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PP 22 - Vaginal Zidovudine Microcapsules For Treatment Of Heterosexually Transmitted
Hiv Infection

Chatterjec A, Bhowmik Bb, Solanki D And Lalir Kumar

Departrent of Pharmaceutics, Himalayan Pha: macy Institute,

Majhitar, Rangpo, £.5ikkim-727136, india.
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fhe women 115.4 ”‘1”?5{,?%”?} are approximately 50% of people (33.2 million) infected and living with HIV,

cove ey e ey 2OVYT U TR A TS Alee SRR A DU I B S & N S I R S ST .
reportec in 2007 UNATDS ions of the world, HIV is affecting women and girls in increasing

numbers. To date, most vag rvosystems (VDDS) have been formulated as conventional /
tracitional semi-solid formulations, However, a clear rationale exists for oroviding long-term, controlled
refease of vagmaz microbicides in order to provide continuous protection against heterosexually transmitted

HIV infection and to improve user compliance. Most importantly, contrelled release of anti-HIV drugs form this

microdevice inactivates the viral load ;t:s@te;"zi;%aﬁ;x introduced during sexual activity, due to increase in effective

micro surface area of the therapeutics.  The vagina is perhaps a less explored but efficient route for drug
administration due to presence of dense network blood vessels and avoids liver first-pass. Zidovudine(AZT, gift
sample, Aurobindo Pharma Ltd research center A PIndiz) loaded microcapsules were prepared by the solvent
evaporation method using ethyl cellulose as a polymer in different f;;ifiig; polymer([2:P) ratio and characterized
for the percent drug content, entrapment efficiency, micromeritic analysis, FTIR study, SEM for surface
morphology and in vitro dissolution studies. UV spectroscopy was used for the routine analysis of AZT (Amax
265 nm). The microcapsules were found to be nearly spherical and free flowing. The entrapment efficiency of

the best microcapsules (D:P=1:7) was 67-98.4%. The release of drug from the microcapsules was found to be

o

64.84 - 97.73% over 10 hour period. FTIR study showed the stable character of Zidovudine in the

-3 1

microcapsules. SEM revealed that the microcapsules were porous in nature. The dmg release from the

microcapsules was found to be diffusion controlled szngs square root kinetics. This research work suggested

that ethy! cellulose microcapsule could be VDDS car anc! prolonged release for Zidovudine.
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half life of 2 hirs. So it makes the drug
suitable for sustained release.
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network of blood vessels in the
vaginal wall for prompt systemic
entry, first-pass metabolism bypass
and several other uniqueness viz. self
msertion and self removal. The
present study was aimed with
objective to prepare and characterize
anti-HIV intravaginal microparticles.
The intra-vaginal microparticles were
prepared by U;H}Q ethyl cellulose
rate mer i

duu

using mémud ne as a model

lon- aqueous solvent evaporation
Té,ee:a}maiogy was selected am

other methods tried, as it 1s sasy and
also economical methodolog;
The pz"e**‘:af@d microparticles

o

, diserete & free
i the range of 100-300

nearly sp% erical (scanning
[

MICroscopy

contert &

z
was  observed for

i

tormuiation. The encapsulanion
observed to be in the range of &
98%. The ancanst iation ;

was found to increase with increase in
polymer confent. The drug release
from  the ant-HIV  intra-va

TRCIODe

release ined over a period
of 10 hours. The release rates were
generally inc 1ea”d with decreased
proportion  of polymer. All the
microparticles  followed  Higuchi
square root kinetic model independent

{ ’)rff ELY¥ ’[ 1;'7 (:f i

of formulation vanable and diffusion
controlled. The bioadhesion test by
modified Wilhelmy plate method,
showed very good bioadhesive strength.
FTIR studies at a resolution of lem™
were recorded in KBr pellets of pure
drug, ethyl cellulose and prepared
microparticles  confirmed no  drug-
polymer chemical interaction.

These microparticles can further be
incorporated in various dosage forms like
gel, tablet, and suppositories. Thus
microparticles may be adopted for a
successful development of newer drug
delivery system of other drugs for
administration to vagina.
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INVESTIGATION OF A NEW
WATER MANAGEMENT SYSTEM
IN REVISED SCHEDULE M

Y. Thakur®, T. Mitra. R. Chanda, S. Bahadur'
Himalayan Pharmacy Institute, Maghitar, East
Sikkim

'GRY Institute of Pharmacy,

Vidya Vihar, Borawan, K hargone

The water management system has
become a very important part in the
present implementation of Schedule M in
our pharmaceutical industries. The main
object of this system is to get a standard
quality of Purified Water IP, BP, and
USP and Water for injection IP, BP, and
USP for the preparation of medicinal
products in pharmaceutical industries. In
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GRYIP/REPS/PP37
FORMULATION AND
EVALUATION OF ZIDOVUDINE
BIOADHESIVE VAGINAL FILM
FOR TREATMENT OF AIDS

D. Awasthi*, B. B. Bhowmik, A.
Chatter_;ee H. Rahangdale, D.Solanki
Himalayan Pharmacy Institute, Majhitar,
East-Sikkim 737132
Deepak,awasthiz1@gmaﬂ.com

The present study concerned with the
development and characterization of
Bioadhesive Vaginal Film (BVF)
Zidovudine containing vaginal film
were prepared by Solvent casting
method using combination of polymer
Ethyl cellulose and Hydroxyl propyl
methyl cellulose in different ratios
(1:1, 3.2 and 2:3 w/w) and different
plasticizer 40% w/w of polymer
(Polyethylene glycol, Sorbitol,
Dibutyl phthalate (DBP), Triethyl
citrate (TEC), and Glycerol) in order
to deveiop a sustained release BVF of
Zidovudine for prolong period of
time. The films with plasticizer DBP
and TEC were found to be thin, soft,
transparent, and easily remove from
plate and evaluated for drug content,
moisture  content, swelling - index,
folding endurance, shape (scanning
electron microscopy) and in vitro
release  performance. The drug
polymer interactions were investigated
by FT-IR spectroscopy. The swelling

index (7-14 %), moisture content (2-5 %)
and folding endurance (300 - 325) of all
films were found within range, with
higher drug content. The bioadhesion test
by modified Wilhelmy plate method,

- showed very good bioadhesive strength.

In vitro drug release rate for selected

| BVF (VF6, containing DBP 40 % w/w of

polymer, as a plasticizer) was found to
sustain Zidovudine over 12 h "obeying
Higuchi square root kinetic. The findings
of the study were able to demonstrate, the
potential of BVF to deliver Zidovudine in
a controlled fashion and in constant
manner for prolong period. Thus in
conclusion preparation protocol of BVF -
studied may be adopted for a successful
development of newer drug dellvery
system of other drugs for admlmstratlon

through vagina. '
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| FINGERPRINTING METHOD OF

AN AYURVEDIC FORMULATIONS
SPECTROPHOTOMETRIC o
APPROACH =

R. Pandey*, S. Saraf

Institute of Pharmacy,Pt Rawshankar Shukla'
University, Raipur (C.G) 492010

~ ravindraS6@rediffmail.com

Yastimadhukadi Tailam is an Ayurvedic
formulation described 1n  Ayurvedic
formulary of India and used for graying
of hairs particularly of scalp, loss of hairs
and falling of hairs of beard and
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DEVELOPMENT OF VAGINAL
MICROCAPSULATED TABLET AND PRECLINICAL
BIOADHESIVE TESTING FOR PREVENTION OF
TRANSMISSION AND TREATMENT OF HIV

L Kumar, B B Bhowmik, A Chatterjee and D Solanki
Department of Pharmaceutics
Himalayan Pharmacy Institute
E.Sikkim, India
E-mail: benoyblg@rediffimail com

Women are approximately 50 percent of total living HIV infected
patients worldwide; reported in UN AIDS Update, 2007. NACO and
World Bank reported the majority of people in India with HIV, are
residing in four states (Maharashtra, Andhra Pradesh, Karnataka and
Tamil Nadu). The recent national population based survey (NFHS-3,
2007} reported, the adult HIV prevalence is varied from 0.62 percent in
Maharashtra, 0.07 percent in Uttar Pradesh, to 0.34 percent in /Tamil
Nadu, 0.69 percent in Karnataka, 0.97 percent in Andhra Pradesh and
1.13 percent in Manipur, 0.13 percent in all other states together.
Vaginal drug delivery is very challenging and less explored research
area. The vagina is an efficient route for drug administration due'to
presence of dense blood vessels network and avoids first pass. A clear
rationale exists for providing long term, controlled release (lacunae of
commercially available conventional tablet) of anti retroviral in order
to provide continuous protections against heterosexually transmitted
HIV infection and to improve .user compliance, even during sexual
activity. Zidovudine (APL, A.P.)loaded microcapsules were prepared
by solvent evaporation method using ethyl cellulose in different
drug: polymer ratio and optimized from the percent drug content,
entrapment efficiency, miocromeritic analysis, FTIR study, SEM for
surface morphology and i vitro dissolution studies. The optimized
microcapsules were then incorporated in tablet by direct compression
with other formulation additives. The microencapsulated
Bioadhesive vaginal tablet (MBVT) were evaluated for average
weight, hardness, {riability, drug content, swelling index and goat

vaginal bioadhension testing ex-vivo and in-vitro drug release study. In
vitro release study reveled best MBVT released the drug slowly,
about 13.52% only in 10® hr and followed diffusion controlled
Higuchi Kinetics (r*=0.981), non-Fickian n=0.529 (n>9.5) transport
mechanism with a good bioadhension (13.9g). Thus in conclusion,
MBVT preparation protocol studied may be adopted for t.he
successful development of controlled release anti retroviral therapies
for prevention of transmission and treatment of HIV.



DRUG RELEASE FROM POLYMERIC VAGINAL
FILM FOR ANTIRETROVIRAL THERAPY

R Thakuria, A Chatterjee, B B Bhowmik and D Awashti
Department of Pharmaceutics
Himalayan Pharinacy Institute
Sikkiin, India
E-mail: benoyblg@redifmail com

UN global summary of the AIDS pandemic 2007 revealed that
women (15.4 million) account for approximately 50 percent of people
infected and living with HIV (33:2 million). More than 20 million
people have died of AIDS and about 14,000 are newly infected every
day. HIV is affecting women and girls in increasing numbers. These
statistics emphasize the responsibility and a challenge that includes
understanding personal risks of our young people and to ensure that
they make healthy choices about their sexuality as well as a course for
future action in designing strategies for treatment and prevention of
HIV/AIDS, specifically for women. Pursuing this 2nd objective, drug
delivery across cellular barriers, such as vagina, is a challenging task.

Although somewhat neglected in clinical studies, pharmaceutical
characterization of vaginal polymeric films is an important step in
order to optimize safety, efficacy and acceptability. Zidovad!
(AZT) was used as a model drug (gift from Aurobmdo Pharma Ltd
Research Center, A. P. India). \’amnali s of &

solvent casting method, using combmmmn of PYT wit

polvmer [PVAED, SC CMC{F2, O

Pric

T were F"Pr”’\k by

: dliferm‘xi’

glycerol as a plast1c1zer Films were obsm ved for the high dum

Lontent foldi ng endurance, uniformity in thicknes w chalbt and
swelling index and i vitro drug release =i, Cspectio :cu;"\‘
method was need (Fmax = 265 nm) fm: oo vosnslios mmaloeie of A7
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interaction between dl ug and polymer. in s
released 46.88% and 39.53 percent drug ins ©

(67.235%) and F2 (54.43%).
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Thus in conclusion, Ethyl cellulose and acrylcoat with PVP was
found to release AZT slowly as compared to PVA and SCMC with
PVP. Vaginal film is a good tool to provide sustained antiretroviral
therapy.
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CONTROLLED RELEASE OF ANTI-HIV
BIOMIMETIC MICRODEVICE IN GEL FOR INTRA-
VAGINAL LUBRICATION AND AIDS THERAPY

Bhowmik Benoy Brata*, Chatterjee Arkendu, Awasthi Deepak. Rahangdale

Hitendra, Solanki Dharmendra
Department of Pharmaceutics, Himalayan Pharmacy Institute, Majhitar, Rangpo, E.Sikkim-737136, India

UN global summary ofthe AIDS epidemic 2007 revealed, women (15.4 million) are approximately
50% of people (33.2 million) infected and living with HIV. In most regions of the world, HIV is
affecting women and girls in increasing numbers. As researchers, these statistics emphasize the
responsibility and a challenge that include 1. understanding personal risks and responsibilities of
our young people to make healthy choices about their sexuality as well as 2. a course for future
action. Pursuing this 2nd objective, drug delivery across cellular barriers, such as vagina, is a
challenging task. To date, most vaginal drug delivery systems (VDDS) have been formulated as
conventional / traditional semi-solid formulations. However, a clear rationale exists for providing
long-term, controlled release of anti-retroviral in order to provide continuous protection against
heterosexually transmitted HIV infection and to improve user compliance, even during sexual
activity. Ideally, a vaginal anti-HI'V microdevice in gel should provide intra-vaginal biomimetic
lubrication during intercourse, uniform hydrogel-coating of vaginal tissue and retention of this
gel layer before intercourse. Most importantly, controlled release of anti-HIV drugs form this
micredevice in gel inactivates the viral load potentially introduced during sexual acuvity, due
to increase in effective micro surface avea of the therapeutics.  Indeed, the simple formulation
maodification of a gel can lead to enhanced performance of the svstem containing the same
amount of active substances.

In this study, a newer polymeric microdevice (microparticl cs) in bioadhesive vaomal gel
of Zidovudine(AZT) (biological half life of 1.1 houwr, 500 mg/day tobe given in 2-4 divided
conventional oral doscs), is developed with improved efficacy, safety and Lomxollcd release
profiles of the anti-HIV drug, AZT Initially ethyl cellulose microdevices were optimized and
characterized vavying differentdrug:polymer (1337 ratio. The bestethyi cellulose microcapsuies(D:

=1:2) were found for the percent drug content (92.16%), encapsulation efficiency (99.0%},
excellent flow properties, FT-IR spectroscopy, scanning electron microscopy (SEM) and in-vitro
drug dissolution {only 65.07% AZT release, up to 12 hour) studies. The prepared microcapsules
were then incorporated in bivadhesive gel prepared using different bioadhesive polymer (2%
carbopol 974 was found to be the best). A vaginal anti-HIV microdevice in gel was thus prepared
and best gel was found for the percent drug content(74.71%), entrapment efficiency(97.83%),
in-vitro diffusion studies{ AZT release, only15.15%, up to 12 hour) using immediately excised
goat vagina and coated model goat vaginal tissue with a stable gel layer with good bicadhesion
strength(16.7g), good spreadability (225¢/min) and minimum extrudibility (165mg). The drug
release kinetics of the developed microdeviced gel were studied. This unique VDDS, with
both bioadhesive and sustained release properties, is expected to provide an efficacious
anti-HIV therapeutics for lengthier duration. Impeccably, a vaginal anti-HIV microdevice
in gel system will be engineered to coat vaginal tissue with a stable gel layer and to release
entrapped anti-HIV drug in a controlled fashion in presence of the infecting agent: semen.
CONCLUSION: We believe, the further research in this area will fill the gap that other
conventional VDDS was not being able to provide and yield technology with significant
outcome for the Generation-Next worldwide.

*communicating author: benoyblg@rediffmail.combenoyblg@yahoo.co.in



JOURNAL OF WOMEN’'S HEALTH
Volume. 19, Number 3, 2010

© Mary Ann Liebert, Inc.

DO 10.1089/jwh.2010.Ab01

Abstracts from
Women’s Health 2010:
The 18™ Annual Congress

March 26-28, 2010
Washington, DC

In collaboration with

National Cancer Institute A@A

Aevaieiat RMPRI VAR R RS

i e NS e 2, KRR S R




ABSTRACTS

cancer screening and to assess maternal predictors of ado-
lescent vaccine utilization.

Methods: We conducted a cross-sectional mailed survey of
women attending breast and cervical cancer screening at two
diverse institutions; an urban inner-city population (Chicago
site) and a white suburban population (Michigan site). We
queried the adolescent daughter’s HPV vaccination status
(adolescent defined as 9-17 years old) and maternal general
health beliefs; HPV-specific beliefs; knowledge, perceived
benefits and barriers to HPV vaccination; perceived
social/peer group attitudes about HPV vaccines. HPV vac-
cine completion (receipt of all three doses) is the primary
outcome. Correlates -of the primary outcome were assessed
using multivariate logistic regression.

Results: Our overall response rate was 28% at Chicago;
38% at Michigan. The percent of respondents who are
mothers~ of adolescent daughters at Chicago attending
mammography and Pap smear were 20% and 22%. At Mi-
chigan, the percent who were mothers attending mammog-
raphy and Pap smear were 39% and 23%. 14.5% of Chicago
adolescents completed vaccination compared to 23.7% at
Michigan. In 1112 year olds, for whom the CDC recom-
mends universal vaccination, 7.4% Chicago and 16.7% Mi-
chigan - adolescents = completed vaccination, . Significant
independent negative correlates of adolescent HPV vaccine
completion were maternal black race (AOR (.16, p =0.002),
adolescents ages 12 and under (AOR (.13, p =0.002), low
score on ‘the vaccine safety scale (AOR 0.29, p=0.001,
alpha =0.82), belief that'her daughter was too young inde-
pendent of actual age (AOR 0.37, p = 0.001). Maternal history
1, abnormal Pap smear or cervical cancer trended to
ccine un“pm o (AOR 258, p=0.08).
npletiorn |

Cine cor adolescent

17. Prolonged Release Anti-1IIV Microparticulate Gel:
in vitroe and in vivo Drug Release Stady for HIV
Infection in Women

Arkendu Chatterjee, M. Pharm, Benoy Brata Bhowmik,
M. Pharm, Ph.D., Alit Kumarl, M. Pharm.

Departiment of Pharmaceutics, Himalayan Phanmacy Tustitute

Background: Women are approximately 50% of total liv
ing HIV infected patienis worldwide, reported in UN AIDS
Update, 2007, Drug delivery -across vagina, is a challenging
task. Keeping this view, a new vaginal anti-HIV micro-
particulated. gel was engineered 1o coat vaginal tissue with
stable HIV protective layer:

Methods: Zidovudine (AZT, gift sample, Aurobindo
Pharma Ltd, A.P. India) loaded microparticle were prepared
by the O/O solvent evaporation method using ethyl cellu
lose as a rate controlling polymer in different drug- polvmer
ratio and characterized for the percent drug content, en-
trapment efficiency, micromeritic analysis, FTIR study, SEM
for surface morphology ‘and in vitro dissolution studies of
AZT (Amax 267 nm) using UV spectroscopy. The optimized
microparticle was incorporated in. bioadhesive gel using
different bioadhesive polymer (2% carbopol 940P was found
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to be the best). A vaginal anti-HIV microparticulated gel was
thus prepared.

Results: Optimized gel was evaluated for percent drug
content 1.20 = 0.08% (m /1lgmy), in-vitro diffusion studies of
vaginal gel AZT release, only 61.13 £7.68%, up to 36 hour
using immediately excised goat vaginal tissue with a stable
gel layer with bioadhesion strength (1.69 = 0.02 gm./em?),
spreadability 13.7440.10 (gm.cm/sec.) and extrudibility
(17.58 £ 0.08 gm./cm?). In-vitro drug diffusion kinetic Study
shows Fickian diffusion case I transport mechanism. t1/2
(1hr), AUC in 24 hr (192.87), when compared to oral standard
AZT suspension, were determined form the pharmacokinet-
ics study of microparticulated gel, in HPLC (RPC18 column
flow rate 1 ml/min) quantification with UV absorbance de-
tection at Amax 267 nm: All values were significant p < 0.05 at
5% level from ANOVA study.

Conclusion: Vaginal microparticulated gel was found to be
a good tool to provide sustained antiretroviral therapy.

18. The Risk for Diabetes Mellitus among Women
with Gestational Diabetes: A Population-Based
Study in Israel

Gabriel Chodick, Ph.D.,** Uri Elchalal, MDD, Tal Sela,
2 Varda Shalev,

Z\/LD.{‘/2 Anthony D. Heymann, MB.BS.!
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Background: The present study aimed to determin
incidence of postpartum diabetes ‘mellitus (DM in the years
following a diagnosis of gestational diabetes (CDM) and to
determirie whether severity of GDM is associated with de

veloping diabetes.

Methods: A retrospective cobort study was performed
among 185,340 pregnant women who had glucose challenge
test (OGCT) or 3-h-oral glucose tolerance test (OGTT) in a
large TIMCO in Israel. Subsequent diagnosis of diabetes wa
ascertained by using an automated DM registry.

Results: A total of 11,259 subjects were- diagnosed as
suffering from GDM comprising 6.07% of the cohon. During
a total follow-up period of 946,978 Person-Years there were
1065 (1.74 per 100 Person-Years)y and 1118 (0.12 per 100
Person-Years) diagnoses of postpartum DM among GDM
and ron-GDM women, respectively. After 10 years of
follow-up, 16% of the GDM population developed diabetes
mellitus, compared with 1% among the non-GDM popula-
tion. GDM was associated with an 8-fold higher risk of
postpartum DM after adjusting for important confounder
such as socioeconomic status and BMI. Among women with
GDM history, diabetes risk increased with number of ab-
normal OGCT values and among women with Type A2
GDM.

Conclusion: GDM, and particularly severe GDM, are im-
portant predictors of future development of DM.
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Microparticulated anti-HIV vaginal gel: In vitro-in vivo
drug release and vaginal irritation study
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Pathology, Sikkim Manipal University of Health Sciences, Tadong, Sikkim, India

Abstract

The aim.of this study was to develop and evaluate a Zidovudine (AZT)-loaded microparticulated bioadhesive
vaginal gel (MBVG] in order to obtain a controlled releasing, safe gel delivery system. AZT microparticles
(ZMPs) were evaluated for encapsulation efficiency, drug loading, surface morphology and in vitro drug
release profiles and drug release mechanism and optimized. The optimized ZMPs were then encompassed
in bicadhesive gel using different bioadhesive polymers and evaluated for the drug encapsulation efficiency,
drugoading, in vitro and in vive drug release profiles, drug.release mechanism and vaginal irritancy study.
From the dissolution data of ZMP4 and MBV.G4 showed a zero-order diffusion pattern and Fickian diffusion
case | transport mechanismin 24 and 36 h, respectively. On the basis of a pharmacokinetic study of MBVG4
(containing ZMP: Carbopol 1:4), it was found to have better bioavailability, larger AUC and T+ In comparison

to an oral pure suspensionof AZT.

Keywords: Zidovudine; microparticle; gelirritation

Introduction

The vagina is an efficient route for drug administration
due to the presence of a dense bload vessels network and
because it avoids first-pass metabolism:*# Conventional
vaginal formulations are associated with the disadvan-
tage of low retention to the vaginal epithelium, leakage
and messiness thereby causing inconvenience to the
user. Zidovudine (AZT), with a'short elimination half-life
of about 1 h, high dose 250 mg in every 4h while 300 mg
twice a day, in some cases, low systemic bioavailability
(64%) due to rapid hepatic fast-pass metabolism,® was
chosen as a model drug of choice. The antiretroviral drug,
AZT, anucleoside reverse transcriptaseinhibitor, is taken
up by the host cells where it is converted into its triphos-
phate form. Subsequently, by competitive inhibition, it
inhibits the reverse transcriptase, therefore, viral replica-
tion stops. Also it is incorporated into the viral DNA chain
which is growing (during replication} and terminates the
lengthening of the viral DNA chain, thereby stopping viral
replication.

The UN global AIDS epidemic review 2007 revealed
that women (15.4 million) are approximately 50% of
the people (33.2 million) infected and living witht HIV.¥!
The present study was designed to develop a newer
microparticulated bioadhesive vaginal gel (MBVG) for
prolonged release of AZT for continuous protection
against heterosexually transmitted HIV infection and
to improve user compliance and patient convenience
even during sexual activity.'” Ideally, anti-HIV AZT
microparticles (ZMPs) in vaginal gel should disin-
tegrate in vaginal medium; provide uniform micro-
particulated drug-hydrogel coating of vaginal tissue,
resulting in‘intra-vaginal bio mimetic lubrication dur-
ing intercourse, and retention of this gel layer before
and after intercourse.! Most importantly, control-
led release of anti-HIV drugs from these ZMPs in gel
inactivate the viral load potentially introduced during
sexual activity, due to the increase in effective micro
surface area of the therapeutics. MBVG was engineered
to coat vaginal tissue with a stable HIV protective layer,
retention of this gel layer before intercourse, and to
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release an entrapped anti-HIV drug in a controlled
fashion in the presence of the main infecting agent:
semen. Potentially, they can be further developed to
apply vaginally to prevent both male-to-female and
female-to-male sexual disease transmission.”® This
study was aimed to formulate and evaluate micropar-
ticulated controlled release vaginal gel of AZT using
ethyl cellulose as the release decelerating polymer
with high entrapment efficiency and extended release
to provide continuous protection by increasing the
viscosity of the cervical mucus against heterosexually
transmitted HIVinfection. ZMPs in general effectively
control the release of drugs and preduce efficacious
therapeutics due to the increase in effective surface
area fo micron size.

In view of the above, the present study was designed
to develop a newer MBVG for prolonged release of
AZT to treat HIV infections with increased patient
convenience.

Experimental

Materials

Zidovudine, a gift sample from Aurobindo Pharma
Ltd, A.P, India and ethyl cellulose (EC) (ethoxy con-
tent - 47.5%. by weight and viscosity (1) of 22 cps in
a 5% concentration by a weight in toluene: ethanol
80:2¢ at 25°C), Carbopol 940P and HPMC (K4M, 4000
cps 2% aqueous solution) were purchased from S.D.
Fine Chemicals, Mumbai, India. All other used chemi-
cals and reagents were of analytical grade and used as
received.

Preparation of ZMP

ZMP were prepared by solvent evaporation metheod
using an acetone and light liquid paraffin. Span 60
was used as the droplet stabilizer. Different amounts
of drug:ethyl cellulose (1:1, 1:2, 1:3, 1:4, 1:5, 1:6 and
1:7) were dissolved in 5mL acetone by using a mag-
netic stirrer. The drug was also added into the polymer
solution followed by stirring with magnetic stirrer for
15min. The resulting dispersion was then poured into
250 mL beaker containing the mixture of 50mL light
liquid paraffin (as continuous phase) and different
ratio of Span 60 for different formulations, while stir-
ring. A mechanical stirrer with a three blade paddle was
used. Stirring (at 1000 rpm) and heating (at 40°C) was
continued for 2 h, until acetone evaporated completely.
After evaporation of acetone, the ZMP formed were
filtered using Whatman type one filter paper.®!” The
residue was washed 4-5 times by 10 mL of ether. ZMPs

(ZMP1-ZMP7) were dried at room temperature for 24 h.
All batches were prepared in triplicate.

