one case
(sheep no. 2). 

When trying to emphasize the variations
between the experimental CH/TCP/Alg and the
biomaterial composed with the stem cells (CH/S),
it is worth to mention the presence of slightly more
mature bone in the defects filled with CH/S. The
difference between the result BF 1 and BF 2 are not
unequivocal. These test results are undoubtedly
introductory in view of problems with the graft
retention in the surgical sites and relatively small
amount of the samples. It is regrettable that no
morphometric analysis was performed in this
study. 

At this point, it is hard to legitimate the benefi-
cial influence of the adipose derived stem cells in
obtained amount composed with graft material for
the bone formation. It seems like the number of cells
isolated per gram of the sheep adipose tissue (1.1-
2.32 ◊ 105 cells) and the amount of 2 g of the col-
lected tissue does not enhance the bone formation
and that requires the further testing. The evaluation
of using stem cells in oral surgery is carried on by
numerous research centres. Our results may confirm
the need of culturing preosteoblasts in vitro before
colonizing the grafts (24). 

At that point in time, the essential outcome of
the study was the lack of significant difference
between the experimental biomaterial and positive
control. BioOss Collagen is unquestionably a mate-
rial with proven clinical efficacy (19-21, 25-28). It is
unarguable difficult to extrapolate the long-rage
osteogenic potential of our experimental allogenic

Figure 6. CH/TCP/Alg. Bone formation with accompanying fibro-
sis (200◊) 
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material on the basis of 4 month study. The fact of
initial disintegration of the particles is somehow
promising. Our intention was to design a complete-
ly resorbable material which stimulates the bone for-
mation and is replaced by autogenous bone without
remnants. 

There are currently contrary opinions on the
resorption rate of available bone grafts. Many stud-
ies show the incomplete replacement by the autoge-
nous bone because of the lack of osteoinduction and
osteoproliferative properties (27, 29, 30). There are
a few others which document the biodegradability
even the xenogenic grafts with bone remodeling due
to osteoplastic activity (31, 32). 

In spite of that, the severe acute inflammation
and granulomatous reaction occurred in one of the
animals (sheep no. 1, BO). It should be stressed that
high biocompatibility of both biomaterials was
observed in all other cases. Most likely, the undesir-
able reaction was due to wound infection just after the
surgery. The accompanying a foreign body-type reac-
tion and the presence of multinucleated giant cells
which markedly inhibit new bone formation was not
related to the implantation of the bone substitute. 

High failure ratio of implantation in sheep was
of course described in literature before (33). In spite
of that, sheep is still a valuable model for human
bone turnover and remodeling activity (12, 29, 34).
However, their special oral biomechanics inherent to
their constant ruminant activity accounted for a high
degree of the reported graft failures. Important adap-
tations to the implantation technique and postopera-
tive management is necessary to use sheep as an ani-
mal for future oral implant related experiments.

In the histopathological assessment, the fol-
lowing facts were observed: visible bone remodel-
ling area with an active presence of osteoblasts and
singular osteoclasts on its verges. In the sites of mes-
enchymal remodelling there were ossification areas
with active participation of osteoblasts. Most often
the features of passive hyperemia and reactive fibro-
sis around small bone structures as well as fibrosis
of perivascular parenchyma without traits of ossifi-
cation could be observed. 

In vivo tests gave the results that confirmed
favorable osteogenetic abilities of both biomaterials,
CH/TCP/Alg and BO. The relevant beneficial influ-
ence of using the adipose derived stem cells in GBR
was not confirmed in this model. 
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Exploration of various naturally occurring
compounds having depigmenting, anti-inflammato-
ry and sebum reducing properties is an important
growing area of research regarding topical treatment
of various skin diseases (1). Skin hyperpigmentation
afflictions i.e., melasma, solar lentigo and post-
inflammatory pigmentation were evolved due to
excessive fabrication and accumulation of skin
melanin pigment and distinguished with aging (2).
Commonly used whitening chemicals i.e., hydro-
quinone and kojic acid, provide depigmentation
effects but also have some safety issues upon long-
term application while utilization of natural botani-
cal extract in cosmetic products provide new idea
for safe and effective remedy with least harmful
effects to skin upon long-term exposure (3). Skin

care products loaded with natural phenolic extracts
may actuate allergic and irritant contact dermatitis
and phytophotodermatitis (4). 

A majority of world population (66-75%) aged
between 15-20 years exhibit an increased production
of sebum, which leads toward the inferiority com-
plex and loss of individual self-confidence and dis-
consolate the quality of life (5). Sebum is secreted
by sebaceous glands (6), which are microscopic and
lobular glandular structures found in pilosebaceous
element of skin and dispersed throughout the skin
except palm and soles. It constitute 95% of total skin
lipid and consist of mixture of complex lipids i.e.,
free fatty acids, triglycerides, cholesterol esters,
squalene, sterols and glycophospholipids. Under
normal physiological conditions, sebum is fruitful in
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Abstract: The present investigation was conducted to evaluate non-invasively, various functional skin param-
eters i.e., irritation potential, melasma and sebum contents following long term application of topical cream
(w/o) loaded with 2% methanolic extract of Ananas comosus L. versus placebo control (base) in healthy adults.
Healthy human volunteers (n = 11, aged 20-30 years) were recruited for investigation and written informed con-
sent was taken from each volunteer. In this single blinded study every volunteer applied formulation on one
side of face and placebo on the other side of face twice daily for a period of 12 weeks (three months). Different
skin parameters i.e., skin irritancy, melasma, and sebum contents were measured on both sides of face at base-
line and after two weeks interval, using photometric device Mexameter and Sebumeter in a draught free room
with modulated conditions of temperature (22-25∞C) and humidity (55-60%). It was evident from the results
that no primary skin irritancy was observed with patch test. Besides, statistical interpretation indicates that
treatment with formulation is superior to placebo because it significantly (p ≤ 0.05) reduced the skin irritancy,
melasma and sebum secretions throughout the study and reaching maximum -20.76 ± 0.89, -54.2 ± 0.37 and -
40.71 ± 0.75%, respectively, at the end of study period. Antioxidant activity of extract was 92% compared to
standard antioxidant. Conclusively, active cream loaded with fruit extract was well tolerated by all the volun-
teers and suitable to treat contact dermatitis, greasy skin, acne and seborrheic dermatitis and augmenting beau-
ty and attraction by depigmentation of human skin. So, in the future, there is need to clinically evaluate these
formulations in patients with compromised skin functions i.e., contact dermatitis, melasma, and acne vulgaris
in order to explore the actual potential of this fruit. 

Keywords: Ananas comosus, acne, erythema, melasma, cream, sebum contents
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maintaining skin durability, act as lubricant,
improve skin barrier function and have intrinsic
antimicrobial activity (7). Instead of this, excessive
production of sebum is responsible for subservient
complexion and unattractive skin appearance, usual-
ly designated as oily or greasy skin, and results in
pore enlargement which promotes skin pathophysi-
ological conditions called acne and seborrheic der-
matitis (8). 

Due to these grounds, more attention is given
towards investigation of the plants and phytocon-
stituents having depigmenting and anti-sebum prop-
erties. Most important bioactive phytoconstituents
of plants include polyphenols, flavonoids, alkaloids,
saponins, tannins and essential oils (9). Recently,
phenolics are gaining popularity regarding their use
in skin care products as: anti-aging, anti-erythema,
dry skin conditions, depigmentation, anti-sebum and
antioxidant properties (10). Topical formulations are
considered appreciable vehicle for delivery of both
natural and synthetic compounds to the human skin
for cosmetic purpose (11). Peculiarly, the use of
botanical extracts with phenolic constituents pro-
vides most valuable cosmetic products. There is
exorbitant curiosity about the use of herbal extracts
containing phytochemical with high polyphenols
and flavonoid constituents and play an important
role in eviction of various degenerative diseases and
modern phytocosmetic preparations (12). 

Ananas comosus L. is a tropical fruit, belongs
to the family Bromeliaceae and is a rich source of
phenolics, flavonoids, vitamins A, B and C, sever-
al inorganic elements such as calcium, phospho-
rous and iron and was reported to have free radical
scavenging activity (13). Fruit can also be used in
eviction of sore throat and seasickness. The
antioxidant activity of Ananas comosus L. pro-
vides the basis for the selection of fruit in skin care
topical formulations. The present study was aimed
to formulate cream (w/o emulsion) loaded with
phenolic rich extract of Ananas comosus L. and
investigate its effects in vivo for different physio-
logical functions concerning aging process as:
melanin pigment, erythema and sebum secretions
on human skin.

EXPERIMENTAL

Plant collection and identification

Ananas comosus fruit was purchased during
March 2013 from model bazar in Bahawalpur,
Pakistan and identified (voucher # 3521/CIDS/IUB)
from Cholistan Institute of Desert Study (CIDS),
and specimen was deposited in herbarium of

Pharmacognosy Department, The Islamia Univer-
sity of Bahawalpur, Pakistan, for future reference.

Reagents and instruments

Paraffin oil (h: 110-230, at 25OC) and methanol
analytical grade was obtained from Merck
(Germany), polysiloxane polyalkyl polyether
copolymer (Abil - EM 90 with HLB 5) was pur-
chased from Franken Chemicals (Germany).
Distilled water was prepared by using distillation
plant (Irmeco GmbH, Germany) and methanolic
extract of Ananas comosus was prepared in pharma-
ceutics laboratory of Pharmacy Department, The
Islamia University of Bahawalpur, Pakistan. The
non-invasive instruments were used to execute the
following biometrological measurements in draught
free room, with regulated conditions of temperature
(22-25OC) and relative humidity (55-60%): erythe-
ma and melanin contents were assessed using
Mexameter MPA 5; sebum contents were estimated
using Sebumeter (MPA 5 Courage + Khazaka,
Germany).

Preparation of Ananas comosus extract 

Fruit of Ananas comosus was grinded in an elec-
tric grinder (National, Japan) to acquire the paste.
After that, 100 g of paste was stirred with 300 mL of
methanol by using magnetic stirrer for 2 h. Then, the
residue was filtered through Whatman no. 41 filter
paper. Filtered extract was concentrated and solvent
(methanol) was evaporated under reduced pressure at
40OC using rotary evaporator (EYELA, CA-1111,
Rikakikai Co. Ltd. Tokyo, Japan). The dried extract
was weighed to calculate percentage yield and stored
in a refrigerator (4OC) for further use.

Determination of and antioxidant activity of

Ananas comosus extract 

Free radical scavenging activity of fruit extract
was measured using DPPH free radical method. Ten
microliters of plant extract was mixed with 90 µL of
methanolic solution of DPPH (100 µM) and incu-
bated for 30 min at 37OC. Similarly, 10 µL of stan-
dard ascorbic acid (control) was mixed with 90 µL
of methanolic solution of DPPH and incubated for
30 min at 37OC. The absorbance was measured at
517 nm at room temperature against the respective
blank. A decrease in absorbance indicated an
increase of free radical scavenging activity of the
solution. The following formula was used to deter-
mine percentage inhibition of free radical scaveng-
ing activity:

(Absorbance of control - Absorbance of test) 
% Inhibition = ñññññññññññññññññññññññññññññññññññññññ ◊ 100

Absorbance of control
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Preparation of cream

Active cream was prepared using 14% liquid
paraffin, 3.5% AbilÆEM 90, 2.0% methanolic
extract of Ananas comosus and 80.5% of deionized
water. Oil and aqueous phases were heated separate-
ly up to 75OC, and then aqueous phase containing
fruit extract was poured slowly into oil phase with
continuous stirring at 2000 rpm using digital
homogenizer (IKA Werke, Germany) for 15 min.
Then, the stirrer speed was reduced to 1000 rpm for
10 min and then further reduced to 500 rpm and
stirred until it cools to room temperature in order to
achieve complete homogenization. Base was also
prepared by similar method but without containing
fruit extract as given in Table 1.

Subjects

Healthy male volunteers (n = 11, aged between
20-30 years) recruited for the present study were
devoid of any distinguished skin disease or derma-
tological problem. All the volunteers signed the
written informed consents as documented evidence
of terms and conditions for the study. The exclusion
criteria for the study included: individuals under
treatment for skin infections during the study, indi-
viduals hypersensitive to any component of the
cream, individuals who does not execute the appli-
cation rules of the creams, individual with substan-
tial hair on the cheeks, smokers and individuals
using dietary supplements including antioxidants.
Subjects were instructed to continue their routine
diet during the study period to nullify the effects of
such changes and avoid using any type of cream or
medication used for the skin disorders, which might
antagonize or potentiate the effect of research prod-
uct.

Study protocols

This placebo control and split-face in vivo
study was accomplished in draught free room with
controlled conditions of temperature (22-25OC) and
relative humidity (55-60%). Manufacturerís instruc-
tions were followed by authors to execute the instru-
mental measurements. Two weeks prior to study and
during the study period all the volunteers were
instructed to use only normal cleansing products.
Then, each participant was provided with two
creams with 40 g contents, an active cream and other
was placebo control, marked ìleftî and ìrightî indi-
cating application to the respective cheek. The vol-
unteers were instructed about the proper use of
creams i.e., approximately 500 mg of cream was
applied two times a day (mornings, 8:00 to 9:00;
evenings, 20:00 to 21:00) and area around the eyes
was elided. All measurements for skin profilometry
were executed at baseline, on day 15, 30, 45, 60, 75
and 90. Prior to the measurements, the volunteers
endure in a sitting position in cosmetic lab under
environmental conditions of 22 ± 2OC and 40 ± 5%
relative humidity, for 15 min to assimilate the inside
conditions.

Patch test - analysis for primary skin irritation

Primary skin irritation for creams was assessed
by performing patch test at forearms of all volun-
teers. A 5 ◊ 4 cm area was marked on forearms of all
volunteers. Patch for left forearm was drenched with
1 g of active cream and for the right forearm
drenched with 1 g of base. Each was applied to
marked region separately and covered with surgical
dressing for 48 h. After that, the patches were
removed and the application area was washed with
physiological saline solution. Creams were evaluat-

Table 1. Formula of stable base and formulation.

Formulations Paraffin oil Abil EM 90 Fruit extract Distilled water

Base 14% 3.5% NIL q.s.100%

Active 14% 3.5% 2% q.s.100%

Table 2. Score given by volunteers to base and formulation on the basis of primary skin irritation/itching.

Score
Cream type

0 1 2 3

Base 7 2 2 0

Formulation 10 0 1 0 
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ed for any type of skin irritation or erythema by
using mexameter and assigned different scores to
the volunteers according to authorís instructions
using 4 points scale ranges from 0 to 3, where 0
value indicate no erythema, 1 stands for mild ery-
thema, 2 stands for moderate erythema and 3 stands
for severe erythema. Each volunteer was asked to
observe their primary irritancy towards the formula-
tion and base and assign a specific score from select-
ed scale as given in Table 2.

Panel test - subjective analysis

For the efficacy perception of creams, a pre-
designed questionnaire was provided to every vol-
unteer. It consist of seven parameters i.e., ease of
application, spreadability, sense just after applica-

tion, sense in long term, irritation, shine on skin and
sense of softness. Each parameter assigned 11 val-
ues ranges from +5 to -5 representing ìvery badî to
ìvery goodî, respectively. Every volunteer was
instructed to fill this questionnaire individually at
90th day of study period. 

Ethical standards 

The acceptance for this study was approved by
Institutional Ethical Committee (IEC), Faculty of
Pharmacy and Alternative Medicine and Board of
the Advanced Study and Research (BASAR), The
Islamia University, Bahawalpur, Pakistan. The ref-
erence number is 974/AS&RB. This study was pre-
ceded by notification of Helsinki and was consistent
with Good Clinical Practice guidelines.

