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During the passage of transport, drug has to
cross many barriers, most of which are lipoidal in
nature. Interaction of drug with membrane lipids
may lead to alteration in lipid pattern and composi-
tion, as well as lipid peroxidation, which is a meas-
ure of the membrane damage. Lipid peroxidation is
the oxidative deterioration of polyunsaturated lipids
(1). It is a highly destructive process that induces a
wide variety of alterations in the structure and func-
tion of cellular membranes (2), and an important
cause of certain diseases or disorders, like diabetes
mellitus, gastric ulcer, neurodegenerative diseases
(3), atherosclerosis (4), aging (5) etc. Indomethacin-
induced gastric mucosal damage (6) and doxoru-
bicin-induced cardiomyopathy (7) are the conse-
quences of drug-induced lipid peroxidation and
reactive oxygen species (ROS) formation. 

A drug may also induce changes in plasma
lipid profile (8-11). A lipid profile is a measure of
three components: cholesterol (Ch), triglycerides
(Tg), and lipoproteins (LP) (high and low density).
Total cholesterol (TCh) comprises all the cholesterol
found in various lipoproteins, such as high density
LP (HDL), low density LP (LDL) and very low den-
sity LP (VLDL). High density lipoprotein choles-
terol (HDL-Ch) is believed to play a key role in the

process of reverse cholesterol transport that pro-
motes the efflux of excess cholesterol from vessel
wall to the liver for excretion (12, 13). On the con-
trary, low density lipoprotein cholesterol (LDL-Ch)
contains the high percentage of cholesterol, and is
responsible for cholesterol deposit on the arterial
wall, resulting in coronary symptom like atheroscle-
rosis. Very low density lipoprotein cholesterol
(VLDL-Ch) is a large group of macromolecules syn-
thesized and secreted mainly by liver and intestinal
mucosal cells, and contains large quantities of Tg
(14). Tg is the neutral fat metabolite found in the tis-
sue and blood and may contribute to the disorders
related to coronary heart disease (CHD) (15).
Phospholipid (PL) is one of the major components
of total lipid (TL) present in the biological mem-
brane. Evidence suggests that oxidized PL (a major
lipid of LDL-Ch) is formed in atherogenesis and
plays an important role in the oxidative modification
during LDL-Ch oxidation (16). Elevated lipid pro-
file is associated with many diseases. Diabetic
patients have increased level of TCh, Tg, LDL-Ch,
VLDL-Ch and decreased level of HDL-Ch (17).
CHD is also associated with elevated level of blood
TCh, Tg, LDL-Ch and decreased HDL-Ch (18).
Blood TCh, HDL-Ch and LDL-Ch are found to be
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inversely associated with incidence of cancer like
leukemia and Hodgkinís disease, but Tg is found to
be significantly elevated in patients (19). In AIDS
patients, disease progression is accompanied by a
decrease in TCh, HDL-Ch and LDL-Ch, and
increase in Tg and VLDL-Ch levels (20). Patients
with chronic kidney disease (CKD) are at an
increased risk for cardiovascular disease and have a
higher prevalence of hyperlipidemia (21).

Clindamycin is a lincosamide antibiotic similar
in mechanism of action and spectrum of activity to
erythromycin (22). It inhibits most gram positive
cocci, C. diphtheriae, Nocardia, Actinomyces,
Toxoplasma, but the distinctive feature is its high
activity against a variety of anaerobes specially
Bact. fragilis. But the use of this antibiotic is
restricted due to the development of adverse reac-
tions including pseudomembranous enterocolitis
which is potentially fatal (22). In the present in vivo
study, an attempt has been made to evaluate the lipid
peroxidation induction and lipid profile alteration
potential of clindamycin and their subsequent con-
trol on ascorbic acid co-administration. Ascorbic
acid, a promising antioxidant, has free radical scav-
enging capacity (23, 24). Use of antioxidants as
adjuvant therapy may become a promising approach
(8, 9, 25) in reducing drug-induced abnormalities.
Alteration of lipid profile, which may occur due to
drug effect, is also regulated by antioxidant ascorbic
acid.

