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ABSTRACT

Three groups of pessaries with clindamycin phosphate as the active substance, and with different concentrations of
polysorbate 80 as a surfactant incorporated in the glycerol-gelatin base, were prepared simultaneously. Potential
differences in their dissolution profiles and bioavailability were examined, i.e., the influence of surfactant on the
release of the active substance. Taking into account the difference and similarity factors, there were little differences in
dissolution rates among the tested groups of pessaries with different surfactant concentrations. Therefore, although
the surfactant may help to release the drug, it should be used in the appropriate concentration. The prepared pessaries
were also tested for uniformity of mass and active substance content. The results showed that the tested pessaries
met the pharmacopoeial requirements. This paper focuses on extemporaneously compounded pessaries, because
extemporaneously compounded drugs are preparations mostly used for personalized therapy or during drug deficits.
However, there are few regulations concerning this type of drug and the content of active substance in them is not
monitored. The dissolution test is a method that could potentially be used for auditing extemporaneously compounded

pessaries.
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INTRODUCTION

he production of pharmaceutical extemporaneous
T preparations, which are issued immediately after

the formulation, provide individualization of
therapy, as well as the possibility of choosing the most
suitable substrate for the appropriate active substance,
which also affects efficacy of the drug. The content of
the active substance in extemporaneously compounded
preparations is not subject to control or verification in
everyday pharmacy practice. However, by validating the
technological process of production and quality of the
obtained preparations, the selection of substrates for
extemporaneously compounded preparations can be
optimized. That way, guidelines for the production of
extemporaneously compounded preparations or galenic
formulations, including vaginal preparations, could be
developed to ensure optimal therapeutic efficacy (1, 2).

Vaginal preparations contain one or more active
substances and are intended for vaginal application to
achieve a local effect. They can be liquid, semi-solid, or
solid (3). Ideal vaginal preparations should be safe, easy,
and painless to use, especially because most of them

are designed and intended for self-administration. Also,
they should be characterized with high bioavailability
and acceptability in terms of economy and affordability
(4). The most common type of vaginal preparations are
pessaries that consist of the active substance dispersed or
dissolved in a hydrophilic or lipophilic base. The base can
be dissolved in water and body fluids or can be melted
in contact with body temperature (3). A glycerol-gelatin
base for pessaries is hydrophilic and dissolves in vaginal
fluid, but its dissolution rate depends on the ratio of
glycerol and gelatin used. Gelatin can exist in two states
and switch between them — solid state (at 80 °C) and gel
state (at lower temperatures). As a polypeptide, it creates
3D networks with glycerol and water (4).

When formulating pessaries, some additives need
to be incorporated. According to the International
Pharmaceutical Excipients Council (IPEC), an excipient is
any substance that is not a drug or a precursor of a drug
and is safe to use. Excipients, which are officinal according
to the pharmacopeias of the USA, Europe, and Japan
are considered acceptable (5). Surfactants are added to
achieve emulsification of liquid components by improved
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wetting of the dispersed particles, which consequently
leads to better releasing and spreadability of the active
substance (6).

Within the general monographs of vaginal preparations
in European Pharmacopoeia 9.0 (EP), as well as in
Yugoslav Pharmacopoeia 2000, the following tests
are prescribed: uniformity of dosage units, uniformity
of content, uniformity of mass, and dissolution test,
and for pessaries, vaginal tablets and vaginal capsules
disintegration should also be examined (3, 7). From the
pharmaceutical, technological, and biopharmaceutical
aspects, the rate of dissolution of the active substance
from dosage forms is of particular importance. Testing
the dissolution rate of a drug substance from medicinal
preparations is a useful tool for evaluating drug
preparation during the formulation development phase
for quality control and for testing the stability of the
preparation (8, 9). In addition to showing whether the
dissolution rate of the active substance is in accordance
with the pharmacopoeia requirements, this assay aims to
predict the dissolution rate of the active substance from
the drug in the body after its application in vivo (10, 11).

The dissolution test for solid dosage forms is usually
performed using a United States Pharmacopeia (USP)
dissolution test apparatus Il (paddles). This device consists
of a glass vessel with a working volume of 900 mL and
an agitation system — a two-blade paddle impeller that
rotates in the center of the vessel (3, 12). The amount
of active substance dissolved in the dissolution medium
after the prescribed time is expressed as a percentage
of drug released and is measured from samples taken
after certain time intervals from the medium in the glass
vessel (3).