Figure 1. Percentage of change in melanin/erythema in base and formulation after 48 h

Figure 2. Percentage of change in skin erythema content after application of formulation and base for 12 weeks
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Mathematical and statistical analysis

Measured values for different skin parameters
i.e., melanin pigment, erythema and sebum secre-
tions were analyzed statistically using SPSS version
13.0 at PC computer. Paired sample t-test was used
to analyze the difference between two preparations
and ANOVA was used to analyze the variations at
different time intervals with 5% level of signifi-
cance. The percentage changes of various parame-
ters were determined in all volunteers during respec-
tive week and calculated mathematically by using
the following formula;

Percentage change = [(A ñ B) / B] ◊ 100
where, A = individual value of any parameter of 2nd,
4th, 6th, 8th, 10th and 12th week. B = zero hour value of
that parameter.

RESULTS

Antioxidant activity

Antioxidant activity of fruit was measured
using DPPH free radical method and found to be
92% as compared to standard i.e., ascorbic acid.

Assessment of primary skin irritation

The cosmetic preparations must be devoid of
any type of contact dermatitis at the site of applica-
tion during its use. Skin irritation is caused by direct
contact of chemicals or ingredients with skin and
different from contact allergy caused by immune
response (14). To analyze the creams compatibility
for primary skin irritation, patch test was recognized
as most appropriate method (15). The patch test was
deportmented at forearms of all volunteers for 48 h
and it was perceived that erythema levels were
reduced moderately (-0.21 ± 0.09%) with base but
reduced (-2.67 ± 0.54%) immensely after applica-
tion of active cream as given in Figure 1. But with
paired sample t-test it was manifested that both the
base and formulation exhibited insignificant effects
on skin erythema levels, so primary skin irritancy
was examined with visual scoring only as given in
Table 2. The results indicate that no severe erythema
was observed in all volunteers, moderate erythema
was found in 2 and 1 while mild erythema was
occurred in 2 and zero volunteers and no erythema
was found in 7 and 10 volunteers with base and for-

Table 3. Percentage of change in the skin erythema, melanin and sebum values after the application of base and formulation.

Values of skin erythema content ± SEM (standard error of mean)

Time(week) 2nd 4th 6th 8th 10th 12th

Base -1.11 ± 0.87 -1.08 ± 1.20 -1.23 ± 1.67 -1.02 ± 0.45 -1.34 ± 0.67 -0.97 ± 1.23

Formulation -3.76 ± 1.37 -7.95 ± 0.65 -9.32 ± 0.98 -13.11 ± 1.15 -17.43 ± 0.37 -20.76 ± 0.89

Values of skin melanin ± SEM

Time(week) 2nd 4th 6th 8th 10th 12th

Base 1.39 ± 0.54 5.58 ± 0.78 4.65 ± 0.86 2.05 ± 1.32 8.94 ± 0.65 13.42 ± 0.12

Formulation -4.67 ± 1.03 -12.36  ±  0.22 -20.09 ± 1.11 -31.32 ± 0.83 -39.13 ± 0.45 -54.2 ± 0.37

Values of skin sebum contents ± SEM

Time(week) 2nd 4th 6th 8th 10th 12th

Base -1.39 ± 0.34 -2.58 ± 0.56 3.35 ± 0.99 5.02 ± 0.26 8.4 ± 0.33 11.07 ± 1.09

Formulation -2.96 ± 0.21 -8.15 ± 1.03 -13.43 ± 1.21 -25.01 ± 0.87 -33.43 ± 1.20 -40.71 ± 0.75

Table 4. Average values ± standard error of mean (SEM) for panel test.

Variable Average value Average value for
for base ± SEM  formulation ± SEM

Ease of application 4.11 ± 0.01 4.21 ± 0.01

Spreadability 4.06 ± 0.18 4.16 ± 0.08

Sense just after application 4.08 ± 0.03 4.21 ± 0.03

Sense in long term 4.17 ± 0.29 4.23 ± 0.05

Irritation 0.00 ± 0.00 0.00 ± 0.00

Shine on skin 4.42 ± 0.10 4.04 ± 0.11

Sense of softness 4.73 ± 0.08 3.94 ± 0.16 
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mulation, respectively. This kind of assessment,
although subjective, can be a careful, authentic and
reproducible method. It was concluded from pri-
mary irritation test, 48 h semioccluded patch test,
that base and formulation exhibit neither erythema
nor irritation potential after application and are
invulnerable for in vivo studies.

Erythema index for long term analysis

With long term analysis of 12 weeks, it was
realized that inappreciable disparity was noted in
erythema values for base. Nonetheless, in active
cream, a gradual fall in erythema values was
observed throughout study period as given in Table
3 and Figure 2. With the help of ANOVA test, it was
interpreted statistically that insignificant decrease
occurred in 2nd week but significant (p ≤ 0.05) reduc-

tion in erythema values were produced by formula-
tion from 4th week onward reaching maximum up to
20.76 ± 0.89% at 12th week, but insignificant (p >
0.05) changes were observed with base at different
time intervals throughout study period. It was evi-
dent from paired sample t-test, that both creams i.e.,
active and base, exhibit significant discrepancy in
erythema values except after 2nd week.

Acute exposure to UV radiations exhibit
inflammatory responses while long term exposure to
UV radiations leads towards various degenerative
diseases or skin cancer due to excessive fabrication
of reactive oxygen species (ROS) and disruption of
normal antioxidant barricade of body (4, 16). In
recent few years, phenolics have been identified to
rehabilitate many dermatological afflictions owing
to skin exposure to UV radiations (17). Several phe-

Figure 3. Percentage of change in skin sebum contents after application of formulation and base for 12 weeks

Figure 4. Percentage of change in skin melanin contents after application of formulation and base for 12 weeks
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nolic compounds were recognized in Ananas como-
sus extract, namely, flavonoids, isoflavones,
flavones, anthocyanins, catechin and other pheno-
lics (18-20). Phenolic contents in Ananas comosus
quench the free radicals or reactive oxygen species
(ROS) originating due to subjection to UV radia-
tions, pollution, smoking and prevent the degenera-
tion of collagen as they possess reported anti-colla-
genase, anti-elastase activities and molecular dam-
age leads to photoprotection and diminish the
inflammatory processes. It was concluded that the
reduction in erythema values after application of
active cream was due to presence of phenolic con-
tents and it can safely be used in cosmetic prepara-
tion without causing any significant skin irritation.
The results were also confirmed by efficacy assess-
ment of each individual at the end of study period,
which showed no irritation of skin and formulation
was invulnerable for human volunteers. 

Assessment of melanin pigment of skin

In the present study, melanin concentration of
skin was increased irregularly after application of
base but systematic decline in melanin pigment was
observed after the application of formulation during
12 weeks study period. Melanin contents were
measured at constant time intervals and percentage
changes observed are given in Table 3 and Figure 3.
It was apparent from ANOVA that base shows
insignificant (p > 0.05) increase on melanin up to 8th

week but shows significant (p ≤ 0.05) increase in
10th and 12th week, while significant (p ≤ 0.05)
reduction in skin melanin was observed with formu-
lation from 4th week onward and reaches maximum
up to -54.2 ± 0.37% at the end of study period. It
was manifested by applying the paired sample t-test
where active form and base showed significant (p ≤
0.05) variations regarding skin melanin contents
throughout study period.

The topology and color of skin in human
beings largely depends upon the presence of spe-
cialized melanin containing organelles i.e.,
melanosomes within epidermis. Melanin is pigment-
ed biopolymer and is synthesized by polyphenol
oxidase or tyrosinase enzyme within dendritic
melanocytes and dispersed at dermo-epidermal
junction (21). Tanning of the skin due to subjection
to UV radiations results in elevated levels of
melanin within the epidermis (22). Phenolic com-
pounds, especially gallic acid and catechins, have
reported anti-tyrosinase activity or inhibit the
process of melanogenesis within the melanocytes
without melanocytotoxicity (2, 23). The Ananas
comosus extract is thriving in phenolics i.e., p-

hydroxybenzoic acid, p-hydroxybenzoic aldehyde,
gallic acid, syringic aldehyde, vanillic aldehyde,
3,4-dihydroxybenzoic aldehyde, p-coumaric acid,
ferulic acid, caffeic acid, flavonoids and catechin
(18, 24). Thus it could be plausible that the decline
in skin melanin after long term application can be
ascribed to the catechins and gallic acid present in
active cream, which inhibits the process of melano-
genesis within the melanocytes.

Assessment of skin sebum contents

Skin sebum contents were measured using a
special opalescent film, which becomes transparent
when it is in contact with sebum lipids. The skin
sebum secretions were assessed for formulation and
placebo on cheeks of each volunteer throughout 12
weeks of investigation. It was found that base
decreases the sebum contents in 2nd and 4th week i.e.,
-1.39% and -2.58%, respectively, but increases dur-
ing 6th, 8th, 10th and 12th weeks, whereas the formula-
tion continuously decrease the sebum contents at
regular intervals from 2nd up to the 12th week study
period as given in Table 3 and Figure 4. When
ANOVA was applied, it was apparent that base
shows insignificant reduction in 2nd and 4th weeks but
significant increase in the sebum contents occurs
from 6th week onward up to end of study period.
Active formulation significantly reduced skin
sebum contents from the 2nd up to 12th week study
period. With paired sample t-test it was evident that
significant variations were observed among base
and formulation regarding the sebum contents of
skin.

It is depicted from the results, that an elevation
of skin sebum contents after application of base was
due to oleaginous nature of creams (w/o emulsion)
carrying thick viscous oil i.e., paraffin oil as contin-
uous phase (25). Sebaceous glands in coordination
with androgens (male sex hormones), estrogens
(female sex hormones) and corticosteroids (adrenal
cortex hormones) are responsible for the sebum
secretion in the body. Androgen receptors and 5-α
reductase are responsible for converting testosterone
into dihydrotestosterone i.e., an active form that
stimulates the sebum secretion from sebaceous
glands. Androgen receptors are widely distributed
throughout the skin as reported in the literature (7).
Any substances which inhibit 5-α reductase have
the potential to inhibit synthesis of dihydrotestos-
terone and sebum secretion. Phenolic compounds
i.e., myrecetin, kempferol, quercetin, rutin, toxi-
folin, emodin and caffeic acid have potential to
inhibit the 5-α reductase and ultimately reduce the
sebum secretion as reported in the literature (26).
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Ample quantity of phenolics, namely, caffeic acid,
myrecetin, anthocyanins, catechin, isoflavones and
flavones is present in Ananas comosus extract (23).
In this study, the continuous reduction in sebum
contents at regular intervals in human cheeks by
applying the active cream was due to the existence
of these phenolics in formulation. Reported total
phenolic contents in Ananas comosus fruit is 34.7 to
54.7 GAE/100 g (27). So, topical application of
active cream causes reduction in skin sebum con-
tents owing to inhibition of 5-α reductase enzyme.
Moreover, Ananas comosus extract is rich in vita-
min A (13) and one of the important metabolite of
vitamin A is isotretinoin, which also has reported
anti-inflammatory and anti-sebum activity and
reduces the size of pilosebaceous duct and chances
of colonization of propionibacterium acnes and is
therefore used to treat vital etiological aspects
incriminated in acne and seborrheic dermatitis (28).

Efficacy assessment

The efficacy assessment of both creams i.e.,
base and active formulation was performed at the
last day of investigation; average points for each
parameter are given in Table 4. Average values for
the points i.e., easy of application, spreadability,
sense just after application, sense in long term was
4.11 ± 0.01, 4.06 ± 0.18, 4.08 ± 0.03 and 4.17 ± 0.29
for base and 4.21 ± 0.01, 4.16 ± 0.08, 4.21 ± 0.03
and 4.23 ± 0.05 for formulation, respectively, indi-
cating better results for active formulation than base.
No irritation was found with both formulation on
skin of all volunteers and assigned zero (0.00 ±
0.00) value. Basic formulation shows more shine on
skin and sense of softness i.e., 4.42 ± 0.10 and 4.73
± 0.08 than active formulation i.e., 4.04 ± 0.11 and
3.94 ± 0.16, respectively. This is because of the
presence of excessive oily contents in basic formu-
lation compared to active formulation. By applying
paired sample t-test, it was obvious that base and
formulation show insignificant (p > 0.05) variations
between the average points for each parameter,
which indicates that there was no immense efficacy
difference between the base and active formulation
regarding sensorial assessment.

CONCLUSION

In conclusion, the current study manifested that
Ananas comosus fruit furnish a valuable source of
natural phenolics. Creams loaded with 2% extract of
Ananas comosus L. significantly reduced the skin
irritation or erythema, melanin pigment and sebum
contents in vivo and used topically to treat contact

dermatitis, melasma or hyperpigmentation and
reduced the sebum contents and treated various
pathophysiological conditions of skin i.e., acne, seb-
orrheic dermatitis and greasy or oil skin. Due to
these reasons, Ananas comosus extract is considered
fruitful as an ingredient in skin care products used
for cosmetic purpose. Moreover, creams are better
tolerated by all volunteers and fortified its accept-
ance as topical antioxidants after insertion in suit-
able and secure topical bases. In the future, there is
a need to clinically evaluate these creams in patients
with melasma, psoriasis or itching and acne, in order
to explore the actual potential of this fruit.
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Anti-doping research was initiated by Polish
pharmacist Alfons Bukowski, who in 1910 devel-
oped a method to detect alkaloids in horse saliva (1).
Since then, the area of anti doping-testing expanded
a lot. One of the often discussed topics is asthma
treatment in respect to doping control. Presented
data below strongly support recent World Anti-
Doping Agency (WADA) decision changing the
way of detecting doping with budesonide. 

Nowadays, the exercise-induced asthma and
bronchial hyper responsiveness are very prevalent,
particularly among those who compete in endurance
sports. Most of them require glucocorticosteroid
treatment in order to effectively compete with
healthy individuals. On the other hand, glucocorti-
costeroids may enhance sport performance, when

administered systemically at high doses by alleviat-
ing pain, causing euphoria or reducing fatigue per-
ception (2). To address the conflict between permis-
sion for therapeutic use of glucocorticosteroids and
prevention of their abuse for doping purposes,
WADA prohibited use of glucocorticosteroids in
competitions by oral, intravenous, intramuscular, or
rectal routes only (3, 4). However, their uses through
other routes, which are typical for asthma or rhinitis
treatment, such as inhalation or intranasal are
allowed accordingly. A specific reporting limit for
urinary concentrations of glucocorticosteroid parent
compounds and their metabolites was established at
30 ng/mL (5) as a tool to differentiate whether a
given substance was administered by a prohibited or
permitted route. In addition, WADA published
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recently the new specific regulation (starting from 1
September 2014) for budesonide that the 6β-hydroxy-
budesonide shall be targeted (6).

Budesonide is a substance belonging to the
glucocorticosteroid class. It has high topical activity
with reduced systemic side effects resulting from
extensive hepatic metabolism to compounds of low
biological activity such as 16α-hydroxypred-
nisolone,  6β-hydroxybudesonide, and many others
(7). Budesonide metabolism is catalyzed mainly by
the CYP3A4 and CYP3A5 monooxygenases
belonging to the cytochrome P450 super family of

enzymes. The activity of these enzymes with respect
to a given compound may be affected by multiple
factors, including genetic polymorphism, gender,
age, and application of other xenobiotics (8). All of
the mentioned variables may underlie the possible
substantial inter individual differences in elimina-
tion rates of budesonide.