EXPERIMENTAL

Lipid peroxidation induction potential of the
drug was measured by estimating laboratory mark-
ers, like malondialdehyde (MDA), 4-hydroxy-2-
nonenal (4-HNE), reduced glutathione (GSH) and
nitric oxide (NO) levels, and lipid profile alteration
ability was measured by estimating TCh, HDL-Ch,
Tg, LDL-Ch, VLDL-Ch, PL and TL levels. New
Zealand white rabbits (Oryctolagus cuniculus) were
used as animal model. All the reagents used in the
study were of analytical grade. The design of the
study protocol was approved by Institutional Animal
Ethical Committee.

Collection of blood

Animals were divided into different experi-
mental groups: control (C), drug treated (D), drug
co-administered with antioxidant (DA) and only
antioxidant treated (A). The drug, clindamycin was
administered intramuscularly at a dose of 30 mg/kg
body weight (26) to animal groups marked as D and
DA. The antioxidant, ascorbic acid was adminis-

tered at a dose of 40 mg/kg body weight (27) to ani-
mal groups marked as DA and A. Blood was col-
lected from marginal ear vein of animal after 3 and
24 h of drug and/or antioxidant administration and
the samples were subjected to test for determination
of effect of drug and antioxidant on peroxidation
parameters and lipid profiles.

Determination of lipid peroxidation

Drug-induced lipid peroxidation was measured
by estimating the content of MDA, 4-HNE, GSH
and NO in blood sample. Determination was done
by precipitating the protein substances using
trichloroacetic acid (10% w/v). The protein free
samples were used for estimation of lipid peroxida-
tion parameters as follows:

Estimation of MDA
The protein free sample was added to equal

volume of thiobarbituric acid (TBA) and heated in a
boiling water bath for 30 min. The absorbance of the
pink colored sample was measured at 530 nm
against a blank (28). The concentration of MDA
present in the sample was estimated from the stan-
dard curve prepared using tetraethoxypropane (TEP)
and TBA (1 : 1).

Estimation of 4-HNE 
The sample was mixed (1 : 1) with 2,4-dinitro-

phenylhydrazine (DNPH) solution (100 mg% in 0.5
M HCl) and incubated at room temperature for 1 h.
The mixture was extracted with hexane followed by
addition of methanol. The absorbance of the
methanol sample was measured at 350 nm (29). The
concentration was estimated from the standard
curve.

Estimation of GSH 
GSH was measured by reacting the sample

with 5,5í-dithiobis-(2-nitrobenzoic acid) (DTNB) to
give a color complex (Ellmanís method) (30). The
protein free sample was mixed with DTNB (1 : 3)
solution (0.01% in phosphate buffer 0.1 M, pH 8)
and absorbance of the solution was measured at 412
nm against a blank. Concentration of GSH present
in the blood samples was estimated from the stan-
dard curve.

Estimation of NO 
NO content was determined by reaction with

Griess reagent [1 : 1 sulfanilamide (1% w/v in 3 M
HCl) and 0.1% w/v N-(1-naphthyl)ethylenediamine
dihydrochloride]. The pH of the mixture was adjust-
ed to 6.7 with Na2HPO4 and the absorbance of the
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solutions was measured at 540 nm (31). The con-
centration of NO was estimated from the standard
curve.

The percent changes in peroxidation parame-
ters, MDA, GSH, 4-HNE, and NO levels of differ-
ent samples at different hours of interval were cal-
culated with respect to the control. 

Determination of lipid profiles

Drug-induced changes in lipid profile were
measured by estimating the level of TCh, HDL-Ch,
LDL-Ch, VLDL-Ch, Tg, PL and TL in the blood
serum. The commercially available enzyme kits
used for estimation of lipid profiles were obtained
from Span Diagnostics Ltd., Surat, India and Labkit,
Barcelona, Spain. 