Surface morphology of ZMP

ZMP were also analyzed by Scanning Electron Microscopy
(Jeol, JSM-25 SII, Tokyo, Japan) to visualize the surface
quality of ZMP. ZMP were placed on double-sided tape
attached onto graphite surface.!'! The samples were
coated with gold/palladium using an Ion Sputter (Jeol,
JFC-1100). Coating was provided at 20mA for 4min.
Observation was performed-at 15kV.

Drug loading and encapsulation efficiency

Drug content means the actual amount of drug present
in the formulation. About 50 mg of accurately weighed
drug-loaded ZMP were dissolved in 2mL of acetone and
after that volume was made up to 50mL in volumetric
flask with simulated vaginal fluid®® (SVF acetate buffer
pH 4.7). The resulting mixture was agitated on a mechani-
cal shaker and then keptaside for 24 h.011% The solution
was then filtered and the absorbance was measured at
267 nm using UV-Visible spectrophotometer (UV - 1700,
Shimadzu, Japan) and drug content was determined by
using:

D = Ce XD xV
< CF
where D_=drug content, C_= concentration, D = dilution
factor, V=volume taken, and C = conversion factor.

The percent entrapment efficiency of the ZMP

The percent encapsulation efficiency is calculated using
following equation:¥

A
%E, = —% %100

de

where %E = entrapment efficiency, A _=actual drug con-
tent, and T, =theoretical drug content.

In vitro drug release studies of ZMP

In vitro drug release study of drug from the ZMP was
studied by using USP type I dissolution test apparatus.
The receptor compartment (a cylindrical vessel) was
contained 900 mL SVF that was within the vaginal pH
and maintained at a temperature of 37+1°C.

The ZMPs, equivalent to 100 mg of AZT, were placed
in a basket covered with muslin cloth. The in-vitro
drug release studies were carried out for 24h and the
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dissolution medium was stirred at 50rpm. At prede-
termined time intervals-5mL aliquots were withdrawn
and replaced by an equal volume of fresh pre-warmed
dissolution medium maintaining sink condition, the
samples were analyzed for drug quantification at 267nm
using UV-Visible Spectrophotometer, Shimadzu, model
no. 1700. The concentrations of AZT in samples were
calculated.l', 14l

Preparation of microparticulated vaginal gel

Carbopol gels were prepared by cold mechanical
method.['®!¥ The required quantity (Table 2} of poly-
mer {Carbopol 940 and HPMC) was weighed and it was
sprinkled slowly on surface of purified water for 2 h, after
which it was continuously stirred by mechanical stirrer,
until the polymer soaked in the water. With continuous
stirring, triethanolamine was added to neutralize the gel.
Italse maintained the pH of the gel: Now the appropri-
ate quantity of DMSO (Dimethyl sulfoxide) was added
to the gel, which behaves as the penetration enhancer,
followed by the required quantity of methyl paraben asa
preservative. Finally, the best microparticulated formu-
lation was added to the gel with continuous stirring until
the ZMPs were dispersed in the gel completely. Eight for-
mulations of microparticulated intra-vaginal gels were
prepared by using Carbopol 940 and HPMC in different
ratio. The prepared gels were packed in wide mouth glass
jars covered with screw capped plastic lids after cover-
ing the rmouth with an aluminum foil and were kept in
dark and cool place. The formulations were préserved
for further study:

Analysis of drug release mechanism from vaginal gel

In vitro-drug diffusion studies were carried out by using
modified Keshery-Chien (KC) cell with a semi-permea-
ble barrier. Cellophane membrane was soaked in SVE
1 g of MBVG was placed on the surface of the processed
cellophane membrane and was fixed to one end of the
cylindrical donor compartment by cyanoacrylate adhe-
sives; such that the lower end just touched the surface
of SVF medium. Also 0.5mL of SVF was placed and
maintained at the same level throughout the study in
the donor compartment. Temperature was maintained
at 37 £2°C with constant stirring at 50rpin. A quantity
of 5mL sample was withdrawn from the receptor com-
partment at a definite time interval and replaced with
5mL of SVF to maintain sink condition. The drug was
estimated by using UV-Visible spectrophotometer at
267nm (A_ ).

In order to investigate the mechanism of AZT release
from ZMP and MBVG of different bioadhesive polymers
and ZMP ratios, the release data were analyzed with

Microparticulated anti-HIV vaginal gel 3

the following mathematical models: Zero-order kinetic
(Equation 1), first order kinetic (Equation 2), and Higuchi
kinetic (Equation 3).

Q, =Kt n
1nQ, =1nQ, ~K;t (2)
Q =K, t" (3)

The following plots were made: Q, versus t (zero-order
kinetic model), In (Q, - Q) vs. t (first-order kinetic
model) and Q, vs. t'/? (Higuchi model);"*'" where, Q, is
the percentage of drug released at time ¢, Q, is the per-
centage of drug present in the ZMP, K, K, and K, are the
constants of the equations. Furthermore, to confirm the
mechanism of drug release, the first 60% of drug release
was fitted in Korsmeyer-Peppas model (equation 4):

== Kpt“ (4)

where, M /M _ is the fraction of the drug release at time
t, K, is the rate constant, n value is used to character-
ize  different release mechanisis, and is calculated
from the slope of log of fraction of drug released (M /
M) vs. time (t). The following plots were made: cumu-
lative % drug release vs. time (zero order kinetic mod-
els); log cumulative of % drug remaining vs. time (first
order kinetic model); cumulative % drug release vs.
square root of time (Higuchi model); and log cumula-
tive % of drug released vs. log time (Korsmeyer-Peppas
model).l®

In vive study of MBVG4 in rabbit model using HPLC

Seven adult, female, New Zealand white species rabbits
weighing 1.5-1.7 kg were used for the in vivo study. The
animals were divided into two groups containing four
animals each and one animal was used as control.t*
The animals were kept fasted overnight. Water was
given ad libitum during fasting and throughout the
experiment. The rabbits were not anesthetized dur-
ing or prior to the experiment. The formulation was
applied with the help of vaginal applicator and stand-
ard oral dose (1 mg/mL) with the help of oral cannula.
The procedures employed in this study were approved
by Institutional Ethical Committee (no: HPI/ 07/ 60/
[AEC/ 0013). Blood samples (2 mL) were collected from
the marginal ear vein at an interval 0of 1,2, 4, 6 and 24 h
during the study. The same method was followed H for
each group {both standard and test). The blood sam-
ples withdrawn as above were transferred to a series of
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graduated centrifuge tube containing 1 mL of 10% w/v
EDTA solution and 1 mL of 15% w/v trichloro acetic acid
(TCA).2 The samples were centrifuged immediately
at 3000 rpm for 15min in cooling centrifuge machine
to collect plasma.®! The plasma was separated and
transferred into other set of sample tubes and stored
in ~20°Cuntil assayed.

The plasma samples were analyzed for AZT by firstly
passing the samples through silica gel column (for solid
phase extraction) and analyzed by HPLC (LC-20 AT,
Shimadzu, Japan) using mobile phase methanol:water
(60:40)%% at flow rate’ 1.2mL/min. Twenty micro lit-
ers (20 pl) of injection volume was eluted in RP C(18)
column (4.6x 150mm) at room temperature and was
monitored at wavelength (A ) 267nm -using diode
array UV detector.’® The concentration was calculated
from standard curve. A standard curve was first prepared
using known concentrations of standard AZT against the
HPLC peak area and was used throughout for analysis.
Standard curve equation was Y =16.22x+3.016, = 0.999
(Y=HPLC peak area, x=concentration in ug/ml, = cor-
relation coefficient).

Pharmacokinetic analysis

The primary objectives.of the study were to determine
AZT plasma concentration, area under the plasma
AZT concentration-time curve up to 24 h {{AUC]; } after
vaginal and oral administrations of AZT, peak plasma
concentration (C_, ) and time to reach peak plasma
concentration (Tm;). The area under the AZT concentra-
tion curve was calculated according to the trapezoidal
method. The [AUC was divided int¢ trapezium seg-
mentsaccording to the time intervals of blood sampling.
The [auclwas calculated by summation of the trape-
zium segments. The highest observed concentration
during the study period; C__, and time, at which C__
observed, T__, were obtained directly from the plasma
concentration-time profiles. The area under the plasma
concentration time curve (AUC_, ,'and AUC_, ug.h/
mL) was calculated based on the trapezoidal rule. The
volume of distribution (V,), total body clearance (CL),
elimination rate constant (K,) and half-life (t, ) were
also calculated.

1/2

Vaginal irritation study

The vaginal irritation study was carried out by treating
intra-vaginaily a group of three white female Wister
albino rats with 0.2 g of MBVG4, another group of three for
standard irritant (benzalkonium Chloride, BZK 1% v/v)
and one rat, as control {without any formutlation).
Formulation was applied every day up to 10 days. All
animals were killed on the 11th day. The reproductive
tract was examined grossly. The vaginal tissues were
rapidly removed and parts of the upper (cervico-vagina),
middle and lower (uro-vagina) regions of each vagina
were fixed in 10% neutral-buffered formalin for micro-
scopic evaluation. Fixed vaginal tissues were trimmed,
embedded in paraffin, sectioned at a thickness of 4-6 um
and stained with hematoxylin and eosin and examined
under X200 and X400 magnification using an Olympus
microscope CX21 Leica light microscope (Milton Keynes,
Buckinghamshire, UK) interfaced with an image analy-
sis system (Media Cybernetics, Silver Spring, MD, USA)
in conjunction with a 3-CCD camera (DAGE-MTI Inc,
Michigan City, IN, USA) for observation and analysis.

Statistical analysis

For statistical -analysis using MYSTAT software for uni-
variables comparison we used the Analysis of Variance
is presented as mean + SEM and P = 0.05 was considered
significant; Statistical data analyses were performed by
statistical analysis using MYSTAT software the ANOVA
one way at 5 % level of significance P < 0.05.

Results and discussion

The production yield was of about 65.16-83.15% for all
formulations. Encapsulation efficiency was found to be
15.37-93.92% which was significantly different {P < 0.05)
(Table 1). Actual drug contents of formulations were
between 9.132 and 36.97%. Drug content and encapsu-
lation efficiency relatively high drug content and encap-
sulation efficiency were observed for each formulation
presented in column 4 and 5 of Table 1. The increased
encapsulation efficiency may be attributed to the hydro-
phobic nature of ethyl cellulose and sparingly soluble

Table 1. Percentage yield, drug entrapment efficiency, and drug content of ZMPs (Zidovudine microparticles).

Percent yield Mean Drug entrapment efficiency Drug content/100mg
Formulation Code Drug/polymer ratio +SEM Mean + SEM Mean + SEM)
ZMP 1 1:1 76.33+1.45 15.37+0.45 10.07+0.23
ZMP2 1:2 70.99+8.13 50.62£9.77 23.96+4.81
ZMP3 1:3 65.16 +5.59 93,92 +4.59 36.97+5.35
ZMP4 1:4 72.93%0.73 89.75+3.52 24.58+0.87
ZMP5 1:5 33.1546.46 83.60+4.63 16.99+1.42
ZMP6 1:6 74.33+6.93 67.32+8.86 14.44%1.24
ZMP7 1:7 68.31.£5.54 49.85+5.28 9.132+0.62
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Tahle 2. Formulation design for the preparation of MBVGs (microparticulated bioadhesive vaginal gels).

Carbopol P940 Triethanolamine Dimethyl Methyl Paraben Distilled
Formulation = ZMP 4 (mg) (mg) HPMC (mg) (ml) Sulfoxide (ml) {mg) Water {(gm)
MBVG1 407.00 100 — 0.2 2.0 15.00 Qs
MBYG2 407.00 200 — 0.2 2.0 15.00 Qs
MBYG3 407.00 300 _— 0.2 2.0 15.00 Qs
MBYG4 407.00 400 — 0.2 2.0 15.00 Qs
MBYG5 407.00 100 100.00 0.2 2.0 15.00 Qs
MBYG6 407.00 100 200.00 0.2 2.0 15.00 Qs
MBYG7 407.00 100 300.00 0.2 2.0 15.00 Qs
MBYG8 407.00 100 400.00 0.2 2.0 15.00 Qs

AZT. The encapsulation efficiency was found to increase
with the increase in polymer content up to. ZMP4 but
after that, the concentration of polymer did not affect
encapsulation efficiency, perhaps due to the complete
encapsulation of drug. As usual, itwas not affected even
if the concentration of polymer increased.

The ZMP of AZT prepared by the solvent evapora-
tion methods was found to be discrete, nearly spherical,
free flowing. The SEM photographs indicated that ZMP
were spherical and completely covered the coat polymer
{(Figure 1).

Figure 2 compares the in vitro drug release profiles of
all the eight formulations of controlled-release MBVG
(Figure 2B} with ZMP (Figure 2A). It can be seen from
Figure 2 that the drug release throughout the study period
wds more or less steady. In formulation MBVG4, where
Carbopol P946 was used, the t, (time taken for 50% of
drug to be released) was found to be 32h, when com-
pared to ZMP4 (Figure 2C) as formulation ZMP4 showed
the t_ at the 10th h although it was significantly differ-
ent (P=0.001) from all the ZMPs formulations. The data
clearly suggested that the concentration of the polymer
used in ZMPs was inadequate to contrel the release of
AZT. In the next stage, an attempt was made to control
the release by using MBVG in to the vagina. It was of
immense interest that the release profile of formulation
MBVG4 showed an auxiliary controlled release through-
out the study period as was expected. The release rate was
steady from the initial hour, and only 61.13% of drug was
released up to 36h although it was significantly ditfer-
ent (P=0.004) among all the MBVG formulations. All the
formulations were analyzed for the drug release kinetics.
The calculated regression coefficients showed a higher 7
value with zero-order kinetics (0.914 and 0.973 for ZMP4
and MBVG4, respectively) and Higuchi model (0.914 and
0.896 for ZMP4 and MBVG4, respectively).

However, the regression values were found to be low
with first-order kinetics models. Thus, both zero-order
and Higuchi models could be applicable, although zero-
order kinetic models seem to be better (higher r* value
for the whole release process). Although, drug release
from all the MBVG formulations (MBVG1-MBVG8) was
observed up to 36h, the drug release mechanism of all

Figure }. SEM study of ZMPs using magnification x1500 Scanning
electron microscopy of ZMP4 using magnification 600.

MBVG formulations were found to be predominately
influenced by the different bioadhesive polymer added.
‘The mechanism of drug release from hydrophilic poly-
meric matrices invoelves solvent penetration, hydration,
swelling of the polymer, diffusion of the dissolved drug
in the matrix and erosion of the gel layer.

From Figure 2, the n values for all the formulations
ranged from 0.227-0.529. Based on the diffusion con-
trol studies; it was observed that the MBVG4 (n=0.433)
underwent case I Fickian diffusion control, during the
dissolution study. In the case of Fickian release mecha-
nism, the rate of drug release is much less than that of
polymer relaxation (swelling/erosion). So the drug
release is chiefly dependent on the diffusion through
the matrix. Drug release was also significantly different
(P <.0.05) in single factor. It means null hypotheses were
nullified and an alternative hypothesis is accepted, i.e.
the variation in formulations in'polymeric type and con-
tent (MBVG1-MBVG8) had a significant effect on drug
release profile.

In vivo studies MBVG4

The mean plasma concentrations of AZT after oral
administration of pure drug solution (1mg/mL) or
vagiital MBVG4 formulation containing ZMP4 (407 mg)
with the ratio (1:4) are shown in Figure 3. A number of
pharmacokinetic parameters were studied, namely the
C.w T, and AUC 24 (Table 3). The C__ and T, differed
significantly between the two groups. Treatment with
orally administered AZT resulted in the earliest serum

C_. of AZT (Figure 3, Table3). Orally administration also

ma:
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Figure 2, Comparison in vitro drug release of ZMP4 with MBVGs. Data represents the means = SEM (A, B, C).
Table 3. Observations of pharmacokinetic study of MBVG4 and oral
._g— 3507 suspension.
®  300- . -Puredrug (Oral) Pharmacokinetics ~Pharmacokine-
T 250% )‘f;g S.No - Parameters of Oral Suspension  tics of MBV G4
O = 4 43
S E 2007k 1. w24 182.02 192.87
§ 1507 |, AUC (3g.n/m1)
o = 100 g; ¢
£ 50§ 2. c2 848.23 1617.3
ke 04 [ : : , |, AUMC (ngh?/m1)
0 5 10 15 20 25 30
3. = 182.02 200.79
TIME (HR) JO AUC (pg.h/ml)
Figure 3. In vivo comparison study of MBVG4 with pure drug (oral). 4. o 2072.21 3951.07
Data represent the means + SEM. _}U AUMC (pg.h?/mi)
5 MRT at 24 (hrs.) 4.66 9.55
rejs.ulted in the highest C__ 18.49 g ml”, which was sig- 6. MRT at o {hrs.) 11.38 19.67
nificantly higher than the peak levels following vaginal 7. C__ (pg/mi) 18.49 15.38
administration of AZT. There are only a few studies of 8 T (hrs) 2.00 4.00
the pharmacokinetic profiles of AZT depending on the 9, t,, (hrs) 1.00 1.00
administration route. 10. K, (hr?) 0.693 0.693
After a single oral dose, AZT is rapidly and almost 11.  Vd(L/Kg) 0.068 0.081
completely absorbed from the gastrointestinal tract. 12.  ClL (L/Kg/hr) 0.047 0.056
However, the drug undergoes extensive and rapid first- 13. F(%) 100 (Consider here) 105.96

pass metabolism. Following 1 mg oral AZT administra-
tion, the plasma level increases rapidly and peaks at
about 2 h. However, the plasma level declines rapidly by
6h after intake and remains low thereafter. In contrast to
the oral route, vaginal administration results in plasma

concentrations that increase gradually, reaching a maxi-
mum level after 4h and slowly declining, with detectable
levels of AZT remaining up to 24 h after administration.
The peak plasma concentration (C_ ) 15.38 pgml*
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achieved is lower than following oral administration but
bioavailability, measured as the area under the curve
(AUC) of plasma AZT, is not significantly greater after
vaginal administration. The greater bioavailability of
vaginal AZT may help to explain why vaginal adminis-
tration is more effective in inducing uterine contractions.
Pharmacokinetic studies show a rapid rise to peak plasma
level and a sustained elevation in AZT, resulting in a bio-
availability that is higher than for the oral route. This
results in the development of uterine contractility similar
to that seen with vaginal treatment. However, although
vaginal absorption has been shown to be slower and the
C, .., achieved by the vaginal route is lower than that of the
other routes of administration, the plasma level of AZT
is sustained for as long as, or possibly for longer than,
with oral AZT. The effect of AZT may linger for 24 h after
a single dose administered vaginally. So far, the phar-
macokinetic profiles of conventional and MBVG4, AZT
resulting from different administration routes have not
been studied beyond 24 h, Since, the effects of vaginal
and oral AZT are similar and more pronounced than
for oral AZT, it seems that it is the sustained plasma
levels, rather than the high peak plasma concentration,
that are crucial to efficacy. The volume of distribution
(V,) 0.081 L/kg, total body clearance (CL) 0.056 L/kg/h,
elimination rate constant (K,) 0.693 h* and half-life (¢, ,)
one hour was found to compare with the oral pure drug.
The overall release form MBVG4 formulation and pure
drug solution were not significantly different (P<0.05)
statistically, indicating that the drug amount between the
formulations did not vary.

Vaginal irritation study

Histological evaluation of three different regions of the
vaginal tissues of seven rats (three for formulations,
three for standard irritant and one control) given daily
intra vaginal application of MBVG4 for 10 consecutive
days showed lack of significant vaginal irritation (Table 4
and Figure 4A-C). Rats treated with MBVG4 revealed
very mild epithelial ulceration with an absence of edema,
leukocyte influx; and vascular congestion {characteris-
tic of inflammation as quantified by histological scoring
according to the method of Eckstein et al.?™), indicating
the MBVG4 formulation as safe for vaginal application.

Conclusion

Drug delivery through vaginal gel is a promising area for
continued research with the aim of achieving control-
led release with enhanced bioavailability over longer
periods of time. In conclusion, ZMP4 containing the
drug:polymer ratio 1:4 was selected and evaluated in
order to achieve one objective of this study. The method

Microparticulated anti-HIV vaginal gel 7

Table 4. Histological scoring for vaginal irritation study using rat
vagina.

Histopathological parameters

Epithelial Neutrophil Leukocyte Vascular
S.No Batch ulceration infiltration infiltration congestion
1 Normal [¢] -~ - —_
{control)
2 Standard +++ 44 ++ -
3 Test e e —— —
+ = positive, -~ = negative (n=7)

e NO
infiitration

w3 NO
inflammation

Cross section of normai.rat vagina

inflammatory
infiltrate in the
subepithelial
spaces

=k
Inflammatory
infiitrate in the
fat spaces

Rat vaginal cross section after appiled standard irritant

., *Mild
“inflammatory
infiltrate in'the
subepitheliai
spaces
Compared to
the standard

- No
Inflammatory
infiltrate in the

Rat vaginal cross section after apply the formutation fat spaces

Figure 4. Rat vaginal cross sections during vaginal irritancy study.
(A) For normal vagina; (B) rat vagina treatment with BZK; (C) rat
vagina treatment with MBVG4.

of preparation of ZMPs of AZT (by solvent evaporation
method) was found to be simple and reproducible. To
achieve the second objective, optimized ZMP4 were
blended into gel by mechanical mixing with various bio-
adhesive polymers. In vitro drug release study of ZMP4
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showed t, in 10h drug released and MBVG4 showed
t., in 36h drug released following case I Fickian (n <
0.5) transport mechanism and in vivo drug release it
was found T___4h and C_, 15h comparison with oral
pure drug solution. Very mild epithelial ulceration was
observed during the 10-day irritancy study. Based on
these results, it can be concluded that microparticu-
lated vaginal gel of AZT could improve upon physico-
chemical and biological properties. Further research
in this area will surely be expected to yield significant
outcome with improved vaginal drug delivery system
for treatments of AIDS and its prevention that women
may control.
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OVER VIEW ON PARTICULATED BIOADHESIVE VAGINAL DELIVERY SYSTEM AND
EVALUATION

CHATTERJEE ARKENDU*, BHOWMIK BENOY BRATA', K. GATHUTAMMAN', NAYAK BHABANI SHANKAR'AND
MUKARJEE ARUP®

Bioadhesion in-vagina is-a topic of current interest in the design of particulared bioadhesive gel as-drug delivery systems
and different evaluations. Particulate carrier systems comprising of nanoparticles, liposomes, niosomes, microparticulates
etc. are incorporared with bioadhesive gel, exhibit a prolong residence time at the site of application or absorption and
hence facilitate an intimate contact with the vaginal epithelial membrane to improve the therapeutic performance of the
drug. In recent years such vaginal gels are used in different diseases. The principles underlying the formulation development
and characterization of particulated bioadhesive gel and the current research trends in this arena are explored in this

review,

Keywords

INTRODUCTION

Bio adhesive gel carrier technology offers a good research
work for drug delivery by coupling the drug to carrier
particles such as microcapsules, liposomes, nanoparticles,
which modulate the release and absorption characteristics

of the drug (FIG. 1).

Vaginal preparations, although generally perceived as safer,
have historically been undesirable to women due to their
multiple days of dosing; messy, dripping creams and
requisite night-time dosing. Recognizing that the
therapeutic delivery of the active agent plays a critical role
in the overall success of therapy and attempting to
circumvent the weaknesses of traditional vaginal drug
delivery while maintaining and even improving safety
profiles, the idea of new form of vaginal drug delivery was
developed. Microcapsules play an important role in
particulate drug delivery systems (DDS) due to their small
size and efficient carrier characteristics. These types of novel
DDS have limited success due to their short residence time
at the site of absorption area; however this limitation can
be easily maneuvered by the use of bioadhesive polymers
in-a localized area. A microcapsule is an upcoming area of
microparticulate DDS that contains a distinct core and a
discrete envelope. In current revolutionary state,
microparticulate systems were used in different areas of
treatment. (FIG. 2).

In general the solid, liquid, or gas core is entrapped in the
envelope, made up of continuous, porous or nonporous,
polymeric phase. The drug can be dispersed. inside the
microcapsule as solid particulates with regular or irregular
shapes'. The advantages of these DDS are intimate contact
of the dosage forms with absorbing membranes and
dispense the drug slowly. It can be achieved by pairing the

particulate systems, bioadhesiVe gel;, vaginal drug delivery system (VDDS), evaluations:

drug with bioadhesive polymeric gel which might be
referred as bioadhesive microencapsulated gel perhaps.
Microencapsulated vaginal gel is one such less explored
area, as per literature survey. This unique delivery system,
with both bioadhesive and sustained release properties,
introduces the convenience of a single dose of medication

7%

2%

[ & \egirat Infection (35%) Acti pyrétic (179 1

| Spermical (17%)

L3Pt N (2%
0 At disitic, (5.80%)

FIGURE 1: Different areas of interest using microparticulate
delivery system. From 500 Scientific paper Survey ,05/65/2005
to 12/02/2007. www.pubmed.gov, www.elsevier.com etc.
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FIGURE 2 : Different formulation for vaginal application.
that can be applied at any time, with efficacy rates
equivalent to lengthier durations of treatment (FIG.3)**.
Bio adhesive Vaginal microcapsule of Zidovudine prepared
by solvent evaporation method , using ethyl cellulose as a
rate controlling polymer and hydroxy propyl methyl
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- Bioadhesive Polymer Gel.
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FIGURE 3 : Schematic representation of
microencapsulated vaginal gel delivery system.

cellulose as a bio adhesive polymer for prevention and
treatment of AIDS’.

