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Problems in therapy of pediatric patients have
been focused for last years. Many drugs are routine-
ly prescribed by physicians although they are not
approved by registration agencies for use in infants
or children. To reduce this problem much attention
in European legislation is already paid to develop-
ment of suitable medicines for children taking into
consideration appropriate routes of administration,
dosage form, excipients, taste/palatability and deliv-
ery devices (1). Liquid orals are easiest to adminis-
ter for patients who cannot swallow or have swal-
lowing difficulty of solid dosage forms. Since many
drugs are sold as tablets, therefore, modification of
the commercial forms is necessary. This modifica-
tion at home consists in crushing, cutting into small-
er segments, removing the content from the capsules
and finally mixing with food or liquids. In pharma-
cies extemporaneous pediatric preparations are also
made, however, the final formulation depends on the
geographical region: in Poland, Finland or Italy
pharmacists prepare powders in capsules (starch or
gelatin) or in sachets, while for example in USA,

Sweden, Portugal or Spain more frequently the
syrups and suspensions are prepared. In the latter
practice commercial suspending vehicles/syrups are
very helpful (2, 3). The liquid preparations are ready
for administration, however, their stability may be
problematic and the pharmacist has to take responsi-
bility to determine proper storage conditions,
including the beyond-use date.

Each extemporaneously prepared dosage
form is unique in its physical and pharmaceutical
properties and the pharmacist must carefully
ensure compatibility and stability of the used
ingredients. Extemporaneous oral liquid dosage
forms with active substances may be prepared
according to a published formulary (e.g., in
Portugal) or instructions in some other publica-
tions. Sometimes the formulation is developed
locally and the drug is classified as a special prod-
uct (e.g., in the UK) (4, 5). However, in many
countries availability of bulk drug substances for
compounding practice is very limited and commer-
cial drug products (tablets or content of capsules)
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are used instead. This means that excipients pres-
ent in these products are also introduced to the
compounded formulation, what can result in unex-
pected physicochemical interactions. This makes
the stability issue more complex and, for formula-
tions prepared from tablets or capsules, any pub-
lished data considering particular drug products
and suspending media are very helpful.

For oral liquids in European formulary practice
the universal, commercial suspending vehicles are
used (for example: OraÆ-products). They consist of
suitable preservatives (methylparaben, potassium
sorbate) and flavors. These vehicles allow to spare
time for preparing formulation, mask unpleasant
taste and provide conditions which make the prepa-
ration more stable. However, not always commer-
cial multicomponent suspending media are compat-
ible with the drug or components of the used tablets
or capsules. For that reason other simple media can
be also proposed.

The purpose of the current study was to pro-
pose composition of stable extemporaneous pedi-
atric oral liquids with propranolol hydrochloride or
theophylline, compounded from bulk drug sub-
stance or from tablets. The tablets used for com-
pounding the syrups were products available on
Polish market. Three suspending vehicles were

studied. While considering therapeutic dosage
range in the pediatric group of the age from 0 to 12
years, two concentrations of liquids were necessary
to make possible dosage in volumes suitable for
swallowing by children in the whole age range
(suitable volume for children under 5 years is below
5 mL and under 10 years ñ below 10 mL). To
ensure this, syrups with propranolol HCl were pre-
pared in concentrations: 2 mg/mL and 5 mg/mL,
while for theophylline the concentrations were 25
mg/mL, and 50 mg/mL. The stability of the prepa-
rations was determined during 35 days of storage at
25OC and 4OC.

Propranolol hydrochloride (P) is a white odor-
less crystalline powder with a bitter taste. The solu-
bility in water is approximately 50 mg/mL. The pH
of 1% aqueous solution is 5ñ6, however, the maxi-
mum stability of propranolol HCl was reported
around pH 3.0, while at alkaline pH the substance
undergoes rapid decomposition (9). P has well doc-
umented safety in therapy of cardiac diseases in
children. As a non-selective fl-blocker is commonly
used in the treatment of hypertension and ventricu-
lar or supraventricular tachycardia. Recent studies
have found P to be a novel drug for treatment of
hemangiomas in pediatric patients. Because of the
variable bioavailability of P, the therapeutic dose

Table 1. Composition of liquid vehicles used in the study [% w/w].