Estimation of TCh
The total cholesterol was estimated by choles-

terol oxidase (CHOD) ñ peroxidase aminoantipyrine

phenol (PAP) method (32, 33). Ten microliters of
blood serum was mixed with 1 mL of cholesterol
reagent, containing Goodís buffer pH 6.7, choles-
terol esterase, cholesterol oxidase, peroxidase, 4-
aminoantipyrine and stabilizers. The mixture was
incubated at 37OC for 10 min. The absorbance was
measured at 505 nm against cholesterol reagent as
blank. The concentration of TCh was calculated
from the standard curve prepared using cholesterol
standard samples.

Estimation of HDL-Ch
Estimation of HDL cholesterol was done using

CHOD ñ PAP method (33). Two hundred micro-
liters of serum was mixed with 200 µL of precipitat-
ing reagent containing PEG 6000 (200 mM/L), sta-
bilizer and preservative. The mixture was kept at
room temperature for 10 min and centrifuged for 15
min at 2000 rpm and the clear supernatant was sep-
arated. 100 µL of supernatant was mixed with 1 mL

Table 1. Percent changes in lipid peroxidation parameters with respect to control. 

Average ((± SE) % change at time interval

Parameter 3 h 24 h

D DA A
ANOVA and multiple 

D DA A 
ANOVA and multiple 

comparison comparison  

F1 = 295.53 (df 2,8) F1 = 98.20 (df 2,8)
F2 = 1.83 (df 4,8) F2 = 1.49 (df 4,8)

MDA 8.19 4.02 -8.60 Pooled variance = 1.29 2.01 0.55 -2.34 Pooled variance = 0.25
(± 0.71) (± 0.29) (± 0.62) LSD = 1.56 (± 0.29) (± 0.24) (± 0.17) LSD = 0.69

Ranked means$ Ranked means$

= (D) (DA) (A) = (D) (DA) (A)  

F1 = 177.69 (df 2,8) F1 = 64.44 (df 2,8)
F2 = 2.04 (df 4,8) F2 = 1.42 (df 4,8)

4-HNE 7.14 3.16 -8.79 Pooled variance = 1.93 2.23 0.87 -2.49 Pooled variance = 0.46
(± 1.02) (± 0.64) (± 0.29) LSD = 1.91 (± 0.51) (± 0.14) (± 0.16) LSD = 0.93

Ranked means$ Ranked means$

= (D) (DA) (A) = (D) (DA) (A)  

F1 = 85.49 (df 2,8) F1 = 9.02 (df 2,8)
F2 = 0.84 (df 4,8) F2 = 1.19 (df 4,8)

GSH -7.56 -3.77 4.46 Pooled variance = 2.20 -2.05 0.17* 1.27 Pooled variance = 1.58
(± 0.67) (± 0.42) (± 0.78) LSD = 2.04 (± 0.15) (± 0.94) (± 0.31) LSD = 1.73

Ranked means$ Ranked means$

= (D) (DA) (A) = (D) (DA, A)

F1 = 86.06 (df 2,8) F1 = 74.05 (df 2,8)
F2 = 1.11 (df 4,8) F2 = 1.91 (df 4,8)

NO -10.09 -5.43 17.72 Pooled variance = 12.88 -4.84 -4.01 6.06 Pooled variance = 2.48
(± 1.13) (± 0.61) (± 2.51) LSD = 4.94 (± 0.65) (± 0.87) (± 0.86) LSD = 2.17

Ranked means$ Ranked means$

= (D, DA) (A) = (D, DA) (A)

Average (of 5 animal sets) percent changes with respect to control of corresponding hours are shown. Reproducibility measured by ëtí test and the values
are significant at p < 0.05 except marked with* F1 and F2 correspond to variance ratio between samples and between animals, respectively. LSD means
critical difference according to the least significant difference procedure. D, DA and A indicate clindamycin-treated, clindamycin and ascorbic acid-treat-
ed and only ascorbic acid-treated, respectively. SE = standard error (df = 4); df = degrees of freedom. $ denotes that two means not included within the
same parenthesis are statistically significantly different at p < 0.05
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of cholesterol reagent and incubated at 37OC for 10
min. The absorbance was measured at 505 nm. The
concentration of HDL-Ch was calculated from a
standard curve prepared using HDL-Ch standard
samples.