The vagina, as the unique organ characterized with
epithelium containing specific vaginal flora, vaginal
secretions, and pH (in healthy women it should be 4-5),
serves as a favorable place for local and sometimes
systemic delivery of drugs, considering female
reproductive conditions (13). Bacterial vaginosis is the
most common vaginal condition in women; in a study
conducted in the Republic of Serbia, bacterial vaginosis
was diagnosed in 25% of tested women, while in the US
it is estimated that its prevalence is 29.2% (21.2 million)
among reproductively capable women (19-49 years old)
(14-16). The recommended regimen for the treatment of
bacterial vaginosis includes clindamycin as one drugs of
choice, applied in a dose of 100 mg intravaginally in the
form of a pessary or vaginal cream for 3—7 days (17-19).
Clindamycin, a lincomycin derivative introduced in 1966, is
an important antibiotic active against G-positive aerobes

and anaerobes (20-23). It binds to the bacterial 50S
ribosomal subunit and, as a result, acts bacteriostatically
by inhibition of bacterial protein synthesis (24, 25).

The development of a methodology for testing the
dissolution rate is often the task of the manufacturer or
the appropriate institution that evaluates the preparation.
The aim of this study was to examine potential
differences in the dissolution profiles and bioavailability
of clindamycin phosphate pessaries containing different
concentrations of nonionic surfactant (polysorbate 80),
i.e.,, to examine whether the presence of a surfactant
may affect the release of the active substance. Glycerol-
based hydrophilic pessaries were compounded, tested
for uniformity of mass and active substance content, and
dissolution profiles were analyzed using USP apparatus
2 and high-performance liquid chromatography (HPLC)
as an analytical method for determination of released
clindamycin phosphate in dissolution medium over time.

METHODS

Reagents

Clindamycin phosphate, gelatin, and glycerol (Sigma
Aldrich, Darmstadt, Germany), Tween 80 (polysorbate
80) (Fagron Hellas, Trikala-Larisa, Greece), and liquid
paraffin (Fagron Hellas) were used for the preparation of
pessaries. For making vaginal fluid simulant, the following
reagents were used: sodium chloride, potassium
hydroxide, albumin solution (Superlab, Belgrade, Serbia),
calcium hydroxide, lactic acid, acetic acid, urea, glucose
(Centrohem, Stara Pazova, Serbia), and purified water.

Preparation of Studied Pessaries

Three groups of 20 pessaries were made with surfactant
concentrations of 4%, 5%, and 6% for group A, B, and
C, respectively. Each pessary contained 120 mg of
clindamycin phosphate. The ratio of glycerol, gelatin,
and water in the base was 6:1:2 w/w/w. The appropriate
amount of gelatin was left to swell for 15 minutes in the
prescribed amount of water, after which the mixture was
dissolved by heating in a water bath (Table 1). Glycerol
heated to the same temperature was added. The
dissolved medium was gradually added to a porcelain
mortar with clindamycin phosphate and surfactant.
The base was carefully mixed until homogenized, after
which warm water was added to the prescribed mass.
Finally, the mass was poured into a 2-g plastic mold. As
the displacement value of glycerol-gelatin base is 1.3, 2.6
grams of this base can fit in 2-g molds.

Uniformity of Mass
According to EP, twenty randomly selected pessaries
were individually weighed and the average mass was
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Table 1. Formulations of Studied Glycerol-Gelatin Based Pessaries with Clindamycin Phosphate

Clindamycin phosphate 2.88 2.88 2.88
Glycerol 37.44 37.44 37.44
Gelatin 6.24 6.24 6.24

Polysorbate 80 2.50 3.12 3.74
Purified water 13.34 12.72 12.10
Total 62.40 62.40 62.40

calculated (3). Not more than two pessaries can have
mass that deviates from the average mass more than 5%,
and none should deviate more than 10% (3).

Uniformity of Content

As stated in EP, the dosage form meets the requirements
if the individual content of the active substance
(clindamycin phosphate) in randomly taken 10 dosage
units is within the range of 75-125% of the average
content (3). Not more than one individual content shall be
outside the range of 85-115% of the average content (3).
For this purpose, HPLC was used.