M 1Ingredients
(Ora-SweetÆ) 

M 2 M 3 M 4

Sucrose 53.96 54.0 54.0

Glycerol 4.84 5.0 5.0

Sorbitol 5.51 4.0 4.0

Sodium
phosphate 0.58 ñ ñ
monobasic

Sodium 2%
phosphate ñ 0.12 ñ Methylcellulose

dibasic solution

Citric acid 0.06 0.25 ñ

Potassium
sorbate

0.08 0.1 ñ

Methylparaben 0.03 0.1 ñ

Flavor 1.24 ñ ñ 

Water to 100.0 to 100.0 to 100.0

pH 4.2 4.2 7.3 6.0

Viscosity
[mPas]

72 50 62 100
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should be individualized and the average dosage is
0.5ñ4.0 mg/kg/24 h to maximum 5ñ10 mg/kg/24 h
(10ñ14). 

Because of good solubility of P in water (50
mg/mL) it would be easy to achieve extemporane-
ous syrups with the drug completely dissolved, how-
ever, solution-type preparations were obtained only
when a bulk substance was used. Because excipients
present in tablets are mostly insoluble in water,
therefore, the extemporaneous suspensions from the
P tablets were obtained, however, the sediment was
formed only by the excipients from tablets.

Theophylline (T) is a white, odorless crys-
talline powder with a bitter taste and occurs in anhy-
drous or monohydrate form. It is slightly soluble in
water (8.3 mg/mL). The pH of aqueous solutions is
3.5ñ6 and due to pKa of 8.8 its solubility increases
with increasing pH (6, 7). As an antiasthmatic drug
T is used in children in daily therapeutic doses: 5ñ10
mg/kg b.w. Commercially available tablets or cap-
sules with theophylline are in doses intended for
adults (100, 300 mg) and often are in extended-
release form. A special care should be paid to the
modified-release formulations since their splitting
or crushing in order to receive smaller doses is not
allowed (8). 

EXPERIMENTAL

Chemicals and reagents

Theophylline anhydrous (T) was purchased
from Sigma-Aldrich (Steinheim, Germany), propra-
nolol hydrochloride (P) was kindly donated by Polfa
Warszawa SA, Poland. Tablets used to prepare liq-
uids were: Theovent 100Æ (theophylline 100 mg,
tablet mass 177 mg, GlaxoSmithKline) and
Propranolol WZFÆ (propranolol hydrochloride 40
mg, tablet mass 249 mg, Polfa Warszawa).

Ora-SweetÆ was purchased from Paddock
Laboratories (Minneapolis, USA). Media M2ñM4
were prepared from chemicals, which were of ana-
lytical grade and their composition is presented in
Table 1. 

The following chemicals were used in HPLC
analysis and were of HPLC-grade: acetonitrile
(POCH, Gliwice, Poland), methanol (J.T.Baker,
Deventer, Netherlands), ortho-phosphoric acid
(Fluka, Steinheim, Switzerland) and triethylamine
(Fisher Scientific, Loughborough, United
Kingdom). 

In a spectrophotometric analysis of T methanol
(Chempur, Piekary Slaskie, Poland) of analytical
grade was used.

Procedure for the preparation of liquids

Liquids with P were prepared in two pediatric
doses (2 mg/mL and 5 mg/mL) from drug sub-
stances (PS 2, PS 5) or tablets (PT 2, PT 5). Liquids
with T were prepared either from drug substance
(TS 25, TS 50) or from tablets (TT 25, TT 50) at
drug concentration 25 mg/mL or 50 mg/mL. The
suspensions (TS, TT, PT) were compounded in a
mortar, by adding the media (M1ñM4) to the drug
substance or to powdered tablets. Because of the
reported best stability for P at around pH 3.0, all liq-
uids with P were adjusted to this value using citric
acid solution (0.01 mol/L). Each formulation was
stored for 35 days in amber bottles, in a dark place
at 25OC and 4OC.

Additional preparations were made for T in
order to study the effect of compounding technique
on the physical stability of liquids. 

To eliminate assumption that the intensive
grinding of T substance or mass tablet with media in
a mortar affected the drug crystallization in the
resulting syrups, various preparation techniques
were used. The T substance or powdered tablet mass
was dissolved/dispersed directly in the vehicle using
a magnetic stirrer, without making a concentrate in
a mortar. Then, the mixture was transferred to the
bottle, the appropriate amount of a vehicle was
added and the mixture was shaken for at least 2 min.

Analysis

For all preparations the pH and viscosity (rota-
tional viscometer Viscotester 6 Plus, Thermo Haake,
Karlsruhe, Germany) were tested and microscopic
(Motic BA400 biological microscope, Moticon,
Germany), visual (color) and odor observations, as
well as taste evaluation were performed during sta-
bility studies.