Estimation of LDL-Ch and VLDL-Ch
Friedewaldís equations (34) were used to cal-

culate concentrations of LDL-Ch and VLDL-Ch in
the samples.
LDL-Ch content = TCh content ñ (Tg content / 5)

ñ HDL-Ch content
VLDL-Ch content = Tg content / 5

Estimation of Tg 
Ten microliters of serum was mixed with 1 mL

of Tg mono reagent containing pipes buffer, 4-
chlorophenol, magnesium, ATP, lipase, peroxidase,

glycerol kinase, 4-aminoantipyrine, glycerol-3-
phosphate oxidase, detergents, preservative and sta-
bilizer. The mixture was incubated at 37OC for 10
min. The absorbance of the solution was measured
at a wavelength of 505 nm (33, 35). The concentra-
tion of Tg was calculated from a standard curve pre-
pared using Tg standard samples.

Estimation of PL
Ten microliters of blood serum was mixed with

1 mL of reagent containing TRIS buffer pH 7.55,
dichlorophenol, phospholipase D, choline oxidase,
peroxidase and 4-aminophenazone. The mixture
was incubated for 5 min at 37OC and the absorbance
of the solution was measured at a wavelength of 505
nm (36). The concentration of PL was calculated
from a standard curve prepared using PL primary
standards.

Figure 1. Effect of clindamycin and ascorbic acid on lipid peroxidation parameters. D, DA and A denote clindamycin treated, clindamycin-
ascorbic acid treated and only ascorbic acid treated animals, respectively, MDA = malondialdehyde, 4-HNE = 4-hydroxy-2-nonenal, GSH
= reduced glutathione, NO = nitric oxide
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Estimation of TL
Hundred microliters of serum was mixed with

2.5 mL of sulfuric acid, heated for 10 min in a boil-
ing water bath (100OC) and then cooled in iced
water. Fifty microliters of the acid digested sample
was mixed with 1 mL of phosphovanillin reagent
and incubated for 15 min at 37OC. The absorbance
was measured at a wavelength of 520 nm (37, 38).
The concentration of TL present in the sample was
calculated from a standard curve prepared using TL
primary standards.

The percent changes in TCh, HDL-Ch, LDL-
Ch, VLDL-Ch Tg, PL and TL levels of different
samples at different time intervals were calculated
with respect to the control.

RESULTS AND DISCUSSION

Results of the study are presented in Tables 1,
2 and are further illustrated in Figures 1, 2. The

results were statistically validated by analysis of
variance (ANOVA) followed by multiple compari-
son using a least significant difference procedure
(39, 40). From Table 1 and Figure 1, it is evident
that clindamycin has low but significant lipid perox-
idation induction potential that might cause eleva-
tion of MDA and 4-HNE contents, which were
found to be the end products of lipid peroxidation
(41) and involved in drug-induced toxicity (6, 7).
When ascorbic acid was co-administered, it reduced
the elevated levels of MDA and 4-HNE. Results
(Table 1 and Figure 1) also showed the reduction in
GSH and NO contents that might be due to peroxi-
dation induction capacity of clindamycin. GSH and
NO are related to the antioxidant defense mecha-
nism (42, 43) of the body. Again, when animals
received both drug and antioxidant, the GSH and
NO levels are elevated with respect to the drug treat-
ed group. Levels of these parameters are increased
compared to the control group in animals which

Figure 2. Effect of clindamycin and ascorbic acid on lipid profile. D, DA and A denote clindamycin treated, clindamycin-ascorbic acid
treated and only ascorbic acid treated animals, respectively. TCh = total cholesterol, Tg = triglyceride, LDL-Ch = LDL cholesterol,
VLDL-Ch = VLDL cholesterol, HDL-Ch = HDL cholesterol, PL = phospholipid, TL = total lipid
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received only ascorbic acid. This increased GSH
and NO contents indicate the antiperoxidative
potential of ascorbic acid (8, 9, 25).