Preparation of Tested Samples for HPLC analysis

The sample (concentration of 80 pg/mL) was prepared
by dissolving one pessary in 50 mL of phosphate buffer
(pH 2.5). The amount of obtained solution corresponding
to the content of 2 mg of active substance (0.83 mL) was
then taken into a normal vessel (25 mL) and filled with
phosphate buffer (pH 2.5). The basic standard solution of
the active substance was made at a concentration of 1000
pg/mL by dissolving 10 mg of clindamycin phosphate in
phosphate buffer (pH 2.5). This solution was later used
for making the working standards (40, 60, 80, 100, and
120 pg/mL) needed to obtain the reference standard
curve (26).

HPLC Analysis

The HPLC analysis was performed according to the method
developed by Stankovic et al. (27). The chromatography
system used was a 1200 series diode array and multiple
wavelength detector (Agilent Technologies, USA), with
Zorbax Eclipse Plus C8 (3 x 150 mm; 3.5 um) as the
column. The mobile phase was a 20:80 v/v mixture of
acetonitrile and phosphate buffer (pH 2.5); flow rate
was set at 0.8 cm3/min, column temperature was 40 °C,
and the detection wavelength was 210 nm. The injected
sample volume was 0.01 cm3.

Dissolution Test

The dissolution test was performed with a DT 126 light
dissolution tester (ERWEKA GmbH, Germany). A paddle
apparatus (USP apparatus 2) with six glass vessels was
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used. The rotation speed was set to 50 rpm and the
temperature of dissolution medium was 37 °C. As the
dissolution medium, 900 mL of vaginal fluid simulant was
used; the composition is given in Table 2 (28, 29). The
test lasted for 30 minutes, and the samples were taken
from the vessel every 5 minutes (at intervals of 5, 10,
15, 20, 25, and 30 min). Sampling was carried out from a
position halfway between the surface of the dissolution
medium and the top of the paddle. The volume reduction
of the dissolution medium, resulting from sampling, was
calculated afterwards. The test samples were filtered and
then underwent HPLC analysis.

The percentage of clindamycin phosphate released at
each time interval was calculated using the calibration
curve.

Table 2. Composition of Vaginal Fluid Simulant (1000 mL, pH =
4.2) (29)

Nacl 3.51
KOH 1.4
Ca(OH); 0.22
Albumin 0.015
Lactic acid 2.0
Acetic acid 1.0
Glycerol 0.16
Urea 0.4
Glucose 5.0
Distilled water up to 1000

Comparison of Dissolution Profiles

The most widely accepted method that allows for
comparing the dissolution rate profiles is based on the
calculation of the difference factor (f;) and similarity
factor (f;) (30). The tested profiles can be considered
similar if 0 < f; <15 and/or if 50 < f, < 100 (31).

RESULTS AND DISCUSSION
Uniformity of Mass
The mass of each measured pessary is presented in Table



3. According to EP, not more than two pessaries may have
mass that deviates from the average mass more than 5%
(3). In this study, the deviation limits for pessaries with 4%,
5%, and 6% of polysorbate 80 were 2.57-2.84, 2.64-2.91,
and 2.67-2.95, respectively. As it can be seen in Table 3,
none of our compounded pessaries exceeded the limits
prescribed by the EP, indicating that all tested pessaries
were produced in accordance with the requirements of
EP.

Table 3. Mass (g) Variation for Tested Pessaries (A, B, and C)

Individual | 268 | 271 | 274 | 276 | 280 | 281
Values 271 | 269 | 279 | 278 | 276 2.77
273 | 272 | 275 | 282 | 279 | 284
272 | 273 | 281 | 276 | 285 | 280
267 | 269 | 277 | 274 | 280 | 282
275 | 271 | 277 | 274 | 280 | 280
267 | 268 | 281 | 279 | 281 | 280
271 | 273 | 278 | 278 | 285 | 283
268 | 261 | 277 | 281 | 282 | 280
273 | 272 | 274 | 280 | 279 | 277
A":gaé‘; * 2.70 £ 0.03 2.78 £0.03 2.81£0.02
A‘;i;a(gg‘; * 2.84 2.91 2.95
Average - 2.57 2.64 2.67
5% (g)

SD: standard deviation.

Uniformity of Content

The content of clindamycin phosphate in the tested
pessaries was calculated from the constructed calibration
curve (Fig. 1). Table 4 shows the clindamycin phosphate
content in 10 randomly selected tested pessaries in each
group (A, B, C). The results showed that all tested pessaries
were in consonance with the requirements of EP because
they were within 85-115% of the average content (3).