The T assay was performed spectrophotometri-
cally (Hitachi U-1800 spectrophotometer). The
assay for P was performed using the HPLC system
consisting of an Agilent Technologies 1200 chro-
matograph, equipped with a binary pump, thermo-
stat, degasser and diode array detector. 

Analysis of propranolol hydrochloride 

The stability-indicated HPLC assay was devel-
oped by modification based on the previously
reported methods (15ñ18). An isocratic separation
was carried out on an Eclipse XDB-C18 column
(particle size 5 µm, 4.6 ◊ 150 mm). The mobile
phase was composed of methanol/acetonitrile/phos-
phate buffer (0.064 mol/L, pH 3.0) 20 : 15 : 65
(v/v/v) with 0.2% (w/v) of triethylamine and with
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the pH adjusted to 3.0. The flow rate was 1 mL/min.
The samples of each liquid (1.0 mL) were diluted (to
100 mL) with methanol. A 20 µL aliquots were
injected and analyzed with the UV detection at 291
nm. Chromatographic retention time of propranolol
was about 11 min. It was ensured that other compo-
nents of the preparations did not interfere with the
peak of P on a chromatogram (Fig. 1). Concen-
trations of P were determined from the calibration
curve obtained for standard solutions.

Analysis of theophylline 

Samples from each compounded suspension
were withdrawn (1.0 mL) and diluted (to 25.0 mL)
with methanol. The solution was filtered through a
filter paper and 100 µL was diluted to 10.0 mL with
methanol. The samples were assayed in triplicate at
an analytical wavelength 273 nm. Methanol was
used as a reference solution. Concentrations of T in
each sample were determined from the calibration
curve (19).

Figure 1. Representative chromatograms of propranolol hydrochloride (2 mg/mL) in a syrup prepared from tablets with M1 vehicle: after
preparation (A) and after 35 days of storage at 25OC (B).



Stability of extemporaneous pediatric oral liquids compounded from... 141

RESULTS AND DISCUSSION 

Propranolol hydrochloride

Extemporaneous liquids with P were pre-
pared using three different media: commercial
syrup ñ Ora-SweetÆ (M1) and compounded media
M2 and M3. Medium M2 was prepared according
to the US monograph Vehicle for oral solution and
M3 medium was a sucrose syrup (54% w/w) with
sorbitol and glycerol (Table 1) (20). The vehicles
M1 and M2 contain a mixture of methylparaben
and potassium sorbate as preservatives. Neither
detectable changes in color or odor and taste, nor
visual microbial growth were observed in any for-
mulation prepared with P, stored at 25OC or 4OC, in
spite of the fact that possibility of fungal growth
was reported if P was compounded with media
without preservatives (9). Although we did not
observe any microbial growth in a preservative-
free M3 medium, however, according to the USP
guidelines only 14 days expiry date can be pro-
posed when a compounded liquid does not contain
preservatives.

Each formulation with P prepared with M1,
M2 or M3 had the same sweet taste but with various
intensity. However, slight bitter aftertaste in all P
formulations was detected either. Liquids prepared
with M1 were the most palatable because of the cit-

rus-berry sweet flavor coming from Ora-SweetÆ.
The palatability of P liquids was determined by an
adult person in a swill and spit test (21). Samples of
P liquid were tested by swilling in the mouth for 30
s without swallowing and then were spat out. The
mouth was washed by mineral water after each test-
ed sample. Taking into consideration that the sense
of taste and smell in children is different from that of
adults, the palatability of P liquids was conducted
only as a screening test. 

As a hydrochloride salt, P demonstrates good
solubility in water (see above). Precipitation of the
active substance was not observed during the study
period in syrups prepared from the substance dis-
solved in M1 and M3 and stored at 4OC or 25OC.
Because of good solubility of P in water the sedi-
ment in formulations prepared from tablets was
formed only by the insoluble tabletís excipients
(tablets of Propranolol 40 are white and uncoated,
consisting of lactose monohydrate, sucrose, starch,
talc, magnesium stearate and Povidone K25). The
sediment was downy and easily re-suspendable after
shaking, thus homogeneity of the formulation was
not problematic, which is very important for accu-
rate dosing. The microscopic analysis revealed no P
crystals but other particles, e.g., starch grains, with
size not exceeding 20 µm, were not growing during
the study period. 