Budesonide is mainly used through inhalation
in asthma management and through nasal adminis-
tration in therapy of allergic rhinitis (9). Its oral
application is limited to the treatment of inflamma-
tory bowel disease (10), which is an example of a

Figure 1. Schematic representation of sample preparation procedure
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therapy prohibited by WADA unless permission for
its use for therapeutic purposes (called Therapeutic
Use Exemption, TUE) is granted (11). However, it
seems that there is no indication to grant TUE for
budesonide use through permitted administration
routes. Thus, before the new regulation was intro-
duced, the detection of the parent compound or
budesonide metabolites in urine at concentrations
exceeding 30 ng/mL would have result in an anti-
doping rule violation even though an athlete strictly
followed WADAís recommendations. In recogni-
tion of this potential problem, WADA introduced a
procedure of controlled administration study (CAS)
designed in such a way that it reproduces conditions
of post-competition sample collection as closely as
possible, including dosage and the extent of physical
activity (12). Urine samples are obtained at different
time points (before and after administration) and
concentrations of the substance and/or its metabo-
lites are monitored. If the results of such a study
clearly indicate that the use of budesonide in thera-
peutic doses through a non-prohibited route can pro-
duce adverse analytical findings for a given athlete,
the allegations of doping are dismissed.

This work presents for the first time the results
of controlled administration studies performed on
professional athletes. Our data clearly demonstrate
that the administration of budesonide through per-
mitted routes may lead to appearance in urine of
16α-hydroxyprednisolone in concentration exceed-
ing its previous reporting limit. It also strongly sup-
ports the WADAís policy of an individual approach
to such cases, based on CAS procedures. 

EXPERIMENTAL

Chemicals and reagents 

The standard of 16α-hydroxyprednisolone was
purchased from Toronto Research Chemicals
(Canada), whereas mefruside was obtained from
Bayer (Germany). β-Glucuronidase E. coli was pur-
chased from Roche (Germany). Potassium carbon-
ate and potassium hydrogen carbonate were
obtained from POCH (Poland). LC/MS-grade ace-
tonitrile was purchased from Merck Millipore
(Germany). Formic acid was from J.T. Baker
(Netherlands), whereas methyl tert-butyl ether
(MTBE) was purchased from Rathburn (Scotland).
The Millipore DirectQ UV3 system (R >18 MΩ/cm,
Germany) was used as the source of water. 

Stock solutions of standard substances were
prepared at the concentration of 1 mg/mL in
methanol and stored at -20OC. Relevant working
solutions were prepared in methanol and were stored
at 4OC.

Urine specimens

Urine samples were collected from five ath-
letes during the controlled excretion studies at dif-
ferent time-points up to 9 h post-administration in
accordance with Annex 2 of WADA Medical Info
Asthma 5.0 (12). The study was supervised by the
staff of the National Anti-Doping Organization
(NADO) Polish Commission Against Doping in
Sport. All subjects provided their written consent.
The athletes took the drug in accordance with the
treatment course (dose, frequency, route of adminis-

Table 1. Time-points [h] of sample collection during the controlled studies.

Subject 1 Subject 2 Subject 3 Subject 4 Subject 5

- - - - -13

Before drug -15 - - - -12 
administration -11 - - - -11.5

-1 - - - -9.5

First controlled 
administration of 0 - 0 - 0

the drug

5 3.5 2 3.5 1.5

8 7 5 5.5 6

After drug 9 11.5 15 11.5 7
administration - 19 17.5 18.5 -

- 26.5 21 23.5

- - - 24.5 - 
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Table 2. LC gradient employed in the study.

Time Solvent A Solvent B Solvent C Curve
[min] [%] [%] [%]

0.00 40 60 0 initial 

2.00 40 60 0 constant 

11.50 5 95 0 linear

12.50 5 5 90 linear

16.75 5 5 90 constant

18.00 5 95 0 linear 

Figure 2. Experimental data obtained for controlled studies. Urinary excretion profiles of 16α-hydroxyprednisolone after administration of
budesonide: by inhalation (A), inhalation and maybe oral route (B) and intranasal (C). Concentrations of 16α-hydroxyprednisolone meas-
ured in the respective ìAî samples collected during in-competition doping control are provided at the top of each graph

A B

C
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tration) declared in their respective doping control
forms. The samples before the controlled drug
administration were collected only if the cessation
of treatment course for at least 24 h was allowed by
a medical doctor (Table 1). Moreover, the studies
were conducted in a controlled setting allowing
strict and independent supervision of the drug
administration (route, dose, frequency, etc.) and
sample collection (protocol volume, frequency).
Four athletes inhaled Symbicort Turbuhaler
(AstraZeneca); Subject 1 (athletics) took a single
dose of 320 µg of budesonide, Subject 2 (volleyball)
inhaled two doses of 320 µg with a 22 h interval,
Subject 3 (cross country skiing) took two doses of
320 µg at once (Fig. 2A). Subject 4 (cross country
skiing) inhaled 640 µg of budesonide (two doses of
320 µg) three times with intervals of 10 h and 9 h,
respectively (1920 µg in total; Fig. 2B). Subject 5
(cycling) received 100 µg of budesonide by using
the Buderhin nasal spray (GlaxoSmithKline
Pharmaceuticals SA, Poland; Figure 2C).
Additionally, the athletes exercised during the study
to reproduce the conditions of post-competition
sample collection.

Sample preparation

Urine samples were prepared as follows: 3
mL of urine was spiked with mefruside at 303
ng/mL (internal standard), and the pH was adjust-
ed to 7 with 1 mL of 0.8 M phosphate buffer.
Hydrolysis was carried out with β-glucuronidase
E. coli (50 µL) at 50OC for 1 h and was followed by
the addition of 1 mL of 20% K2CO3/KHCO3 buffer
and 6 mL of MTBE. The organic phase was then
evaporated and the dry residue was reconstituted in
80 µL of mobile phase (40% of water and 60% of
acetonitrile) (Fig. 1). Calibrators containing 16α-
hydroxyprednisolone at concentrations of 10, 30,
60, 120, 240, 360 ng/mL with mefruside as the
internal standard were prepared using blank urine
(pooled). 

Chromatographic separation

Analytes were separated on a Waters Alliance
2695 system equipped with a Thermo Hypercarb
column (100 ◊ 2.1 mm, 5 µm) and a Thermo
Hypercarb guard column (10 ◊ 2.1 mm, 5 µm). The
mobile phase consisted of 0.5% acetic acid in water
(A), 0.5% acetic acid in acetonitrile (B), and 0.5%
acetic acid in isopropanol (C). A stepwise LC gradi-
ent was employed at a constant flow rate of 400
µL/min at 58OC (Table 2). Samples were stored at
10OC in the autosampler prior to analysis and the
injection volume was fixed at 10 µL.

Mass spectrometry conditions

Substances of interest were analyzed in a mul-
tiple reaction monitoring (MRM) mode with a
Micromass Quattro Micro API mass spectrometer
(Waters, USA) equipped in an ESI source. The de-
solvation gas flow was set at 600 L/h at the temper-
ature of 350OC and the source temperature was
120OC. The cone flow was set at 40 L/h. The capil-
lary voltage was fixed at 3.20 kV. The analytes were
traced in a positive mode with the following select-
ed precursor ion-product ion transitions at their
respective collision energies (CE) and cone voltage
(CV) settings: 16α-hydroxyprednisolone: CV 26 V,
MRMs: 377.20 > 146.90 (quantitation MRM; CE 20
eV), 377.20 > 225.07 (CE 15 eV), 377.20 > 323.27
(10 eV), 377.20 > 359.13 (10 eV); mefruside: CV 25
V; MRM: 382.97 > 129.05 (CE 20 eV).

Method validation

The method was validated for selectivity, lin-
earity, accuracy, precision, recovery, matrix effect
according to the European Medicines Agencyís
guideline on bioanalytical method validation (13).

Selectivity
Selectivity of the method was assessed by the

analysis of 10 blank urine samples. Evaluation of
chromatograms recorded for three selected precur-
sor ion-product ion transitions at the retention times
of 16α-hydroxyprednisolone (±1.0 min) were eval-
uated.

Extraction recovery
To evaluate extraction recovery (ER), urine

samples were fortified with 16α-hydroxypred-
nisolone at the concentration of 15 ng/mL and
extracted together with one blank sample for each
urine sample. The latter samples were then spiked
with the analyte at the concentration of 15 ng/mL
immediately prior to evaporation. The ER parameter
was calculated for 8 different urine samples by the
comparison of peak areas obtained for samples for-
tified before and after extraction. 

Calibration curves
The calibration curves were constructed by

plotting the peak-area ratios of 16α-hydroxypred-
nisolone to internal standard (IS) vs. concentrations
using least square fit regression model.

Precision and accuracy
The precision and accuracy of the method were

tested at three levels 10, 30, 120 ng/mL in five rep-
etitions. Three independent runs were performed on
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three different days. Repeatability (within-run) and
reproducibility (between-run) were expressed as
coefficient of variation (CV). Within-run and
between-run accuracies were defined as deviation of
the mean measured concentration from the theoreti-
cal concentration for all compounds.

Limit of quantitation and limit of detection
The limit of quantification (LOQ) of the

method was defined as the lowest concentration
where acceptable reproducibility and accuracy could
be guaranteed. The limit of detection was defined
arbitrarily as 1/2 LOQ.

Matrix effect
For the matrix effect evaluation, the matrix fac-

tor was calculated by the ratio of the peak area from
the six different urine samples spiked after extrac-
tion, to the peak area of the standard solutions in the
mobile phase at concentrations of 20 and 300
ng/mL. The IS normalized matrix factor was calcu-
lated by dividing the matrix factor of the 16α-
hydroxyprednisolone by the matrix factor of the IS,
(mefruside) for each sample.

RESULTS AND DISCUSSION

The quantitative method to measure 16α-
hydroxyprednisolone was developed by means of
HPLC/MS/MS and validated according to European
Medicines Agencyís guideline on bioanalytical
method validation (13).

Method validation

Selectivity
Evaluation of chromatograms recorded for

three selected precursor ion-product ion transitions
at the retention time of 16α-hydroxyprednisolone
(±1.0 min) showed the absence of any interfering
components. It is also important to note that the
sample preparation protocol was developed based
on a highly selective screening procedure for 16α-
hydroxyprednisolone that had been used for analysis
of at least a few thousand urine samples.

Extraction recovery
Average extraction recovery for 16α-hydroxy-

prednisolone was 41.2% with standard deviation of
3.8 and was deemed satisfactory.

Table 3. Precision and accuracy established for 16α-hydroxyprednisolone.

Within run Between run

Analyte 
Concentration (n = 5) (n = 15)

[ng/mL] Accuracy CV Accuracy CV
[%]  [%]  [%] [%]

10 6.2 15.5 0.4 10.3

16α-Hydroxyprednisolone 30 6.6 8.3 3.4 8.2

120 4.7 4.3 6.6 5.4

Table 4. Glucocorticosteroids identified by WADA accredited laboratories in the years 2012 and 2013.

Year 2012 Year 2013Substance 
[% within drug class] [% within drug class]

Budesonide 43.0 40.9

Prednisolone 18.4 17.6

Prednisone 16.4 16.7

Betamethasone 8.2 10.6

Dexamethasone 4.9 5.5

Triamcinolone acetonide 4.4 3.6

Methylprednisolone 4.1 4.2

Triamcinolone 0.3 0.3

Fluticasone propionate 0.3 0.6  



Budesonide treatment of professional athletes and anti-doping... 235

Linearity
Calibration curves showed a satisfactory lin-

earity in the range of 10ñ360 ng/mL with correlation
coefficient above 0.99.

Precision and accuracy
The intra- and inter-day precision and accuracy

at the corresponding quality control (QC) levels are
summarized in Table 3. Repeatability (within-run
precision) and reproducibility (between-run preci-
sion) were within the acceptable range of 20% for
limit of quantitation (LOQ) and 15% for the other
QC samples. Within-run and between-run accura-
cies were within 20% of the nominal values for the
LOQ and 15% for the other QC samples. The results
indicated that the method showed good precision
and accuracy.

Limit of quantitation and limit of detection
The limit of quantification of the method was

10 ng/mL (LOQ). The limit of detection was 5
ng/mL.

Matrix effect
To overcome the potential problems connected

with influence of matrix on results, the internal stan-
dard was chosen to have similar retention time with
analyte and to have the ionization under similar con-
ditions. Matrix effects were investigated, using 6
different urine samples from individual donors. This
determination was done at 20 ng/mL and at 300
ng/mL for analyte and 30 ng/mL for IS. Similar
matrix factors were observed for analyte fortified at
20 ng/mL and for IS ñ 48.7% and 55.3%, respec-
tively, and 81.04% for analyte spiked at 300 ng/mL.
The variability of IS-normalized matrix factors were
deemed acceptable ñ 12.3% and 7.8% (20 ng/mL
and 300 ng/mL). 

Application in routine testing and controlled

studies

Budesonide is a specially designed selective
drug having high topical combined with low sys-
temic biological activity. Even the form of the drug
for oral administration, which is prohibited by
WADA, has mainly a local effect in intestines and
low systemic potency (14). Therefore, budesonide
seems not to be a very attractive doping agent as
compared with systemic glucocorticosteroids.
Surprisingly, the 2012 and 2013 anti-doping labora-
tory statistics published on the WADA website indi-
cated that budesonide is the glucocorticosteroid
which was identified the most frequently in samples
collected in competition worldwide as shown in

Table 4 (15). The same trend was observed in
Poland in the years 2011-2012; there were 13
adverse analytical findings for budesonide, which
represented 76% of all glucocorticosterods reported.
In five cases, athletes (via the NADO) requested a
controlled excretion study to prove that breach of a
reporting limit concentration of 16α-hydroxypred-
nisolone in their urine sample was a result of inhala-
tion or nasal administration of therapeutic doses of
budesonide. Three out of four studies showed that
the levels of 16α-hydroxyprednisolone were higher
than the reporting limit up to 12 h after budesonide
inhalation (Fig. 2A). This is also in agreement with
already published data (16, 17), which may indicate
that it is a common behavior rather than an excep-
tion. In one case, the athlete declared the use of a
total daily dose slightly exceeding the maximal dose
recommended by the drug manufacturer. Moreover,
unusually high concentrations of 16α-hydroxypred-
nisolone measured in the samples collected during
the study may suggest the possibility that even
though the athlete was supervised by a doping con-
trol officer, he had been able to take an even larger
dose of the drug than declared (Fig. 2B). It is also
possible that, in addition to inhalation, an oral form
of budesonide had been taken because the concen-
trations measured were in a range noted for samples
collected after oral administration (17). On the other
hand, it cannot be excluded that this phenomenon
can be explained by other factors affecting budes-
onide metabolism and/or excretion such as genetic
polymorphism or interaction with other xenobiotics
etc. Indeed, these aspects are currently extensively
studied in the context of interpretation of anti-dop-
ing results (18, 19). Additionally, the laboratory was
not provided with a blank sample collected before
any administration as the athlete declared that for
health reasons it is not recommended to make a
break in drug administration or lower the dose
before a controlled excretion study. Nasal adminis-
tration of budesonide also resulted in the appearance
of its main metabolite in urine; however, the con-
centration did not exceed the reporting limit.
Nevertheless, the level of 16α-hydroxyprednisolone
at 5 h post-administration was very close to the
reporting limit (Fig. 2C). 