BICADHESION AND BIOADHESIVE DRUG
DELIVERY SYSTEMS (BDDS)

The term bioadhension refers to either adhesion between
two or more biological materials (including cells, cellular
secretion, mucus, extra-cellular martrix, and artificial
substrate such as metal, ceramics and so on) or adhesion
between polymer samples, either synthetic or natural, and
soft tissue. Possible means of administration for BDDSs
include the ocular, respiratory, Gl, rectal; urethral and
vaginal roures.*”

8
E 74
2
g 64
=
Tso
G
2y
L2
28
3 2
E=
217
0 A -
cp-8974  cp-834.  <p-980 SA HPMC HMC cMC
Bioadhesive polymers

FIGURE 4 : Bioadhesive measurementk of various polymers.
ADVANTAGES OF BIOADHESIVE SYSTEM

Bioadhesive drug delivery systems have four distinct
advantages when compared to conventional dosage forms.
First one is the enhanced bioavailability and effectiveness
of drug due to targeted delivery to a specific localized region
such as vagina; second one-is the maximized absorption
rate due to intimate contact with the absotbing membrane
and decreased diffusion barriers. Third, drug protection
is improved by polymer encapsulation and direct contact
with absorbing cell layers. Fourth, longer residence time
resulting in extended periods for absorption.®’.

BIOADHESIVE POLYMERS

From current scientific literatures, two classes of polymers
appeared to be of interest for bioadhesion: hydrophilic
polymer and hydrogel. Recent tesearch has suggested that
in the large class of hydrophilic polymers, those containing

Volume 1, Issue 3, 2008

carboxyl groups exhibit the best bioadhesive properties .
Other promising bicadhesive polymers have included
sodium alginate (SA), methyleellulose (MC), hydroxy
propyl methyl cellulose (HPMC), carboxy methyi cellulose
(CMC), hydroxy methyl cellulose (HMC) and cationic
hyhrogel such as chitosan. In general hydrogel have most
often been used for bivadhesive drug delivery because of
polymer-mucin chain entanglement, an essential
component in bicadhesive bond formation. Other factor
includes surface energy, surface texture, electrical charge
and hydrophilic functional groups may be equally
important. It was also found from literatures, non-hydrogel
polymers which are having hydrophilic functional groups
can also produce intense bioadhesive interactions.'*"

CLASSIFICATION OF BIOADHESIVE
POLYMERS

Polymers can be classified as following category such as
hydrogel polymer, natural pelymer, natural modified
polymer, Synthetic polymer. Hydrogel are water swellable
marerial, usually a cross link polymer with limited swelling
capacity. Some time their aqueous dispersion is very mildly
acidic. Upon neutralization with an alkali, the resins
expand extensively like a gel- like structure and their
viscosity increases drastically, thus forming aqueous
mucilage. As a result, the dispersion’ become thickened
e.g Carbopol-974P, Carbopol-934; Carbopol 974P NF
resin, Carbopol 980 NF etc. Various biocompatible natural
polymer which are useful in bioadhesive vaginal
formulation, includes pectin, guar gum etc. Another way
to achieve desirable polymer properties is the modification
of preformed in natural polymer. This modification may
take place on the reactive sites of the polymer chain through
alkylation, hydrolysis, sulfonation, esterification etc.
Examples of natural polymer and their modifications are
useful in bioadhesive formulation, e.g. chitosan and chitin.
Various Synthetic polymer which are use full in bicadhesive
vaginal preparation system.are hydroxy propyl methyl
cellulose (HPMC), sodium carboxy methyl cellulose,
hydroxy methyl cellulose, sodium alginate and sodium
polystyrene sulfonate (PSS), polyacrylic acid (PAA) or
polycarbophil.

CLASSIFICATION OF POLYMERIC
EMBRANES OF MICROCAPSULES

Polymeric films and membranes can be classified in various

ways. One such classification is based on porosity, with

the following categories.'

A. Macroporous membranes, which have large pores
(0.1-1im).

B. Microporous membranes, in which the pores are

(34)
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appreciably smaller (100-500A)

C. Nonporous (gel, solution-diffusion) membranes. In the
last category the “pores” are of the order of molecular
dimension.

EVALUATION OF BIOADHESIVE GEL

Methods to evaluate Bioadhesive interaction

1. Techniques Bioadhesion Test Procedure using Portable
Universal Tester.

After preparation of gel with 1.2 % polymer, measure
the viscosity with a Brookfield Viscometer, which has
been equipped with a suitable spindle rotating at 20
rpm. Place the sample on a brass mount piece, and
screw the mount onto the platform. Level the sample
with a spatula and care should be taken to avoid the
presence of air bubbles. The Portable Universal Tester
is then used to measure the peak adhesion force and

the work of adhesion. (FIG.5)."”

Here are adhesion models for biological systems listed
in order of increasing complexity : Model 1 is used to
predict bioadhesion by Polyacrylic acid (PAA) .Model
8 is typical of a real tablet dosage form with bioadhesive
activity, while Model 3 is fairly typical of syrup, ocular
or oral suspension dosage model /n vivo. Isotropic =
the same inall directions.

2. The Wilhemy plate technique

Traditionally this method has been used for dynamic
contact angle measurement and involves a'microbalance
or tensiometer. A glass slide is coated with the polymer
of interest and then dipped in to a beaker of synthetic
or natural mucus. The surface tension, contact angle,
adhesive force can be automatically measured using
available in software. The shear test measures the force
required to separate two polymer-coated glass slides
joined by a thin film of natural or synthetic mucus.
The result of this technique often correlates well with
In vive test result.”

3. Du Nouy tensiometer :

The bioadhesive properties of the hydrophobic, basic
polyelectrolyte hydrogel disks containing crosslinked
N,N-dimethyl amino ethyl methacrylate-co-methyl
methacrylate 30/70mol% were evaluated in vitro using
gastric (pH 1.2), sublingual (pH 6.5), vaginal (pH
4.0) and intestinal (pH 7.5) pig’s mucosa. Adhesive
strength was measure by using a modified Du Nouy
tensiometer by measuring the force of derachment
between a gel disk and the respective mucosa™

4. Flow channel method:

Mikos & Peppas, was developed a flow channel method
that utilized a thin channel made of glass and filled
with 2% w/w aqueous solution of bovine maxillary
mucine, thermostated at 37°C. A particle of a
bicadhesive polymer was placed on the mucine gel and
its static.and dynamic behavior was monitored. at
frequent interval by using a camera®

5. Falling liquid method:

This method is useful for identifying the adhesion
strength of different polymer. Teng & Ho was first
developed this methods. Small intestine segments from
rats placed 4t an inclination of a tygon tube flute. The
adhesion of particles to this surface was monitored by
passing the particle suspension over the surface. By
comparing the fraction of particles adherent to the
tissue, the adhesion strength of different polymers can
be determined

6. Viscometric method:

In these methods, viscosities of 15% w/v percine gastric
mucin dispersion in 0 .IN HCI (pH 1.0) or 0.1 N
acetate buffer (pH 5.5) were measured by Brookfield
viscometer in absence or presence of selected polymer.
Viscosity component and the forces of bioadhesion
were calculated *?ATR FT-IR spectroscopy method

Satano- et al 2005 was work on the bioadhesive

FIGURE 5 : The Portable Universal Tester.
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properties of a hydrogel have been investigated by
using ATR FT-IR spectroscopy. In particular, the co-
polymer PHG obtained by partial derivatization of
PHEA with GMA was chemically crosslinked by UV
irradiation at 313 nm. Crosslinked PHG was treated
with water to obtain a swelled sample, named PHG-
UV gel, that wasbrought into contact with a phosphate
buffer/ citric acid solution at pH 7.0 in the absence or
in the presence of mucin at various concentrations
(0.01, 0.1 and 1 wt.-%) *

7. PBMC-based in vitro assay:

It was measure anti-HIV activity of marketed vaginal
gel or cream products and excipierits by a PBMC-based
in vitro method has been developed for the evaluation
of anti-HIV activity of gel or cream marketed products
and formulated drug delivery systems. Using this
methodology, a number of marketed vaginal products
showed 83% to 100% inactivation of a variety of X4
and RS HIV of different clades. This knowledge of
baseline anti-HIV activity of vaginal products (cream/
gel) and excipients is useful for the final formulation
and development of anti-HIV microbicide *

8. Vaginal tolerance tests :

Amaral was established the vaginal tolerance tests were

performed with a2 new potential microbicidal and
spermicidal product, an acid-buffering vaginal gel
(Acidform) without or with nonoxynol-9 (N-9). The
potential advantages over other vaginal products
include keeping a low pH, decrease of the irritating
effect of N-9 on the cervix or vaginal mucosa associated
with greater retention of the product after application,
and decreasing “messiness” as compared to other vaginal
products. Vulvar irritation was seen in seven of these
10 volunteers. %/

9. By Freeze-fracture electron microscopy (FFEM);

By using Freeze-fracture electron microscopy (FFEM)
Boulmedarat was found morphoelogical changes of
liposome when dispersed within the hydrogel. A
hydrophilic model molecule, inulin, was encapsulated
within positively charged and PEG-ylated liposomes
and its release was measured it the presence of Me (beta)
CD after vesicle dispersion within the bioadhesive
Carbopol 974P gel Liposome-Me(beta)CD
interactions were investigated by turbidity monitoring
during continuous addition of Me(beta)CD rto
liposomes **

Volume 1, Issue 3, 2008

Techniques

Three models of real biological application systems are
presented in (FIG. 6). , arranged in order of decreasing
complexity. Model C represents the typical test
performed using a mechanical tack tester and metal
plates, and does not incorporate mucous into the
system. In Model B, a separate “phase” of intermixed
Carbopol and mucus between the mucous layer and
the swollen Carbopol phase is formed. Studies
performed on this type of system have shown that there
is a marked increase in mucous viscosity with carbopol
polymers. describes this increase in the mucous viscosity
and micro viscosity as well. The bioadhesive tablet

(Model A) represents the most complex case of the
three %

T

{A) Swollen gel on mucous
fayer.

{B) Swolien gel on base

surface. i
d

FIGURE 6 : Models for In vivo Bioadhesion.

D’Cruz were describing in vivo evaluation of a gel
formulation. Rabbits in groups of four were exposed
intra vaginally to a gel with 0.5- 2% drugs or no active
drug for 14 consecutive days. The rabbits were
euthanized on day 15 and their vaginal tissues were
evaluated for histologic evidence of mucosal roxicity
and immuno histochemical evidence of cellular
inflammation or hyperplasia and plasma samples
collected ar various timepoints were assayed for drug
and its major metabolites, drug can be analysis by high
performance liquid chromatography (HPLC) by using
of suitable ‘mobile phase.”

MRI evaluation : distribution of a vaginal gel describe
by Barnhart KT et al 2004 for prevent transmission of
HIV. factors affecting coverage have not yet been
studied. Ten women were selected for this study by
with self-inserted with serial MRI scanning both before
and after simulated intercourse. Gel spread was
dependent upon time and volume. Simulated
intercourse greatly enhances gel spread

(36)
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TABLE - 1 Models for Evaluation

Comment

Viscoelastic- adhesive / rough or flexible or permeable or anisotropic substrate or adhesive

Viscoelastic adhesive / rough or flexible or permeable or anisotropic substrate or adhesive
specific chemical interactions with substrate; with mass transfer between phases (adhesi

Anisotropic adhesive; rough or flexible or permeable or anisotropic substrate or adhesive has sp

Anisotropic: adhesive which thanges with time / rough or flexible or permeable or anisot

Anisotropic -adhesive which changes with time / rough or flexible or permeable or anisot
substrate or adhesive has specific. chemical interactions with substrate; with mass transfer bet:

Anisofropic. adhesive which changes with time / rough and/or flexibie andfor permeable a
anisotropic substrate, and/or-adhesive have specific chemical interactions with substrate; with |

Anisotropic adhesive which changes with time / rough and flexible and permeable or anisot
substrate and adhesive has specific chemical interactions with substrate; with mass transfer bet

S. No. | Model
1. 1 Viscoelastic adhesive / smooth, inflexible, impermeabie substrate(s).
2. 2
specific chemical interactions with substrate.
3. 3
substrate).
4, 4
chemical interactions with substrate.
5. 5
substrate oradhesive has specific chemical interactions with substrate.
6. 6
phases.
7. 7
transfer between phases.
8. 8
phases; substrate also changes with time.
CONCLUSION

Particulated Bioadhesive Vaginal Gel is very safe and
efficient drug delivery systems. This DDS can be use for
not only local therapy it may very useful in different
diseases like anti-hypertensive, anticancer, anti HIV, anti
malarial etc. this delivery systems not only for female it
can be use full for male also.
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ABSTRACT

Vagina is onc of the best routes for drugs administration like contraceptive steroids. metronidazole. anti-retroviral. An intra-vaginal
contrelled-release drug delivery system is an effective: means for achieving a continuous delivery of therapeutic agents, not only the
systemically active drugs, such as contraceptive steroids; but also the locally active drugs, such as metronidazole and other drugs like
zidovudine. Tlis continuous penetration of drugs through the vaginal mucosa can prevent the possibility of hepato-gastrointestinal first-
pass metabolism gastric irritation of drugsand fluctuation of dosaging interval. The advantage of intra-vaginal controlled drug administration
over conventionalftraditional oral administration is the drug absorbed systemically, because due to the presence of dense network of
blood vessels.in vaginal wall. This intra-vaginal drug delivery reduces the incidence of hepatic first-pass metabolism, and improves the

patient compliance.

Key words: vagina.drug delivery, application

INTRODUCTION

Vaginal drug delivery systems-are traditionally used to-de-
liver contraceptive and drugs to treat vaginal infection. However,

{1he cense network of biood vess

by thisroule as

GO NCE, 2

! inistered int
administration was made practical in 1970 with the development of a
medicated, recent vaginal ring, fabricated form a biocompatible sili-
cone elastomer to contain medroxyprogestone acetate (MPA) for
intra-vaginal contraception. Still tablets, creams and suppositories
are the usual formulations in over-the-counter (OTC) vaginal medi-
cations while vaginal rings are the most common long-term drug
delivery systems currently used *The concept of controlled-release
drugdelivery hasalso been successfully applied to the intra-vaginal
administration of a systemic prostaglandin derivative for abortion

. indication. Intra-vaginal controlled-release drug delivery system is
an effective means of continues delivery. of therapeutically active
agents such as contraceptive steroids and prostaglandins *

ANATOMY AND PHYSIOLOGY OF THE VAGINA:

The vagina is a fibro-muscular.tube ined with stratified epi-
thelium, connecting the external and internal organs of reproduction.
It runs obliquely upwards and backwards at-an angle of about 45°
between the bladder in front and rectum and anus behind. In the
adult, the anterior wall is about 7.5 cm (3 inches) long and the poste-
rior wall is about 9.0 cm long. The difference is.due to the protrusion
of the cervix through the anterior wall.

The vagina has an outer covering of areolar tissue amiddle
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layer of smooth muscle and an inner lining of stratified squamous
epithelium that forms ridges or rugae. It has no secretory glands, but
the surface is kept moist by cervical secretions: Between puberty and
the menopause Lactobacillus acidephilus microbes are normally
present and they secrete lactic acid, maintained the pH between 4.9
and 3.5, The acidity inhibits the growth of most microbes that may
enter the vagina frem the perineum.”

ABSORPTION OF DRUGS FROM VAGINA:

Absorption of a wide range of drugs from the vagina has
been studied. A detailed review describes studies on the vaginal
absorption of steroids, prostaglandins, antimicrobials, antiviral, pro-
teins and nonxynol-9.3

As with other mucosal drug delivery routes, drug transport
across the vaginal membrane may occur by a number of different
mechanisms:
a)Diffusion through the cell due to a concentration gradient (trans-
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¢)Diffusion between cells through the tight junctions (intercellular
route).®

In some cases, drugs given by the intra-vaginal route have a higher
bioavailability compared to the oral route. This is because the drug
enters immediately into the systemic circulation without passing the
metabolizing liver. The vaginal wall is very well suited for the absorp-
tion of drugs for systemic use, since it contains a vast network of
blood vessels.’

FACTORS INFLUENCING VAGINAL DRUG ABSORPTION:

A goodunderstanding of the various factors that can influ-
nee drug absorption from the vaginal cavity is very important in
designing both the formulation and the device used for intra-vaginal
administration. There are several factors ranging from physiological
conditions, physic—chemical propertics of the drug. factors related to
the administration device. 58

1} Physiological Fuctors:

Factors related to the vaginal physiology include pH of va-
gina (3.5 to 4.9), effect of the estrus cycle on the permeability of the
vaginal mucosa, thickness of vaginal epithelium, vaginal fluid vol-
ume, chemical composition of fluid, pH, viscosity and surface ten-
ston and the pressure exerted on the dosage form by the rectal wall,
play a vital role in vaginal d

rug absorption and sexual arousal,
s

mucocibiary clearance (M wal obstruction, etc. which affect

PESN

er the mucus or

PR . T Ton I e i v A
sysicachpmical Pagi

actors related to the dosage forms are physicochemical
characteristics of the active ingredients; pH and mucosal irritancy;
osmolarity; viscosity (solution, gels) and density (powder, tablet) to
the formulation; concentration and volume administration; and type
of dosage forms; particle size of the molecule of drug, hydrophilicity
or lipophilicity of drug molecule, molecular weight of drug molecule,
chemical nature, ionization surface charge, etc.

3} Factors Related to the Administration Device:
It includes the viscosity of the semi-solid dosage forms

(creams, gels. ete), size of the solid dosage form (vaginal tablet, ete)
adhesive property of the dosage form.

IMPROVEMENT OF VAGINAL ABSORPTION*:

The low vaginal absorption can be the result of poor mem-
brane permeability due to molecular size, lack of lipophilicity (e.g.
steroidal drugs) fluid volume, estrus cycle and pH of vagina. To over-
come this problem, most reported studies have investigated penetra-
tion enhancers to facilitate the transport of these molecules and im-
prove the bioavailability. In general, enhancers improve the absorp-
tion of these molecules by one or several combined mechanisms:
1)By increasing intracellular transport or use of penetrating agents
eg PEG.
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2)By increasing the contact time between the dosage form and the
vaginal membrane by using mucoadhesive polymers e.g. Carbopol
934, 940, 973 and formulation of gel and by increasing viscosity of
formulation.

3)By increasing vaginal blood flow, thereby raising the concentration
gradient across the vaginal mucosa.

4)By the use of bio-adhesive preparations have been developed as a
new type of controlled release form for the treatment of both topical
and systemic diseases. The greatest advantage of such dosage forms

is the possibility of maintained them in the vagina for extended peri-
ods of time including day hours and night, thereby enabling lower
dosing frequencies. Among the polymers poly-acrylic acid (PAA)
and HPMC (Hydroxypropyl methyl cellulose) are the ideal excipients
in bic-adhesive vaginal preparations due to their high bio-adhesive
strength.’

5)By the use of'chelating agents as a penetration enhancers in vagi-
nal formulations. Vaginal administration of the protein leuprolide is

much more effective when enhancers, such as carboxylic acids with
chelating ability are co-administered.?

6By theuse ofpro-d ity through modi:
fication of the hydrophilicity or lipophilicity of the drug. The method
includes modification of chemical structure of the drug molecule,
thus making it selective, site specific and a safe vaginal drug delivery
system.

7)By the use of gel formulation is an extreme case of viscosity en-
hancement through the use of viscosity enhancers. So the dosing
frequency can be decreased to once or twice a day. Example of vagi-
nal gel is metronidazole gel. Tt is most popular vaginal gel. Mostly

hydrogels are used for the intra-vaginal gel drug delivery system.”

cnihances drug permezab

CLASSIFICATION OF INTRA-VAGINAL DRUG DELIVERY SYS-
TRV

ayVaginal rings.
byVagma
cyPe
d)Bio-adhesive micro-particulate drug delivery devices or systems
and

¢)Others like foams:

T geland creams.

ssaries, tablets and suppositories.

IDEALITY OF INTRA-VAGINAL DRUG DELIVERY SYSTEM:

DComponent should melt at vaginal temperature i.e. at 36 °C.
2YIntra-vaginal drug delivery device should be non-toxic and non-
irritating.

3)It should not have any meta-stable form.

4)The preparation should have high water number.

5)The preparation should have wetting and emulsifying properties.
6)The preparation should be non-sensitized on vaginal pH (i.e. 3.5-
49y

T)it should be stable on storage.

8)The preparation should have small interval between melting and
solidification point.

9)The preparation should have proper viscosity, so avoid the leakage
of preparation from vagina (in case of semisolid dosage form).
10)The preparation should have proper bio-adhesive/mucoadhesive
properties, so increase the contact time between the membrane and
preparation®.
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S OF INTRA-VAGINAL DRUG DELIVERY SYSTEM:

This route is the most preferred and targeted goal of new
drugs and dosage forms, vaginal administration can be used as an
alternative route in certain cases of therapeutic importance:

DIn cases of nausea and vomiting, the act of taking medication orally
may induce emesis so that drug is vomiting before it is absorbed.
2Yrritation to the stomach and small intestine associated with certain
drugs can be avoided.

3}Hepatic first pass elimination of high clearance drugs may be
avoided partially.

A)yContact with digestive fluid is avoided, thereby preventing enzy-
matic degradation of some drugs.

5)The vaginal bicavailability of smaller drug molecules is good.
6YThe bicavailability of larger drug molecules can be improved by
means of absorption enhancer or other approach.

7)Self medication is possible.

LIMITATIONS OF INTRA-VAGINAL DRUG DELIVERY SYSTEM:
1) Some of the drugs are sensitive at the vaginal pH.

2)Local irritation of some drugs.

3)Influence of sexual intercourses.

4)Gender specificity.

5)Personal hygiene.

6)Sometimes leakage of drugs from vagina and wetting of under gar-
ments.

PPLICATIONS OF INTRA-VAGINAL DRUG DELIVERY 8YS&-
TEM:
1¥This route of ¢

tion.

23Multi-cycle adminisiration of vaginal contraceptive rings.
3Effective route for the treatment of HIV infection.
4YEffective route for the treatment of local fungal infection,
S)Effective for the delivery of hormones.

CONCLUSION:

The present study gives an overview of anatomy, morphol-
ogy and physiology of vagina as necessary for an understanding of
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the function of mucoadhesive system in vaginal delivery of drugs.
Absorption of drugs, factors influencing vaginal drug absorption
and improvement of vaginal absorption using absorption enhancers
is discussed. Vaginal pharmacokinetics and permeation of drug is
also discussed. It has been shown that different types of dosage
forms are delivery by using this route. Ideality of intra-vaginal drug
delivery system is also discussed for particular disease or infection.
It has been shown that intra-vaginal drug delivery route has more
advantages over disadvantages. This type of drug delivery has more
applications now-a-days. In conclusion, the vaginal drug delivery
provides an effective route of drug administration with reduced side
effects. Better absorption of drug due to the presence of dense blood
vessels network, avoidance of first-pass metabolism, a relative per-
cavity an at-
tractive for drug delivery. The intra-vaginal controlled-release drug
delivery system improves the

meable, self medication contribute to make the vaginal ¢

patient compliance and reduces the

dose also.
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ABSTRACT
The objective of the present study was to formulation development, characterize and in vitro drug release efficacy of microencapsulated bio
adhesive vaginal tablet (MBVT) for treatment of AIDS. The microcapsules were prepared by the solvent evaporation method, were charac-
terized for the percent drug content, entrapment efficiency, micromeritic analysis, FTIR, surface morphology and in vitro dissolution studies.
% The microcapsules were compressed into in tablet by direct compression methed, after blending with the bioadhesive polymers and other
formulation additives. The MBVTs were evaluated for average weight, hardness, friability, drug content, bioadhesion test, swelling index
study oftablet formulation and in-vitro drug release study. The microcapsules were found to be discrete with entrapment efficiency of 67.12-
99.1%. FTIR study showed the no chemical interaction between drug and polymer. SEM revealed that the microcapsules were porous in
nature. /n vitro drug release study of microencapsulated tablets revealed, MBVT2 and MBVT4 released the drug only about 13.52% and
19.35% following diffusion controlled Higuchi (>=0.98 and 0.88) model respectively even in 10% hr, with a good bioadhesion property,
confirmed by ex-vivo studies. Thus in conclusion, preparation protocol of MBVT studied may be adopted for a successful development of

other anti-retroviral drugs for administration into vagina.