Drug-induced alteration in lipid profile and
their control by ascorbic acid are illustrated in Table

2 and Figure 2. From the results, it is evident that
clindamycin slightly elevated the levels of TCh,
LDL-Ch, VLDL-Ch and Tg, which are further
decreased upon co-administration of ascorbic acid.
Both Table 2 and Figure 2 showed a reduced level of

Table 2. Percent changes in lipid profile contents with respect to control. 

Average ((± SE) % change at time interval

Parameter 3 h 24 h

D DA A
ANOVA and multiple 

D DA A 
ANOVA and multiple 

comparison comparison  

F1 = 125.46 (df 2,8) F1 = 37.67 (df 2,8)
F2 = 0.31 (df 4,8) F2 = 0.34 (df 4,8)

TCh 7.19 3.00 -7.78 Pooled varianc e= 2.37 2.93 1.21 -2.56 Pooled variance = 1.04
(± 0.63) (± 0.49) (± 0.67) LSD = 2.12 (± 0.25) (± 0.25) (± 0.60) LSD = 1.40

Ranked means$ Ranked means$

= (D) (DA) (A) = (D) (DA) (A)

F1 = 46.29 (df 2,8) F1 = 24.81 (df 2,8)
F2 = 0.28 (df 4,8) F2 = 0.32 (df 4,8)

Tg 8.23 4.04 -9.11 Pooled variance = 8.84 2.56 0.62 -2.23 Pooled variance = 1.17
(± 1.09) (± 0.45) (± 1.62) LSD = 4.09 (± 0.49) (± 0.35) (± 0.41) LSD = 1.49

Ranked means$ Ranked means$

= (D) (DA) (A) = (D) (DA) (A)  

F1 = 15.75 (df 2,8) F1 = 13.06 (df 2,8)
F2 = 0.25 (df 4,8) F2 = 0.14 (df 4,8)

LDL-Ch 32.48 14.75 -34.92 Pooled variance = 387.33 16.00 6.69 -11.55 Pooled variance = 75.21
(± 7.90) (± 4.91) (± 9.36) LSD = 27.12 (± 3.84) (± 1.14) (± 4.01) LSD = 11.95

Ranked means$ Ranked means$

= (D, DA) (A) = (D, DA) ( A)

F1 = 46.29 (df 2,8) F1 = 24.81 (df 2,8)
F2 = 0.28 (df 4,8) F2 = 0.32 (df 4,8)

VLDL-Ch 8.23 4.04 -9.11 Pooled variance = 8.84 2.56 0.62 -2.23 Pooled variance = 1.17
(± 1.09) (± 0.45) (± 1.62) LSD = 4.09 (± 0.49) (± 0.35) (± 0.41) LSD = 1.49

Ranked means$ Ranked means$

= (D) (DA) (A) = (D) (DA) (A)  

F1 = 46.51 (df 2,8) F1 = 18.56 (df 2,8)
F2 = 0.17 (df 4,8) F2 = 0.11 (df 4,8)

HDL-Ch -8.45 -4.48 9.01 Pooled variance = 8.99 -4.18 -1.57 1.95 Pooled variance = 2.54
(± 1.32) (± 0.71) (± 1.28) LSD = 4.13 (± 0.71) (± 0.34) (± 0.66) LSD = 2.19

Ranked means$ Ranked means$

= (D, DA) (A) = (D) (DA) (A)

F1 = 33.05 (df 2,8) F1 = 41.26 (df 2,8)
F2 = 3.68 (df 4,8) F2 = 7.20 (df 4,8)

PL -6.30 -9.99 -5.05 Pooled variance = 0.99 -2.74 -4.28 -1.84 Pooled variance = 0.18
(± 0.76) (± 0.54) (± 0.50) LSD = 1.37 (± 0.34) (± 0.43) (± 0.17) LSD = 0.58

