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4.0. CONCLUSION 

Microencapsulated bioadhesive vaginal gel (AZMBVG) offer unique carrier system 

for many pharmaceuticals and can be customized to adhere into mucosal tissue of vagina. 

The AZMCs can be used not only for controlled release but also for enhancing 

bioavailability, for targeted delivery of the drugs to specific sites in the body. Drug 

delivery through bioadhesive vaginal gel is a promising area for continued research with 

the aim of achieving controlled release with enhanced bioavailability over longer periods 

of time, and for drug targeting to various sites in the body. The aim of the study was to 

develop a newer prolong releasing AZT. AZMBVG to treat HIV infections with 

increased patient convenience. Use of bioadhesive polymers for vaginal drug delivery 

offers the advantage of sustained effect in the vagina. Vaginal AZMCs of AZT with very 

good physical characteristic were developed. In conclusion, AZMC4 microcapsule 

containing drug: polymer ratio (1 :4) was selected and evaluated in order to achieve one 

objective of this study. The method of preparation of AZMCs of AZT 0/0 single 

emulsion solvent evaporation method (II) was found to simple and reproducible. 

Drug content: The drug content of all microcapsules was obtained between the ranges of 

9.13 ± 0.62 to 36.97 ± 5.35 mg/IOOmg ofmicrocapsules. AZMC4 was shown 24.58±0.87 

mg/lOOmg of microcapsules. Encapsulation efficiency: The encapsulation efficiency 

was observed into the range of 15.37 ± 0.45 to 93.92 ± 4.59%. AZMC4 was shown 

encapsulation efficiency 89.75± 3.52%. Scanning Electron Microscopy (SEM): The 

microcapsules of AZT prepared by the solvent evaporation methods were found to be 

discrete, spherical and free flowing. The microcapsules were in the size range of 70-

94~m in SEM. Fourier transforms infrared analysis (FTIR): All the FTIR peaks 

present in all (AZMCs) formulations were matched with the drug peaks 1066.67cm-1 C-0 

starching for Carbohydrates; 1095.60 cm,-1 0-H deformation for 1 °alcohol; 1278.85 cm,-1 

C-N starching for 3°amine; 1697.41 cm,-1 C=O starching for six membered ketones and 

2085.12 cm,-1 -N3 for azide group were observed, suggesting no drug-polymer chemical 

interaction. In-vitro drug release and drug release mechanism: Microcapsules were 

shown released the drug in the range of 63.41± 5.36 to 85.46± 7.14% up to 24hr. In vitro 
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drug release of all AZMCs were shown significantly drug released (p<O.Ol) in single 

factor ANOVA. It means null hypothesis was nullified and alternative hypothesis is 

accepted i.e. conclude that the drug release among the AZMCs (AZMC1-AZMC7) differ 

significantly. The n value of AZMCs of different drug to polymer ratio was ranged from 

0.071 to 0.564. Indicating that the mechanism of the drug release was diffusion 

controlled. The microcapsules AZMC4 was shown drug release of about 63.41 ± 5.36% 

only, even after 24hrs, with Fickian case I (n::; 0.5) transport mechanism. Thus concluded 

to AZMC4 have sustained drug release profile for longer period of time when compared 

to other AZMCs. The in vitro drug release profiles were applied on various kinetic 

models in order to find out the different drug release mechanism. The best fit with the 

highest con·elation coefficient was shown in, zero-order, Higuchi and followed first order 

by equations. The rate constants were calculated from the slope of the respective plots. 

High correlation was observed in the zero-order and Higuchi plot models rather than 

first-order models. The drug release was proportional to square root of time, indicating 

that the drug release from ethyl cellulose microcapsules was 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 release also showed higher correlation 

with the Korsmeyer- Peppas model. Micromeritic studies: AZMC4 has the good angle 

of repose (28.15°±0.0001), Carr's index (14.24%± 0.080) and Hausner ratio was (1.17± 

0.001) and having the good flow properties. As a general guide, values of Hausner ratio 