Analysis of routine anti-doping samples per-
formed in the Warsaw laboratory in the years 2011
and 2012 showed that about 35% of the samples
containing 16α-hydroxyprednisolone exceeded the
reporting limit. However, none of the samples
reported as an adverse analytical finding (AAF) con-
tained 16α-hydroxyprednisolone at concentrations
that are much higher than those observed after
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inhalation of budesonide (Fig. 3). So, it cannot be
excluded that in such cases budesonide had been
administered by a non-prohibited route. To solve the
problem, it is necessary to search for a specific
marker of budesonide abuse by prohibited routes of
administration. Indeed, in the last WADA document
efective from 1 September 2014 to measure concen-
tration of 6β-hydroxybudesonide and use the report-
ing limit of 30 ng/mL should discriminate between
prohibited and authorized administration (6, 20). 

CONCLUSIONS

Altogether, these results indicate that the use of
budesonide by inhalation within 12 h before and dur-
ing competition may have lead to a positive result of
anti-doping testing if WADA rules effective till 1
September 2014 are applied. The only way to prove
that budesonide had been taken by a non-prohibited
route was a controlled excretion study. This vindi-
cates the decision of WADA, which allows participa-
tion of athletes in controlled studies in order to prove
that they did not violate anti-doping rules. Only five
out of thirteen athletes positively tested for budes-
onide decided to take part in such a study in Poland

(years 2011/12). A possible reason for that may be the
substantial cost of the controlled excretion study,
which in Poland is covered by the athlete. Further
studies are required in order to check discrimination
capability between routes of budesonide administra-
tion by using 6b-hydroxybudesonide as a marker.
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Asthma is a chronic, complex and multifactor-
ial disease of the lower respiratory tract. It is char-
acterized by bronchial hyperreactivity and remodel-
ing (1, 2). The diagnosis of clinical symptoms
beyond the parameters is based on the discovery of
spirometry and bronchial hyperresponsiveness (3).
The pathogenesis of the disease involves many cells
and substances released by them, and processes
associated with the internal modulation of cell sig-
naling pathways (1, 2). Due to the long and complex
definition of asthma in epidemiological studies are
used less precise criteria for diagnosis of the disease,
which causes a significant difference in the inci-
dence of the disease (4). Available data indicate that,
depending on the age, asthma prevalence is changed
(3, 5). It is assumed that the number of patients with
asthma is in the range between 1 and 18% compared
to the general population. Although in some studies
and populations this ratio may be higher and even be
up to approximately of 30% (6, 7). Studies carried

out in our country showed that the rate was 8.6%
among children, and 5.4% among adults. Similar
results were obtained in other countries of the same
geographical region (8). Over the last year it was
reported continuous increase in the percentage of
asthmatics, which is closely connected with risk fac-
tors for asthma. Complicated mechanism for the
development of asthma and factors affecting activa-
tion of disease processes are very complex and
closely interrelated. Nevertheless, among the risk
criteria, one can distinguish individual factors, envi-
ronmental, climatic and professional as well as addi-
tional factors, such as tobacco smoke, infections,
diet and lifestyle (9-11). Pathogenicity, a variety of
risk factors and complicated process of diagnosis
significantly affect the mortality of patients with
asthma. It seems that the mortality in patents with
asthma is more varied than the prevalence. It is
important that there were no significant correlations
between the morbidity and mortality in a population
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of asthma. The mortality rate for asthma is largely
dependent on socio-economic conditions of the pop-
ulation and the quality and accessibility of medical
care and studied group. Unfortunately, these are not
the only factors influencing the number of deaths
from this disease. An important role is played by
complications that are necessary for proper assess-
ment of the severity of the disease and the associat-
ed dangers. Incorrect assessment of the disease is the
fault of the doctor and the patient. The patient is not
able to properly assess the degree of severity of dys-
pnea and respiratory distress. In most countries,
mortality from asthma varies between 1 and 5 deaths
per 100 000 inhabitants. In Poland, it is approxi-
mately 2. The mortality rate is about 20-40 / 100 000
patients with asthma (12, 13). Significant impact on
the growth rate of mortality is a sudden exacerbation
of the disease. It is characterized by the severity of
symptoms, often with varying frequency, intensity
and severity. Exacerbations may occur at various
stages of the disease and even during stabilization
phase. Stimulus causing the disease can be divided
into factors initiating and inducing asthma. Initiation
factors are responsible for initiating bronchospasm,
and inducers cause allergic inflammation of the

lower respiratory tract. The first group of stimuli
induces the most transient and brief attack of asth-
ma, but with varying degrees of seriousness. This
group includes, among others, the fog and the phys-
ical. Inducing factors should be: exposure to inhaled
allergens and small molecule substances unions and
also upper respiratory infections, especially viral eti-
ology. Short exposure to an allergen can cause a
mild and brief asthma attack. However, prolonged
exposure can trigger a slow progression of symp-
toms associated with the induction of eosinophilic
inflammation. Control of asthma is not easy, there-
fore, the disease is often inadequately controlled.
This type of situation leads to asthma exacerbations,
which generate additional economic and social bur-
den (4, 10, 14, 15).

The aim of the study was to evaluate the corre-
lation between the properly selected patient care and
socio-economic costs incurred by the state budget.

METHODOLOGY

A retrospective study was conducted among
150 patients with asthma treated at the Centre for
Respiratory Medicine in Bia≥ystok in the period

Table 1. Classification of asthma control.

Criterion 
Controlled Part-controlled Uncontrolled 

asthma asthma asthma

Daytime symptoms ≤ 2 per week > 2 per week Complied with   

Limitation of vital activity Lack Present more than 3

Nocturnal symptoms Lack Present from part-

Emergency treatment Lack > 2 per week controlled

Lung function (PEF, FEV1) Correct < 80% asthma

Exacerbations Lack ≥ 1 per year Present 

Table 2. Characteristics of study group.

Study
Total 38

group 
Women 13   

Men 25  

Age Age ranges Women Men

< 35 3 2

36-50 3 3

51-60 2 8

> 61 5 12

Degree of Controlled asthma 19
asthma control Uncontrolled asthma 19
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from January 2013 to December 2013. The retro-
spective study did not require the consent of the
Ethics Committee. The studied group was 38
patients enrolled. In the study, criteria were evaluat-
ed on the extent and course of the disease, treatment
regimen, diagnostic test results, coexisting diseases
and infections, and the general condition of the
patient. It was the division of patients depending on
the level of disease control. This allowed for an
analysis of the cost effectiveness of pharmacothera-
py in terms of the intensity of treatment. Patients
were classified into groups based on the classifica-
tion of the degree of control of the disease (16). To
confirm the identification of developing asthma,
patients undergone respiratory function tests by
spirometry (17). The spirometry was examined as
part of the medical examination, however in
reaserch, test results of the study were analyzed. The
permission to do spirometry was obtained from each
patient before the study. The study was made at the
Laboratory of Functional Respiratory Respiratory
Medicine Center by using camera CPFS / D
Company Pro-medica. The study was performed in
accordance with the recommendations for the stan-
dardization of spirometry (18, 19) in a sitting posi-
tion, with the nose clip established in constant ambi-
ent conditions (humidity - less than 50%, air tem-
perature 21-22OC). The study consisted in forced
expiratory performed three times, during which the

speed and volume of air flow were recorded. The
spirometry was evaluated the following parameters:
FVC, FEV 1, FEV 1 / VC, PEF and MEF (17-19).
The characteristics of the study group are presented
in Table 2.

In estimating the cost of the disease, the aver-
age cost of outpatient treatment of asthma and its
exacerbations came from the documentation of
patients. Evaluation of the costs of treatment of
patients was performed from a societal perspective.
The direct costs included the price of drugs, the
cost of diagnostic tests and outpatient care. The
unit costs came from data from the National Health
Fund. Drug costs, determined the gross retail price,
derived from existing in 2013 lists published by the
Minister of Health. The characteristics of the study
population was developed using descriptive statis-
tics - the average and standard deviations for quan-
titative data and numbers and percentages for qual-
itative data were calculated. The significance of
differences was tested using the nonparametric
Mann-Whitney test. The use of health care
resources and the individual cost components of
the disease are presented as the average cost per
patient per year; 95-percent confidence intervals
(CI) were calculated using bootstrapping method
(20). Value of p < 0.05 was considered statistically
significant. In the case of data aggregation, CI were
not designated.

Table 3. The frequency of admission of the preparation during the treatment of asthma and exacerbations.

Total 51

Foradil (12 mg) 3

The frequency of admission Miflonide (400 mg) 6 

of the preparation during Sybicort (320 + 9 mg) 4

the treatment of asthma Oxodil (1 mg) 6

Seretide 19

Alvesco (160 mg) 13

Pulmoterol 5

The frequency of temporarily Total 28

admission Ventolin during Controlled asthma 15

treatment of asthma Uncontrolled asthma 13  

Controlled Uncontrolled
The frequency of admission asthma asthma

of selected agents used Total 30 28

temporarily during Steroids 19 16

exacerbations Seretide 9 10

Pulmoterol 3 2  
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Table 4. Evaluation of the costs of certain preparations at standard dose of the drug. The value of the costs is presented in Polish curren-
cy (PLN).

Name Cost Cost Value of Value of Value of 
of Dose Dosage

Package
of of 1 dose daily monthly annual

preparation 
size

1 package of preparation treatment treatment treatment

Foradil 12 µg 2 ◊ 1 30 70.14 2.338 4.676 140.28 1706.74

Miflonide 400 mg 2 ◊ 1 60 42.00 0.70 1.40 42.00 511.00

Symbicort 360 + 9 µg 2 ◊ 1 60 145.95 2.43 4.87 145.95 1775.76

Oxodil 2 mg 60 60.06 1.00 2.00 60.06 730.73

Seretide 2 ◊ 1 120 127.05 1.06 2.12 63.53 772.89

Alvesco 160 mg 1 ◊ 1 120 152.57 1.27 1.27 38.14 464.07

Ventolin 100 µg 2 ◊ 1 200 14.03 0.07 0.14 4.21 51.21

Metypred 4 mg 2 ◊ 1 30 9.21 0.31 0.614 18.42 224.11

Table 5. The frequency of admission of the preparation by the patient with controled and uncontroled asthma.

Name of 
preparation

Foradil Miflonide Oxodil Seretide Alvesco Symbicort Ventolin Metypred

Controlled 
asthma

1 3 1 9 6 - 15 -

Uncontrolled 
asthma

2 3 5 16 7 4 13 15 

Table 6. The evaluation of the costs of certain preparations for specific treatment with a standard dose of the drug for a specified number
of patients (k) of the controlled type of asthma. The values in the table are presented in Polish currency (PLN).

Name 
of preparation

Foradil Miflonide Oxodil Seretide Alvesco Ventolin Metypred

Number of 
patients (n)

1 3 1 9 6 15 14

Value of daily  
treatment (k = 1) 

4.68 1.40 2.00 2.12 1.27 0.14 0.61

Value of monthly
treatment (k = n)

140.28 126.00 60.06 571.73 228.86 4.21 257.88

Value of annual
treatment (k = n)

1706.74 1533.00 730.73 6955.99 2784.4 768.14 3137.54

Table 7. The evaluation of the costs of certain preparations for specific treatment with a standard dose of the drug for a specified number
of patients (k) of the uncontrolled type of asthma. The values in the table are presented in Polish currency (PLN).

Name of 
preparation

Foradil Miflonide Oxodil Seretide Alvesco Symbicort Ventolin Metypred

Number of 
patients (n)

2 3 5 16 7 4 13 15

Value of daily
treatment (k = 1)

4.68 1.40 2.00 2.12 1.27 4.87 0.14 0.61

Value of monthly 
treatment (k = n)

280.56 126.00 300.30 1016.40 267.00 583.8 54.72 276.30

Value of annual 
treatment (k = n)

3413.48 1533.00 3653.65 12366.20 3248.47 7102.9 665.72 3361.65
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RESULTS

Preparations, which were adopted by the study
group of patients, are: Foradil 12 mg, Miflonide 400
mg, Symbicort 320 + 9 mg, Oxodil 12 mg, Seretide,
Alvesco 160 mg, Ventolin and Metypred 8 mg.
Metypred was used in the case of exacerbations as a
life-saving drug. The study analyzed the frequency
of admission of the preparation during the treatment
of asthma and the frequency of non-systematic use
of Ventolin. We compared the frequency of steroid
medication and preparations Seretide and
Pulmoterol in patients with varying degrees of asth-
ma control. Data are provided in Table 3.

We studied the costs of certain preparations
with a standard dose of the drug. Calculated values

represent costs of daily, monthly and annual treat-
ment per patient. The data are presented in Table 4. 
The frequency of admission of the preparation by
the patient was analyzed taking into account the dis-
tribution of the degree of asthma control (Table 5).
We assessed the cost of some preparations with a
standard dosage of drugs, including the value of the
monthly and annual treatment. Data are shown in
Tables 6 and 7. The value of the annual cost of ther-
apy for a given preparation were compared in both
groups (Fig. 1). The total annual cost of therapy was
compared in patients with controlled and uncon-
trolled asthma (Fig. 2). The average monthly cost of
treatment with selected preparations for controlled
asthma was 1 189.02 PLN, while in the case of non-
controlled asthma was PLN 2 905.08. The annual

Figure 1. The comparison of the cost of preparations for the treatment of patients with controlled or uncontrolled type of asthma with a
standard dose of the drug per one year. The values on the figure are presented in Polish currency (PLN)

Figure 2. The comparison of the total cost of preparations for the treatment of patients with controlled or uncontrolled type of asthma with
a standard dose of the drug per one year. The values on the figure are presented in Polish currency (PLN)
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cost of controlled asthma therapy was 17 616.54
PLN and uncontrolled 35 345.07 PLN.

DISCUSSION

Uncontrolled asthma significantly impairs
functioning and life activity of the patient. The dis-
ease significantly impairs quality of life and, conse-
quently, often posing a threat to life. The main prob-
lem is a correct diagnosis and assessment of the
degree of asthma control in the longer term to deter-
mine appropriate treatment. Incorrect determination
of one of the aforementioned key issues leads to
incorrect diagnosis, poor asthma control and pro-
gression of desease. It is also associated with the fre-
quent interventions in emergencies, frequent hospi-
talization, life-threatening attacks, and even deaths
due to asthma.

In the past ten years, the number of patients
with asthma increased twice. The World Health
Organization estimates that about 300 million peo-
ple on the world have asthma, and in Europe it is
about 30 million. Asthma is qualified as a chronic
disease of civilization occurring mainly in devel-
oped countries (21). A risk factor for asthma and
other diseases are genetic changes, but these are pro-
gressing slowly. The rapid increase in the incidence
of asthma applies to the last 30 years.
Epidemiologists are reporting that one of the most
important factors determining the development of
asthma are rapidly changing environmental condi-
tions and way of life (22). The disease is a serious
health problem, social and economic. It concerns a
large part of society, impairing quality of life. As a
result, asthma affects the activity of professional and
social life of patients. Asthma is characterized by
frequent and troublesome symptoms, which makes
it one of the most common causes of incapacity for
work as well as a frequent cause of hospitalization.
According to World Health Organisation estimates,
every year, 15 million ìyears in healthî is lost
because of asthma. This represents 1% of the burden
caused by diseases. It is estimated that due to asth-
ma die 255 000 people a year. However, one of the
250 total deaths worldwide are due to asthma (23).
Ninety percent of these deaths could be prevented
by improving medical care and reducing exposure to
risk factors of patients (24).