Keywords: Microcapsules, bio adhesive, vaginal tablet.
INTRODUCTION

The women (15.4 million) are approximately 50% of people
(33.2 million) infected and living with HIV reported in 2007 UN AIDS
_ summary. In most regions of the world, HIV is affecting women and
¥ girls inincreasing numbers. Vaginal drug delivery is very challenging
and less explored research area. The vagina is an efficient route for
drug administration due to presence of dense blood vessels network
and avoids first-pass. Conventional vaginal formulations are associ-
ated with disadvantage of low retention to the vaginal epithelium,
leakage and messiness thereby causing inconvenience to the user.
To circumvent these problems, bicadhesive drug delivery systems
VDDS are being propagated. Various peptide protein'drugs have also
been attempted to administer via bioadhesive microcapsule.! A clear
rationale exists for providing long-term, controlled release (lacunae
of commercially available conventional tablet) of anti-retroviral in
order to provide continuous protection against heterosexually trans-
mitted HIV infection and to improve user compliance, even during
sexual activity.
y MATERIALS AND METHODS
Materials
Zidovudine (AZT), a gift sample from Aurobindo Pharma
Ltd, A.P, India and ethy! cellulose (ethoxy content- 47.5% by weight
and viscosity (1) of 22 cps in a 5% concentration by a weight in
toluene: ethanol 80:20 at 25°C), Carbopol 934, Carbopol 940, methyl
cellulose (MC) and hydroxypropyImethylcellulose (HPMC) were ob-
tained from S.D. Fine Chem., Mumbai (India). All other chemicals and

*Corresponding author.
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9E-mail:arkerzoz’ﬂ 001l@yahoo.com
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reagents used were of analytical grade and used as received.
Preparation of microcapsules

AZT microcapsules were prepared by the solvent evapora-
tion method? Accurately weighed quantities of polymer were dissolved
in acetone (20ml). The drug and polymer (1:1) ratio were dissolved.or
dispersed in acetone and added to light liquid paraffin with continu-
ous stirring (1000 rpm). Stirring is continuing for 2 hrs. Microcapsules
were recovered by treating with petroleum ether, then filtered, dried
and kept in desiccators for further evaluations.
Percentage Yield Estimation

The yield was calculated as the weight of the microcapsules
recovered from each batch divided by total weight of drug and poly-
mer used to prepare that batch by 100.°
Morphological and Size Distribution Characterization

Mierocapsules were observed and photographed with scan-
ning electron microscopy (SEM) (LEO, 435 VP, U.K.) and optical mi-
croscopy (OLYMPUS BX-50, Japan).®
Micromeritic Studies. Flow of microcapsules was investigated by
determining angle of repose, bulk density, Carr’s index and Hausner
ratio. The angle of repose was determined by fixed funnel method.
The microcapsules were tapped using bulk density apparatus (Excel
Enterprises, Kolkata) for 100 taps in a cylinder and the change in vol-
ume was measured. Carr’s index and Hausner ratio were calculated by
the formula: Carr’s index (%) = [(D;-D,) x100]/ D, and Hausner ratio =
D;,D,, Where, D, is tapped density; D, is poured density. All the
experimental units were studied in triplicate (n=3). ¢
Drug content and Drug Encapsulation efficiency (DEE) accurately
weighed amount of microcapsules 50 mg, were suspended in 50mi of
methanol to dissolve the polymer coat. The drug was extracted with 50
m! of methanol in separating funnel and analyzed by using UV-Visible
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spectrophotometer (UV-1700, Shimadzu, Japan) 267nm after suitable
dilution . The drug entrapment efficiency (DEE) was calculated by the
following equation?
DEE = (Pc / Tc) X 100 where Pc is practical drug content; Tc is the
theoretical drug content. The entire test was performed in triplicate.
Invifro drug release studies of microcapsule
In vitro drug release study was carried out in USP type 11
dissolution test apparatus using SVF (simulated vaginal fluid) as dis-
solution medium (900 ml acetate buffer L.P. pH 4.7, at 37+1 °C, Peddle
speed was adjusted to 50 rpm). An aliquot sample (5 ml) was with-
drawn at intervals of 1 h with replacement by fresh medium and ana-
tyzed for Zidovudine content by UV-Visible spectrophotometer at 267
nm. The entire release tests were performed in triplicate.” 16
Release Kinetic studies of microcapsule
In order to study the exact mechanism of drug release from
the Vaginal Microcapsules, drug release data was analyzed according
to zero order. first order, Higuchi square root and Korsmeyer - Peppas
equations. The criterion for selecting the most appropriate model was
chosen on the basis of goodness of fit test. 51
Fourier Transformed Infrared spectroscopy (FT-IR}IR spectroscopy
was performed on Fourier transformed infrared spectrophotometer
(840, Shimadzu, Japan). The pellets of drug and potassium bromide
were prepared by compressing the powders at 20 psi for 10 min on
KBr-press and 2mg of pure drug, empty microcapsules and drug loaded
microcapsules were selected and measured in the range the spectra
were scanned in the wave number range of 4000-600 cm. !
Preparation of microencapsulated bioadhesive vaginal tablet
Selected batches of Zidovudine microcapsule were incorporated in
_ tablet by direct compression method using various bioadhesive poly-
4 mers, such as Carbopol 934, Carbopol 940, methyl cellulose (MC).
hydroxypropylmethylcellulose (HPMC) along with other formulation
additives. The prepared tablets were kept in a decicator for further
study !>
EVALUATION OF MICENCAPSULATED BIOADHESIVE VAGINAL
TABLET
Weight variation of tablet
Twenty tablets were randomly selected form each batch and
weighed individually. The average weight was calculated. Then the
deviation of individual weight from the average weight and the stan-
dard deviation were calculated .+
Disintegration of tablet
The modified disintegration apparatus(B.P) was designed in
a vessel of suitable diameter containing water at 36° to 37° C. The level
of the liquid was adjusted by the gradual addition of water at 36°t037°
% C until the perforations in the metal disc are just covered by a uniform
layer of water. One vaginal tablet on the upper perforated disc was
place and the apparatus was covered with a glass to maintain.appro-
priate conditions of humidity. The operation was repeated with two
more vaginal tablets.!**
Hardness of tablet
The hardness of the tablet was calculated with the help of a Monsanto
hardness tester. Five tablets from each batch of formulations were
tested. Then average hardness and standard deviation were calcu-
lated
Friability of tablet
The friability test was done using Roche’s Friabilator. Twenty
tablets were selected and weighed individually. Then the friability test
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was carried out at 25 rpm for 4 minutes. These tablets were then again
weighed and percentage loss in weight was calculated.?
Drug content of the tablet

Tablets of each formulation were ground in a mortar to a
powder form. An accurately weighed amount of the powder was trans-
ferred to a 100-mL volumetric flask. The powder was dissolved in
methanol overnight. After filtration, the solution was assayed spec-
trophotometrically for Zidovudine at 267 nm against methanol as blank.
The content was calculated using a preconstructed calibration curve
for the drug."*
In vitro Dissclution study of tablet

Invitro drug release study from bioadhesive vaginal tablet
was carried out in USP type 11 dissolution test apparatus using SVF as
dissolution medium. Volume of dissolution medium was 900 mi and
bath temperature was maintained at 37+1°C throughout study. Peddle
speed was-adjusted to 50 tpm. At an'interval of 1 hr, five ml of sample
was withdrawn with replacement of five mi fresh medium and analyzed
for Zidovudine content by UV-Visible spectrophotometer at 267nm.
The entire release tests were performed in triplicate.
Release Kinetie studies of tablet

In order to study the exact mechanism of drug release from
the Vaginal Microcapsules, drug release data was analyzed according
to zero order, first order, Higuchi square root and Korsmeyer - Peppas
equations. The criterion for selecting the most appropriate model was
chosen on the basis of goodness of fit test.!
Bioadhesive strength of tablet

The bio adhesion measurement was performed by using a
modified balance method intact with mucosal membrane of goat va-
gina in vitro model. The two pan of physical balance were removed.
Right side pan was replaced with a 100 ml beaker and on'left side,
glass slide was hanged, on which vaginal membrane was attached.
Forbalancing the assembly a weight was hanged on left side. A glass
block was kept inside the glass container.Above this glass block a
glass slide was placed on which vaginal membrane also attached. The
height of this set up'was adjusted to. feaving a space of about 0.2 cm
between two vaginal membrane faces. The set up was balanced by
hanging a weight of 20 gm on [eft side. One tablet was placed between
two vaginal membrane faces, little pressure was applied to form
bioadhesion bond, then slowly drop of water was added on right side
beaker, till the tablet was separated from one side vaginal membrane.
Yolume of water added was converted to mass .This gave the
bioadhesive strength oftablet in gm. Aninitial investigation examined
the reproducibility of the system using 5 same formulations .Then
study was carried out for different formulations.!”
Swelling index of tablet
The weight of microencapsulated tablets was determined (W ). Each
tablet was placed separately in a 25-m! beaker containing 5 ml buffer
acetate pH 4.7. The beakers were stored at 25°C and 37°C + 0.1°C.
Tablets were removed at different time intervals (0.25,0.5. 1,2, and 4
hours), wiped with filter paper, and reweighed (W ,). The swelling in-
dex was calculated as follows.
Swelling index = (W ~W ¥ W, each experiment was performed in trip-
licate using 400-mg tablets.}*
RESULTS AND DISCUSION
Percentage yield of microcapsules
Relatively high 67.2+ 1.04 to 98.5+1.73% yield were observed for each
formulation presented in column 3 of Table 1. Morphological and Size
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Distribution Characterization: The SEM as given in Fig. 1 revealed
that all microcapsules thus obtained were opaque, discrete and nearly
spherical particles. The particle size of the microcapsules was found
to be increased with increase in proportion of coat material as ex-
pected.

Fig.1 SEM Photo;

inal Microcapsule

Flow properties: The flow propertiés of the microcapsules were shown
in column 6,7.8 and 9 of Table 1. As usual, the flow properties increase
with polymer ratio. Most of the formulations are having excellent to
good flow properties as represented in Table 1.

Drug contentand Encapsulation efficiency: Relatively high drug con-
tent and encapsulation efficiency were observed for each formulation
presented in column 4 and 5 of Table 1. Although there is no signifi-
cant difference among the encapsulation efficiency of different for-

due to azide group and 3398 cm due to O-H stretching were also observed
unchanged in all formulation, suggesting no drug polymer chemical interac-
tion.

In vitro drug release of prepared microcapsules: The in vitro drug releases
of acquired microcapsules were shown in Fig no 3. In afl the cases, the release
rate was sustained with increased proportion of polymer. The microcapsule
formulation MC, was found to release the drug of about 97.73% only, even
after 10hrs, thus concluded to have sustained drug release for longer period of
time when compared to other microcapsules formulations.

Inwvitro drug release profile of vaginal microcapsule
formulations
120
o
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Fig no 3:- In-vitro drug release of prepared microcapsules

Table 1: composition, % yield, drug content; and DEE of vaginal microcapsiile and flow properties of vaginal microcapsules

Foermulation Drug/ Yield% Drug Encapsulation Carr’s Hausner’s Angle of Comment

code Polymer content (mg) efficiency ( %) index ratio Repose (%) (U.S.P)
ratio. /50mg (X £8.D.)

MC1 I:1 : 98.5%1.73 18.20+0.18 67.12+0:38 10.12 1.08 24.77° Excellent

. MC2 12 86.7+0.85 18.63+ 0.05 96.9£0.92 13.38 1.09 23.2° Excellent
MC3 1:3 86.1+ 0.90 12:52£ 0.07 79.28+0.54 11.97 1.01 20.1° Excellent
MC4 1:4 97.6+0.90 10.36+0.11 99 1+ 148 09.34 1.26 20.3¢ Excellent
MC5 15 672+ 1.04 11764 0.18 96:9% 1.01 15:32 1.04 26.4° Good
MCé6 1:6 75.5+1:15 10.37£0.19 97.4+ 1.05 09.19 1.05 27.1° Good
MC7 17 87.6+0.89 15:07x 0.52 80.142 0.60 08.17 1.01 21.70 Excellent

mulations, except MC7. The DEE was found to be within the range of
67.12-99.1% The increased encapsulation efficiency may be attributed
to the hydrophobic nature of ethyl cellulose, its content and
Zidovudine.

FTIR studies: FTIR studies the characteristics of -C-O stretching at
araxrd 1095 an'and-C=0 stretching at around 1658 el was clearly
distinguished in all the  formulation. Additionally peak at 2087 cnr!
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Fig no 2 :- FTIR of microcapsule formulation
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Drug release kinetics of microcapsules: The release rate was inversely pro-
portional to polymer amount. The in vitro drug release of all the formula-
tions (MC1-MC7) was found constant for each formulation and influenced
by the polymer added. The invitro drug reledase profile was 64.84-97.73 %.
To categorize the kinetics of drug release from microcapsule, release data
was verified with different kinetic models. Indicated that drug releases from
all microcapsule formulations obeyed diffusion controlled Higuchi kineties
and release rate was depended on concentration of polymer with process
variables. The in vitro drug releases of kinetic study of various microcapsule
formulation were shown in Table no- 2.

Table no:- 2 kinetic study of various microparticulate formulation

Formulation Zero order

First order Higuchi square Korsmeyer and

release model

code release mode! root model peppas model
regression co-efficient(r’) n
0.707 0.788 0.955 6.924 0056
MF1 :
MF2 0.691 0.773 0.946 0.959 0.097
MF3 0.585 0.608 0.885 0.325 0.067
0.593 0.638 0.915 0.769 0.036
h";’;’; 0,900 0.971 0.998 0967 0270
s 0.757 0.901 0.968 0.978 0.136
0.945 0.946 0.994 0.988 0.370
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Table 3 Formulation Design Microencapsulated Bioadhesive Vaginal
fahlet

Formulation MCS: MC HPMC CPL Starch Mg.stearate
MBVT 1 1:1 100 - - 140 15
MBVT 2 1:1.5 150 - - 90 i5
MBVT 3 12 200 - - 40 15
MBVT 4 1:2.5 240 - - - 15
MBVT 5 1:1 - 100 - 140 15
MBVT 6 ;1.5 - 150 - 90 15
MBVT 7 1:2 - 200 - 40 15
MBVT 8§ 1:2.5 - 240 - - 15
MBVT 9 1:1 . - 100 . 140 15
MBVT 10 1:1.5 - - 150 90 15
MBVT 11 1:2 - - 200 40 15
MBVT 12 i:2.5 - - 240 - 15

MCS-Microcapsule, MC-methyt cellulose ,

HPMC:- hydroxypropylmethylcellulose, CPL- Carbopol.

Weight variation test : The total weight of MBVT was 400mg. Weight varia-
tion of the formulated tablets (20 in number) was tested in according official
monograph in India. Average weight of different formulation was found
399.75+0.177 to 400.15+0.01 mg. Hardness: the formulated tablets (10 in
number) of each batch were evaluated using the Monsanto hardness tester.
The hardness of different formulation was found 9.25+0.132 to 6+0.2 kg/
cm. Friability: was detérmined according to- the prescribe monograph of
USA 0.0010.000252 to 0.0025+0.000557 % friability of different MBVT.
Disintegration: Of MBVT was determined according to prescribed mono-
graph of B.P. Disintegration time of different MBVT was found to be 12 -
2.6 hr. Drug content: drug content of microencapsulated tablet formulations.
The drug contents of the prepared microencapsulated tablet were found to
be in the range of 58.62= 0.021 to 90.40% 0.011 % indicating the applica-
tions of the present method for the preparation of novel MBVT.

In-vitro drug release profile of vaginal microcapsule

formulations MBVTY

& MBVT 2
- MBVT3
5 MBVT4
%~ MBVT 5
—— MBVT 6
= MBVT 7
e MBVT 8
. | MBVTS
12 MBVT 10
MBVT 11
= MBVT 12
Fig.4 in vitro dissolution profile of MBVT1- MBVT12 formulations
In vitro dissolution and release kinetics of MBVT: Although, constant drug
release from all the MBVT formulations (MBVT1-MBVT12) was observed
after 10 h; the drug release mechanism of all MBVT was found to be pre-
dominately diffusion controlled and influenced by the different bicadhesive.
polymer added. To categorize the. complex  kinetics ‘of drug release from
microencapsulated vaginal tablet containing microcapsules; release data was
verified with different kineti¢ models. Table: 4 indicated that drug release
from all formulations obeyed diffusion controlled Higuchi kinetic equation.
Except MBVT 3,3, 9, 10. When treated with Korsmeyer and Peppas equa-

Table 4:-in vitro drug diffusion kinetic study of microencapsulated
vaginal tablet

Y%Cumulative drug
Release

Timethr)

tion (m, / m, = kt"), showed that all formulations released the drug by diffu-
sion following non-Fickian (n>0.5) transport mechanism except the formula-
tion MBVT1 and MBVT4 which follow Fickian (n<0.5) transport mecha-
nism.

Swelling index study of MBVT formulation: Swelling index plays an impor-
tant role in the drug release pattern. The swelling index lied in the range of
0.08 to 5.77 as given in the table no 5. The highest swelling achieved by the
microencapsulated bioadhesive vaginal tablet formulation 12 (MBVT12).This
data reflect that swelling index was dependent on polymer concentration.

Table no 5 swelling index study

Formulation Zero order First order Higuclii square ~ Korsmeyerand
release rellgase root equition P:zppas equation
- I

MBVT 1 0.935 0.936 0956 0:899 - 0.479
MBVT 2 0.965 0.966 0.981 0.928 0.529
MBVT 3 0.992 0.994 0.990 0.953 0.907
MBVT 4 0.814 0.824 0.875 0.717° 0.298
MBVT 5 0.972 0.976 0.954 0.923 0.817
MBVT 6 0.975 0.978 0.991 0:991 0.566
MBVT 7  0.980 0.983 0.990 0.965 0.593
MBVT § 0.981 0.985 0.992 0.974  0.559
MBVT 9 0.955 0.955 0.945 0.908 0.932
MBVT 10 0.936 0.961 0.921 0:879 1.269
MBVT [1  0.983 0.989 0.984 0.900.  0.695
MBVTI2  0.864 0.760 0.799 0.772 0.733
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Formulation Swelling index

me () 0.5 :

‘ 1 0.08 0.232 0.530 0.620
MBVT 2 0.182 0.270 0.600° 0.710
MBVT 3 0.252 0.355 0.640 0.722
MBVT 4 0.327 0.465 0.755 2.252
MBVT 5 * * * ®
MBVT 6 * * * *
MBVT 7 0.102 0.215 * *
MBVT 8§ 0.245 0.350 * *
MBVT 9 * * ® ®
MBVT 10 * * ® *
MBVT 11 1.222 1.512 2.975 4.257
MBVT 12 1,315 1.702 3300 5.770

Vaginal bioadhesion measurements: vaginal bioadhesive properties of the
prepared MBVT (MBVT1-MBVTI12) using goat vagina and the result showed
that all vaginal bioadhesive strengths were found in the following order
MBVT11>MBVT10>MBVTI>MBVTI2>MBVT4> MBVT3>MBVT2
>MBVT 8 MBVT [>» MBVT7> MBVT6> MBVTS> MBVTI12 was
concluded that Carbopol 1:2(MBVT11) Vaginal bioadhesion measure-
ments. The bioadhesive property-of CP-is reported to be due to carboxy!
groups present on its-acrylic-acid backbone, which possess an ability to
interact with sialic acid molecules present in.the mucus layer.

Fig 5.Vaginal bioadhésion measurements
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ABSTRACT

The present study concerned with the development and characterization of
Microencapsulated Bioadhesive Vaginal Gel (MBVG).. Metronidazole encapsulated
microcapsules were prepared by thermal change method using ethyl cellulose as rate
controlling. polymer in different ratios. The microcapsules were found to be discrete,
spherical with free flowing properties aind evaluated for particle size analysis, shape
(scanning electron microscopy), flow properties, wall thickness, drug encapsulation
efficiency, and in vitro release performance. The selected microcapsule formulation
(MC;, containing drug: polymer ratio 1:4) was incorporated in gels with a variety of
bioadhesive polymers. The MBVGs were evaluated for pH, spreadability, extrudability,
viscosity, vaginal irritation test, in vitro drug release, drug release kinetics, bioadhesion
test, accelerated stability of selected gel formulation. In vitro drug release rate for
selected MBVG (F5 gel, containing 1 % w/w of drug loaded microcapsules and 0.6 %
w/w of carbopol 974) was found to sustain metronidazole over 36 h obeying zero order
kinetic with a good bioadhesion quality. The results were compared statistically and
found with satisfactory correlation. Thus in conclusion preparation protocol of MBVG
studied may be adopted for a successful development of newer drug delivery system of

other drugs for administration to vagina.

Keywords: Microencapsulated bioadhesive vaginal gel (MBVG); Microcapsules;

Vaginal bio adhesion, Vaginal irritation.

INTRODUCTION

The vaginal route has been traditionally
used for the conventional delivery of
several locally acting drugs like
However

antimicrobial agentsl.

conventional vaginal delivery systems

such as creams, foams, pessaries and
jellies reside at the targeted site for
relatively shorter retentivity because of
the self cleaning action of the vaginal
tract which limits effective drug levels

for a shorter period and fluctuation in
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drug dose level leads to increased dose
frequency of the drug. This ultimately
results into patient inconvenience and
toxic conditions®. The use of prolong-
release bioadhesive vaginal gel was
thought to offer numerous benefits
including prolong residence time of the
dosage form at the site of absorption due
to bioadhesion to: the vaginal mucosa,
prolong  drug  release, improved
bioavailability and decreased side effect
of drug and ultimately improved patient
compliance. Metronidazole was used as
a model drug in this study due to its
bacteriostatic and bactericidal activity
against gram negative bacteria and also
effective  against various ~ vaginal
infections®. Another important rationale
of using metronidazole, is its unique,
low ‘molecular weight offering the
greater permeation benefit through
vaginal - epithelial membrane. Ethyl
cellulose was assumed to offer the
control release behavior of drug due to
its hydrophobic coating over
metronidazole®. Bioadhesive polymer
carbopol presumed to provide better
vaginal bioadhesion.” Keeping in view
of the above uniqueness, the present
study was designed to develop a newer
Microencapsulated Bioadhesive Vaginal
Gel (MBVG) for prolong release of
metronidazole to treat vaginal infections

with increased patient convenience.

Experimental

Materials and methods

Metronidazole was received as a gift
sample from Aristo Pharmaceutical Ltd.,
Kolkata (India). Ethyl cellulose (BDH,
ethoxy content- 47.5% by weight,
viscosity (g), and 22 cps) was purchased
from S.D. Fine Chem., Mumbai (India).
All grades of Carbopol were received as
gift sample from Corel Pharma Chem,,
Ahmedabad (India). All other chemicals
and reagents used were of analytical
grade and used as received.

Preparatien of vaginal micrecapsules
Metronidazole

Vaginal microparticles were prepared by
the solvent evaporation: method.
Accurately weighed quantity of polymer
was dissolved in acetone, Metronidazole
was  dispersed slowly -in  polymer
solution and this solution was added to
heavy liquid paraffin with stirring (800
rpm). Microparticles were recovered by
treating with petroleum ether. Then
filtered, dried in = a  desicator.
Microcapsules of various drug polymer
ratios prepared accordingly for further
evaluations.  Metronidazole  vaginal
microcapsules were prepared by thermal
change method. Accurately weighed
quantity of ethyl cellulose and
cyclohexane (50 ml) was heated in water

bath. The temperature was gradually

raised to 70°C over 20 min under
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constant stirring (500 rpm).
Metronidazole was dispersed slowly
with maintaining temperature at 80°C
for 30 min and it was cooled slowly
under continuous stirring and
temperature was dropped to 5°C in order
to hardening of ethyl cellulose coated
microcapsules. Then filtered, dried in a
desiccator. Microcapsules of - various

drug polymer ratios prepared

accordingly for further evaluations®”.
Merphological and topographical
characterization

Microcapsules were observed and
photographed with scanning electron
microscopy (LEO, 435 VP, UK.) and
optical microscopy (OLYMPUS BX-50,
Japan). Their diameters were determined
with a pre-calibrated graduated eyepiece
of the optical microscope. One hundred
measurements were averaged for each
microcapsule formulation preparedg.
Wall thickness of microcapsules

Wall thicknesses of the microcapsules
were determined by the method as
suggested by Luu et al, %, using equation,
h =1 (1-P) di/ 3{Pd» + (1-P) d1], Where,
h is wall thickness; r is mean radius of
microcapsules from optical microscopic
observations; d; is density of the core
material; d; is density of coat material; P
is proportion of medicament in the
microcapsules. All the test sample was

examined for three times (n=3).

Flow properties

Flowability of microcapsules was
investigated by determining angle of
repose, bulk density, Carr’s index and
Hausner ratio'’. The angle of repose was
determined by fixed funnel method. The
microcapsules were tapped using bulk
density apparatus (Excel Enterprises,
Kolkata) for 1000 taps in a cylinder and
the change in volume were measured.
Carr’s index and Hausner ratio were
calculated by the formula: Carr’s index
(%) = (D¢ -Dp) x100 / Dy and Hausner
ratio = D; /D,

Where, D: is tapped density; Dgp is
poured -density. All the experimental
units were studied in triplicate (n=3).
Drug content and drug encapsulation
efficiency (DEE)

Accurately  weighed - microcapsules
équivalent to 50 mg, were suspended in
10ml of diethyl ether to dissolve the
polymer coat. The drug was extracted
with 50 ml of simulated vaginal fluid
(SVF, phosphate buffer LP., pH 4.9) in
separating funnel and analyzed by using
UV-Visible spectrophotometer (UV-
1700, Shimadzu, Japan) after suitable
dilution at 320 nm. Drug encapsulation
efficiency was calculated using the
formula'’.

DEE (%) = (Practical drug
content/Theoretical drug content) x 100, each

sample was analyzed in triplicate (n=3).
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In vitro drug release studies of
microcapsule formulations

In vitro drug release study was carried
out in USP XXI paddle type dissolution
test apparatus using SVF as dissolutioﬁ
medium (900 ml phosphate buffer LP.
pH 4.9, at 37+1 °C was adjusted to 100
rpm). An aliquot sample (5 ml) was
withdrawn at an interval of 1 h with
replacement. of fresh medium and
analyzed for metronidazole content by
UV-Visible spectrophotometer at 320
nm®. The same method was adopted for
each batch of microcapsules.

Release kinetic studies of micrecapsule
formulations

In order to study the exact mechanism of
drug release from the Vaginal
Microcapsules, drug release data was
analyzed according to zero order, first
order, Higuchi square root and
Korsemeyer - Peppas equations. The
criterion for = selecting the most
appropriate model was chosen on the
basis of goodness of fit test'* 13.14

In vitro polymer degradation

In vitro degradation  study of placebo
microcapsules was carried out in the
same in vitro SVF medium. Accurately
weighed 100 mg of microcapsules in
150 ml of the SVF was shaken at 72 rpm
and 37.0°C. At pre-set intervals, the
vials were centrifuged at 5000 rpm for

20 min. After removing the upper clear

solution; the microcapsules were dried
under vacuum for 48 h. Then mass loss
of the dried microcapsules was
determined by digital microbalance®.

Fourier transformed infrared
spectroscopy (FT-IR)

IR spectroscopy. was performed on
Fourier transtformed infrared spectro-
photometer (840, Shimadzu, Japan). The
pellets of drug and potassium bromide
were prepared by compressing the
powders at 20 psi for 10 min on KBr-
press and the spectra were scanned in the
wave number range of 4000-600 cem’?
Scanning electron microscopy (SEM)
The SEM analysis was carried out using
a scanning electron microscope (LEO,
435 VP, U.K.). Prior to examination,
samples were mounted on an aluminium
stub using a double sided adhesive tape
and making it electrically conductive by
coating with a thin layer of gold
(approximately 20 -nm) in vacuum. The
scanning electron microscope was
operated at an acceleration voltage of 05
kV and resolution of 4000°.
Preparation of microencapsulated
vaginal bioadhesive gels

Selected batches of metronidazole
microcapsule were incorporated in gels
by mechanical stirring method using
various grades of bioadhesive polymer5 ,

such as carbopol 934, 940, 974 and 980

with other formulation additives. For all
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batches, the microcapsules were mixed
with prepared bioadhesive gels“’. The
prepared gels were packed in wide
mouth plastic jars covered with screw
capped plastic lid after covering the
mouth with an alumminum- foil and were
kept in cool place for further study.
Estimation. of metronidazole in
vaginal gels

Accurately weighed gel (0.5 g) was
suspended in- 25 ml -of SVF. It was
filtered after constant stirring and
analyzed by using same UV-Visible
spectrophotometer after suitable dilution
at 320 nm'’.