Ranked means$ Ranked means$

= (D, A) (DA) = (D) (DA) (A)

F1 = 94.67 (df 2,8) F1 = 24.70 (df 2,8)
F2 = 7.73 (df 4,8) F2 = 4.61 (df 4,8)

TL -6.03 -10.50 -4.20 Pooled variance = 0.55 -3.07 -4.67 -1.60 Pooled variance = 0.48
(± 0.49) (± 0.79) (± 0.45) LSD = 1.02 (± 0.49) (± 0.58) (± 0.21) LSD = 0.95

Ranked means$ Ranked means$

= (D) (DA) (A) = (D) (DA) (A)  

Average (of 5 animal sets) percent changes with respect to control of corresponding hours are shown. Reproducibility measured by ëtí test and the values
are significant at p < 0.05. F1 and F2 correspond to variance ratio between samples and between animals, respectively. LSD means critical difference
according to the least significant difference procedure. D, DA and A indicate clindamycin-treated, clindamycin and ascorbic acid-treated and only ascor-
bic acid-treated, respectively. SE = standard error (df = 4); df = degrees of freedom. $ denotes that two means not included within the same parenthesis
are statistically significantly different at p < 0.05
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HDL-Ch in drug treated animals with respect to con-
trol. The group receiving both drug and antioxidant
showed increased level of HDL-Ch than the drug
treated group, while only antioxidant treated group
showed elevated level of HDL-Ch in comparison to
control animals. Elevation in TCh, LDL-Ch, VLDL-
Ch, Tg contents and reduction in HDL-Ch may be
linked with drug-induced alteration in lipid profile
(8, 9, 44-46), though changes in lipoprotein level
may also happen as a result of drug-induced protein
metabolism (47). The results further corroborated
with lipid peroxidation induction potential of the
drug that caused elevation of TCh, Tg, LDL-Ch and
VLDL-Ch and reduction in HDL-Ch levels (8, 9).
The present study also showed that the liposuppres-
sive effect of the antioxidant ascorbic acid plays a
beneficial role to minimize abnormal lipid profile
alteration including increased lipid peroxidation
(48-51). Ascorbic acid is not only an antioxidant but
also an important antihyperlipidemic agent. From
Table 2 and Figure 2 it was also found that there is
a reduction in PL and TL contents in all animal
groups. In case of drug treated group, the reduction
in PL and TL contents might be due to binding abil-
ity of the drug with lipids (52). The efficient binding
capacity of the drugs to PL and TL might cause sig-
nificant reduction of those parameters, and
increased level of peroxidation parameter like MDA
(53, 54). 

In both figures, similar pattern of changes
occurs in both 3 and 24 h time period, but the extent
of change is more prominent in the former. This dif-
ference may be due to significant elimination of the
drug and antioxidant from the body within 24 h.

The drug ñ clindamycin ñ is found to be effec-
tive in the treatment of many bacterial infections
(22) and has also mild lipid peroxidation induction
potential. The drug-induced changes in lipid pro-
file may be correlated with its lipid peroxidation
induction potential. Some of the toxicities of clin-
damycin may be linked with its lipid peroxidation
induction capacity and that can be effectively con-
trolled on co-administration of ascorbic acid, hav-
ing free radical scavenging capacity (23, 24). The
concept of antioxidant co-therapy may be exploit-
ed during future formulation design with an aim of
reducing drug-induced adverse reactions and toxi-
cities. Moreover, lipid peroxidation induction as
well as lipid profile alteration capacity of a drug
may be tested at the individual level to determine
the extent of risk from the drug in case of a partic-
ular individual in view of variable in vivo antioxi-
dant defense and accordingly, the decision about
safe use of a drug and necessary co-administration

of antioxidant may be taken. Thus, the antioxidant
co-therapy approach will be an effective tool for
the physicians to reduce possibilities of drug-relat-
ed hazards. This may lead to enhancement of
patient compliance and improvement of therapeu-
tic index of the drug.
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