The problem of the rapid increase in the inci-
dence of asthma and other allergic diseases is also a
problem in Poland. The prevalence of asthma in
Poland is estimated at 8.6% (95% CI 7.7-9.6) among
children and 5.4% (95% CI 5.0-5.8) in adults (25).
In 2005, the results of a nationwide epidemiological

study - ECAP, confirmed the higher incidence of
asthma in urban areas (26). The biggest problems in
Poland are under-diagnosis of asthma and inade-
quate control of asthma in patients (27, 28). In 2006,
there were about 58 000 hospital admissions of
patients with asthma. Of these, 5000 had asthmatic
condition which constituted a direct threat to life.
The average length of hospitalization for asthma
lasted eight days, and because of status asthmaticus
12 days (29). Poland is a country where the mortal-
ity rate due to asthma is 5-10 cases per 10 000 of
patients. This represents one of the highest rates in
Europe (30).

In the European Union, costs of the treatment
of asthma are estimated at 17.7 billion euros. Loss of
productivity due to poor asthma control costs 9.8
billion euros per year (24). A study conducted in
Finland reported that treatment of patients with
severe asthma is 13 times more expensive than in
patients with mild asthma. In Finland there are about
20% of patients with severe form of asthma.
Expenditures on treatment of these patients were
60% funding for the treatment of asthma (31). The
largest percentage of costs were incurred for hospi-
talization. Asthma hospitalizations in the United
States amounted to 51.2% of direct costs for the
treatment of asthma, 10.5% are temporary aid,
18.4% outpatient treatment, while 19.9% are subsi-
dies for drugs (32). In addition to the direct costs,
asthma generates high indirect costs, so-called non-
medical costs. These include: loss of productivity,
dismissal, sickness pension, benefits care (33). The
main measure of the cost of the disease is sudden
worsening of the patientís condition, called exacer-
bations. It is estimated that about 80% of the financ-
ing for the treatment of asthma include costs associ-
ated with the occurrence of exacerbations. Severe
attacks of breathlessness significantly worsen the
patientís condition. They cause a decrease in its
functioning and increase the frequency of use of
drugs to treat the disease and used when needed.
These types of episodes closely correlate directly
with the costs and by the patient and indirectly from
the financial outlay incurred by the state. Indirect
costs significantly outweigh the costs directly asso-
ciated with the disease. Therefore, it is difficult to
calculate them and they are rarely considered.
Studies show that properly controlled asthma is a
source of potential savings for institutional payers.
The conclusion that arises after such analyses is that
asthma should be treated in an outpatient setting,
properly controlled with avoidance of exacerba-
tions. This leads to a cost reduction of disease-relat-
ed direct costs, and hence improve the quality of life
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of the patient and also reduce the direct costs asso-
ciated with the lost of productivity of the patients.
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Polish Association of Self Medication Industry
(PASMI) reports that the value of Polish pharma-
ceutical market oscillated around 27 billion PLN for
the year 2014. Almost 42% of that value was
accounted for by non-prescription drugs, which
include over-the-counter (OTC) drugs, supplements,
medical articles and dermocosmetics (1). By com-
parison, the total non-prescription drug market in
the U.S. was valued at $ 41.3 billion for the same
year (2). Marwick, almost two decades ago, noted
that patients treated themselves back then ì4 times
as often as they visited a physicianís office for a
complaint and thus, although 60% of the purchased
drugs in the U.S. were OTCs they accounted for less
than 2% of the U.S. health care dollarî. Marwick
concluded that this low cost substitute trend shall
continue to grow (3). Moreover, 60% to 90% of ail-
ments were initially managed with some form of
self-treatment. In Poland, over-the-counter drug
market was valued at over 2.4 billion PLN (for the
year 2014) and yet, most popular in terms of sales in
pharmacies were the OTC segments of drugs cate-

gorized as treatments for coughs and colds, pain
relief, and digestive discomfort (1). What can also
be observed is that the OTC drug class is a widely
used and media promoted phenomena not only in
Poland but also worldwide. 

The OTC drug category holds significant
potential in terms of time and cost reduction related
to patientsí visits to physiciansí offices. Proper
health condition assessment and patient education
together with proper labeling can lead to better and
more responsible control over self-treatment prac-
tices. The result would be more successful disease
management processes and outcomes and ultimate-
ly, it would provide significant public health bene-
fits (4, 5). OTC drugs are dispensed without a pre-
scription and in accordance with Polish
Pharmaceutical Law enacted on 6 September 2001
(JL No. 126, item 1381;) and are available not only
at pharmacies and pharmacy dispensaries but also at
herbal medicine shops, specialist medical supply
shops and various other shops open to the public
(art. 71). Certain active ingredients, which can be a
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base of trade in the subjects mentioned above, are
defined in the Minister of Health Regulations of 22
October 2010 concerning list of products which can
be authorized in non-pharmacy subjects (JL No.
204, item 1353). 

Rx-to-OTC switch is a common practice
worldwide but is one which must be proceeded by a
process which is scientifically rigorous, data driven
and highly regulated (6-8). For example, in the U.S.,
a medicine to be switched from the Rx to the OTC
category must have a wide safety margin, be effec-
tive and bear understandable labeling to ensure
appropriate use (4). The U.S. is also a country, in
which pharmacists have more legal authority rela-
tive to Poland and where the Food and Drug
Administration (FDA) closely and accurately moni-
tors side effects of certain drugs. Furthermore, the
FDA effectively shares this information with work-
ing groups engaged in developing or studying med-
ications as well as members of the general public.
Consequently, the national legal authorities may
precede with a category switch for a medication, if
legally requested, provided it can be demonstrated
that:
● there is sufficient knowledge regarding its usage; 
● there is an adequate demonstration that its proper

use results in a net benefit to the patient (i.e., the
pharmacological effect brings a result as claimed
without undue side effects);

● the drugís documentation is factually correct and
written in such a way that the average patient is
able to independently evaluate his/her particular
condition, and apply the appropriate treatment.

In 2013, Poland was classified as the 4th lead-
ing nation in the European Union (EU) in terms of
medicinal purchases. In 2012, Polish patients made
over 2 million purchases of OTC medications
(mainly for the relief of pain and common cold
symptoms) while spending 870 million PLN for that
purpose. While large sums are spent on self medica-
tion, it appears that there is insufficient knowledge
among the general public in terms of self diagnosis
and treatment. It has been claimed that Polish
patients do not distinguish pain relief, antipyretic or
anti-inflammatory drugs (9). Likewise, the latest
American Pharmacists Association (APhA) survey
(April 2015) showed, that ì92% of patients who
seek their pharmacistís advice are patients requiring
assistance in identifying the most appropriate prod-
uct to treat their condition and 80% of these patients
suffer from an acute or chronic diseaseî (10).
Another issue worth raising is the impact of ìthe
magic of advertisingî. Pharmaceuticals, as a catego-
ry, are among the most heavily advertised consumer

products in terms of planned or implemented adver-
tising budgets (11). Since advertising of Rx drugs
are banned by law (art. 57 of The Pharmaceutical
Law), OTC drugs advertising fills the gap. We
might conclude therefore that many Polish patients
are not be diligently reading their OTC drugís
leaflets and other documentation but rather are sim-
ply automatically taking pills in the hope of reliev-
ing their symptoms. 

LEGAL FRAMEWORKS FOR RX-OTC

SWITCHES

According to Polandís Minister of Health
Regulation of 14 November 2008 concerning crite-
ria for access to various categories of pharmaceuti-
cal products (JL 2008 No. 206, item 1292), ìRpî
products are dispensed only by a prescription. These
drugs constitute a direct danger to human life even if
used properly but without a physicianís supervision,
or if its inappropriate use can cause direct or indirect
danger to human life, if it contains active ingredients
for which its therapeutic effect or side effect
requires further scientific tests, or if it is designed
for a parenteral administration (note: in this paper
the term ìRxî has been used in place of ìRpî delib-
erately as it is understood worldwide as meaning
only available by prescription.)

The President of the Office for Registration of
Medicinal Products, Medical Devices and Biocidal
Products (URPL) has the authority to issue an
authorization for medicines, refuse to issue such an
authorization, verify the data on which the authori-
zation was issued, renew an authorization, refuse to
renew, shorten an authorizationís term and also to
withdraw an authorization, in accordance to the
Pharmaceutical Law of 6 September 2001 (art. 7).
Variations or amendments to the supporting data in
the authorization and variations to the dossier on
which an authorization was issued are also made by
the Office of the President (on the request of the
marketing authorization holder - art. 31 (12).
European Union Regulations attempt to minimize
the differences between the member nations in this
regard. Each member country must ensure the har-
monization of their laws by applying the ìdraw
nearî approach which is intended to ease not only
the trade of pharmaceuticals between the member
countries but also the basis for access to medicines
inside the European Union. Each EU country is
obliged to respect and comply with communityís
regulations. Under European law, there are four
types of variations to the terms of marketing author-
izations for medicinal products for human use.
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These are defined in the Commission Regulation No
1234/2008 of 24 November 2008 as (13):
1. minor variation (type IA) for which a variation

has only a minimal impact or no impact on the
quality, safety or efficacy of the medicinal
product concerned; (fully listed in Annex II of
the EC No. 1234/2008); 

2. major variation (type II) for which a variation is
not an extension and may have a significant
impact on the quality, safety or efficacy of the
medicinal product concerned (fully listed in
Annex II of the EC No. 1234/2008); 

3. extension of a marketing authorization for
which a variation is listed in Annex I of the EC
No. 1234/2008. This Annex concerns the
changes to the active substance, strength, phar-
maceutical form and route of administration;

4. minor variation (type IB) for which a variation
is neither a type IA nor a type II nor an exten-
sion. 
Legally, the Office of the President may speci-

fy the date of entry into force of the variations
accepted by the URPL following the marketing
holderís application (art. 31 of The Pharmaceutical
Law). Maximum time is defined as 6 months from
the issue date. The Office of the President is legally
obliged to, at least once a year publish a register of
pharmaceutical products admissible in the Republic
of Poland. This register contains the inter alia name
of a medicinal product, its pharmaceutical form,
dosage, number of admission, the name of the mar-
keting authorization holder and the product catego-
ry. Under this law there is, however, no statutory
obligation to update the current register to include
information concerning variations in the productís
access category as approved by the above mentioned
institution. The authority body gives the public drug
related information from the Medicinal Products
Commission, which is responsible for taking a
switch decision, however it is not dependably updat-
ed. Although it provides an online register of medic-
inal products it does not provide, as a governmental
institution, a platform for passing on current infor-
mation about the most recently performed switches.
Such updates should explicitly indicate effective
date for each switch ñ information which is crucial
for pharmacists in terms of dispensing. 

In accordance with Commission Regulation
No 1234/2008 type II variation decisions made con-
cerning marketing authorizations shall be issued
within two months following receipt of a decision
whether the variation has been accepted or not. The
marketing authorization holder is allowed a maxi-
mum of 6 months from the entry into force of the

decision to change the labeling of the medication
into an acceptable form for medications being dis-
pensed to the public without a prescription.
However, it has often been claimed that remaining
supplies of the old (Rx) product may be dispensed
after the effective date of the category switch.
Remaining stocks of these (Rx) format drugs are
legally permitted to ìstayî in inventory at the phar-
macy and at the wholesale level until their expira-
tion date. The marketing authorization holder should
however provide certain additional information to
supplement the old (Rx) product packaging (e.g., an
additional leaflet). 

Once dully constituted, the decision becomes
valid 14 days after its delivery to the litigant. It
should be noted however that marketing authoriza-
tion holders frequently use this time to launch adver-
tising campaigns for the new OTC product even the
though the change has not yet legally taken effect.
As is often said ìtime is moneyî and advertising has
always been the driving force behind the marketing
of OTC drugs. 

IN PRACTICE

Recent category switches performed in Poland
have been placed in Table 1. 

Looking at the table, with regard to sales and
brand awareness, some substances may be perceived
to have been good candidates for switching, as they
might simply be more lucrative for the marketing
authorization holders as OTC products. As an
example, analyzing Top 200 Pharmaceutical
Products by U.S. Prescription in 2012, omeprazolum
was classified in 28, 29, 45, 46 and 131st position,
however its optical isomer esomeprazolum (S-enan-
tiomer of omeprazolum) was ranked at number 12
with 2,2286K scripts written. Worth highlighting is
the fact that the medication is ìby prescriptionî.
However, the Top 200 Pharmaceutical (OTC)
Products by U.S. retail sales in 2012 ranks
esomeprazolum as number 1 with $ 5.989 million in
retail sales (14, 15). 

The case of ulipristalum acetate has been dis-
counted deliberately as it was undertaken (centrally)
by an executive decision of the European
Commission (7.01.2015). 

OTC medicines are used by 60% to 90% of
Polish citizens and one in four medicines sold is of
the non-prescription variety (16). After their catego-
ry switch, as reported by IMS Health (2015), sales
of medicines with the active ingredients fenspiridi
hydrochloridum and inosinum pranobexum jumped
29% higher. 
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Table 1. Examples of recent Rx-OTC switches. Based on ref. 20. 

No. Active ingredient Pharmaceutical form; Category Type of Year of
dosage switch variation decision

II (with the
1. Acetylcysteinum Effervescent tablets; Rp-OTC indication change 2013

600 mg and change in
dosage) 

II (with the
2. Acidum tolfenamicum Tablets; 200 mg Rp-OTC package size 2014

change - from
10 to 4) 

3. Calcii dobesilas Tablets; 250 mg Rp-OTC II 2014
monohydricum 

II (with the 
Fluid on the skin; Product

4. Ciclopirox olaminum 10 mg/mL Rp-OTC characterization 2013
change according to

the clarity test) 

5. Choline salicylas a. Ear drops; 200 mg/g Rp-OTC II 2013, 2014
b. Ear drops; 0,2 g/g

a. Orodispersible 
tablets; 2.5 mg

b. Orodispersible
6. Desloratadinum tablets; 5 mg Rp-OTC II 2014

c. Orodispersible 
tablets; 2.5 mg

d. Orodispersible 
tablets; 5 mg 

a. Syrup; 2 mg/mL
b. Oral drops, solution;

7. Fenspiridi hydrochloridum 25 mg/mL Rp-OTC II 2014
c. Syrup; 2 mg/mL
d. Syrup; 2 mg/mL 

a. Film-coated
8. Ibuprofenum tablets; 200 mg Rp-OTC IB 2014

b. Film-coated 
tablets; 400 mg 

a. Syrup; 250 mg/5 mL
9. Inosinum pranobexum b. Tablets; 500 mg Rp-OTC II 2014

c. Tablets; 500 mg
d. Syrup; 50 mg/mL 

10. Levocetirizini Film-coated tablets;
dihydrochloridum 5 mg Rp-OTC II 2014

II (with the leaflet
11. Meloxicamum a. Tablets; 7.5 mg change according 2013, 2014

b. Tablets; 7.5 mg Rp-OTC to the clarity test) 

12. Omeprazolum Capsules; 10 mg Rp-OTC II 2014  1

IB/II (affixture of
10 and 20

package sizes;
changes in the

13. Ranitidinum Film-coated tablets; Rp-OTC Product 2013
150 mg characterization;

removal of 20, 30,
40, 60 package 

sizes)
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Beyond the cases of Rx to OTC switches there have
been two notable cases of reverse switches effectuat-
ed in the year 2011 and 2008 by the Polandís Health
Minister. Those are ketoprofenum and ephedrinum. 

Ketoprofenum was the object of such a reverse
switch due to the European Commission Decision of

29 November 2010 which was addressed to all the
member states. The substance, which is used topi-
cally, had been the basis of a European Medicines
Agency (EMA) review because of reported allergic
reactions following exposure to sunlight.
Furthermore, the French Medicines Regulatory

Table 2. Examples of substances doubly registered (possible various pack sizes), where a, b, cÖ are various pharmaceutical forms and
dosages and doubly registered products are bolded. Based on ref. 19.