Drug content uniformity

Initially the formulations were tested for
homogeneity by visual inspection. To
further ensure the homogeneity of drug
content in the formulation of the gel, six
tubes were sampled from the different
locations in the mixer and assayed for
the drug content as stated above. Studies
were performed in triplicate for all the
formulations'®,

Determination of pH

The pHs of the microencapsulated
carbopol gels were determined by digital
pH meter (Model MK-VI, Kolkata,
India). One gram of gel was dissolved in
25 ml of distilled water and the
electrode was then dipped in to gel
formulation for 30 min until constant

reading obtained. And constant reading

was noted. The measurements of pH of
each formulation were replicated. three
times'.

Determination of spreadability
Spreadability of the formulations was
determined by an apparatus suggested
by Mutimer et al.*® Each formulation
was replicated for three times.
Extrudability study

In conducting the test, a closed
collapsible tube containing above 20
grams of gel was pressed firmly at the
crimped end and a clamp was applied to
prevent any rollback: The cap was
removed and the microencapsulated gel
was extrudes until the pressure was
dissipatedzo’ 2

Viscosity measurement
A Brookfield digital viscometer
(Brookfield Engineeéring - Laboratories,
Model DV-II, Mumbai) with a suitable
sample adaptor was used to measure the
viscosities in cps  of the micro-
encapsulated gel preparedlg.

Vaginal irritation test

The study protocol (Regd. No. HPI/ 07/
60./ TAEC / 0013) was approved by the
Institutional Animal Ethics Committee.
Microencapsulated gels (0.5 g) were
applied in to the vagina of the New
Zeeland white rabbits. After 72 hours,
the microencapsulated gel was removed
and the following characteristics such as
sensitization

(allergic reaction),
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photosensitization, edema and excess
redness were observed in test animals
and in contrel by visual inspection®.

In vitro drug diffusion studies of
microencapsulated vaginal gels

In vitro drug release study was carried
out in KC-Diffusion cell using SVF as
diffusion medium. The processed
cellophane’ membrane was  used,
simulating the vaginal in vivo condition
like vaginal epithelial barrier. The drug
content in withdrawn sample was
estimated: by - UV-Visible spectro-
photometer at 320 nm'. The same
method was adopted for each batch of
microencapsulated gels.

Release Kinetic studies of micro-
encapsulated vaginal gels

In order to study the exact mechanism
of drug release from the
microencapsulated gels, drug release
data was analyzed according to zero
order, first order, Higuchi square root
and Korsemeyer-Peppas equations.
The criterion for selecting the most
appropriate model was chosen on the
basis of goodness of fit test'* 1> 14,
Vaginal bioadhesion measurements
The bio adhesion measurement was
performed by using a modified balance
method intact with mucosal membrane

of goat vagina in vitro™ %,

Accelerated stability studies of
microencapsulated vaginal gel
Stability  studies were performed
according to ICH guidelinesZI. The
formulations were stored in hot air oven
at 37 £ 2°, 45 + 2° and 60 + 2° for a
period of 12 weeks. The samples were
analyzed for drug content every two
weeks by UV-Visible spectrophotometer
at 320 nm. Stability study was also
carried out by measuring the change in
pH of gel at regular interval of time.
Statistical Analysis Statistical data
analyses were performed - using the
ANOVA one way at 5 % level of
significance p < 0.05%.

Results and discussion

The obtained microcapsules were found
to be none aggregated. The generalized
microparticulation protocol depends on,
choice of ingredient, successful
preparation .. of microcapsules and
optimization at every preparative steps.
The formulation code and composition
of vaginal microcapsules were presented
in column 1 and 2 of Table 1.
Morphological and topographical
characterization

That all microcapsules thus obtained,
were opaque, discrete and spherical
particles with smooth surfaces further
confirmed by SEM study. The results of

all particle size (mean diameter) were
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given in column 4 of Table. 2. Particle
size distribution of selected microcapsules
and the mean particle size for all
formulations. The mean diameter of the
microcapsules was found to be increased
with increase in proportion of coat
material as expected.

Wall thickness

The wall thickness of the microcapsules
was shown in column 3 of Table. 1. The
wall thickness was found to be highest
3.888 + 0.25 um for MCs in comparison
to others. The wall thickness of the
microcapsules mainly built up with
increase in polymer content.

Flow properties

The flow properties of the microcapsules
were shown in column 4, 5 and 6 of
Table 1. As usual, the flow properties increase
with polymer ratio. Most of the formulations

are having excellent (MC;;, MC, and

MCGs) to good (MC, and MCs) flow properties
as represented in column 7 of Table 1.
Drug content and Encapsulation
efficiency

Relatively high drug content and
encapsulation efficiency were observed
for ‘each formulation presented in
column 2 and 3 of Table 2. Although
there is no significant difference among
five different formulation in
encapsulation efficiency, the DEE was
found to be within the range of 70-
80% and highest for MC; (lowest
polymer content in comparison to
increased

others) ~ perhaps. The

eacapsulation  efficiency . -may be
attributed to the hydrophobic nature of
ethyl cellulose and metronidazole. The
encapsulation efficiency was found to
be increased with decrease in polymer

content.

Table 1 : Composition, flow properties and wall thick ness of vaginal microcapsules.

Angle of
Formulation Wall thickness Carr’s Hausner’s _ Comment
polymer repose (°)
code (um) (X £S.D.) index ratio (U.S.P)
ratio X £S.D.)
MC1 1:1 2.512 £ 0.21 08.600 1.093 248 +0.11  Excellent
MC2 1:2 3.567 £0.18 10.790 1.107 21.6+£0.09  Excellent
MC3 1:4 3.888 £0.25 07.525 1.081 20.0+£0.12  Excellent
MC4 2:1 1.848 £ 0.14 12.880 1.148 26.4 £0.14 Good
MC5 4:1 " 0.843 £0.27 13.630 1.158 27.9 £0.25 Good

Each value represents as mean =+ standard deviation, n=3. Standard error mean < 0.156.
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Table 2 : Physical properties and drug release data of Vaginal Microcapsules.

. Encapsulation )
Formulation Drug content efficiency (%) Mean diameter
code (mg) (X =8.D.) (X £5D) (um) X £ 8.D.)
MC1 19.03 £0.92 75.988 +0.91 45.950 £ 0.92
MC2 12.04 £ 0.56 69.601 £ 0.65 53.633 £ 1.05
MC3 07.53 £0.48 75250 +£0.84 68.830 £ 0.98
MC4 23.67 £ 0.83 69.048 + 0.71 39933 +1.11
MCs 3398 £0.75 80.713 £0.95 24016 £ 1.07
ANOVA

F 19.716

df 19

p 1.27

Each value represents as mean + standard deviation. n=3. Standard error mean < 0.641.

In vifro drug release of prepared
microcapsules

The in vitro drug releases of acquired
microcapsules were shown in column 2
of Table. 3 and Fig 1. In all the cases,
the release rate was increased with

decreased proportion of polymer. The

12

S N

10

Drug released (%)
N [o+]

microcapsule formulation MC; was
found to release the drug only about
59367 % even after 12hrs, thus
concluded to have sustained release of
drug for longer period of time when
compared to other

microcapsules

formulations.

—+—MC1 —a—MC2 —a— MC3
—¢— MC4 —x— MC5

Time (h)

f T 1

Fig. 1:1t Shows Dissolution profile of various vaginal microcapsule formulations.

Each point represents as mean =+ S.D., n=3,
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Drug release kinetics

The release rate was inversely
proportional to wall thickness. The in
vitro drug release of all the formulations
(MC1-MC5) was found constantk for
each formulation and influenced by the
polymer added. The in vitro drug release
profile was presented in Table. 3, Fig. 1.
To categorize the kinetics of ‘drug
release from microcapsule, release data
was verified with different kinetic
models. The column 3,4,5,6 of Table. 3
indicated that drug release from all
formulations obeyed  Higuchi kinetic
equation, - have diffusion controlled
release rate which is depend on
concentration - of release regarding
polymer with process variable. Column

7 of Table 3 showed that all the

formulations released the drug by

swelling followed by diffusion as per
super Case II (n > 1) transport
mechanism the release mechanism was
not significantly influenced by formulation
variables and was - predominately
swelling controlled, the drug is
dispersed within a glassy polymer.
Initially the polymer begin to swell in
contact of water, .as the penetrant enters
the glassy polymer , the glass transition
temperature ( Ty ,120-124°C,)* of the
polymer is lowered and become rubbery
show diffusion allowing relaxation of
macromolecular chains and drug diffuse
out from the swollen rubbery area of
polymer wall’®. Statistical verification
with one way ANOVA method attested
the fact that the drug release data were

found significant for F (20.252) at 5 %

level of significance (p < 0.05).

Table 3 : Drug release and in vifro release kinetics data of Vaginal Microcapsule.

First Higuchi Korsmeyer
Cumulative % Z:;Saot;::r order Square and Peppas
Formulation  Drug release (X equation- roeteq. equation
S.D.) (12 h study) Regression co-efficient
(r) (n)
MC 1 96.456 +1.16 0.755 0.767 0.988 0.999 1.145
MC2 101.731 £ 0.98 0.572 0.575 0.919 0.999 1.043
MC3 59.367 £ 0.83 0.744 0.769 0.982 0.999 1.103
MC4 104.551 +1.13 0.554 0.558 0.875 0.999 1.053
MC5s 100.752 +0.75 0.509 0.522 0.870 0.999 1.018
ANOVA

F 57,95

df 3

p 6.12

n- Diffusion exponent related to mechanism of drug release, according to Korsmeyer and Peppas equation,
m, / m, = kt". Bach value represents as mean + standard deviation, n=3.Standard error mean < 0.756.
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Infrared spectroscopy (IR)

The interaction between the drug and the
carrier often leads to identifiable
changes in the FT-IR profile of solid
systems. FT-IR spectra at 45 scans and a
resolution of 1 cm™ were recorded in
KBr. pellets for pure drug (Fig. 2A),
polymer (Ethyl cellulose) (Fig. 2B) and
the - selected (MC;3;) microcapsule
formulation (Fig. 2C) of 14 drug /
polymer ratios, as represented in fig. 2.
In FT-IR studies, the characteristic C-N
stretching at around 1159 cm™ was
clearly distinguishable in the selected
formulation MGCy). Additionally

characteristics peak of drug C=N

stretching vibration at around 1487 cm™,
N=0O symmetrical and asymmetrical
stretching at around 1369 cm-1 and
1535. em! respectively, and
characteristics peak of pelymer C-O-C
asymmetrical and symetrical stretching
at around 1269 cm-1 and 1072 cm-1,
cyclic alkanes C-H bending at around
1458 cm-1 and cyclic alkanes C-H
stretching at around 3099 cm-1 were
also- observed unchanged in the
formulation suggesting no drug polymer
chemical interaction. The drug was

therefore considered to have been

encapsulated in  unbound form in

microcapsule formulation.

) b a4 et

S
[LTREE]

POLYMER (B)

ORUG (A)

Fig. 2 : It Shows Entire FT-IR spectra and analysis region (In inset) of pure drug

(A), ethyl cellulose (B), vaginal microcapsule formulation (C).

Scanning electron microscopy (SEM)
The morphology of the ethyl cellulose
metronidazole systems prepared by

thermal change method was investigated

by SEM analysis (Fig. 3). Microcapsules
appear as small spherical particle with
smooth  surfaces of homogenous

morphology and no aggregation was seen.
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Fig. 3 : It shows scanning electron microscopy photograph of vaginal microcapsule

at 05KV x 4000.

Preparation of microencapsulated gel
Selected batches of prepared vaginal
microcapsules were then incorporated in
gels prepared by mechanical stirring
with various grades of bioadhesive’

polymer, such as carbopol 934 (3 37200

cps), 940(g 49000 cps), 974 (g 35850
cps) and 980(y 47200 cps) and other
formulation additives. The experimental
design of the formulated gels was

expressed in Table. 4.

Table 4. Experimental design of Microencapsulated Bioadhesive Vaginal Gels.

Microencapsulated Bioadhesive Vaginal Gels compositions

Formul- Amount taken in percentage (w/w)
ation Micro- Triethanol- Propylene Distilled
capsules Carbopol amine Alcohol glycol Water
F1 1 0.6 0.5 20 10 q.s.
F2 1 0.8 0.6 20 10 q.s.
F3 1 0.6 0.5 20 10 g.s.
F4 1 0.8 0.6 20 10 q.s.
F5 1 0.6 0.5 20 10 q.s.
F6 1 0.8 0.6 20 10 q.s.
F7 1 0.6 0.5 20 10 q.s.
F8 1 0.8 0.6 20 10 q.s.

F1, F2: Carbopol 934, F3, F4: Carbopol 940, F5, F6: Carbopol 974 and F7, F8: Carbopol 980. q.s. quantity

sufficient.
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Drug content and uniformity

The column 2 and 3 of Table. 5 showed
the drug content and homogeneity of
microencapsulated gel formulations. The
drug contents of the | prepared
microencapsulated gels were found to be
in the range of 53.433 - 94.188 %
indicating the applications of the present
method for the preparation of novel
semi-solid - MBVG system with . high
drug content uniformity.

pH measurement

The pH- of gels as showed in column 4
of Table. 5 were found to be within the
range of 6.8 to 7.8 which is within the
limit- of semisolid specifications, The
almost neutral pH reflected. the gel will
be non irritant -to vagina. This was
further confirmed by vaginal irritation
study in rabbit.

Spreadability and extrudability

The spreadability plays an important

role in patient compliance and helps in
uniform application of gel to the skin. A
good gel takes less time to spread and
will have high spreadability. The
spreadabilty of formulated gels was
decreased as the concentration of
polymer increased. The extrusion of gel
from tube is important during
application and for the patient
compliance.  Extrudability of gel
formulations with low polymer content
was found satisfactory Fig. 8. Dissolution
profile of various Microencapsulated
Bioadhesive Vaginal Gels.

Each point represents as mean + S.D., n=3.
while the high polymer content, good
extrudability was observed. From the
data of spreadability and extrudability as
given in column 2 and 3 of Table. 6,
among all the formulations, formulation
F5 having good spreadability and

extrudability and selected.

Table 5. Physical properties of microencapsulated bioadhesive vaginal gels.
Formulation Drug content (%) Drug content uniformity pH

(X +£S8.D) (X£SD)
F1 78.72 +£.0.030 Ak 7.5+£0.011
E2 81.93£0.042 Hoke ok 7.4 +0.024
F3 53.33 £0.055 Hk 7.3 £0.016
F4 79.74 £0.021 okeok 7.1 £0.025
F5 94.52 £ 0.043 Rk 6.8 £0.027
F6 78.67 £ 0.051 ik 7.1 £0.033
F7 72.98 £0.029 *k 7.2 +£0.025
F8 76.40 £ 0.054 * 7.3 £0.015

Each value represents as mean + standard deviation, n=3. Standard error mean < 0.317. * (good), ** (very

good), ¥**(excellent).
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Viscosity

Viscosity is an important parameter for
characterizing the gels as it affects the
spreadability, extrudability and release
of drug. The column 4 of Table. 6
showed the data of viscosity. The
viscosity of gels was increased with the

increase in carbopol content which may

be due to the increase in formation of
three dimensional cross linking structure
of gel, as expected.

Vaginal irritation study

The result of vaginal irritation study was
shown in column 5 of Table. 6. All
formulations were found to be non irritant

to vagina of New Zeeland white rabbits.

Table 6 : Rheological properties and vaginal irritation data of microencapsulated

bioadhesive vaginal Gels

. Spreadability (g.cm/sec) Viscosity .
Formulation Extrudability 4. Irritation
X £8.D.) (cps) (X x167)
F1 046.87 £0.098 * 2.015 -
F2 028.85 £ 0.181 wE 4.175 -
F3 075.02£0.134 ok 1.742 -
F4 057.69 £0.174 ** 2.397 -
F5 150.01 £0.324 ko 1.802 -
F6 166.67 £0.112 ok 1.645 -
F7 187.51 £0.315 ik 1.555 -
F8 12512 £0.114 ok 2.702 -

Each value represents as mean + standard deviation, n=3. Standard error mean < 0.187.
* (good), ** (very good), *** (excellent) and - (no irritation).

In vitro drug diffusion studies and
release kinetics

The release mechanism was not
significantly influenced by formulation
variables = and was - predominately
diffusion controlled. The release rate
was inversely proportional to wall
thickness. The in vitro drug release of all
the formulations (F1-F8) was found
constant for each formulation and
influenced by the polymer added. The in
vitro drug release profile was presented

in column 3 of Table. 7, Fig. 4 and

Fig.10 indicated release from
microcapsule retarded by incorporating
in gel network. To categorize the
kinetics of ° drug - release from
microencapsulated gel, release data was
verified with different kinetic models,
The column 4, 5, 6, 7 of Table. 7
indicated that drug release from all
formulations obeyed Higuchi kinetic
equation except formulation Fi, F4 and
F5 which obeyed Korsemeyer and
Peppas kinetics. The column 8 of Table

7 showed that all the formulations
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released the drug by diffusion following
Fickian (n<0.5) transport mechanism

except the formulation F2, F3 and F6

verification with one way ANOVA
method attested the fact that the drug
release data were found significant for

F (20.252) at 5 % level of significance

which follow non-Fickian (1>0.5)

transport mechanism. Statistical {p < 0.05).

9,
8._

SV STl N - e

Drug released (%)

—o—F1-—=—F2 —a—F3-—x-F4
—%— F5 —— F6 —4—F7 ——F8

¥

20 30 40
Time (h)

Fig. 4 : It shown dissolution profile of various microencapsulated bicadhesive
vaginal gels. Each point represents as mean + S.D., n=3.

Table 7 : Vaginal bioadhesive strength, drug release and in vitro release kinetics
data of microencapsulated bioadhesive vaginal gels.

. . Zero First Higuchi Korsmeyer
Vaginal Cumulative %
. . order order Square and Peppas
Formulation Bioadhesive  Drug release equation equation rooteq. equation
Strength-(Kg) X +S8D) - -
(X £S.D.) (12 h study) Regression co-efficient
@) (n)
Fl 0.069 £ 0:011  37.985+1.12 0.560 0.716 0.858 0.883 0.403
F2 0.100+£0.010  66.823 + 1.31 0.784 0.750 0.930 0.911 0.608
F3 0.080+0.015 93.168+0.98 0.751 0.702 0.889 0.848 0.624
F4 0.120£0.013  39460x125 0.486 0.656 0.824 0.846 0.401
F5 0210+£0.014  28.097 £0.88 0.581 0.797 0.925 0.942 0.456
F6 0.190+0.016  33.271 £1.09 0.819 0.876 0.979 0.971 0.682
K7 0.170 £0.020 63.815+1.14 0.676 0.658 0.871 0.818 0.444
F8 0.140+0.009  48.869 + 1.05 0.760 0.649 0.892 0.791 1.376
ANOVA

F 78.023
df 39
p 6.12

n- Diffusion exponent related to mechanism of drug release, according to Korsmeyer and Peppas equation,
m, / m, = kt". Each value represents as mean + standard deviation, n=3.Standard error mean < 0.756.



Vaginal bioadhesion measurements
Figure. 9 and column 2 of Table. 7,

the bioadhesive

indicates vaginal
properties of the prepared gels (F1-F8)

in goat vagina and the result showed that

all vaginal bioadhesive strengths were

found in the following order
F5>F6>F7>F8>F4>F2>F3>F1. It was
concluded that carbopol 974 (F5)

showed the highest bioadhesive property.

0.25
C)
X 02 {‘ {_
£
2 1
o 0.15 4
g o8 3
Q
>
z 0.1+ {—}‘
Q
5
_‘9“ 0.05 -
o

O T 4 i L T T H T
1 2 3 4 5 6 7 8
Formulations

Fig. ' 5 : It shows vaginal bioadhesion measurement of various microencapsulated
bioadhesive vaginal gels. Each point represents as mean + S.D., (n=3).

Accelerated  stability studies of
microencapsuiated gel

The accelerated stability studies were
performed according to ICH guidelines

for 12 weeks and the results were found

to be stable in varying temperature as
in Table. 8, which further
verified with one way ANOVA method,
found to be significant for F (3.395) at 5

shown

% level of significance (p< 0.05).

Table 8 : Accelerated stability study of selected microencapsulated bioadhesive

vaginal gels

Potency of formulation (%)

Storage
Temp. Period of studies in week
(16)) 1™ day nd 4t P g 10 12t
37+2 99.56 99.31 99.12 99.05 98.87 98.51 98.39
45 +£2 99.56 99.17 98.94 98.76 98.61 98.29 98.15
60£2 99.56 99.08 98.84 98.54 98.33 98.13 97.98
pH 6.8 6.9 6.7 6.6 6.7 6.8 6.9
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CONCLUSION

In conclusion, MC; containing drug:
polymer ratio 1:4 was found to be the
best microcapsule formulation,
regarding all the propertiés evaluated in
order to achieve one objective of this
study. Formulation MC; was selected on
basis of its slower release rate, higher
entrapment efficiency, excellent . flow
property and higher wall thickness for
its use in next objective.

Another objective was to further
incorporation of selected microcapsules
in gel by using different carbopol
polymers for prolonging the bioadhesion
and release of representative drug. The
evaluation reports of microencapsulated
gel explained F5 gel (containing 1 %
w/w of drug loaded microcapsules and
0.6 % w/w of carbopol 974) was found
to be the best, releasing about 100 % of
metronidazole over a period of 36 hours
in SVF successfully. The novel
formulation  design - facilitated the
optimization and successful
development of MBVG formulations for
enhanced - vaginal drug delivery by
optimum vaginal bioadhesion and longer
retention. Our data concluded that
MBVG protocol may be an effective
strategy for the development of easy,
reproducible and cost effective method
to prove its potential for safe and

effective vaginal delivery therapy. This

technique can be further tested for the

development of different vaginal carrier

therapeutics.
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ABSTRACT
Gel as a dosage forms are successfully used as drug delivery systems which considering their ability to prolong the drug release. HIV
_ microbicides are topical, self-administered products aimed to preventing or reducing HIV infection in women and may represent the most
E promising strategy for combating the HIV/AIDS epidemic at the present time. Drug delivery across vagina, is a challenging task. Keeping this
view. a new vaginal anti-HIV microencapsulated vaginal gel (AZMBVG) was engineered to coat vaginal tissue with a stable HIV protective
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INTRODUCTION

The women (13.4 million) are approximately 50% of people
(33.2 million) infected and living with HIV, as reported in 2007 UN
AIDS summary". All most regions ofthe world, HIV is affecting women
and girls are increasing numbers. Vaginal drug delivery is a very
challenging and less explored research area, that women may control
themselves. The vagina is an efficient route for drug administration
due to presence of' dense blood vessels.network and avoids first-
pass®®. Conventional vaginal formulations such as tablets, pessaries,
suppositories, gels, creams and foams, are associated with disadvan-
tage of low retention to the vaginal epithelium, leakage and messi-
ness thereby causing inconvenience to the user. Tocircumventthese
problems, bioadhesive drug delivery systems are being propagated.
Various peptide protein drugs have also been attempted to adminis-
ter via vaginal drug delivery systems (VDDS)%.

A clear rationale exists for providing long-term, controlled
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case ] release transport mechanism. It was also shows 64%
0.10 gm.cm/sec, Bioadhesive sirength 1.69

release (lacunae of commercially available conventional dosage forms)
of anti-retroviral for local therapy as well as systemic administration
in order to provide continuous protection against heterosexually trans-
mitted HIV infection and to improve user compliance, even during
sexual activity®. Ideally, anti-HI'V AZMC in vaginal gel should disinte-
grate in the vaginal medium; provide uniform microencapsulated drug-
hydrogel coating of vaginal tissue, resulting in intra vaginal biomimetic
lubrication during intercourse, and retention of this gel layer before
and after intercourse®. Most importantly, controlied release of anti-
HIV drugs form this microencapsulated bioadhesive vaginal gel
(AZMBVG) inactivates the viral load potentially introduced during
sexual activity, due to increase in effective micro surface area of the
therapeutics. Potentially, they can be further developed to apply vagi-
nally to prevent both male-to-female and female-to-male sexual dis-
ease transmission”®. An antiretroviral, zidovudine, a nucleoside re-
verse transcriptase inhibitor, with short elimination half life of about
Thour, high dose (250mg in every 4 hours while 300mg twice a day, in
some cases), low systemic bioavailability (64%) due to rapid hepatic
fast-pass metabolism, was chosen as a model drug of choice.
Bioavailability is 60-80% at nearly complete absorption, followed by
first pass metabolism. Peak plasma concentration occurs at 30 minute.
Most of the drug is metabolized to the inactive glucouronide in the
liver’. Keeping in view of the above uniqueness in mind, the present
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®
study was designed to develop a newer AZMBVG for prolong re-
lease of zidovudine to treat HIV infections with increased patient
convenience.

MATERIALS AND METHODS
Materials:

Zidovudine was obtained from Aurobindo Pharmal.td., A.P,

India as a gift sample. Ethy! cellulose (EC) (ethoxy content- 47.5% by

weight and viscosity (1) of 22 cps in a 5% concentration by a weight

in toluene: ethancl 80:20 at 25°C), Carbopol P940 and

Hydroxypropylmethylcellulose (HPMC) (K4M.4000 cps 2% aqueous

solution) were purchased from S.D. Fine Chem., Mumbai (India). All

guother chemicals and reagents used, were of analytical grade and used
as recejved.

Preparation of Zidovudine microcapsules:

Zidovudine AZMUCs were prepared by 0/0 single emulsion
seivent evaporation method. Accurately weighed. different gquanti-
ties of EC were dissolved in 20 ml acetone (HPLC Grade) by using a
magnetic stirrer. The drug was mixed with the polymer solution fol-
fowed by stirring with magnetic stirrer for 15 minutes. The resulting
dispersion was then poured into250 ml beaker containing the mixture
of 50 mi light liquid paraffin (as continuous phase), while stirring. A
methanical stirrer with a three bladed paddie was used for stirring (at
1000 rpm with heating (ar40°C) and was continued for 2 hours, untif
complete evaporation of acetone. After evaporation of acetone, the
AZMCs formed were filtered using filter paper®: 772 The residue was
vashed for 4-5 fimes by 10 ml of ether. AZMs were dried 4t room
temperature for 24 hours and kept in desiccators for further evalua-
tions. All batches were prepared in triplicate as shown in table no. 1.