Figure 2. Change in viscosity [mPas] of liquids with propranolol hydrochloride (PS2 and PT2 ñ 2 mg/mL and PS5 and PT5 ñ 5 mg/mL)
prepared with M1 vehicle from the substance (PS) or from tablets (PT) and stored for 35 days at 25OC and 4OC (mean ± S.D.; n = 3).
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The time for complete sedimentation of tablet
particles was long: the longest in M3 (28 days) while
the earliest separation was observed in M1 and M2 (7
days). In M2 preparations stored at 4OC after one
week, the crystallization was observed, however, it
was found that high concentration of citric buffer
caused the problem. To eliminate assumption that P
crystallized, the vehicle M2 without the active drug
with pH value adjusted to 3.0, was stored at 4OC and
it was found that similar crystallization occurred
after 7 days. Qualitative inorganic analysis also indi-
cated that the citric ions formed crystals.

The pH is a very important parameter for phys-
ical and chemical stability of the liquid formula-
tions. The pH of all liquids with P was adjusted to
3.0 and there were no significant changes in pH dur-
ing storage for 35 days at 4OC or 25OC. 

Liquids were also evaluated for the change of
viscosity. After combining drug substance or pow-
dered tablets with the vehicle the increase of viscos-
ity was recorded. Considering the high ratio of
excipients to drug substance in P tablets (5 : 1), the
effect of excipients on viscosity was minor, result-
ing in similar viscosity of PS and PT syrups.
Significant growth of the viscosity was observed

after 7 days, what was generally independent of the
storage conditions and the vehicle used, although in
the PS 2 and PS 5 prepared with M3 such effect was
not recorded. The viscosity changes in liquids pre-
pared with M1 either from the substance or tablets
were similar, demonstrating an initial increase after
7 days with further decrease during the following
days in such a manner that after 14 days this param-
eter was similar or lower than the initial value (Fig.
2). The slight growth of the viscosity in P liquids
prepared from tablets using M2 was noted during
the study period at 4OC and 25OC. The highest
increase was observed in PT 2 and PT 5 stored at
4OC. The viscosity measured on 35th day was 65
mPas and 62 mPas, respectively, while initial values
were 50 mPas and 55 mPas, respectively. In syrups
prepared with M2 from the P substance the viscosi-
ty remained unchanged. Any changes in viscosity
did not result in any application difficulty and were
not seen visually either. 

Good chemical stability of P in suspensions (1
mg/mL) prepared from tablets during storage for
120 days at ambient and refrigerated temperatures
was documented by Henry et al. (22). However,
later stability studies demonstrated numerous physi-

Figure 3. Stability of propranolol hydrochloride in oral liquids (PS2 and PT2 ñ 2 mg/mL and PS5 and PT5 ñ 5 mg/mL) prepared with M1,
M2 or M3 media from the substance (PS) or from tablets (PT), stored for 35 days at 25OC and 4OC (mean values, n = 3).
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cal and visual changes of P formulations (1ñ5
mg/mL) in various vehicles after 12 weeks of stor-
age at 4OC and 30OC (9). In the current study, the
results show that P in oral liquids prepared in M1,
M2 and M3 media, either from the bulk substance or
from tablets, was stable for at least 35 days at 25OC
and 4OC as demonstrated in Figure 3. The acceptable
limit 95ñ105% of the initial concentration was easi-
ly achieved in the majority of the investigated for-
mulations. However, the slight exceptions were
observed, since the HPLC determination of P
showed that after 4 weeks at 4OC and after 5 weeks
at 25OC the per cent of the P remaining in PT 2 pre-
pared with M1 was smaller than 95% but not lower
than 90% of the initial concentration. In liquids PS 2
prepared with M2 the similar changes were
observed either. These deviations from the accept-
able concentration limit can not be associated with
the analytical error since reproducibility of the
method was proved. 

Recommended by USP the beyond-use date for
extemporaneous oral aqueous liquid dosage forms,
i.e., 14 days, was achieved for the preparations
stored at cold temperature. Current study has shown
that P is stable for 35 days at 25OC or 4OC in liquids
prepared with Ora-SweetÆ and M3 vehicles using
either tablets or bulk substance. Even if no microbial
or fungal growth was observed in the non-preserved
M3 medium, it is not sufficient evidence for micro-
biological stability and storage time longer than 14
days should be avoided. Due to crystallization of the
citric buffer in refrigerated formulations prepared
with M2 stability for 35 days can be only achieved
when they are stored at 25OC what is not favorable
for microbiological stability and for this reason
shorter beyond-use date should be proposed. 

Theophylline

No detectable changes in color or odor and
taste were observed in the suspensions prepared
with T during 35 days storage at 25OC or 4OC. Even
in suspensions prepared with the medium without
preservatives (M3) no microbial growth was noted.
Because of high concentrations of T, very strong bit-
ter aftertaste was experienced in all liquids regard-
less of the sweet media flavor. 