Pharmaceutical  No. of No. of No. of Rpís 
No. Active ingredient form; dosage OTCs Rpís which are a base

registered registered  of reimbursement

a. Film-coated tablets; 10 mg a. 9 a. 15 a. 11 (Category: 30%)
1. Cetirizini b. Syrup; 5 mg/5 m b. 0 b. 1 b. 1 (Category: 30%)

dihydrochloridum c. Oral drops; 10 mg/mL c. 0 c. 5 c. 3 (Category: 30%)
d. Oral solution; 1 mg/mL d. 0 d. 2 d. 2 (Category: 30%)

e. Syrup; 1 mg/mL e. 0 e. 2 e. 1 (Category: 30%)

2. Dexibuprofenum a. Film-coated tablets; 200 mg a. 1 a. 0 a. 0
b. Film-coated tablets; 400 mg b. 0 b. 2 b. 0

a. Tablets; 15 mg a. 1 a. 0 a. 0
3. Dextromethorphani b. Syrup; 7,5 mg/5 mL b. 2 b. 1 b. 0

hydrobromidum c. Syrup; 10 mg/5 mL c. 3 c. 0 c. 0
d. Syrup 5 mg/5 mL d. 0 d. 1 d. 0

a. Tablets; 40 mg a. 6 a. 0 a. 0
4. Drotaverinum b. Tablets; 80 mg b. 1 b. 1 b. 0

hydrochloricum c. Solution for injection; c. 0 c. 1 c. 0 
40 mg/2 mL 

5. Furaginum a. Tablets; 50 mg a. 3 a. 2 a. 1 (Category: 50%)

a. Tablets; 500 mg a. 4 a. 1 a. 0
b. Tablets; 1000 mg b. 0 b. 2 b. 0

6. Inosinum pranobexum c. Syrup; 50 mg/mL c. 1 c. 1 c. 0
d. Syrup; 250 mg/mL d. 1 d. 0 d. 0
e. Syrup; 500 mg/mL e. 0 e. 1 e. 0

7. Levocetirizini a. Film-coated tablets; 5 mg a. 3 a. 25 a. 20 (Category: 30%)
dihydrochloridum b. Oral solution; 0.5 mg/mL b. 0 b. 2 b. 2 (Category: 30%)

c. Syrup; 0.5 mg/mL c. 0 c. 1 c. 0

a. Hard gastro-resistant a. 3 a. 2 a. 0
capsules; 10 mg

b. Hard gastro-resistant b. 6 b. 17 b. 14 (Category: 50%)
capsules; 20 mg

c. Hard gastro-resistant c. 0 c. 6 c. 5 (Category: 50%)
capsules; 40 mg

d. Capsules; 10 mg d. 2 d. 2 d. 0
e. Capsules; 20 mg e. 0 e. 15 e. 15 (Category: 50%)

8. Omeprazolum f. Capsules; 40 mg f. 0 f. 2 f. 2 (Category: 50%)
g. Hard capsules; 10 mg g. 2 g. 0 g. 0
h. Hard capsules; 20 mg h. 0 h. 2 h. 2 (Category: 50%)

i. Gastro-resistant i. 0 i. 6 i. 4 (Category: 50%)
capsules; 20 mg

j. Solution for solution for j. 0 j. 3 j. 0
infusion; 40 mg

k. Powder and solvent for solution k. 0 k. 1 k. 0
for injection; 40 mg 

a. Film-coated tablets; 75 mg a. 1 a. 0 a. 0
b. Film-coated tablets; 150 mg b. 5 b. 3 b. 1 (Category: flat rate)

9. Ranitidinum c. Film-coated tablets; 300 mg c. 0 c. 1 c. 0
d. Effervescent tablets; 150 mg d. 4 d. 0 d. 0

e. Solution for infusion; e. 0 e. 1 e. 0
50 mg/100 mL
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Agency (ANSM) informed EMA about reported
reactions with a chemical sunscreen octocrylene
(used in cosmetics as UV filter) even if not exposed
to sunlight. Afterwards, the EMAsí Committee for
Medicinal Products for Human Use gave an opinion,
in which it reported that despite the fact that the sub-
stance causes more benefits than disadvantages, its
future risk of possible side effects as reported,
should be minimized inter alia by a product catego-
ry change (to - on only by prescription from a med-
ical doctor) across all the EU member countries
(17). The marketing authorization holders were
obliged to process changes in product characteris-
tics, leaflets as well as labeling. The Republic of
Poland complied with the decision on 1 December
2010. 

With respect to the reverse switch of
ephedrinum, under Regulation 273/2004 of the
European Parliament and the Council of 11
February 2004 on drug precursors ephedrinum was
classified in Category 1. The reverse switch of
ephedrinum products which were used in respiratory
tract treatments was a consequence of national law
standardization, the objective of which is to impose
law harmonization. This action resulted in a medic-
inal products documentation adjustment, arising
under the Pharmaceutical Law of 6 September 2001.
As a result, Polandísí Health Minister issued a cate-

gory changing decision based on expertsí opinion
resulting in a reduction of the risks associated with
the use of ephedrinum products. (18). 

In Poland, side effects of a medicine, if they
exist, shall be reported (online or through tradition-
al mail) either to the local (regional) centers or to the
URPL. In accordance with the Directive 2010/84 of
the European Parliament and of the Council of 15
December 2010 amending, as regards pharmacovig-
ilance, Directive 2001/83/EC on the Community
code relating to medicinal products for human use,
such side effects may be reported not only by the
specialized medical staff but also by the patients,
their legal representatives or supervisors. It has been
claimed that all those groups may have different
vantage points on a certain issue. 

DOUBLE REGISTRATION: WHEN THERE IS

THE SAME MEDICINE AVAILABLE WITH

AND WITHOUT A PRESPRIPTION

The legal criteria for including certain products
in the ìRpî category in Poland may appear to be
somewhat vague. There are products which are clas-
sified as prescription only, while the same product,
under a different trade name, is registered as an OTC
drug. Double registration occurs in the case of furag-
inum, drotaverinum hydrochloricum, cetirizini dihy-

Figure 1. Pro et contra of Rx-OTC switch occurrence with consideration of pharmacist-only medicines
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drochloridum, omeprazolum, ranitidinum and inos-
inum pranobexum.

Table 2 presents active ingredients, which are
the subject of this double registration phenomena.
Certain pharmaceutical forms and dosages of
furaginum, drotaverinum hydrochloricum, levoceti-
rizini dihydrochloridum, ompeprazolum and inos-
inum pranobexum are registered doubly even when
they occur in the same pack sizes. Ranitidinum,
omeprazolum, levocetirizini dihydrochloridum, cet-
irizini dihydrochloridum and furaginum are subject
to reimbursement. There are four groups: 50%,
30%, flat rate and free of charge set according to a
base substances classified in certain limit groups.
One more substance, ibuprofen which is mostly
registered as an over-the-counter medicine, never-
theless the 200 mg soft capsules and the 200 mg
film-coated tablets the 100 mg/5 mL oral suspen-
sion and the 200 mg coated tablets are also reim-
bursed by flat rate and are therefore subjects of a
double registration as well (19, 20). Worth men-
tioning is the fact that once a certain medicine
enters the reimbursement list it remains on the list
for 2 years and there is no legal avenue available to
overturn the decision.

CONCLUSIONS

Rx-to-OTC switch of products authorized in
national procedure is controlled in Poland by the
URPL. However, in practice the flow of information
once a decision is made may not be as effective and
complete as it could be. Side effects of certain med-
icines are to be reported either centrally or regional-
ly, however it is not a common practice. Some sub-
stances are the subject of double registration. This
can rise doubts as to whether they are safe enough in
terms of self-treatment. Patientsí safety should be
the primary concern in considering a drug for OTC
classification. The role of the pharmacist in the
switch process should be legally increased in terms
of medicine dispensing. That is why, as presented in
Figure 1, creation of a new class of drugs described
as pharmacist-only should be taken under consider-
ation. 

If relieving physicians from duties concerning
treatment of small ailments is the goal, the escala-
tion of legal authorizations of pharmacists should
rise in terms of selecting and dispensing certain sub-
stances to the public which may effect patientsí
safety. A well-planned and monitored action in this
regard could eliminate the inevitable health hazards
emerging from the increased ease of access to and
possible misuse of OTC pharmaceutical products -

the use of which can often be driven by media influ-
ence. In this environment education is critical to
success. Pharmacists possess the necessary knowl-
edge and are readily available to protect individual
patients from the risk of disorders arising from the
use and possible misuse of certain medicinal prod-
ucts. 
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Preamble

In every health system, pharmacotherapy con-
stitutes a basic therapeutic method that is presently
advocated not just by physicians, as it used to be, but
also by other members of the medical profession.
However, it is the pharmacist that possesses complex
knowledge not only of the medication effects mech-
anism and its activity in the organism, but also of the
factors which ensure its quality and stability in the
environment in which it is applied. Modern society
expects pharmacists to be more involved in monitor-
ing and supervising pharmacotherapy. International
documents clearly define pharmacists as guardians
of the safety and effectiveness of pharmacotherapy,
not coincidentally putting safety matters first. In
todayís era of specialized physicians, there is a
strong need for a greater role to be played by phar-
macists, whose knowledge covers many aspects con-
nected with pharmacodynamics, pharmacokinetics
and physicochemical medication properties ñ every-
thing, which influences the therapeutic process.

Since public trust professions in accordance
with the role attributed to them guard the public inter-
est, placing the good of society and its individual
units over the interests of their own group, it is impor-
tant to identify a method which ensures that this aim
will be fulfilled. The prestige of the profession is not
simply the sum of the prestige of its individual repre-
sentatives as the incorrect or, even worse, unethical
actions of a small group of the professionís represen-
tatives may seriously undermine the positive view of
the whole professional group in the society.

The significant and exceptionally fast changes
that are currently taking place in pharmaceutical sci-
ences indicate that the role of pharmacists is no longer
limited to the distribution of medicinal products but
also includes enabling members of society to fully take

advantage of the achievements of modern pharmacy.
Pharmacists offer a service to patients as well as advice
to physicians and other members of the medical pro-
fession, so they must be considered a full member of
the health team, contributing their unique knowledge
of active substances and medicinal products.

With regard to the above, the National Section
of Pharmaceutical Care of the Polish Pharmaceutical
Society presents its own proposal for the develop-
ment of modern pharmaceutical practice in Poland.
The purpose of the proposed actions is to increase
the involvement of pharmacists from community
pharmacies in ensuring the safety and effectiveness
of pharmacotherapy applied outside of hospitals and
improving indicators of societyís health over the
next ten to twenty nearest years.

Part I. Programme for developing pharmaceuti-

cal practice in generally accessible pharmacies

The role of pharmacists in a health care system
is not simply limited to dispensing medications and
ensuring they are of sufficient quality. International
pharmaceutical organizations have stressed for many
years that it is essential to involve pharmacists in
monitoring the use of medications by patients and
health system personnel. It is every countryís respon-
sibility to formulate its own pharmacy development
programme to ensure that pharmacists take at least
partial responsibility for the safety and effectiveness
of pharmacotherapy. Every society has to design its
own service system in community pharmacies. In
doing so, it is useful to draw lessons from the experi-
ence of countries in which additional pharmaceutical
services have been provided over many years, and
then adapt and adjust them to the conditions of oneís
own health system. Part I of this document therefore
presents an overview of services considered in devel-
oped countries to be effective in monitoring the use of
medicinal products in society. Implementing these
services in community pharmacies in Poland would
require pharmacists to take partial responsibility for
the correct use of medications among patients.

For every service, the purpose of its provision
and the tasks required for pharmacy personnel are
presented and, in selected cases, groups of patients
to which the service should be directed in the first
place are proposed. Such specifically indicated
groups include, inter alia:
� the geriatric population;
� the pediatric population (through cooperation

with parents and caregivers);
� patients under polytherapy;
� patients suffering from organ failure in connec-

tion with the metabolism process and drug excre-
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tion ñ e.g., renal failure, liver diseases, damaged
gastrointestinal tract;

� people with historical or current addictions to
medications, alcohol, or drugs;

� people with physical and/or psychical limitations
which may influence therapy ñ e.g.,

� people who are blind, deaf, suffer from
perception disorders, e.g., color recogni-
tion disorders, or people with neoplastic
diseases;

� pregnant and breastfeeding women.

I.1. Medication reviews
A medication review (MR) is a task that

requires the professional competencies of a pharma-
cist in order to be undertaken. It is performed on the
basis of data collected from a patient and constitutes
grounds for assessing the correctness of an ill per-
sonís medication use. It consists of the following
stages: (a) conducting a patient interview, (b) ana-
lyzing information collected from the patient, (c)
preparing a report for a physician, (d) preparing a
report for the patient, (e) establishing a programme

Table 1. Stages of Medical Utilization Review.

Purpose: collecting information on a patientís medication use.
Description of procedure: the pharmacist should collect information on all medications used by the
patient in accordance with the following criteria:

Medications prescribed by a physician:
the trade name of the medication, dosage, form, amount possessed, how it is used (what dosage, how
many times daily), who prescribed the medicine (name, surname, specialization), how to prepare before
administering (if necessary), storage, purpose of use for the patient, have there been any problems when
using it, were there any adverse effects, does the patient use the medication regularly, and did the patient
decide not to buy the medication for e.g., financial reasons?
Medications sold without prescription:
the trade name of the medication, dosage, form, amount currently in home medicine cabinet, how it is
used (how many dosages at one time/daily/time intervals), how often the patient takes the medication,
how to prepare it before administering (if necessary), storage, purpose of use for the patient, is there a
need to use it, have there been any problems when using it, were there any adverse effects? 
Supplements: medical products, dietary supplements:
the trade name, dosage, form, amount currently in home medicine cabinet, how used (how many
dosages at one time/daily/time interval), how often used, how to prepare it before administering (if nec-
essary), storage, the purpose of use of medication/medical product/dietary supplement, is there a need
to use the medical product/dietary supplement, who suggested the medication/medical product/dietary
supplement, have there been any problems when using it, were there any adverse effects?  

Purpose: detecting drug related problems, assessment of suitability of medication and its correct use.
Description of procedure: for every medication the pharmacist assesses: have any (real) drug related
problems appeared; is there a risk that (potential) drug related problems will emerge in the future; is
there a better (newer generation/more cost-effective) medication on the market that should replace the
one used by patient? Note: in accordance with the adopted classification of drug related problems, it is
necessary to mention any potential additional advice outside the scope of the adopted classification
which may have an influence on medication use. In assessing drug related problems, one should take
note of the influence of dietary supplements used by patient on the safety and effectiveness of pharma-
cotherapy.  

Purpose: informing a physician about the patientís medication use and detected drug related problems
in order to simplify future therapy.
Description: a report containing data on actual medication use by the ill person, detected drug related
problems (real and potential), suggested changes (according to the adopted guidelines for the proce-
dure), information on reimbursement rules for each medication, and information on the possible lack of
dispensing due to patientís decision to not purchase.  

Purpose: explaining to the patient how each medication should be used.
Description of procedure: a report including instructions on how the medication should be prepared
before use (if necessary), information concerning medication use, a medication use calendar, any detect-
ed improper medication use, date of next medication review.  

Purpose: determining the necessity for conducting the next medication utilization review.
Description of procedure: if a large number of drug related problems was detected and it is deemed that
managing them may be hard for patient, it is necessary to establish a date for the next meeting with the
patient, which would help determine whether the plan of action was implemented correctly.
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of correct medication use. Table 1 is documenting
the purpose of each stage accompanied by a descrip-
tion of the relevant procedure.