Percentage Vield Estimation:
The vield [10] was calculated as

Y% yield= (Weight of the AZMCs recovered from each batch / Total
weight of drugrand polymer used to prepare that batch) x100

Morphological Characterization:

Microeapsules were analyzed in Scanning Electron Micros-

copy (LEQ, 435 VP, U.K.) to reveal the surface morphology of the

_ AZMC'"%7 The AZMCs were placed on double-sided tape attached

® onto graphite surface. The samples were coated with gold using an

ion sputter. Coating was provided at 20 mA for 4 min. Observation
was performed at 15 kV and ~ X600 and X 1500 magnification.

Fourier Transformed Infrared spectroscopy (FT-IR):

IR spectroscopy was performed on Fourier transformed in-
frared spectrophotometer (840, Shimadzu,Japan).The pellets of drug
and potassium bromide were prepared by'***compressing the pow-
ders at 20 psi for 10 min on KBr-press and the spectra were scanned
in the wave number range of 4000-600 cnr!

Micromeritic Studies:
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Flow properties of AZMCs were investigated by determin-
ing angle of repose, bulk density, Carr’s index and Hausner ratio. The
angle of repose was determined by fixed funnel method 316, The
AZMC were placed in a measuring cylinder and tapped using bulk
density apparatus (Excel Enterprises, Kolkata) for 100 taps and the
change in volume was measured. Carr’s index and Hausner ratio were
calculated by the formula

Carr’s index (%)y=(D,-D,}/ D, x100 and Hausner ratioc =D/ D ,Where,
D, is tapped density: D is-.poured density. All the experimental units
were studied in triplicate (n=3).

Drug content and Drug Encapsulation Efficiency (DEE):

About 50 mg of accurately weighed AZMCs were suspended
in 2 ml of methanol to dissolve the polymer matrix and then its volume
was made up to 50 ml in volumetric flask with acetate buffer pH 4.7,
LP. (Simulated vaginal {luid. SVF)Y7. The resulting mixture was agi-
tated on a mechanical shaker and then kept aside for 1 hour. The
solution was then {iltered and the absorbance was measured at 267
nm afier suitable dilution using UV-Visible spectrophotometer
(LUV1700, Shimadza, Japan) and drug content was'determined by us-
ing the following formula.

DrugContent = (Concentration x Dilution Factor x Volume taken) /
Conversion Factor

Thedrug entrapment efticiency (DEE) was calculated by the
equation %7, DEE = {P¢/ 1¢)x 100 . where Pc is practical drug content;
Te is the theoretical drug content. The entire test was performed in
triplicate.

{n vitro Dissolution study of AZMC:

In vitro drug release study of AZMCs were carried out in
USP Type Il dissolution test apparatus (TDT-08L USP, Electrolab,
Kolkata, India) using SVF as dissolution medium. Volume of dissolu-
tion medium was 900 ml and bath temperature was maintained at
37=1°C throughout study. Paddle speed was adjusted to 50 rpm. At
an interval of 1 hr, five ml of sample was withdrawn with replacement
of five ml fresh medium and analyzed for Zidovudine content by UV-
Visible spectrophotometer at 267nm. The entire release tests were
performed in triplicate'®.

Drug release kinetic studies of AZMCs and AZMBVGs:

In order to investigate the mechanism of zidovudine release
from different AZMC and AZMBVG, the release data was analyzed
with the following mathematical model, zero order kinetic equation
(QFK, ), first order kinetic equation (InQ, = InQ,—Kt) and Higuchi
kinetic equation (Q=Kt'?), where Qt is the percent of drug release at
time t, Q, is the initial amount of drug present in the AZMCs and
AZMBVGs. K, K, and K, are the constants of the equations. Further
to confirm the mechanism of drug release, the first 60% of drug re-
lease was fitted in Korsmeyer Peppa’s model, M /M = K, t» where M/
M, is the fraction of drug release at time t and K is the power law
constant and n is the release exponent. The n value is used to charac-
terize different release mechanisms and was calculated from the slope
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of the plot of log of M /M, vs. log of time (t). The criterion for setect-
ing the most approprlate model was chosen on the basis of goodness
of fit test 1819,

Stability studies of AZMC4:

Stability studies of AZMC4 was done according to the In-
ternational Conference on Harmonization (ICH) harmonized ! guide-
lines on stability testing of new drug substance and product.Stability
studies were conducted to find out stable product under storage.
The AZMCs were stored in amber colored glass bottles at elevated
temperaturei.e.4 £ 1°C(FT), 254 1 °C(RT)and 50= 1 °C(HT) fora per
iod of two menth and observed for change in drug content.

g PREPARATION OF AZMBVG:

Carb@pol 940P gels were prepared by cold mechanical

method™* described by Schmolka et al. Required quantity of p01y~
mer (f al oowel Y: 10} HPMC) was weighed and it was sprinkled
d water for-2 hrs. After which it was con-
ical stivrer, till the polymer soaked in the
\fv lxh continuous stirr ing, triethanolamine was added for the
maintained the pH of the gel. Appropriate quantity of DMSO (Dim-
ethyl sulfoxide) was added for penetration erthancer, followed by the
required quantity of methyl paraben as a preservative. Finally the
optimized m;unuwdpswdmu formuiation was added to'the gel with
continuous stirring il the microparticles get dispersed in g}l com-
pletely. Eight formulations of microencapsulated intra-vaginal gel were
prepared by using Carbopol 940P and Hydroxyethy! cellulose in dif-
ferent ratio (table 8). The prepared gél were packed in wide mouth
glass jar covered with screw capped plastic lid after covering the
mouth with an aluminum foil and were kept in dark and cool place 2#2°
The formulations were preserved for mnhu study.

water

EVALUATION OF AZVMBVG:
Percent yield of AZMBVG:

he Percent yield was calculated as the weight of the
AZMB \/Gs recovered from each batch divided by total weight of
drug-containing microparticles and other all ingredients used to pre-
pare AZMBVGs multiplied by 100. The percentage yield of each for-
mulation was replicated three times. The yield of AZMBVGs was
calculated using the following formula:

_Y={P_(Z)}/ T, [PM+ 1 ]1x100 Where as Y=Yield,P_=Practical
mass, Z,, *eroencapsulated vaginal Gel, T =T heoretical mass , P
=Polymer, M =Microparticles, [,= Ingredients

Drug content evaluation:

Drug content was determined by * disselving accurately
weighed quantity of gels in SVF. After suitable dilution absorbance
was recorded by using UV- visible spectrophotometer (UV - 1700,
Shimadzu, Japan) at 267 nm. Drug content was determined using
slope of standard curve; previously given. The drug content was
determined by using following equation:

Do = (Cox D x V) / G Where as D, =Drug Content,C. =
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Concentration,D,_Dilution Factor, V =Volume taken, C =Conversion
Factor

Bioadhesive strength of AZMBVGs using isolated goat vagina:

Isolated goat vaginal tissue (Capra hircus, local breed, ob-
tained immediately after sacrifice of animals at a slaughterhouse) was
cleaned, separated from the supporting muscular and connective tis-
sues taking care to maintain integrity of mucosa, and kept at 0°C till
further use. Before experiments, goat vaginal tissue was thawed in
normal saline. The bioadhesion measurement was performed by us-
ing a modified balance method intact with freshly excised goat vagi-
nal mucosal membrane as anin vitro model’. The two pans of physi-
cal balance were removed. Right side pan was replaced with a 100 ml
beaker and on left side, a glass slide was hanged. For balancing the
assembly a weight of 20g was hanged on left side. Another glass
slide was placed below the hanged slide. Portions of vaginal mem-
branes were attached with both slides. The height of this set up was
so adjusted: leaving a space of about 0.2 cm between two vaginal
membrane faces. One gm of gel was placed between two vaginal
membrane faces. Liule pressure was applied to form bio adhesion
bond, and then slowly drop of water was added on right side beaker.
till the gel was separated from one face of vaginal membranes at-
tached. Volume ofwater added was converted to mass . This gave the
hioadhesive strength of gel in-gm. Ap initial investigation examined

the rmxoduubllm of'the system using five esame formulations. Then
the study was carrted out for all formulations *

pH and eolor evaluation of microencapsulated vaginal gel:

2.5 gm ot gel was accurately weighed and dissolved in 23 mj
of distilled water and stored at 4°C for two hours. The pH of disper-
sions was determined using digital pH meter (Digital pH meter MK VI,
Systronics. Naroda, Ahemdabad). The measurement of pH of each
formulation was in triplicate and the average values are presented.

25

The color of gel is also visualize by naked eyes
Swelling index:

Swelling of the polymer depends on the concentration of
the polymer, ionic strength and the presence of water. To determine
the swelling index of prepared microencapsulated vaginal gel, 1 gm of
gel was taken on porous aluminum foil, and then placed separately in
a 50 ml beaker containing 10 ml SVF. The beakers were removed at
different time intervals, put it on dry place for some time and then
reweighed. Swelling index was calculated as follows37
Swelling Index (Sy) % = [(W,~ W )/ W ] x100. Where, (Sy,) % =
Equilibrium percent swelling, W, = Weight of swollen gel after time t,
W _ = Original weight of gel at zero time.

Spreadability of AZMBVGs:

Spreadability was determined® by apparatus suggested by
Mutimer et al which was suitably modified in the laboratory and used
for the study. It consists of a wooden block, which was provided by
a pulley at one end. By this method, spreadability was measured on
the basis of *Slip’ and ‘Drag’ characteristics of gels. A ground glass
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slide was fixed on this block. An excess of gel (about 2 gm) under
study was placed on this ground slide. The gel was then sandwiched
between this slide and another glass slide having the dimension of
fixed ground slide and provided with the hook. A 1 Kg weight was
placed on the top of the two slides for 5 minutes to expel air and to
provide auniform film of the gel between the slides. Excess of the gel
was scrapped off fromthe edges. The top plate was then subjected to
pull of 80 gms. With the help of string attached to the hook and the
time (in seconds) required by the top slide to cover a distance of 7.5
cm be noted. A shorter interval indicates better Spreadability 23,

Spreadability was then calculated using the following formula:

5= (Mg x Ls)/ Tm, Where as, S = is the spxeadabilitv Mg =
gewve

is the

gh‘r in the pan (tmd to the upper slide), Ls = is the length moved by
he glass slide and Tm = represents the time taken to separate the
slide completely from each other.

th

Extrudability of AZMBVGs:

Itisausual empirical test to measure the force required to exyrude the
material from tube. The method applied for determination®*ofapplied
shear in the region of the rheogram corresponding to a shear rate
exceeding the vield value and exhibiting consequent plug flow one
such apparatus is described by wood er al. In the present study . the
methed adopted for evaluating gel formulation forextrudability was
based upon the quantity in percentage of gel and gel extruded from
lacquered aluminum collapsible UbL on 'upphcmon of weightin grams
required to extrude at least 0.5 em ribbon of gelin 10 seconds. More
quantity extruded better was extr uuabx.xty. The measurement of
extrudability of each formuiation was in wipiicate and the average
values are presented.’® The extrudability was than caleulated by
using the following formula’®:

Eo= G, /A, Where as I, =Extrudability, G, = Applied weight to
e\*wdc gel from tube (in gm)/ A =Area (in cnt )

Irtvitro drug diffusion study of AZMBVGs:

In vitro drug diffusion studies were carried out by using
biochambered donor receiver compartment model (K.C.diffusion
cell).Cellophane membrane was stored in SVF the cellophane mem-
brane act like a barrier between the get and SVF (sink phase ). 1gm of
gel was placeon the surface of processed ceHopharne membrane and
membrane was fixed to onte end of the cylindrical donor compartment
by adhesive tape such that the lower end of tube containing film just
" touched the surface of SVF medium. SVF volume 0.5 ml of SVF was

placed and maintained at same level throughout the study-in donor
compartment., Temperature was maintained at 37 & 2°C with constant
stirring at 50+ 10 rpm. A quantity of 5 ml sample was withdrawn from
the receptor compartment at definite time interval and replaced with 5
ml of SVF to maintain sink condition. The drug was estimated by
using schimadzu UV-Visible spectrophotometer at 267 nm (Amax)233

Stability studies of gel:

Stability studies of gel was done according to the Interna-
tional Conference on Harmonization (ICH) harmonized guidelines on
stability testing of new drug substance and product.?*** The formu-
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lated gel were filled in the sterile lacquered collapsible aluminum tubes
and stored at different temperature condition viz. 25 £ 2°C (refrigera-
tor temperature) and 40 = 2°C (condition of accelerated stability test-
ing)343%% for a period of three months and studied for changes in
color , pH, extrudability and variation of drug content.

Viscosity measurement

A Brookfield digital viscometer (Brookfield Engineering
Laboratories, Model DV-E, Mumbai) with a suitable sample adaptor
and Spindle (S64) was used to measure the viscosities in ¢ps of the
microencapsulated gel, 3

Statistical analyses

Statistical data analyses were performed by using Mystat
statistical software. One way ANOVA was performed and was

/.

considered significant (p < 0.03) ut 5 % level.
RESULT AND DISCUSSION
Formulation design of microcapsules:

The m icrmapmiw were prepared by O/O single emulsion
solvent ev apo“u ion method using ethyl ceflulose as polymer in dif-
ferentratio with other ingredients and solvents as given in Tablel. A}l
the prepared microencapsulated formulations contaim different drug:
polymerratioand coded as AZMCI (1:1), AZMC2 (1:2), AZMC3 (13}
AZMCA(14), AZMCS (1:3),AZMC6 (1:6) and ALMC?( 7).

Percent \1eid drug content, percent drug entrapmtm efficiency
and average particles diameter of AZMCs:

The percent vields of microparticles were calculated and
found to be into the range of 65.16 = 5.89 0 83.16 = column 2 in
Table2. Drug content for all microencapsulated formulations was ob-
served good.The observations givenin the column 3 in Table 2. The
drug content.of all microcapsules was obtained between the ranges
0f 9.13.20.62 10 36.97 = 5.35 and the highest for AZMC 3 and lowest
for AZMC 7. All the microcapsules formulation with high percent
entrapment efficacy are observed (three times for each batch) for the
loading efficiency. The observed data given column 4 in Table 2, the
percent drug entrapment efficiency of all microcapsules were ob-
served between the 15.37 £ 0.45 t0 93.92 + 4.59 and the highest for
AZMC 3 and lowest for AZMC 1. The particle size analysis of
microparticles was studies by using optical microscopy and SEM
with magnification power 600X and 1500X. The average diameter of
all different microencapsulated formulations has shown column $ in
Table2 Polymer concentrations have a positive effect on mean par-
ticle size.

Micromeritic Studies:

The flow properties of the AZMCs were shown in column 2-50f table

3.Form the Carr’s Index, most of the AZMCs were having excellent to

good flow properties as represented in column 5 of table 3.Form the
Hausner’s ratio, all AZMCs were found to have good flow properties

as represented in column 4 and column 5 of table 3. From the angle of
repose data as in column 5 of table 3 all AZMCs possessed the free
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Figure 1: SEM study.of AZMCs using magnification X 600 Scauning electron microscopy of AZMC4 using magnification 1500

Fable 1 Formulation design of AZMCs

Formulation Code

Drus/polviner ratio

Drug (in me)

Polvmer {in mg)

Span 60 (inmg)

Liehtliquid paraffin (ml)

AZMC T il 160 100 &
12 en 260 16

O 300 16

100 400 1¢

i35 TG0 300 L0

He 60U 504G iQ

7 100 766 16

flowing properties. As a general guide. values of Hausner ratio 1.25

indicate good flow (=20.0% Carr’s index). while greater than 1.25 indi-
. cates poor flow (=33.0 % Carr’s index). Between 1.23 and 1.3, added

glidant normally improves flow. While for angle of repose = 30°usu-
ally indicating the free flowing material and angle =40° suggested the
poorly flowing material. Powder with angle of repose >30° have un-
satisfactory flow properties, where as minimum angle close to 23°
corresponds o very good flow property. AZMC4 has the good angle
ofrepose, Cair’s index and Hausnerratio values and having the good
flow properties.

Table 2: Percent yield of AZMCs formulation:

i LA PR

S R

ST SR 1

B P R T A TRt
ks

i ok e e SN

ok sk Ry o’

2 iy
pr.

ass

Figure 2: Combined FTIR graph of Zidovudine and all formulations

Formulation Percent vield Drug content Percentdrugentrapment

Average particles diameter

code {mean % sem) {mg/100Gmg efficiency (Mean = SEM) {pm) (Mean = SEM)
ofmicrocapsules)
AZMC 1 76.33 = 1.45 10.67£0.23 15.37+0.45 84,30+ 2.00
AZMC2 7099 £ 818 23.96 £4.8) 50.62£9%.77 87.80+5.71
AZMC 3 65.16 +£5.89 36.97£5.35 93,92 £4.59 94.64+3.21
e AZMC 4 72.93+0.73 24.58+£0.87 89.75 +£3.52 84.33 %433
%AZMCS 83.15+6.46 16,99 + 1.42 83.60+4.63 92.34 +4.18
AZMC 6 74.33 46,98 1444 +1.24 67.32+ 8.86 84.49+2.03
AZMCT 6831554 9.132+0.62 49.85+5.28 70.1249.17

All values are expressed in mean + siandard deviation (n=3)
Table 3: Observation table for bulk density, tapped density, Carr’s
index, Hausner ratio and angle of repose

Formula  Bulk Tapped Carr’s Hausner Angle of

Code Density Density Index Ratio, _Repose
AZMC 1 0.31£0.001 0.37£0.001 17.27 £0.496 1.21£0.007 ~ 2838+0.118
AZMC2 0.31£0.002 037 £0.001 16.99+0.258 1.21+0.004 28,673 £ 0.526
AZMC 3 0.31£0.002 0.37 £0.000 17.30 £ 0.468 1.21 £0.007 = 28.676.+ 0.366
AZMC 4 0.31£0.062 0.36 £ 0.002 14.24 +0.080 117 £0.001 28.15+0.000
AZMC 5 0.31+0.002 0.36+0.002 16.28 £ 0.936 1.19 £0.001 29.084 £ 0.479
AZMC 6 0.31 £0.001 0.36 +0.0604 16.27 + 6.990 1.19+0.014 - 29372+0.63
AZMC7 0.31+0.001 0.37 £0.000 17.57+0.270 1.21 £0.004 29.89+0.172

ﬁill values are expressed in mean = standard deviation (n=3)

Journal of Pharmacy Research Vol.3.Issue 1.January 2010

FTIR studies:

InFT-IR studies, -C-O stretching at around for Carbohydrates groups
1066.67 cm!, O-H deformation (for 1°alcohol) at around 1095.60 cnr',
C-N stretching at around for 3°amine 1278.85 cnr!,C=0 stretching at
around for six member ketones 1697.41 enr'and -N; (for azide group)
stretching at around 2085.12 cmy'! was clearly distinguished in all the
drug AZMCs formulations. All the IR peaks present in different for-
mulations were matched with the drug peaks, were observed sug-
gesting no drug-polymer chemical interaction figure 2 and table 4.
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® Table 4: Peaks table for Zidovudine and AZMCs formulations
Formulation  C-Ostr O-H C-N C=0str -N3 (for azide
Code {for def str (for six group)(cm-1)
Carbo (for1° {for membered
hydrates) alcohol)  3°amine) ketones)
cm-1 —sm-1 (em-1) (em-1)
Zidovudine 1066.67 1095.60 1278.85 1697.41 2085.12
AZMCL 1066.67 1095.60 1278.85 1697.41 2085.12
AZMC2 1066.67 1097.53 1278.85 1697.41 2087.05
AZMC3 1066.67 1097.53 1278.85 1697.41 2088.98
AZMC4 1066.67 1095.60 1278.85 1697.41 2085.12
AZMCS 1066.67 1095.60 1278.85 1697.41 2085.12
AZMC6 1066.67 1097.53 1278.85 1687.41 2087.05
AZMCT 1066.67. 1097.53 1278.85 1697.41 2087.05
Table 5: Drug release and kinetic study of AZMCs
Formulations % CR Zero First Higuchi Korsmeyer
(24 hrs) order order square root and Peppas
release release equation equation
K e & r: -2
1.93 678 0.8 0.82
1.83 0.87 0.14 0.83
.88 0.71 0.24 598
HAH 0.86 018 .97
i .84 0.12 0.9¢
0.03 0.8%

C.16

expressed in mean = standard m vidtion :17'3/
In vitro dissolution and drug release Kinetics of AZMCs:

A values are

The in vitrorelease protiles were applied on various kinetic
nodels in orderto find out the mechanism of drug release: The best ﬁi
with the highest correlation coefficient was shown in Higuchi, firs
order and followed by zero-order equations as given figure 3 zmd
L“b‘ > 5 berween the ranges of 74 8327 .03 t0 85.46=7.14 up to 24 hrs.
1ts were caleulated from the slope of the respectiv
muts. High correlation was observed in the Higuchi square root quu"
s (ion rather than firstzorder and zero-order models. The drug release
was proportional to square root of time. indicaling that the drug re-
lease from ethylcellulose AZMCs was diffusion controlled. The data
obtained were also put in Korsmeyer-Peppas mode! in order to find
out n value. which describes the drug release mechanism. The n
value of AZMCs of different drug to polymer ratio was ranged of
0.071 10 0.3064, indicating that the mechanism of the drug release was
diffusion controlled. The release also showed higher correlation with
the Korsmeyer- Peppas model, as shown in Table 3. In conclusion.
the attempt to prepare controlled release AZMC4 of zidovudine with
high entrapment efficiency was successful, even though the entrap-
ment efficiency was still lower compared 1o the same process re-
ported for other hydrophilic drugs. Further studies are required to
find out the exact cause for the difference and to improve the entrap-
ment efficiency. The overall effect of polymer on release (AZMC1-
AZMC7) was also significantly different (P<0.05, single factor
& ANOVA), It means null hypothesis isnullified and alternative hy-
pothesis is accepted i.e. the variation in formulations in pelymeric
type and content (AZMC1-AZMC7) have significant effect on re-
lease profile.

;n

I

¢ ralg constan

THRAE {7t

Figure 3: In-vitro drug release profile of AZMCs formulations

Accelerated stability studies of AZMC4:

Table6 shows the concentration, potency and log percent
concentration of AZMCs for 60 days stability study.and table7 shows
the parameters determined for the stability of AZMC4. Shelf life in
year in different temperatures like 44 1°C, 25+ 1°Cand 50z 1°C result
were found 1.468 years and 2.207 years respectively. Degradation
half life also calculated in year of AZMC4 in different temperatures
like 4+ 1°C, 254 1°C and 50+ 1°C results were found 9.608 years, and
14.438 years for respective temperatures.

Table 6: Stability studies (concentratlon, potency and log % concentration) of AZMC4

Temperatures 4+ 1°C 25 1°C 56+ 1°C
Time(in Conce. (inmg  Poten-cy Log % Conc: (in Poten-cy Log % Cone. (in Poten-cy Log %
Days) /100mg) (%) Cone, mg/ 100mg) (%) Cone. mg/ 100mg) (%) Conc.
0 33.99 100.00 2.000 33.99 100.00 2.000 33.99 100.00 2.000
7 33.86 99,63 1.998 33.99 100,00 2.000 33.86 99.63 1.998
14 33.86 99.63 1,998 33.99 100.00 2.000 33.86 99.63 1.998
21 33.86 99.63 1.998 33.99 100.00 2.000 33.99 100.00 2.000
30 33.99 100.00 2.000 33,99 100.00 2.000 33.99 100.00 2.000
38 33.73 99.23 1.997 33.86 99.63 1.998 33.86 99.63 1.998
45 33.86 99.63 1.998 33.86 99.63 1.998 33.86 99.63 1.998
52 33.59 08.84 1.995 33.86 99:63 1.998 33.86 99.63 1.998
33.59 98.84 1.995 33.73 99.23 1.997 33,73 99.23 1.997
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Table 7: Observation table of parameters determined for stability
studies of AZMC4

Parameters Temp. 4+ 1°C Temp. 25+ 1°C Temp. 50% 1°C
Zero - order (1) 0.554 0.776 0.210
First—order (r?) 0.594 0.783 0.382

First order rate constant (k1) in day-1 1.976 = 10-4 1.315 x 10-4 1.315 % 10-4
Degradation Half life (in year) 9.608 14.438 14,438

Shelf life (in year) 1.468 2.207 2.207

Table 8: Formulation design for the preparation of microencapsulated vaginal gel:

Ingredients AZMBVG 1 AZMBVG2 AZMBVG 3 AZMBYVYG 4 AZMBVG 3 AZMBVG 6 AZMBVG7 AZMBVG 8
, Microparticles{(AZMC4; (my) 407.00 4567.00 407.00 407.00 407.06 407.00 107.00 407.00
' 160.00 200.00 300.00 400.00 100.00 100.06 130.00 100.00
I e S ——— 100.60 286660 300.00 406.00
6.2 6.2 0.2 G2 0.7 0.2 { 9.2
29 20 2.0 26 2.6 2.0 2.6 2.0
52 62 02 G 9.2 0.2 02
5o 10U i v 100 ap i up 1 Byt

Table $: Percent vieldidrug content,spreadability.exiradability and bioadhesive strength of AZMBVGs

Formulation o Yield DrugContent Spreadability

Extrudability

Bicadhesive streagth

(mg/igm of gel) {gm.em/sec.) (gm./cm?) {gm.fem}
code {Medn = SEN) (Mean': SEM) {Mean & SEM) (Mean £ SEM) (Mean 2 SENM)
AZMBYVG | 3 P 008 16172008 120002
AZNBNVG 2 i ; .02
AZNMBVG 0.03

AZMBVG 4

All values are expressed in mean = siandard deviation (n=3;
Percent yield, drog content, spreadability, extrudability and
bicadhesive strength of AZMBVG:

The percent yields of AZMBVGs were caleulated and found to be
into the range 0£99.10 = 0.06 10 99.63 = 0.32 given incolumn 2 of table
9. The drug content of AZMBVGs were” found to be in the range of
1.07+0.01to 1.21 £ 0.12.given in column 3 table 9. Observations for
spreadability study are in column 4 table 9. Spreadability of all mi-
croencapsulated vaginal gels was in between range of 12.86 = 0.09 to
15.00 = 0.22. As the concentration of polymer increases the
spreadability of AZMBVGs decreases the spreadability. Extrudability
study shown was column 3 table 9. Extrudability of all AZMBVGs

, was in between range of 16.17 = 0.08 t0 18.08 £ 0.08. As the concen-
tration of polymer increases the extrudability of AZMBVGs also in-
creases, because as the concentration of polymer increases weight
required to extrude gel from tube also increases. Vaginal bioadhesive
strengths of all AZMBVGs, using goat vagina, were found in the
following order AZMBVG 4> AZMBVG8> AZMBVG3 > AZMBVG7
> AZMBVG 6> AZMBVGS > AZMBVG2 > AZMBVGI accordingly.
Thus it was concluded that AZMBVG 4 showed the highest
bioadhesive strength as in column 6 of table 9. The bioadhesive
property of Carbopal was reported due to carboxyl groups present
on its acrylic acid backbone, which possess-an ability to interact with
sialic acid molecules present in the vaginal mucus layer.