Due to low solubility of T in the prepared
syrups the drug occurred as suspension. However, T
was partially dissolved in the aqueous phase and
after one week of storage, both at 25OC and 4OC, in
all media the fast crystallization of this fraction
occurred. The formed crystal sediment was difficult
to disperse by manual shaking. Microscopic analysis
demonstrated crystals in size 60ñ200 µm or bigger.
Therefore, stable extemporaneous suspensions in
the proposed doses (25 mg/mL and 50 mg/mL) were
not obtained, regardless of the starting material
(substance or tablets). In order to avoid re-crystal-
lization methycellulose viscous solution was used as
a suspending medium (M4), however, this was not
helpful, although crystallization appeared later (after
2 days). Figure 1 shows crystals of T in suspensions
prepared from tablets using M3 and M4 media. The
size of the T crystals exceeds 200 µm, but their
shape is different, depending on a vehicle. When the
pH of the suspension (25 mg/mL) was increased to
8.0 crystallization of T from the supersaturated solu-
tion occurred immediately after preparation.

To recognize in which concentration crystal-
lization does not occur, T was introduced to media
at lower concentrations, i.e., 2 mg/mL, 5 mg/mL and
10 mg/mL. All liquids were developed with two var-
ious techniques of preparation, both from tablets or

Figure 4. Crystals of theophylline in liquids at concentration of 25 mg/mL, prepared from tablets with M3 (a) or M 4 (b) suspending vehi-
cle: after 7 days of storage at 25OC.
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a bulk substance. The crystallization of T was not
observed only if the concentration was 2 mg/mL.
However, in this case administered volume of T liq-
uid ensuring therapeutic dose would be too large,
e.g., for 1 year child 50 mL vs. 4 mL if the concen-
tration would be 25 mg/mL. 

Results of the current study showed that pH of
liquids prepared either from the substance or from
tablets remained unchanged and was 6.4 and
6.7ñ7.0, respectively. The initial viscosity values for
TS 25, TS 50, TT 25 and TT 50 liquids prepared
with M3 were 71, 94, 84 and 97 mPas, respectively.
These values were higher than observed for P liq-
uids prepared with the same vehicle, what resulted
from larger quantity of the added drug substance and
tablet mass. However, despite of T crystallization,
viscosity of the TS 25 remained unchanged during
the study period at both temperatures. The highest
increase of viscosity (up to 150 mPas within 7 days)
was observed in TT 50 formulation. 

Johnson et al. (8) evaluated stability of T in
non-alcoholic liquids containing the drug at low
concentration (5 mg/mL) and they demonstrated
good stability of T at least for 90 days in mixtures (1
: 1) of Ora-SweetÆ and Ora-PlusÆ or Ora-SweetÆ SF
and Ora-PlusÆ. Determination of T in liquids
showed that only in the TS 25 and TS 50 prepared
with M3 the initial concentration remained
unchanged (100% and 101%, respectively, after 4
weeks of storage at 25OC). In the other liquids after
2 weeks at both temperatures, the percent of the
determined concentration was even higher than
105% of the initial value, what can be related to the
crystallization problems.

These data demonstrated that stable liquids
with T, prepared from tablets or substance, with
drug concentration 25 mg/mL or 50 mg/mL were
not obtained because of the fast crystallization of T.
Besides, bitter taste of the drug is another serious
problem that makes the compounding of liquid
aqueous preparations with T impossible. Thus, pow-
ders prepared from a substance or from tablets,
mixed before administration with a food is recom-
mended practice in pediatric care.

CONCLUSIONS

Compounded extemporaneous oral liquids
with P may provide flexible and convenient dosage
forms for pediatric patients using both tablets and
bulk powder. Oral pediatric liquids with P, prepared
from tablets or from a substance (at concentrations
of 2 mg/mL and 5 mg/mL) in Ora-SweetÆ (M1) or in
a simple syrup with sorbitol and glycerol (M3), are

stable for at least 35 days when stored either at 25OC
or 4OC. When unpreserved vehicles/syrups are used
for compounded oral liquids, the short-term storage
condition must be considered. Due to better palata-
bility commercial Ora-SweetÆ vehicle is a better
choice. On the other hand, M2 vehicle crystallizes
when the preparations are refrigerated. Although
during storage, the increase of viscosity in the prepa-
rations compounded with M1 and M2 media were
observed, it does not present an application problem. 
Regardless of the pH being unchanged, crystalliza-
tion process of theophylline in all investigated
media remained an unsolved problem what makes
impossible compounding of T liquids in the required
concentrations of 25 mg/mL or 50 mg/mL. 
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