Dissolution Test

Extemporaneous compounding is unfortunately not
performed in all pharmacies due to highly developed
industrial production, but still remains an important skill
of pharmacists in times of drug shortage or in case of
need for personalized therapy formulated for a particular
patient (32). In the Republic of Serbia, Compounding
Formulae 2008 is a book that provides a protocol
for many different types of preparations, including
suppositories and pessaries (33). Extemporaneous
compounds are not subject to quality control or analysis of
drug stability and efficacy (34). Therefore, some methods
need to be evaluated for potential use in the analysis of

extemporaneous preparations. One method could be a
dissolution test, a significant tool in the process of drug
development and drug quality control. Initially, this test
was established for solid dosage forms, but was later
extended to a variety of other dosage forms (suspensions,
transdermal patches, semisolid topical preparations,
liposomes, suppositories, etc.) (35).
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Figure 1. Calibration curve of clindamycin phosphate.

Table 4. Mass (mg) of Clindamycin Phosphate in Pessaries A, B
and C

Individual | 114.02 | 120.6 | 112.05 | 123.0 | 121.6 | 123.0
Values 113.0 | 106.0 | 1180 | 1157 | 119.0 | 1224
107.0 | 1243 | 1201 | 117.3 | 1182 | 1154
1095 | 1122 | 1194 | 1083 | 1156 | 1212
125.05 | 1155 | 1210 | 1242 | 1279 | 12009
.
A"er(ariz)‘SD 114.72 +6.72 117.91+4.88 119.52 +2.72
Average +
131.92 135.59 137.45
15% (mg)
Average —
97.51 100.22 101.59
15% (mg)

SD: standard deviation.

Suppositories are an example of a frequently made
extemporaneous preparation. Pessaries tested in the
current study are made with glycerol-gelatin base, with
the addition of polysorbate 80 as a surfactant. Since
the glycerol-gelatin base is hydrophilic and dissolves in
body (vaginal) fluid, a paddle apparatus can be used to
determine the dissolution profile of the active substance
in these pessaries (35).

Nonionic surfactants can help deliver the active substance
from a dosage form. In another study, macrogol-based
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suppositories with polysorbate 80 showed higher content
of active substance compared to suppositories without
the surfactant (36). Ranjita and Kamalinder showed that
surfactants can increase the release of active substance
from suppositories. They tested different surfactants
and showed that nonionic surfactants, such as Labrasol
(mixture of mono-, di- and triglycerides and mono- and
di- fatty acid esters of polyethylene glycol (PEG)-8 and free
PEG-8, with caprylic and capric acid), lecithin and sorbitan
monooleate, and anionic surfactant sodium lauryl sulfate
increased the drug dissolution rate (37).

Dissolution profiles of the tested pessaries are shown
in Figure 2. There was little difference between the
percentages of dissolved clindamycin phosphate from
different groups of pessaries. However, the highest
percentage of active substance was dissolved from
pessaries with the lowest percentage of surfactant,
and the lowest percentage of drug was dissolved from
pessaries with the most surfactant (Fig. 2). Similar results
were observed in one study where dioctyl sulfosuccinate
sodium, an anionic surfactant, increased the dissolution
rate of the active substance from the suppository;
however, the increase in its concentration caused a
slower release of the active substance (37). Therefore, it
could be said that a surfactant can help release the active
substance from the suppositories, but only if they are
used in a certain concentration.

Values of f; lower than 15 (0-15) and values of f, greater
than 50 (50-100) ensure the identity or bioequivalence of
the dissolution curves. All examined groups of pessaries
had a similar dissolution profile, i.e., calculated values of
f1 were lower than 15 (Avs B=9; Avs C=10; Bvs A= 10;
BvsC=1;CvsA=11;Cvs B=1)and f, values were higher
than 50 (Avs B=55; Bvs C=67; Avs C=51).

Further studies on a wider range of surfactant

concentrations should be performed. Also, more
surfactants should be included in the research.
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Figure 2. Dissolution profiles of the tested pessaries (A, B, and C).
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CONCLUSION

Extemporaneously compounded pessaries are made
when personalized therapy is needed or when there is a
deficit of drugsinthe market. However, these preparations
are not subject to control and appropriate methods
should be evaluated for their analysis. In the current
study, a dissolution test was performed as a method of
analyzing the release rate of three groups of pessaries
with clindamycin phosphate as the active substance
and with different concentrations of polysorbate 80 as
a surfactant incorporated into the glycerol-gelatin base.
Although all groups showed similar dissolution profiles
and were bioequivalent, there were slight differences
between percentages of dissolved active substance
depending on the surfactant concentration.
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