I.2. Systems of individual medication packaging
The problem of patientís lack of cooperation and

nonadherence (noncompliance) is presently one of the
most often mentioned drug related problems occurring
in civilized societies, and the commonly used poly-
therapy increases its risk. The marketing authorization
holder introduces medications to the market in indi-
vidual packaging, usually containing the amount of
doses which is necessary for a complete treatment
course (e.g., in antibiotic therapy) or a treatment over
a specified time interval (in the case of medications
used over a longer time). However, in the case of most
medications, the Summaries of Product Characteristic
(SPC) specify various indications for its use and, in
relation to them, often different doses to take at one
time, which results in the full packaging being insuffi-
cient for the treatment designed for the ill person or
specifying a dosage which exceeds the necessary
amount. Introducing a system of individual medica-
tion packaging enables a medication to be repackaged
and it to be dispensed in the amount which is appro-
priate for the treatment time specified by the pre-
scriber. There are various forms of individual medica-
tion dispensation available:
1. dispensing every product in separate individual

packaging, without dividing them into doses to
take at one time - the patient receives a medica-
tion for e.g., 30 days of treatment, and the pack-
aging is supplied with information on the pre-
scribed dosage programme together with dates
for beginning and ending the therapy;

2. dispensing all medication in collective packag-
ing divided into daily doses, each of which
comes with information on the day and hour of
administration;

3. the patient receives all medication prescribed
for use in collective packaging (multipack) with
information on specific days and hours of
administration.

Systems of individual medication packaging
(SIMP) enable the preparation of medications for
direct administration by patients. A pharmacy may
apply a system of manual or automatic medications
repackaging. It is possible to introduce a system of
unit doses, particularly for specific groups of
patients, e.g., elderly people, those using polythera-
py, those using medications requiring variable
dosages (e.g., anticoagulants), or patients with phys-
ical limitations which prevent or complicate the cor-

rect use of medications (e.g., visually impaired peo-
ple). There are also systems with administration sig-
nalling devices which remind patients when it is nec-
essary to take a medication. All individual dosage
systems are presently only directed towards the dis-
pensation of medications for oral administration. The
role of the pharmacist providing such a service is to: 
� draft protocols for preparing different formula-

tion of medication;
� choose patients who may significantly benefit

from the application of SIMP;
� establish correct medication application pro-

grammes for a patient within the SIMP frame-
work; 

� control an individual SIMP designed by qualified
personnel for an individual patient, including the
design of an information leaflet;

� release every prepared set to be dispensed to the
patient.

Implementing such a system requires agree-
ment with medication producers and recognizing sit-
uations in which the repackaging of medication from
the original packaging is inadvisable/impossible due
to a potential decline in stability or suitability for use.
In some countries, forms of collective packaging are
prepared specifically for use in repackaging.

The tasks of supervising bodies include prepar-
ing or adopting other countriesí guidelines for indi-
vidual medication packaging and specifying active
substances or medicinal products which, due to pos-
sible changes in durability, cannot be covered by
SIMP. Procedures that minimize errors which occur
in the course of placing doses of medicinal products
into packaging should be implemented.

I.3. Educating patients in community pharmacies
Services provided by pharmacies should also

include programmes for educating patients. These
tools for raising health awareness among patients and
influencing attitudes towards health are commonly
applied in projects related to public health. Education
is also strictly connected to the elimination of so-
called functional illiteracy in areas related to medicine
(health illiteracy). Pharmacists may provide individual
forms of education not only to patients under care, but
also to patients who use specified drug forms or med-
ical devices, or suffer from specified illnesses.

Medication categories that should be taken into
account in planning individualized, extended educa-
tion programmes concerning the use of special med-
ications include: eye drops, inhaled medications,
medications for subcutaneous administration,
lyophilizates and therapeutic systems (e.g., transder-
mal systems). Every time a pharmacist dispenses a
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particular medication, he/she has to give the patient
detailed instructions of how to use the given medic-
inal product/medical device, together with a demon-
stration. This may be conducted using the actual
preparation being purchased by the patient or an
instructional product containing inert substance.

Qualified personnel should also ensure that
individualized leaflets are given to patients, espe-
cially when a patient receives medication for the
first time. When providing individualized informa-
tion about medication (which is separate from the
Patient Information Leaflet, PIL), pharmacists
should include the reasons for prescribing the med-
ication (indications for use), the expected effect and
methods of assessing a given preparationís effec-
tiveness, individual dosage programmes (times of
day, hours), food that should be avoided during
medication use and warnings concerning its use that
the patient should be aware of (e.g., dangers related
to driving motor vehicles).

Offering extended education and information
about medications in community pharmacies requires
ensuring access to electronic systems enabling the
storage and distribution of leaflets prepared for
patients in electronic form, as well as using modern
forms of communication with patients, e.g., the
Internet, mobile phones. Another essentiality is the
access to updated databases including leaflets about
medications, SPC and to systems simplifying the
preparation of leaflets, e.g., coupled with sale systems.

Pharmacists also can and should get involved
in group training programmes for patients, e.g., asth-
ma schools or diabetes workshops. Pharmacists pro-
viding health education may organize short meet-
ings with patients during which a pharmacistís
unique knowledge of a medication should be used to
teach patients how to correctly use medications,
including not only how they should be taken but also
their preparation or storage.

I.4. Preparing medications in pharmacies
The Council of Europe Resolution of January

2011 on quality and safety assurance requirements
for medicinal products prepared in pharmacies for
the special needs of patients [CM/ResAP (2011)1]
identifies officinal and magistral drugs as being of
added value, which means that in pharmacies
(including hospital pharmacies) only medications
which are not accessible in ready form on the mar-
ket should be prepared. This concerns, inter alia,
ophthalmic drugs, preparations for parenteral nutri-
tion and cytostatic drugs.

In pharmacies, a reconstitution should also be
introduced. In the case of medicinal products requir-

ing preparation directly before administration, e.g.,
suspensions containing antibiotics or eye drops, a
pharmacist should make sure that the medication
will be correctly prepared by a patient or, alterna-
tively, the pharmacist should prepare medication in
a form ensuring its correct use. It is advisable to dis-
pense a medication that is ready to be taken/admin-
istered by patients, e.g., by dissolving the
lyophilizate of an active ingredient or preparing a
suspension of lyophilizate. Introducing methods of
this type will limit the number of situations of incor-
rect preparation of medication by a patient, e.g.,
using the incorrect solvent or inappropriate amount
of solvent, thus leading to unintended increase/
decrease in the dose.

I.5. Programmes of pharmaceutical care
I.5.1. Pharmaceutical care for the elderly

The geriatric population (people over 65 years
old) requires special attention and the involvement of
medical personnel, particularly because of two phe-
nomena which commonly occur in this group of peo-
ple: multidisease and polypharmacy. In pharmaceuti-
cal care programmes for this group, attention shall be
paid to problems related to incorrect medication use
and instances of noncompliance with therapeutic rec-
ommendations or polytherapy, among others.
� Noncompliance with therapeutic recommenda-

tions ñ in the case of elderly persons, irregular
medication use often results from unintended
reasons, including forgetting, unintentional dis-
continuation, or refusal to buy medications, e.g.
for financial reasons. Monitoring such circum-
stances and eliminating them could be achieved
using individual medication packaging systems.
However, it is also necessary to control the fac-
tors leading to the intended discontinuation of
drugs which include, above all, drug related
problems (e.g., adverse effects). The role of phar-
macists from generally accessible pharmacies is
thus to design systematic mechanisms of detec-
tion and elimination of the occurrence of non-
compliance with therapeutic recommendations.

� Polytherapy ñ this often leads to iatrogenic dis-
eases, which, in turn, result in the use of subse-
quent medicinal products, often forcing patients to
take multiple (up to a dozen or so) doses of med-
ication per day. The role of pharmacists from com-
munity pharmacies is to conduct a detailed analy-
sis of the pharmacotherapy of patients using poly-
therapy, and the tools which may be applied for
this purpose are regular Medication Reviews. In
essence, programmes of reduction of the polyther-
apy occurrence constitute a combination or devel-
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opment of other services described in this docu-
ment, such as MRs, individual medication packag-
ing systems, systems to create individual leaflets
for patients and group patient education systems.

I.5.2. Pharmaceutical care for chronically ill patients
Providing comprehensive pharmaceutical care

should be obligatory in the case of all patients,
regardless of their age, using medications chronical-
ly and requiring periodic control, in order to adjust
pharmacotherapy to changing symptoms and dis-
ease indicators. This is because pharmaceutical care
is a complex procedure, in the course of which a
pharmacist detects and solves drug related prob-
lems, educates the patient and cooperates with other
members of the medical team in a way which
ensures improvement in the patientís quality of life.

Pharmacists providing pharmaceutical care are
qualified to supervise the effectiveness of applied
pharmacotherapy. Pharmacists should have the
opportunity to keep their own records and to access
medical records in order to supervise a patientís
pharmacotherapy correctly (effectively). Pharmaceu-
tical records should be treated the same as medical
records (in a legal sense) and should constitute a pos-
sible basis for control in situations when pharmaceu-
tical care will be financed from public funds.
Pharmaceutical care should in the future become one
of the reimbursed services offered by pharmacist in a
pharmacy. The pharmacist would sign a contract
with the National Health Fund (NFZ), drawn up on
the basis of the contract of a physician of primary
health care (POZ). Patients may get an opportunity to
choose their own pharmacist in the same way they
choose a POZ physician, nurse, and midwife. The
role of the pharmacist would be to monitor pharma-
cotherapy and contact other members of the medical
team providing care for the patient.

I.6. Monitoring on safety and effectiveness of dis-
pensing medications without prescription

Pharmaceutical counselling when choosing
over-the-counter (OTC) medication is an area in
which pharmacists have a chance to apply their
knowledge for ensuring correct medication use.
However, it is essential to prepare detailed proce-
dure standards setting out rules for pharmacistsí
conduct in relation to OTC medication dispensation.
It may be also useful to prepare Standard Operating
Procedures (SOPs) for chosen drug categories or ail-
ments patients complain about.

Self-treatment counselling provided by a phar-
macist should also include an interview to determine
whether any medications bought without prescrip-

tion outside the pharmacy were used. The pharma-
cist, in applying such knowledge, may thereby pre-
vent situations of abuse or incorrect use of these
medications. He/she should also warn the patient that
sometimes purchasing medications without specialist
advice that can be provided only by pharmacist or
physician may be unsuitable or even dangerous. 

I.7. Control of diet supplements use
Diet supplements are products which should be

used only in order to correct deficiencies of certain
minerals and vitamins in a diet. Unfortunately, aggres-
sive promotional and advertising campaigns of certain
diet supplements producers result in people buying an
increasing number of products in order to benefit from
suggested health condition improvements, not only to
correct natural deficiencies. Pharmacists should pro-
vide advice regarding the choice of diet supplements,
especially for people with chronic illnesses. The pres-
ent knowledge of interactions between these sub-
stances and medications is insufficient. The presence
of diet supplements in a pharmacyís assortment
should oblige a pharmacist to duly inform and provide
specialist advice to the patient in order to prevent
duplication or overdose of substances. The aim should
be to ensure that, based on pharmacistsí unique
knowledge and competencies, the quality of diet sup-
plements available in pharmacies is high and benefi-
cial for society at large, as opposed to what non-phar-
macy outlets offer their customers. Pharmacists
should explain to patients the difference between
medicinal products and diet supplements.

I.8. Prophylaxis and health promotion
The aim of prophylaxis and health promotion

activities is to produce changes in the health behav-
ior of patients, both among healthy persons who
rarely visit the pharmacy and chronically ill persons,
for whom behaviors of these kind may contribute to
efforts to fight disease and an improvement in their
quality of life. Prophylactic actions in pharmacies
should be conducted in certain areas or time inter-
vals. Attention shall be paid to preparing activities
in pharmacies in accordance with areas of pharma-
cistsí interests, i.e., directly related to the promotion
of correct medication use or limiting its use to situ-
ations of necessity. Prophylaxis and health promo-
tion programmes, introduced in generally accessible
pharmacies, may include, inter alia.:
� smoking cessation programmes/nicotine replace-

ment therapy counselling (NTZ);
� programmes of early disease detection (screen-

ing programmes): detecting hypertension, dia-
betes, hyperlipidemia, metabolic syndrome;
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� prophylaxis of obesity;
� protective vaccinations;
� promoting healthy lifestyles (diet, physical activ-

ity).
It is a mistake to omit the role of pharmacist in

programmes of early detection of chronic illnesses,
since it is the pharmacist that often is the first person
in health care system with whom an ill person comes
into contact. Pharmacists should be prepared to
identify a situation of chronic self-treatment without
consulting a physician or seeing a diagnosis. The list
of illnesses that may be identified with pharmacistsí
participation should include hypertension, diabetes,
metabolic syndrome, hyperlipidemia, risk factors
for neoplastic diseases, venous thromboembolic dis-
ease, peptic ulcer disease and respiratory system dis-
eases evidenced by a persistent cough.

The role the of pharmacist is to identify
patients whose symptoms may indicate chronic con-
ditions; the pharmacistís task is not to conduct stud-
ies whose results may constitute the basis for further
investigation by a physician but, above all, to draw
the patientís attention to the possibility that some
symptoms may be related to serious conditions. It is
important to indicate the conditions whereby
informing a patient may contribute to the identifica-
tion of disease at early stage and prevent, or at least
considerably delay, exhibiting its most extreme con-
sequences. The pharmacistís role is therefore to con-
duct a proper interview when the patient purchases
OTC drugs ñ this concerns e.g., drugs from the pro-
ton-pump inhibitors group, non-steroidal anti-
inflammatory drugs and antitussives/expectorants.
Meeting with pharmacists in the course of screening
programmes should also result in passing informa-
tion to a patient for whom symptoms indicating a
health problem were identified. The information
should include factors such as which specialist a
patient should turn to, whether a referral from a gen-
eral practitioner is necessary and where to find
information about specialist outpatient clinics.

The role of institutions and scientific associa-
tions is to design appropriate guidelines and proce-
dural standards, as well as to indicate in cooperation
with medical organizations the situations in which it
is possible, with a properly conducted interview, to
draw a patientís attention to health problems and the
improvement of health attitudes.

I.9. Pharmacists writing prescriptions
In some countries, it is possible for pharmacists

to prescribe medications of the prescription only dis-
pensing category. Introducing this option increases the
accessibility of medicinal products for patients but

requires a clearly specified scope of responsibility and
competences for all professional groups prescribing
medications. The UK may serve as the model country
for pharmacists providing this type of service. The
writing of prescriptions by pharmacists requires:
� specifying the pharmacistís competences and

methods of controlling them through the creation
of a training system for pharmacists authorized to
write prescriptions;

� the preparation of guidelines including, inter alia,
a descriptions of situations in which a pharmacist
has no right to write a prescription and a list of
categories of drugs which canít be prescribed by
a pharmacist;

� the creation of a system for monitoring the issuing
and dispensing of such prescriptions, as well as
cooperating with the attending physician of
patients for whom pharmacist issues a prescription.

Extending the group of professions authorized
to prescribe medications enables significant savings
in a health system, particularly if the newly author-
ized person is a pharmacist. However, in order to
avoid prescribing a medicinal product for the purpose
of increasing distribution, it is essential to create a
system to monitor the substantive validity of issuing
prescriptions by pharmacists. Writing prescriptions
requires access to medical records for the authorized
pharmacists in order to read diagnoses and complete
records with information on the prescribed medica-
tions. Pharmacists must also be able to directly con-
sult a physician to design the best possible treatment.