Journal of Pharmacy Research Vol 3. Issue 1.January 2010

In vitro drug diffusion and drug release kineties study of AZMBVGs:

The in vitrovelease profiles were applied on various kinctic models in
order to find out the mechanism of drug release. The best fit with the
highest correlation coefficient was shown in Higuchi, first order and
followed by zero-order equations as given Table10 and Figure 4 and
drug refease ranges 0o 48.58 £ 8.9110 92.88 = 4.76 up 1o 28 hrs. The rate
constants were calculated from the slope of the respective plots. High
correlation was observed in the Higuchi square root equation rather
than first-order and zero-order models. The drug release was propor-
tional to square root of time, indicating that the drug release from
ethyl cellulose AZMCs and AZMBVGs were diffusion controlled.
The data obtained were also put in Korsmeyer-Peppas model in order
to find out n value, which describes the drug release mechanism. The
n values of AZMBVGs were ranged of 0.227 to 0.529, indicating that
the mechanism of the drug release was diffusion controlled. The re-
lease also showed higher correlation with the Korsmeyer- Peppas
model, as shown in Table 10. In conclusion, the attempt to prepare
controlledrelease AZMB VG4 with AZMC4 of Zidovudine lorded with
high entrapment efficiency was successful. Further studies are re-
quired to find out the exact cause for the difference and to improve
the entrapment efficiency. The overall effect of polymer on release
(AZMBVGI-AZMBVGS) was also significantly different (P<0.05,
single factor ANOVA). It means null hypothesis is nullified and alter-
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native hypothesis is accepted i.e. the variation in formulations in
polymeric type and content (AZMBVG1-AZMBVGS) have signifi-
cant effect on drug release profile.

Table 10: Drug release and kinetic study of AZMBVG

Formulations Cumulative % Zero order First Higuchi Korsmeyer

Drug release release order square root and Peppas

(28 h) study release equation equation

%CR. K 12 K c K, bl el 1
AZMBVG1 90.72+1.84 2.08 0.81 1.89 0.36 0.13 0.82 0.91 0.440
AZMBVG2 90.57 £12.79 2.01 0.75 1.89 0.77 0:12 0.90 0.54 0.422
AZMBVG3 65.89+ 1.59 1.74 0.91 1.93 0.91 0.15 0.89 0.97 0.483
AZMBVG4 48.58 +8.91 1.19 0.91 1.92 0.90 0.13 0.91 0.99 0.433
AZMBVGS 92824379 2.03 0.66 1.89 0.88 0.15 0.92 0.85 0.529
AZMBVG6 90.40 = 7:68 1.86 0.80 1.85 0.91 0.11 0.91 0.95 0.369
AZMBVGT 92:88.+ 4.76 1310 0.77 1.7¢ 0.91 0.07 0.90 0.95 0.227
AZNMBVGS 67.81 £3.78 1.62 .88 1.92 0.91 0.14 0.90 0.96 0.446

{@ All values are expressed in mean = siandurd deviation (n=3)

T

Figured: In-vifro drug release profile of AZMBVGs formulations

Table]1: pH and color evaluation study of AZMBVGI- AZMBVG 8:

Farmulation code

pi Colur of Vaginal Gel

AZNBVGHE 6 9=0 0% Transparent

AZMBVG 7
AZMBVGS

Al values are expressed in mean = standard-deviation (n=3j
Swelling index:
Tablel2: Percent swelling index of AZMBVG 1-AZMBVGS

"ormulation code Swelling Index (%) (X SD)

Figure 5: Swelling index profile of AZMBVGs formulations

123, This result.demonstrates that gel matrix swelling depends on the
pH-of the media. As the pl{ of the media increases: swelling of the
matrix increases: The Table 12 and Figure 5 showed swelling indexes
of showed swelling indexes of different formulations. Swelling index
increased in the following order of formulations AZMBVG!
<AZMBVG2<AZMBVGI<AZMBVGO<AZMBVG3 <AZMBVGY
<AZMBVGT<AZMBVGS. Formulation AZMBVGS (1:4) was contain
highest proportion of HPMC and lowest proportion of carbopol
showed highest swelling index. Other hand formulation AZMBVGI
was contain lovest proportion of carbopol, showed lowest swelling
index respectively. 1t was indicated that as the proportion of HPMC
and carbopol increased. swelling index increased.

Effect of swelling index on Zidovudine (AZT) release

[ime(hrs) 0.5 i ) 4 6 Irrall the cases, the release rate was increased with increased propor-
\ZMBVG!  08.40£0.15 14.80£0.12 25.30 0,40 38.67+0.29 46.07 £0.93 tion of hydrophilic polymer carbopel and HPMC due to more sweli-
ZMBVG2 10704029 19.33 £0.26 32.03 £0.67 4907 £0.49 55.43 £0.45 S N h ; )

BVG3 12175037  2060+046 37235067 52905078 60404128 N8 [nitially, the diffusion coefficient of drug in the dehydrated poly-
\ZMBVG4  16.34+0.67 21.70%0.59 36.17 % 0.61 54,23+ 128 64.70+0.95 -mer will be less and increases significantly as the polymer imbibes
\ZMBVGS5  09.67 £0.29 17.40 £0.61 28.43£0.79 4280 0.55 57.57%1.25 more and more water, and forms a gel, as the time progresses. The
\ZMBVG6  09.17 £0.23 17.1020.12 29.10 £ 0.12 44.43 £1.69 57.73 £0.75 . R
\ZMBVG7 13332047 23334072 39032009 5660061  73.37038 hydration rate of the polymer and thereby the gel formation signifi-
\ZMBVG8  16.77£0.09 22.93 +0.46 36.90 £ 0.55 58.10£0.45 78.03 £0.83

Allvalues are expressed in mean = SEM (n = 3).

In'order to understand the influence of the polymer system on drug
release and swelling study on gel matrices containing the polymers
(HPMC and Carbopol P940) was evaluated. It is clear that the gel
matrices underwent swelling at the same time as it was placed in-the
disselution media. The pH of the media influenced swelling. On the
other hand, the percentage of matrix swelling as-a fufiction of pH
ranged from 78.03% at pH 7.5 to 46.07% at pH 6.9 (Table11 and Table

Journal of Pharmacy Research Vol.3.Issue 1.January 2010

cantly depended on polymer proportion. The overall effect of poly-
mer was observed as follows. Formulation AZMBVG4(Carbopol) with
swelling index (64.70£0.95) at pH7.0, showed lowest % cumulative
drug release (48.58+8.91% up to 28%hr) Thus concluded that carbopol
contend EC microcapsule has an effect on drug release and it was as
a batter rate controlling polymer which gave better drug release.
AZMBVGS was (Carbopal:HPMC=1:4) highest swelling index (78.03
+0.83) at pH7.5 showed 67.81 + 13.78% drug release upto 28" hrs.
while formulation AZMBVG 5 (Carbopal : HPMC=1:1) with swelling
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Table 13: Stability studies (drug concentration, potency and log % concentration) of AZMBVG 4

Temperatures 254 2°C 50£2°C

Time Conc, Potency Log % Concentration Potency Log

(in (in (%) Conc. (in mg/gm gel) (%) % Cone.,

Days) mg/gm gel)

o 1.20 100.00 2.000 1.20 100.00 2.000

7 120 100.00 2.000 1.19 99.17 1.99¢6

i4 1.20 100.00 2.000 1.19 99.17 1.996

21 {19 99.17 1.996 1.18 98.33 1.992

30 1.20 106.00 2.000 1.19 99.17 1.996

38 1.20 100.60 2.000 .17 97.50 1.989

45 1.19 9917 1.996 1.18 98.33 1.992

52 1.19 99.17 1.996 117 97.50 1.989

60 [.18 9833 1,662 i1s 96.67 1.983

68 1.19% 99.17 1.956 1.16 96.67 1.98%
@7: 117 37.50 1 58S 117 97.5¢ 1.989
en 118 9837 1.992 4% 95.83 1.982

GG 17 97 30 198 ix 95.85 1982

Tablel4: Parameters determined for stability studies of AZMBVG 4

Parameters Yemp. 252 2°C Teémp. 80 2°C
= 1 1
738 0.828
0,749 0856
dav-1% o 1758 - 104
Do
3490

i Viscosity:

Table 15: showed the data of viscosity of AZMBVGH

San 13 Ke Spinndl LS8 Zfnt2 | o>
©
AZ AN O} 20 2944 0() D9 2
Gt

index (37.57=1.25)at pH7.2, was found to release the drug only about
92.82 = 3.79% up to- 28th hrs. This finding can be atiributed to the
higher water retentions property of carbopol and HPMC, thus con-
cluded that in present of EC microcapsule drug release was signifi-
cantly influence of both the polymers. Carbopel contained EC
microcapsules was a better rate controlling polymer to sustain the
release of drug for longer period of time when compared to formula-
tions containing HPMC and carbopol with EC microcapsules.

Accelerated stability studies of AZMBVG4:

Table 13 shows the concentration, potency and log percent concen-
tration of AZMBVG4 for 90 days stability study, and table 14 shows
the parameters determined for the stability of AZMBVG4. Shelfiife in
year in different temperatures like 25+2°C and 50+£2°C result were
found 6.579 and 3.990 years respectively. Degradation Half life was
also calculated in year of AZMBVG4 in different temperatures like
25+ 1°C and 50z 1°C results were found 1.006 years, and 0.610 years
for respective temperatures like 25+ 1°C and 50£ 1°C results were

Journal of Pharmacy Research Vol.3.Issue 1. January 2010

found 1.006 vears. and 0.610 vears forrespective temperatures.

Viscosily is an importent parameter for characterizing the gels as it
affecis the spreadability, extrudability and release of drug. The Table13
showed the data of viscosity. ZMBVG4 showed 29400¢ps indicated
that the viscosity of gels wagincreased with the increase in carbopol
content which may be due tothe "wrcase in formation of three dimen-
stonal cross linking structure of gel. as expected.
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ABSTRACT

The present study concerned with the development and
characterization of bioadhesive vaginal film (VF). Zidovudine
containing VF were prepared by solvent casting method using
different ratios of Acrycoat S 100 (AC) or Ethy! cellulose (EC) to
Hydroxy  propyl methy! celiulose (HPMC) .and di butyl
phthalate(DBP) as a plasticizer. The optimized films were
found to be transparent, flexible and soft and evaluated for
mechanical properties by modified instrument, drug content,
folding endurance, in vitro drug release with release kinetic
and % moisture content bioadhesive strength by medified pan
balance method. The films were found. higher drug content
and flexible. The VF10 (containing AC: HPMC 4:1) was selected.
In vitro drug was found of Zidovudine over 11 hr obeying zero
order followed by Higuchi kinetics and Case Il non-Fickian
(anomalous) diffusion. control, indicating the rate of drug
release is due to the combined effect of drug diffusion and
polymer relaxation with a sufficient bio adhesion quality with
good mechanical properties. The results were compared
statistically and found with satisfactory correlation. Thus in
conclusion preparation protocol’ of VFs studied may be
adopted for a successful development of newer drug delivery
system for treatment and prevention for AIDS.
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INTRODUCTION: UN global summary of
the AIDS pandemic 2007 revealed,
women (15.4 million) account for
approximately 50% of people (33.2
million) infected and living with HIV. More
than 20million people have died of AIDS
and about 14,000 are newly infected
every day’. HIV is affecting women and
girls. increasing in  numbers. As
researchers, these statistics emphasize
the responsibility and a challenge that
includes ‘understanding - personal risks of
our young pecple, to make healthy
choices about their sexuality as well as a
course for future action in designing safe,
effective, acceptable and affordable
vaginal microbicide to reduce the risk of
STD ~ transmission,  particularly = HIV,
specifically for women®.

Access to a safe and effective
microbicide would benefit both women
and men. Although somewhat neglected
in. clinical - studies, = pharmaceutical
characterization of vaginal polymeric
films, is' an important step in order. to
optimize safety, efficacy and acceptability
®, Vagina is explored as an effective site
for local and systemic drug delivery due
certain unique features such as presence
of dense network of blood vessels, lacking
of Gl and liver first pass effect.*>° The
primary objective of this study was to
develop VF of Zidovudine. The VF were
targeted  to control the release of
Zidovudine in a predetermined: manner
for a prolong time through vagina. We
had prepared VF-of Zidovudine by solvent
casting method with reduced initial burst,
increased prolonged cumulative release in
vitro to achieve controlled release over a
period of 11 hr and improved vaginal bio
adhesive strengths in goat vagina ex- vivo.
The film also possessed aesthetic appeal

such as good appearance, softness,
flexibility and free from of any sharp edge
to avoid mechanical injuries during
insertion for ease of administration and
user convenience after administration.

MATERIALS AND METHODS:

Materials: Zidovudine was obtained as a
gift sample from Aurobindo Pharma Ltd,
A.P, india and EC (ethoxy content- 47.5%
by weight and viscosity {n] of 22 cps in a
5% concentration by a weight in toluene:
ethanol 80:20 at 25°C), HPMC (K4M,4000
cps 2% aqueous solution) and AC were
obtained from S.D. Fine Chem., Mumbai,
india.. All other chemicals and reagents
used were of analytical grade and used as
received.

Methods: VF of Zidovudine was prepared
by solvent casting method containing
different ratios of AC or EC and HPMC in
di-buty! phthalate or glycercl or sorbitol
or PEG 400 as a plasticizer. 40 % w/w of
polymeric solution was allowed to stir for
1 h. After that, drug and plasticizer were
added with constant stirring .and this
solution was allowed to stir until we got
clear solution. The solution was allowed
to stand overnight to remove all the air
bubbles. The solution was then casted
onto a petri dish and dried in the oven at
60°C until complete drying. The film was
carefully removed  from the petri dish,
checked for any imperfections and cut
according to the size required for testing.
The films thus prepared, were wrapped in
a aluminum foil and kept in a desiccators
for further study. Each formulation was
replicated three times” %

characterization: Films
in  Scanning Electron

Morphological
were analyzed
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Microscopy (LEO, 435 VP, UK) to reveal
the surface morphology of the films. The
films were placed on double-sided tape
attached onto graphite surface. The
samples were coated with gold using an
ion sputter. Coating was provided at 20
mA for 4 min. Observation was performed
at 15 kV and ~ X550 magnification.’

Measurement of mechanical properties:
Mechanical properties of the films were
evaluated using a modified instrument
based on the similar working principle as
reported by Kok Khiang Peh et al. Film
strip in dimension of 50x10 mm and: free
from air  bubbles or physical
imperfections, were held between two
clamps positioned at a distance of 3 cm.
A cardboard was attached on the surface
of the clamp via a double-sided tape to
prevent the film from being cut by the
grooves of the clamp. One clamp remains
fixed and another one is movable.

During measurement, the strips
were pulled by the movable clamp at a
rate of 2.0 mm/s to-a distance of 5 mm
before returning to the starting point. The
force. and elongation were measured
when the films broke. Results from film
samples, which did not broke at between
the clamps, were not included in
calculations. Measurements were
triplicate for each film. The following
equations'®were used to calculate the
mechanical properties of the films:

The reproducibility of the system was
examined in the initial investigations using
three same formulations of VFs. Then the

study was carried out for different
formulations.
Folding  endurance:  The folding

endurance is expressed as the number of

folds (no. of times the film is folded at the
same place) either to break the film or to
develop visible cracks. This test is
important to check the ability of sample
to withstand folding during handling and
transport. The measurements of folding
endurance of each formulation was
replicated three times.®
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Estimation of drug content: Zidovudine
content in" film was estimated by UV-
Visible = spectrophotometric - method in
simulated vaginal fluid (SVF, phosphate
buffer [.P., pH 4.7)*% The accurately
weighed film strip in dimension of 50x10
mm, were dissolved first in solvent (2m!
methanol) so that polymer get dissolved
to release drug into the solution. Then
volume was made up to 25 mi with SVF
and kept for 1 hr under stirring. Similarly,
a blank was carried out using drug free
film. - The solution was filtered and
absorbance was measured at 267nm
{Amax) using UV-Visibie
spectrophotometer (UV-1700, Shimadzu,
Japan) ® ™,

Estimation of moisture Content: The
prepared films were cut into 50 x10 mm
strips. The films were weighed individually
and kept in a desiccator containing
Calcium Chloride as desiccant at 37° ¢ for
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24hr. The films were reweighed
individually until a constant weight was
obtained. Percentage of moisture content
was then calculated based on the change
in the weight with respect to the initial
weight of the film > 3,

Determination of swelling index: Each
film sample was weighed and placed in
SVF for 25 min. The swelling index of film
was calculated using following formula.™

Swelling index [SW) T—:& 16@’
4t
Where Wt = weight of film at time t, Wo =

initial weight of film

In vitro drug release and release kinetics
of VFs: /n vitro drug diffusion studies were
carried out by using K.C. cell with a semi
permeable barrier. Cellophane membrane
was soaked in SVF. Film of specified
diameter was placed on the surface: of
processed cellophane membrane and was
fixed to one end of the cylindrical donor
compartment by cyanoacrylate adhesives,
such that the lower end just touched the
surface of SVF medium. Also 0.5 m} of SVF
was placed and maintained at same level
throughout the  study - in  donor
compartment. Temperature was
maintained at 37 * 2°C with constant
stirring at 50 £ 10 rpm. A quantity of 5 ml
sample was. withdrawn from the receptor
compartment at definite time interval and
replaced with 5 ml of SVF to maintain sink
condition. The drug was estimated by
using UV-Visible spectrophotometer at
267 nm {(Amax) * . In order to
investigate the mechanism of Zidovudine
release from different VFs, the release
data was analyzed with the following
mathematical model, zero order kinetic

equation (Q= Kgt), first order kinetic
equation (InQ; = InQg — Kit) and Higuchi
kinetic equation (Qi= KytY?), where Qt is
the percent of drug released form VF at
time t, Qg is the initial amount of drug
present in VF. Ko, K; and Ky are the
constants of the equations. Further to
confirm the mechanism of drug release,
drug release was fitted  in Korsmeyer
Peppa’s model, % = Kpt" where % is the

fraction of drug release at time t and Kp is
the power law constant and n is the
release exponent.

The power law is valid only for the
first 60% of the release profile. The n
value is used to characterize different
release mechanisms and was calculated
from the slope of the plot of log of E‘— VS,

i

log of time {t}. The criterion for selecting .
the most appropriate model was chosen: .-

on the basis of goodness of fit test. ™™
Bioadhesion strength in goat vagihal ,
mucosa: Isolated goat vaginal tissue
{Capra hircus, local breed, obtained -
immediately after sacrifice of animals at a
slaughter house) was cleaned, separated
from the supporting muscular and
connective tissues taking care to maintain
integrity of mucosa, and kept at 0°C till
further use. Before experiments, goat
vaginal tissue was thawed in SVF medium.
The bio adhesion measurement was
performed by using a modified balance
method intact with goat vaginal tissue.
The two pans of physical bafance were
removed. Right side pan was replaced
with a 100 ml beaker and on left side, a
glass slide was hanged. For balancing the
assembly a weight of 20g was hanged on
left side. Another glass slide was placed
below the hanged slide. Portions of
vaginal membranes were attached with
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both slides. The height of this set up was
so adjusted, leaving a space of about 0.2
cm between two vaginal membrane faces.
One film was placed between two vaginal
membrane faces. Little pressure was
applied to form bio adhesion bond, and
then slowly drop of water was added on
right side. - beaker, ‘till the VF was
separated from one face of vaginal
membranes attached. Volume of water
added was converted to mass. This gave
the bioadhesive strength of film in gm. An
initial . investigation =~ examined the
reproducibility of the system using five
same formulations. Then the study was
carried out for all formulations *'.

Statistical . analyses: Statistical data
analyses were performed by using Mystat
statistical software. One way ANOVA was
performed and was considered sigrificant
{p <0.05) at 5 % level.

RESULTS AND DISCUSSION: Antiretroviral
drug, Zidovudine, a nucleoside reverse
transcriptase inhibitor, is taken up by the
host cells where it is converted into in its
tri-phosphate form. Subsequently, by
competitive inhibition, it inhibits the
reverse transcriptase, therefore, viral
replication stops. Also it is incorporated
into the viral DNA chain which is growing
{during replication} and terminates the
lengthening of -the viral DNA chain,
thereby stops viral replication. Zidovudine
was chosen as a model drug of choice due
to its short half life of about 1hour, high
gral dose, . low: systemic . bioavailability
(only 64%) due to rapid hepatic first-pass
metabolism. Thin and soft transparent
Bioadhesive vaginal film released drug in
a predetermined manner. Film has
advantages among bioadhesive vaginal
formulations with better dispersion

better aesthetic
comfortable, jess
interference during intercourse, dose
removal  possibility in  emergency
situations, suitability for a wide variety of
drugs  andexcellent  drug content
uniformity. The formulation code and
composition of VF were presented in
{Table 1).

throughout vagina,
appeal, more

Physical characteristics of films: Physical
characteristics of different VF were shown
in column 4 and 5 of (Table 1) to optimize
plasticizers. Films containing PEG 400 and
sorbitol as plasticizers. could not be
removed from. glass plate after drying.
Film containing Glycerol as a plasticizer,
was appeared transparent and easily
removed from plate but was brittle. Films
containing DBP as a plasticizer appeared
transparent, easily removed from plate
and were soft. So for such composition of
Film, DBP was selected as plasticizer of
choice.

Table 1: Composition and plasticizer of
Bio-adhesive vaginal films

Formulation Polymer Drug: Polymer
EC: HPMC
VE 05 1:5
{4: 1)
EC: HPMC
VF (08 1:5
{1:4)
AC: HPMC
VF 10 1:5
(4:1)
AC: HPMC
VF 13 1:5
{1:4)
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Morphological Characterization: SEM
photographs of blank and drug loaded
films were shown in (Figures la and 1b)
accordingly. Films appeared to be
homogenous and continuous. Drug was
distributed on the surface, over the drug
loaded film.

Fig. 1b: Drug loaded vaginal film

Measurement of mechanical properties:
The tensile testing is an indication of the
strength and elasticity. of the film,
reflected by the parameters, tensile
strength- (TS}, elastic modulus (EM) and
elongation at break (E/B). A soft and weak
film is distinguished by a low TS, EM and
E/B; a hard and brittle film is defined by a
moderate TS, high EM and low E/B; a soft
and tough polymer is characterized by a
moderate TS, low EM and high E/B;
whereas a hard and tough polymer is

characterized by a high TS, EM and E/B.
Another parameter, Strain has been used
as an indicator of the overalli mechanical
quality of the film. A high strain value
indicates that the film is strong and
elastic. Hence, it is suggested that a
suitable vaginal film shouid have a
relatively high TS, E/B and Strain but a low
EM. [{(Table 2) showed mechanical
properties of different formulations. For
EC film, decrease HPMC content TS and
EM decreases, E/B increases but no
significant difference in case of strain. For
AC film, decrease TS, EM and strain, E/B
increases.

These results indicated that HPMC
generally increase - the strength while
decreased the softness, elasticity and
flexibility of both EC as well as AC films.
The greater elasticity exhibited by films
containing lower HPMC content. From
Table 2, VF 8 (EC:HPMC=1:4) with
moderate TS and EM with low B/Band fow
strain indicated that film. were soft &
weak nature, while formulation VF10(AC:
HPMC=4:1) with fow TS, low EM, high £/B
with high strain  was found indicated film
were soft, strong and elastic; while
Formulation VF 05 (EC: HPMC= 4: 1) with
low TS ,low EM and high £/B8 with low
strain indicated soft & weak film ,whereas
formulation VF13{(AC:HPMC=1:4} high TS
and high EM; with low E/Band low strain
indicated that film was hard , brittle
elastic nature. These results indicated that
AC generally reduced the strength while
increased the softness, elasticity and
flexibility of both EC as well as AC films.
The greater elasticity exhibited by films
containing higher AC content could be
related to its conformation and
configuration, which is highly cross linked.
In comparison, the mean TS values of
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both EC and AC films were closely
comparable for similar compositions.
Increase in AC content rendered the
HPMC films more elastic than EC films.

Table 2: Mechanical properties of different
vaginal formulations

Tensile Elastic Elongatio

Fo lation Strain
rmuiatt Strength  Modulus n Break
1.23:% 41+ STt 361
VEOS 3% 341% 12.57 0.36
0.17 0.23 0.20 0.09
245t 583z 10,99 ¢ 042t
VF 08
0.65 0.32 0.09 .09
1.24% 2.88% 12,54+ 043t
VF 10
0.18 0.21 0.08 0.05
271+ 5% &7 44 &
VF13 8 11.67 0.44
0.32 042 0.14 0.12

endurance of different formulations. The
folding endurance the prepared VFs were
found to be 296-324 numbers of times for
all  formulation indicating that all
formuiations were flexible and soft. This
also gives an indication of brittleness; less
folding endurance indicates more
brittleness.

Table 3: % Drug content, moisture content,
folding endurance, biocadhesive strength and
swelling index of different formulations

ISSN: 0975- 8232

Each value represents as mean * standard deviation {n=3)

Estimation of drug content: The drug
content of all the prepared VFs was found
to. be satisfactory and each formulation
demonstrated high drug contents, as
summarized in column 2 of (Table 3). The
drug contents of the prepared VFs were
found to be in the range of 77.87(VF 05} -
97.65% {(VF 13). The formulation VF 13
showed highest drug contents among all
the formulations. Further, as shown in
(Table 3}, the drug content analysis.of the
prepared films showed that the process
used to prepare the films -in this
investigation is capable of giving optimum
drug  content  and minimum: batch
variability.