I.10. Certification of pharmacists and accredita-
tion of pharmacies to provide additional services

Systems of quality management in the area of
pharmaceutical care should ensure that the patient
achieves the maximum possible therapeutic advan-
tage and the necessary competences as well as the
practical experience of pharmacists in work with
individual patients should be specified and periodi-
cally verified. An important element in ensuring the
quality of services are norms, procedures, and accu-
rate records enabling the systematic assessment of
progress and treatment results for individual
patients, as well as registration and self-assessments
of the professional activity of pharmacists.

Pharmacists should aim at creating a system
which would ensure the provision of high quality
services. In the framework of this system, it is neces-
sary to establish institutions/teams confirming per-
sonnel qualifications and ensuring the appropriate
quality of structures and processes related to phar-
maceutical care. Within a system of this kind it is
advisable to design frameworks for the certification
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of pharmacists and accreditation of pharmacies pro-
viding pharmaceutical care and offering an extended
scope of pharmaceutical services from this area. 

PART II. Actions to increase the role of pharma-

cists in the health system

A health care system is a complicated mecha-
nism whose aim is to ensure access to programmes
and technology which enable every member of soci-
ety to regain, improve, or maintain their health. For
every type of profession functioning within this sys-
tem, tasks should be specified and areas of responsi-
bility indicated. Part II of this document therefore
includes a list of areas in a health system in which it
is possible and desirable to employ pharmacistsí
knowledge. Extending the scope of responsibility
will contribute not only to an increase in profession-
al satisfaction among pharmacists from generally
accessible pharmacies and raise the prestige of this
professional group, but may also contribute to future
improvements to the health indicators of society and
the rational employment of financial means in areas
related to pharmacotherapy.

II.1. Involving pharmacists in actions associated
with the reimbursement policy

At the present moment, the role of pharmacists
in the reimbursement system is limited to involve-
ment in the process of medication distribution in
generally accessible pharmacies. However, in the
course of designing the reimbursement system sev-
eral areas were created to which pharmacists may
and should contribute using their specialist knowl-
edge of medicinal products. Therefore, within the
system it is necessary to create mechanisms encour-
aging pharmacists to take up activities in such areas
of the health system in which they can employ their
knowledge and skills acquired during their educa-
tion. Pharmacists can be responsible for:
� negotiations with pharmaceutical companies at

the Ministry of Health Economic Commission;
� rationalizing activities within the framework of

the NFZ (National Health Fund);
� health technology assessments (HTA) within the

framework and by order of the Agency for
Health Technology Assessment and Tariffs
(AOTMiT);

� being active in the Transparency Council of
AOTMiT;

� cooperating with pharmaceutical companies in
conducting HTAs.

It is noteworthy that pharmacists possess
unique knowledge of the research and development,
and manufacture of medicinal products. However, it

is essential to create mechanisms in the education
system for pharmacists to encourage them to acquire
knowledge that blends economy and pharmacy,
which would be exceptionally useful in areas relat-
ed to medication reimbursement. Taking into
account the education of pharmacists, their partici-
pation in the decision making processes for reim-
bursement seems obvious since pharmacists can, in
reference to drug technologies:
� determine their clinical effectiveness;
� establish cost components related to their eco-

nomic assessment;
� estimate cost-effectiveness indicators;
� determine the consequences of reimbursement

for drug technologies.

II.2. Including pharmacists in medical teams car-
ing for patients with selected illnesses ñ diabetics,
asthmatics

It is essential to work out a model for sharing
responsibility for the correct pharmacotherapy of a
patient between physicians prescribing medications
and pharmacists monitoring their application. A basic
task for a pharmacist, as a medical team member, is
to take on partial responsibility for conducting effec-
tive, safe, and at the same time cost-effective phar-
macotherapy. Performing this task takes place not
only through direct cooperation with the patient and
his education, but also through sharing knowledge
and experience with representatives of other medical
professions. In the guidelines of the Polish Diabetes
Association, a pharmacist wasnít mentioned as a
member of a diabetes care team. Unfortunately, in
many documents of these kind, the role of the phar-
macist as a potential educator of a patient is left out.

II.3. Increasing the involvement of pharmacists in
monitoring the adverse effects of medications

The provisions of Polish law impose on phar-
macists an obligation to give information to relevant
authorities on adverse effects reported by patients.
Unfortunately, at the present moment, as statistics
kept by the Office for Registration of Medicinal
Products, Medical Devices and Biocidal Products
show, the number of reports passed on by pharmacists
is very small. This may be caused by a lack of knowl-
edge on the specialist personnelís side regarding the
purposefullness and significance of this kind of infor-
mation and its relation to monitoring the safety of
pharmacotherapy. Pharmacists should considerably
increase their involvement in sending reports on
adverse effects, particularly due to the fact that, under
new provisions of EU law from July 2012, patients
can also directly pass information on observed
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adverse effects of drugs they use to monitoring insti-
tutions. Increasing pharmacistsí involvement in mon-
itoring adverse effects may help verify and substanti-
ate reports given directly by patients. Pharmacists
should pass on reports using the so-called ìyellow
cardsî every time patients report suspected adverse
effects, even if the effect was already mentioned in
documents (SPC). Adverse effects are one of the most
commonly occurring drug related problems. Their
detection in the course of pharmaceutical care should
always result in sending a relevant card.

It is worth paying attention here to a recommen-
dation to report to medication producers instances of
using medications among high risk groups for which
proper research on safety and effectiveness wasnít
conducted, such as newborns, infants, children, preg-
nant women and people with organ failure related to
the metabolism process and drug excretion.

II.4. Increasing pharmacistsí awareness of and
involvement in studies on pharmaceutical practice

Practicing medicine is often coupled with sci-
entific research. In university hospitals, as well as
others, conducting therapy is often combined with
research. On the other hand, practicing pharmacy in
Poland is extremely rarely connected with conduct-
ing scientific studies, although ñ as examples of
other countries show ñ such studies in the area of
pharmaceutical practice may significantly contribute
to improvements in the safety and effectiveness of
pharmacotherapy. In research within the area of
pharmaceutical practice, for the most part, the
methodology of qualitative research applied in social
sciences (sociology, anthropology, psychology) is
employed. Chamber of Pharmacists and pharmacist
organizations should promote the participation of
pharmacists in studies of this kind and support them
financially through awards and grants, particularly
for individual pharmacists from generally accessible
pharmacies who wish to pursue such activity. Polish
research centres conducting such research without
practical support or participation from pharmacists
sometimes encounter serious difficulties or arenít
even able to carry out research within the area of
pharmaceutical practice. Conducting regular studies
on pharmaceutical practice in generally accessible
pharmacies enables working out new types of phar-
maceutical services adapted to Polish conditions.

Attention should be paid to several elements
that are significant from the point of view of
researching pharmaceutical practice in Poland:
� all around the world, the assessment of medication

use in out-patient and in-patient health care is per-
formed on the basis of health data made available

by health care units, including, inter alia, data on
drug application; however, Article 103 of the
Pharmaceutical Law Act practically hinders obtain-
ing data from pharmacies for the needs of studies
conducted by scientific units, so assessment of the
effectiveness of changes put into practice is possible
only due to conducted clinical trials, in the course of
which new types of services are introduced and test-
ed directly in pharmacies. In the case of studies con-
ducted with peopleís participation, the necessity of
obtaining the approval of the relevant bioethical
commission should be taken into account;

� changes to pharmaceutical practice require fund-
ing, part of which may be obtained through funds
for conducting research, including European funds
ñ a significant part of funding competitions often
involves giving information on studies carried out
to the public. This may cause problems related to
the prohibition of advertising pharmaciesí activity;

� studies conducted for patients require their con-
sent, and the process of collecting and storing
personal data or sensitive data containing infor-
mation relating to a patientís health condition
must be in accordance with the provisions on
personal data protection.

PART III. Tasks for state institutions and public

organizations

Tasks for advisory teams, chamber of pharmacist,
and scientific associations include designing guidelines
and standards of procedure to ensure that pharmacies
deliver high quality services. In preparing binding doc-
uments, the positions of the World Health
Organization (WHO), the International Pharmaceutical
Federation (FIP), and the Pharmaceutical Group of the
European Union (PGEU) which specify the role of
pharmacists and tasks for them in health care systems
may be particularly helpful.

It is necessary to create a system of guidelines
and recommendations concerning drug forms or
groups, which should include extended education
for pharmacists. With regard to actions taken in
pharmacies, it is possible to establish guidelines
concerning the treatment of chosen chronic diseases
and adjust them to the specific needs emanating
from pharmacistsí work with patients, paying par-
ticular regard to the professional competences of
pharmacists. Designing guidelines will help simpli-
fy work with individual patients.

III.1. New tasks for chosen state institutions
III.1.1. Tasks for Pharmaceutical Inspectorate
� Helping public scientific and research institu-

tions to conduct studies in the area of pharma-
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ceutical practice through jointly establishing pro-
cedural rules for conducting scientific and
research activities in the environment of general-
ly accessible pharmacies, paying particular
regard to the applicable provisions of law.

� Supporting actions aimed at creating a system of
certification for pharmacists and accreditation
for pharmacies in the scope of providing addi-
tional services related to pharmaceutical care in
community pharmacies.

� Participation through its representatives in
designing guidelines and procedural standards
for different types of pharmaceutical services
related to pharmaceutical care ñ Pharmaceutical
Inspectorate (IF) employeesí knowledge may
help in drafting documents in which the quality
of services exceeds minimal legal requirements.

� Supporting activities aimed at making changes to
the law in order to widen the scope of services
provided in pharmacies and improve their quality:
● proposing changes to applicable legal provi-

sions which would support actions aimed at
improving the quality of pharmaceutical serv-
ices, including changes to the regulations of
the Minister of Health concerning conditions
for operating a pharmacy, among others;

● assessing changes aimed at increasing the com-
petences of skilled pharmacy employees pro-
posed by other organizations and institutions;

● indicating areas where change is required and
taking active participation in work on changes
to the law whose purpose is to extend the
scope of pharmaceutical services and improve
their quality.

� Including information on services related to
pharmaceutical care in training programmes, and
regular meetings of pharmaceutical inspectors
performing control of generally accessible phar-
macies, who should be acquainted with:
● rules for conducting studies related to pharma-

ceutical practice;
● modern services provided in community phar-

macies in developed countries;
● systems of implementation and quality control

in community pharmacies;
● guidelines and recommendations of pharma-

ceutical and medical organizations for the role
of pharmacist in contemporary health systems
(e.g., FIP, WHO).

� Participation of IF representatives in the work of
Polish scientific associations and pharmacist organ-
izations on improving professional practice. The
greater the IFís knowledge of the real problems
experienced within in the pharmaceutical services

market, the easier it will be to draft documents
which will help improve pharmaceutical practice.

� Permanent participation of IF representatives in
the work of international organizations acting
towards improving pharmaceutical practice, i.e.,
the Pharmaceutical Group of the European Union
and the Committee of experts on quality and safe-
ty standards in pharmaceutical practices and phar-
maceutical care within the Council of Europe.

� Supporting the involvement of Polish researchers
in international research related to pharmaceuti-
cal practice through working out a permanent
model of cooperation with scientific and research
units functioning at public higher schools.

� The active participation of IF representatives in
actions aimed at making amendments to the law
to improve pharmaceutical practice.

III.1.2. Tasks for the Ministry of Health
� Proposing amendments to the law which would

promote actions aimed at improving quality in
the area of pharmaceutical practice, enabling
future financing for additional pharmaceutical
services from public funds.

� Including pharmacist representatives in teams
permanently and periodically cooperating with
the Ministry for the purpose of improving the
national medication and reimbursement policy.

� Promoting quality in areas related to pharmaceu-
tical practice.

III.2. New tasks for public organizations in phar-
macy ñ chamber of pharmacists, scientific associa-
tions, foundations, and others
III.2.1. Tasks for Chamber of Pharmacists
� Cooperation with and supporting the activity of

scientific and research centres in the scope of
conducting studies on professional practice
through taking common initiatives, funding
rewards for scientists from community pharma-
cies and promoting and supporting cooperation
initiatives between businesses from the pharma-
ceutical practice sector and scientific institutions;

� Promoting the quality of pharmaceutical services
provided in generally accessible pharmacies, cre-
ating teams in pharmacies and pharmacy organi-
zations whose aim is to improve the quality of
pharmaceutical services and creating a system of
accreditation of pharmacies and certification of
pharmacists;

� Designing guidelines and recommendations for
services provided in community pharmacies;

� Preparing organizational and legal strategies for
the development of pharmaceutical practice;
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� Active seeking of funds for supporting activities
within the area of pharmaceutical practice;

� Appointing a team (including members of organ-
izations and scientific institutions) to prepare
reports assessing the cost-effectiveness of addi-
tional services provided in pharmacies, which
will enable them to be included in the list of serv-
ices financed from public funds;

� Appointing a permanent representative at the
Sejm (lower house of Parliament) of the
Republic of Poland to lobby for the improvement
of pharmaceutical practice;

� Working out a model for rewarding pharmacists
from community pharmacies who conduct scien-
tific and research activity or participate in it ñ
e.g., increasing the number of educational points
for participation in scientific research and con-
ferences, as well as scientific publications;

� Working out a model of cooperation and sharing
responsibility for pharmacotherapy between
physicians and pharmacists;

� Conducting informational campaigns directed
partly towards representatives of other medical
professions and partly towards patients, with the
purpose of providing information on the role of
modern pharmacists in a health care system and
presenting their competences and knowledge
which should be used in actions for improving
the health of society.

III.2.2. Tasks for scientific organizations and associ-
ations
� Designing guidelines and standards of procedure

which will ensure that quality standards of addi-
tional pharmaceutical services provided in com-
munity pharmacies are maintained;

� Preparing research development strategies in the
area of pharmaceutical practice, promoting the
activities of scientific institutions engaged in
studies on pharmaceutical practice, providing
financial support to initiatives in this area, and
initiating actions aimed at increasing the involve-
ment of pharmacists from community pharma-
cies in research on pharmaceutical practice;

� Promoting and helping to publicize research
results from the area of pharmaceutical practice ñ
subsidizing attendance at scientific conferences
and other forms of popularizing the results.

III.3. New state and/or public teams and bodies
� The creation of a team engaged in providing

accreditation for pharmacies and certification for
pharmacists that provide additional pharmaceuti-
cal services in community pharmacies;

� The creation of a team engaged in finding legisla-
tive solutions related to pharmaceutical practice.

III.4. Development of permanent cooperative rela-
tionships between state institutions, public organi-
zations, and private business representatives
� Preparing documents specifying a common

framework of actions for the state and private
institutions;

� Devising a list of institutions, organizations,
associations, and foundations engaged in differ-
ent aspects of pharmaceutical practice.

III.5. Changes to the law
Changes in the area of pharmaceutical practice

require amendments to existing implementing provi-
sions. New legal provisions should take into account:
� keeping records of actions related to pharmaceu-

tical care in community pharmacies;
� functional adjustments of pharmacies to the new

professional activity of pharmacists;
� financing additional services in pharmacies from

public funds;
� participation of pharmacists in actions for public

health;
� employing resources from savings related to the

reimbursement of medicinal products to conduct
research related to pharmaceutical practice;

� actions related to the accreditation and certifica-
tion of pharmacies and pharmacists;

� changes related to awarding educational points
for scientific and research activity and publica-
tion of their results.
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