Folding endurance: Evaluation of folding
endurance involves determining = the
folding capacity of the films subjected to
frequent extreme conditions of folding.
The column 4 of (Table 3) showed folding

Foldin *Swellin,
% wiw % PE  rgioah: e
Formul- o Moist Enduranc esive index
ru oisture SIV
ation & v e *(no. of {Upto 25
Content Content* . Strength R
times} mins.}
7787 ¢ 2942 1972
VF 05 308+21  51%3.2
0.74 0:65 0.83
VFO8 87.75 % 413 ¢ 394415 175 56.56 %
0.75 0.95 - 29 77
87.44 323 %
VF 10 343 321523 4.4+18 17.08%67
0.45 1.11
765+ 343 & 146+ 5132
VF 13 97:65 43 296276 :
1.32 0:84 2.6 1.56

*tach value représents as mean i standard deviation (n=3)

% Moisture content: The column 3 of
(Table 3} showed % moisture content of

different. formulation. The moisture
content in the formulations was found to
increase with the increasing

concentration of drug and hydrophilic
polymer HPMC. Formulation containing
EC and HPMC showed higher % moisture
content than formulation containing AC
and HPMC. Formulation VF 8 showed
highest (4.13 %) moisture content and
Formulation VF 10 showed Ilowest
{1.231%) moisture content indicating that
as ratioc of HPMC increases % moisture
content increases and vice-versa
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Table 4: Drug release profiie and kinetics of different formulations

T Lumuta tive - . .

formuletion  Drug Relese Zero Dedesr Bg. First avder Eq. Higuchi 5;2“‘%“ K“p":‘“wﬁj’d

{11 e study} : Ppes S8

7 K lhr} £ Kad BT} i Kaalele™ o
YFOS 2302085 Q801 2085 028 om0 0% 7300 OSE D&
VF OB 302084 OF S185 05t oosl . osm #Ee 02 O7E
VR0 19543137 08 1228 087 o0 OEE 4B 0S3  07E
7 13 455131 o&I 308 ogs Sot4 0S80 18 085 0308

Each value represents as mean £ SD. n=3

In- vitro drug release of prepared Film: The
in- vitro drug releases of acquired films were
shown in column 2 of (Table 4} and (Fig. 2).

Effect of swelling index on Zidovudine
release: In all the cases, the release rate was
increased with increased proportion of
hydrophilic polymer (HPMC} due to more
swelling. Initially, the diffusion coefficient of
drug in the dehydrated polymer will be less
and increases - significantly as the polymer
imbibes. more and more water, and forms a
gel, as the fime progresses. The hydration
rate of the polymer and thereby the gel
formation significantly depended on polymer
proportion'®. The overall effect of polymer
was observed as follows. Formulation VF 8
(EC: HPMC= 1:4) with highest swelling index
(56.56 + 0.77), showed highest % cumulative
drug release (59.30 + 0.84% up to 11™ hr)
while formulation VF10 (AC: HPMC= 4: 1) with
lowest swelling index {17.08 * 0.67), was
found to release the drug only about 13.54+
1.12% upto 11 hrs. Formulation VF 05 (EC:
HPMC= 4:1) with swelling index of 19.72 %

Available online on www.ijpsr.com

0.77, showed 21.30 + 0.96% % cumulative
drug release up to 11" hr whereas
formulation VF13 - (AC:HPMC=1:4) with
swelling index of 51.32 & 1.56, was found to
release the drug only about 44.86+ 1.11%
uptollhrs. This finding can be attributed to
the higher water repelling property of AC,
thus concluded that AC was a better rate
controlling polymer to sustain the release of
drug for longer period of time when
compared to formulations containing EC as a
rate controlling polymer.

Different kinetic models (zero- order,
first-order and Higuchi’s) were applied to
interpret the release profile from VFs. The
best fit with higher correlation (r*> 0.9) was
found with the Higuchi’'s equation. The rate
constants were calculated from the slope of
the respective plots. The best fit with the
highest correlation coefficient was shown in
Higuchi followed by first order and zerc-order
equations as given in Table 4. The drug
release was proportional to square root of
time, indicating that the drug release from
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VFs was diffusion controlled. However, two
factors diminish the applicability of Higuchi’s
equation to matrix systems as this model fails
to allow the influence of swelling of the
matrix (upon hydration) and gradual erosion
of the matrix. Therefore, the dissolution data
were also fitted according to the well-known
power law . equation (Korsmeyer Peppas’
equation).The drug release mechanism of all
VFs was found to be predominately
influenced by the different bioadhesive
polymer added. The mechanism of drug
release from hydrophilic-hydrophobic
polymeric films involves solvent penetration,
hydration and swelling of the polymers,
diffusion of the dissolved drug in the matrix
and erosion of the gel layer. Form (Table 4
and  Figure 2), the n values for all the
formulations ranged from 0.304 to 0.979
indicating different release patterns viz. Case
| Fickian release (n = 0.5), Case Il non-Fickian
{anomalous) release (0.5 n <.0.89}, super
case I type of release (20.89). It was
observed that the VF 13 (n= 0.304)} films
underwent Case | Fickian diffusion control,
during the diffusion study: In case of Case |
Fickian release mechanism, the rate of drug
release is much lesser than that of polymer
relaxation (swelling/erosion). So the drug
release  was chiefly dependent on the
diffusion through the films.

Also it was ~observed that the
formulations VF 8(n= 0.766) and VF10 {n=
0.785), underwent  Case Il non-Fickian
{anomalous) diffusion control, indicating the
rate of drug release .is due to the combined
effect of drug diffusion and polymer
relaxation. Further VF 05 (n= 0.979) endured
super case Il release, denoting polymer
relaxation had a significant role in the drug
release mechanism. Super. Case |l release
generally refers to the polymer relaxation.
The overall effect of polymer on release (VF

ISSN: 0975- 8232

04- VF 13) was also significantly different (P<
0.05, single factor ANOVA). It means null
hypothesis is nullified and alternative
hypothesis is accepted i.e. the variation in
formulations in polymeric type and content
(VF4-VF13) have significant effect on release
profile.

TIVEHR}

Fig 2: Drug release profile of different formulations.
Each value represents as mean t standard deviation.
n=3

Selection of  Film-Forming  Polymer:
Combination of hydrophobic (EC or AC S 100)
and hydrophilic (HPMC or PVP) polymer was
experimented with different plasticizer (DBP,
glycerol, sorbitol, PEG 400} for film formation.
Solvent casting techniques was employed for
the preparation of VF. From the results of the
present study it appears that the release of
Zidovudine was significantly influenced by the
characteristics of the polymer used AC and
HPMC {4:1) shown greater rate retarding
property in comparison with EC and HPMC
(4:1) .Thus we chosen AC and HPMC (1:4) as a
film forming polymers.

Vaginal bio adhesion measurements: (Figure
3 and column 2 of Table 4), indicates the
vaginal bioadhesive properties of the
prepared VF (VF 04- F 13) in goat vagina and
the result showed that all vaginal bicadhesive
strengths were found in the following order
VF 08 >VF 13 > VF 05 > VF10. It was
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concluded that  Bioadhesive
proportional to the proportion of HPMC in
formulation VF 08 (EC: HPMC 1: 4) showed
the highest bioadhesive property.
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Journal of Young Pharmacists

————— END OF MESSAGE ~--
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(Approved by A.L.C. T. E. & P.C.I)

Majhitar, E. Sikkim -~ 737136
Ph. No. 03592-246462

Ref. HPI/IAEC/F-60- 16/2006 Date: 11.05.2007

To,

Dr. B.B. Bhowmik

Lecturer

Himalayan Pharmacy Institute
Majhitar, East Sikkim- 737 136

Sub: Sanction of research proposals and IAEC No for your proposals regarding

Sir,

I am forwarding herewith the minutes of Institutional Animal ethics
comimittee, which met on 07.05.2007 in the Himalayan Pharmacy Institute Majhitar
East Sikkim - 737136

1. Study of formulation and evaluation of submicron vaginal gel .

Principal Investigator: Dr. B.B. Bhowmik & Mr. Arkendu Chatterjee.

The research proposal was sanctioned under the registration no of the
institute 1028/C/07/CPSEA date: 24.01.2007 and IAEC approval No. is
HPI/07/60/IAEC/0002 dt 07.05.2007

Kindly intimate the date of Commencement of the project and also your
revised animal stock. Kindly furnish your updated stock of animals every quarter to
the veterinary surgeon, which is mandatory. Failure to do so may not enable you to
procure animals for further experimentation.

Member Secretary CHAIRMAN
IAEC IAEC




IAEC - Minutes

Minutes of the [AEC meeting held on 07/05/2007 at 11.00 am in the Office of the
Principal, Himalayan Pharmacy Institute, Majhitar, East Sikkim - 737136.

Members Present:
Dr. P.X. Mitra, Dr. B.P. Saha. Lr. Ko Gauthaman, Dro A Tha Mro PO Rars Drs Dos,
Tewari, Dr. S.K. Dash & Mrs. M. Cintury,

~r

{ne Principal Dy Ko Gauthaman, welcomed the gathering and requested Mr. P K. Rar
Senior Lecturer, Department of Pharmacology and in~charge for the animal
experiments, to give a brief review of the previous meetings. Following this,IAEC
members are introduced by the Secretary Mr. P.K. Kar to Dr. P.K. Mitra, CPCSEA
Nominee.

Following this, the proposals submitted by the Principal Investigators were
discussed and adhoc numbers were issued for ¢btaining the required animals for
research from authorized institutions.

It was unanmimously decided that the Director, Himalavan Pharmacy Institute,
Majhitar, Sikkim will be a member of IAEC. Proposal regarding this will be forwarded
to CPCSEA for approval.

The proposals submitted, discussed and cleared as follows:—
1. Non-Lipid lowering properties of HNG~CoA Reductase Inhibitors.

Crincipal irvestggtor & Co - mvestigator:Dr, K. Gauthaman, S Vigay bumar
Spectes ~ Wistar Rats and Swiss Albino Rabbirs

Requested - 360/ 3 years and 106/ 3 veurs
Sanctioned - 120/vear and 52/vear
[AEC No. HPI/O7/60/IAEC/0001
© 20 Study of formulation and evaltation of submicron vaginal gel
Principal Investigator & Co - investigator: Dr. B.B. Bhowmick, Arkendu
Chatterjee
Species ~ Albino Rat and Newziland White Rabbit
Requested — 12/ 1 year and 12/ 1 vears
Sanctioned - 12/vear and 192/vear

IAEC No. HPI/O7/60/IAEC/0002

3. Formulation, evaluation & optimization of matrix type transdermal drug delivery
system. -
Principal Investigator & Co -~ investigator:Mr. Biplab Kumar Deyv
Species — Albino Wistar Rats
Requested - 6/1month
Sanctioned - 6/month
IAEC No. HPI/O7/60/1AEC/0003



Vo Cardioprotective Properties of Pyvrazolone Derivatives i S oo Iechenne
Meperfusion Injury.
Principal Investigator & Co - investigator:Dr. K. Gauthaman, (. Mariappan
Species ~ New Zealand Rabbit and Wistar Rats
Requested - 156 Rabbits/ 360 Rats
Sanctioned - 52/vear and 120/vear
IAEC No. HPI/O7/60/IAEC/0010

11. Development and Evaluation of Propranolol Hydrochloride transdermal patch
Principal Investigator & Co - investigator: Dr. L.K. Nath, Mr. B.K. Dev.& Mr.
P.K. Kar.

Species —~ New Zealand Rabbits
Requested — 30

Sanctioned = 30/vear

JAEC No. HPU/O7/60/1AEC/0011

12. Formulation. Evaluation & optimization of matrix tvpe transdermal drug
delivery system
Principal Investigator & Co ~ investigator:Mr, Biplab Kr. Deyv & My, Sudip Das
Species — Albino Wistar Rats
Requested —06
Sanctioned - 06/year
[IAEC No. HPI/O7/60/IAEC/0012

13. Studies on Forrmulation Development and Evaluations of Anti HIV Bioadhesive
Microencapsulated Vaginal Gel.
Principal Investigator & Co ~ investigator: Dr. B.B. Bhowmick, Arkendu
Chatterjee
Species — New Zealand Rabbits and Swiss Albino Mice
Requested — 48 Mice & 48 rabbits
Sanctioned - 48/year & 48 year
IAEC No. HPI/O7/60/IAEC/0013

14 Studies on Pharmacological Screening of the Bioactive Molecules from some
selected plants.
Principal Investigator & Co - investigator: Dr. L.K. Nath & Mrs. J.P. Mohanty
Species — Albino Wistar Rats
Requested — 30/year
Sanctioned -30/year
JIAEC No. HPI/07/60/IAEC/0014



15, Studies on Formulation Development and Evaluation of Herbal Male
Contraceptive.
Principal Investigator & Co - nvestigator: Mr. P.K. Kar, Mr. Arkendu
Chatterjee & Dipankar Dey
Species — Albino Rats
Requested - 12/vear
Sanctioned ~ 12/year.
IAEC No. HPI/07/60/IAEC/0015

16.Cardioprotective Effect of Hibiscus rosasinensis flowers: A Pharmacological and
Molecular Biological study.
Principal Investigator & Co - investigator: Dr. K, Gauthaman.
Species — Rats and Rabbits
Requested - 380/ 3 vears and 156/ 3 years
Sanctioned - 120/year & 52/vear
IAEC No. HPI/O7/60/IAEC/0016

The meeting was closed by Mr. P.K, Kar, Secretary, IAEC and in-charge for the
animal experiments thanking to all the members for sharing their valuable suggestions
and the successful conduct of the meet.
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- A. L INDIA COUNCIL FOR TECHNICAL EDUCATION
4" Flror -BCC Place, Bhishma Pitamah Marg, L.odhi Road, Pragatl Vihar
New Delhi- 110 003 Telefax: 011-24369632

F.No.:8023/BOR/RID/RPS-48/2008-09 ‘ " Dated: January 6, 2008
" The Drawing and n~ rsing Officer
All India Council {077« “nical Education
7™ Floor, Chanderiot - +iding, Janpath
Connauht Place, Nuw. Z=0hi — 110 001
Subject: Release ¢ Grants under Research Promotion Scheme (RPS) Scheme for the financial year

2008-0¢ - ler plan.

Sir, -
This is to convey the sanction of the Council for payment of Rs.19.00 Lakhs only (Rupees Nineteen
Lakhs only) during 2008-09 under the Research Promotion Scheme (RPS) as Grant-in-aid to Himatayan

Pharmacy Inst., R::. jpo, Sikkim for meeting the expenditure for implementing the Scheme as per details given
beiow: :

1. Name of th> Beneficiary institution : HIMALAYAN PHARMACY INST

(University / College / Institution) MAJHITAR, EAST
RANGPO- 737136, SIKKIM
2. Principal investigator Name o DR. BENQY BRATA BHOWMIK
& Deptt. PHARMACEUTICS -
3. Co-Principal Investigator Name : MR. ARKENDU CHATTERJEE
4. Grant-in-aie! Sanctioned : Rs.18.00 Lakhs only
Non-Rec¢:..:i:g ' : Rs.19.00 Lakhs only
Recurring ‘ : Nii
5. Amount to be released - : Rs.19.00 Lakhs only
6. Approved Duration: : 2 Years {Two Years)

7. Title of the Project : ~ STUDIES ON EFFICACY OF NANOPARTICULAR
: - VAGINAL ANTI-HIV DRUG DELIVERY SYSTEM

1. The sanctioned grant-in-aid is debitable to the major Head RPS/P!an grant and is valid for payment
during the f nancial year 2008-09. }

2. The grant-in-aig of the grant shall be drawn by the Drawing and Disbursing Officer (DDO), Al India
Gouncil for Technical Education, New Delhi on. the Grants-in-aid- bill snd shaij be disbursed to and
credited to the Principal / Director ¢ Registrar, HIMALAYAN PHARMACY IMST, MAJHITAR, EAST,
RANGPO-.737136. SIKKIM through demand draft/Cheque.

3. . The date of release of the grant by AICTE shall be taken as the date of commencement of the project.
© The RegmtranHnncnpallDlrector shall intimate about the receipt of the grant to AICTE. Any Expenditure
uncured prior the issuance of the approvai letter is not allowed to be adjusted in the grant and if the
University/Institution do not take the project work within 6 months of the receipt of the grant, approval
shall ipso facto lapse.
Contd.2



10.

11.

12.

13.

14

185.

-2-
Each project sanctioned by AICTE is assigned a specific ﬁle no which is on pre-page. Al
correspondenca addressed to AICTE regarding the project must quote’this number along with yea
of sanction of the project; otherwise the correspondence may not be ent?rtamed

oy fs IS H
The accounts of the grantee will be open for test check by the Coﬁ cﬂ or Comptroller and Auditec
General of mdla or by any Officer desxgnated by them. :

The Institute/University shall not charge any overheads on thls project ard will provide all the
administrative support for completion of the pro;ect

The grantee shall utilize grants on only approved items of expsnditure (list enciosed). However, i
case of the grantee wishes to recast the project, approval of Councll must be obtained for the
revised item of expenditure and they will maintain proper accounts of the expenditure as per th
norms/ procesdures of AICTE / Government of India.

The assets asquired wholly or substantially out of All India Council for Technical Education’s gran
shali rc; B¢ disposed or encumbered or utilize the purposes other than those for which ihe Gran
was gh e vyuhgut proper sanction of the All India Council for Technical Educatien.

The gran tce shail maintain an audxted record of assets acquired wholly or.substantially out of th:
grant-in-aic and a register of assets shall be mamtamed by the Insmute in the piescribed form i.e

GFR-19.

Interest on the sanctioned grant—m -aid will be treated as part of the grant and shall be used fo
project purposes on!y and the same shall be mentioned in the auditéd:$tatement of accounts.

The Annual Progress Report in the prescribed format along with Staterment of Expenditure an
Audited Utilization Certificate shall be submitted to AICTE not later than dne month after completio
of eacn financial year.

Project ucm'ﬂetion Report (PCR) in the prescribed format along with the ’\uﬂ*nd S’zammpri ¢
Expenditure indicating expenditure incurred in the total duration of the projec
format, ulnwat:on in the format and GFR-198 shall be submitied 10 the Councii.

The Utilization Certificate (U.C.) supported by Audited Statement of Expendxture {o the effect the
the grant has been utilized for the purpose for which it has been sancticned shall hm fummhed to th
All India Ccunml for Technical Education as ea*%y as possible after o of 1 i
shoukd contain the head-wise break up of expendiiure mate from tha g
Counzi,

The graries s
down tiy e Souncil from time to hme The detailed terms and_conditions for 1514
can be obfained from booklet as well as website www aicte.ernet.in. i

The Graintee shan fully implement to the official language policy of Umon Government and comp
with the official language Act, 1963 and official language (use cf official purposes of the Unic
Rules, 1976 etc.)

Contd....



F.No.8023/8C&/RID/RPS-48/2008-09

16. The find= to “he extent are available under the scheme.

17. The sanatic» 153u8s in exercise of the powers delegated to the Council. it is also certified

the;]t grani-n-aic is being released in conformity with the rules and the Principle of the
schame

Yours sincerely,
f) Wl y

(Swadesh K. Gupta)
Advisor (RID)

Note: The prescribed formats & Terms & Conditions are available in the application brochure.
Copy forwarded for information and necessary action to:

1  The Principal/Registrar/Director
s AYAN PHARMACY INST
LA JHITAR, EAST
25 0-737136 SIKKIM

2. URSENOY BRATA BHOWMIK
Srincipal investigator
DEPT OF PHARMACEUTICS
HIMALAYAN PHARMACY INST
MAJHITAR, EAST
RANGPO-737136 SIKKIM

3. MR ARKENDU CHATTERJEE
/ CO-PRINCIPAL INVESTIGATOR
HIMALAYAN PHARMACY INST
MAJHITAR, EAST

RANGPO-TE7136 SIKKIM

4. Office of Director General of Audit,
General Revenues,
AGCR Building
I.F &qtate. New Delhi - 110 002

wt File, |



" ALL INDIA COUNCIL FOR TECHNICAL EDUCATION
4" Floor, NBCC Place, Bhishma Pitamah Marg, Lodhi Road, Pragati Vihar
New Dethi —- 110 003

Fileno. - - - : 8023/BOR/RID/RPS-48/2008-09
Name of the Principal Investigator : " DR. BENOY BRATA BHOWMIK
& Deptt DEPT OF PHARMACEUTICS
Name of the Co-Principal Investigator; MR. ARKENDU CHATTERJEE
Name of the Beneficiary Institution : HIMALAYAN PHARMACY INST
(University / College / Institution) MAJHITAR, EAST

RANGPO-~737136 SIKKIM
Title of the Project : STUDIES ON EFFICACY OF
NANOPARTICULAR VAGINAL ANTI-HIV
DRUG DELIVERY SYSTEM

List of approved ltems under Non-recurring Head

S1. No. Approved ftems

1 Zetasizer Nano Zs 90

(Sulatag Dandapat)
Asst, Director






G e PABY - 26588980, 26388707, 26580336, 26589745, AR/GRAM - EmEE SCIENTIFIC

26589873, 26389414 Web-site Cwwawiemrnic.in
- 011-26588662. 011-26389791. 011-26589238 F-mail - fewrhgdsedsansad nic in

7 INDIAN COUNCIL OF MEDICAL RESEARCH

3 . TR W, S AR, 92 Bl - 110 029

DEPARTMENT OF HEALTH RESEARCH (MINISTRY OF HEALTH & FAMILY WELFARE)
V. RAMALINGASWAMI BHAWAN, ANSARI NAGAR, NEW DELHI - 110029
SANDHYA DIWAKAR No 3/2/1G-4/
Scientist- E Dated: 29 1 2010
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Dr.Arkendu Chatterjee,

Lecturer,

Dept. of Pharmaceutics,

Himalayan Institute, Majhitar,
Rangpo, East Sikkim, india-737136

Subject: prolong release anti-HIV microparticulate gel: In vitro and In vivo drug release study. for
AlIDS infection in women abstract submitted to The 18th Annual congress on Women's health 2010
JWashington DC, USA, March 26-28, 2010

Dear Sir,

I am glad to inform you that Director General, ICMR, based on the recommendation of Expert
Commitiee, has sanctioned a sum of Rs. 49,995/- ( forty nine thousand nine hundred and ninety five
only) to you towards air fair to attained international conference/workshop/training

If, you are willing to avail the assistance, you may convey your acceptance within 156 days of issue of
this communication, failing which it will be assumed that you are not'interested to avail the grant. In
the event of your not being able to utilize this amount for various reasons even after confirming your
acceptance, please inform us immediately for necessary action at our end.

We have following comments to make:

The actual amount will be reimbursed after your return from the conference and receiving the required
travel documents. Please find enclosed herewith accounts proforma in which you will have to submit
your claim along with a copy of:
-Award letter
-Participation certificate and copy of presented paper in the proceedings/abstract book
-Participation report and air ticket (from Air India as per Govt orders)
-Award letter from other agencies.
-Any-other relevant documents

You are requested to produce the original bills/vouchers. The claim should be forwarded to us
through competent authority and should reach this office within one month after the completion of the
scientific conference/workshop/training.

The financial assistance is governed by the terms and conditions as mentioned in enclosed form

Yours faithfully,

/Zkigaﬁl‘w/

Sandhya Diwakar

For Director General ICMR
Copy to: Prof. Amitava Ghosh, M. Pharma, Ph.D, Director, Dept. of Pharmaceutics,
Himalayan Institute, Majhitar, Rangpo, East Sikkim, India-737136 (Sikkim)
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President, IPS-Delhi Branch - Chief, Dr. R P Centre, AlIMS Gen Secy 1PS-Delhi Branch
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NATIONAL SEMINAR ON g f‘
RESEARCH AND EDUCATION IN PHARMACEUTICAL SCIENCES | <% -
13" APRIL 2008 e

Krapgon®

GRY INSTITUTE OF PHARMACY, VIDYA VIHAR, BORAWAN, KHARGONE (M.P.)

www.grypharmainst.org; principalgry@gmail.com

. i
Chis certiticate is mwarded te Dr./ Mryv,/ Ms. .. v%wwnm NI, ‘S@km R 111 &

v Ce .
participation as delegate and for oral/pester preseutation entitled, PMPO"“’C‘ [°504 ‘[ Chona

~ todzaliow zmwpu%v%{wm«ﬁmmpmm”w Wwon adjudged BE;
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Sﬁri Subhash Yaﬁv

Chairman, JNCET, Borawan
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Mr. Amit Roy
Convenor

CERTIFICATE



BIDYANIKETAN, MARINE DRIVE ROAD
BALIGUALI, DIST.- PURI, PIN - 752002 (ORISSA)
(Approved by A.1.C.TE., BPUT. and Govt. of Orissa)

Phone : (06752) 251559, Mob - 98610 85889 Fax - (06752) 251559
E-mail - puri_cps@yahoo.co.in

TO WHOM IT MAY CONCERN

Sri Arkendu Chatterjee, Lecturer, Himalayan Pharmacy Institute,
Majhitar, Sikkim, India as an invited Lecturer presented his semmar
entitled “Microencapsulated anti-HIV bioadhesive Vaginal Gel” in
our Institution, College of Pharmaceutical Sciences , Marine Drive Road,

Baliguali, Purt on 29.06.09.
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- BioConferences International, Inc.

140 Huguenot St New Rochelle, NY 10801 Tel. 914-740-2100 Fax. 914-740-2105

March 26-28, 2010

March 28, 2010

.

To Whom It Ma v Concern:

£y OEL A T e
b The 18% Awriunl Corngiess in

—— .- i ISR NRUPRIE DI I 'Y NSNS I JNDEFE N 2O R
This is to certify that Arkendu Chatterjee attended Women's Health 2611
th

: : N : £l f e v A ety AT RAmreh VT 4] R e by
Washington, DC for the entire length of the conference on March 268, March 27 and March 28
T 4 ~ § Rl <

£2010.

Sincerely,

Sara MeCarthy
Conference Coordinator
B Nomen’s Health 2010
BioConferences International, Inc.
140 Huguenot Street, 3rd Floor
New Rochelle, NY 10801-5215
Tel: 914-740-2180
Fax: 914-740-2105
smecarthy@bioconferences.com
www.bioconferences.com
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M. Qnbiendu Chatterjee
Department of Pharmaceutics,
Ftimalayan Phaxmacy Jnotitute,
Majhitar, Rangpo,

Eaot-Sifkim (STHKIM), Tndia

This is to cedify that s has published a reseanch article
pudinn and Ja Do i in Vel. 1, Jssue 3, Manch, 2010 of anline
Intewnational Jounak of Pharmaceutical Sciences and Research.

This ceutifiicate is issued only aften considening the oxiginabity and authenticity of the
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