1.25 indicate good flow (=20.0% Carr's index), while greater than 1.25 indicates poor 

flow (=33.0 % Carr's index) between 1.25 and 1.5, added glidant normally improves 

flow. While for angle of repose ::; 30° usually indicating the free flowing material and 

angle 2:40° suggested the poorly flowing material. Powder with angle of repose >50° have 

unsatisfactory flow properties, where as minimum angle close to 25° corresponds to very 

good flow property. Stability studies of microcapsules: Shelf-life in year in different 

temperatures viz. 4± 1° C (1.468 year), 25± 1° C (2.207 year) and 50± 1° C (2.207 year) 

respectively. Degradation half-lives of microcapsules in year were also calculated in 

different temperatures viz. 4± 1° C (9.608 years), 25± 1° C (14.438 years) and 50± 1° C 

(14.438 years) for respective temperatures. 
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To achieve second objective, optimized AZMC4 were encompassed in bioadhesive gel 

to form AZMBVGs by cold mechanical method and compared with the bioadhesive 

vaginal gel (BVGI) without microcapsule. Percent yield: The percent yields of 

AZMBVGs were found to be in the range of99.10 ± 0.06 to 99.63 ± 0.32%. The percent 

yield of AZMBVG4 was found 99.40 ± 0.31 %. The percent yields of BVG 1 were also 

found that 94.35±0.01%. Drug content: The drug content of AZMBVGs was found to 

be in the range of 1.02 ± 0.09 to 1.21 ± 0.12 mg I I gm of gel. Drug content of 

AZMBVG4 was found 1.20 ± 0.08 mg I 1 gm of gel. Drug content of BVG 1 was shown 

98.68±0.19 mg I lgm of gel. In-vitro drug diffusion and kinetic Study: The in vitro 

drug release profile of all the AZMBVGs (AZMBVG 1-AZMBVG8) was in the range of 

48.58 ± 8.91 to 92.88 ± 4.76% respectively. In vitro drug release of all AZMBVGs were 

shown significantly drug released different (p<O.O 1 ). It means null hypothesis was 

nullified and alternative hypothesis is accepted i.e. the variation in formulations in 

polymeric type and content (AZMBVG1-AZMBVG8) had significant effect on drug 

release profile. The AZMBVG4 was found to release the drug of about 48.58 ± 8.91% 

only, up to 28hrs, thus concluded to have sustained drug release profile for longer period 

of time when compared to other AZMBVGs. BVG1 was showed 99.91±0.08% 

cumulative drug release up to 1 01
h hr followed by diffusion controlJed (Higuchi square 

root equation, r2 
= 0.98), non Fickian Case II anomalous release (n==0.682). While 

AZMBVG4 released showing only 48.58 ± 8.91 %drug up to 28 hrs in constant manner 

in comparison to other formulations followed by zero order (r2 = 0.95), Fickian case I 

(n=0.433) drug release mechanism. The 'n' values for all the formulations ranged from 

0.227 to 0.529, indicated release patterns was Case I Fickian release (n :::::; 0.5). The 

designed AZMBVG4 which release 10.92 ± 2.02% in 151 hour and extend the release up 

to 48.58 ± 8.91% in 281
h hours can overcome the disadvantages associated with 

conventional gel (BVGI). The mechanism of drug release from hydrophilic polymeric 

matrices involves solvent penetration, hydration and swelling of the polymer, diffusion of 

the dissolved drug in the matrix and erosion of the gel layer. In case of 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 matrix. 
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Swelling index study: Swelling index plays an important role in the drug release pattern. 

The swelling indexes of AZMBVGs were laid in the range of 46.07 ±0.93% to 78.03 

±0.83% in 6 hr. The highest swelling was achieved by the fommlation AZMBVG8 78.03 

±0.83%. AZMBVG4 was shown 64.70±0.95%, while BVGl was shown of67.83±0.24% 

swelling index in 6 hr. This data reflected that swelling index was dependent on polymer 

concentration. 

Spreadability: Spreadabilities of all AZMBVGs were found in between the range of 

12.86 ± 0.09 to 15.00 ± 0.22 gm.cm/sec. The spreadabilities of AZMBVG4 and BVGI 

were found to be 14.38 ± 0.12gm.cm/sec and 13.74 ± 0.10 gm.cm/sec accordingly. 

Extrudability: Extrudability of all AZMBVGs was found to be in between range of 

16.17 ± 0.08 to 18.08 ± 0.08gm/cm2
• Extrudability of AZMBVG4 and BVG 1 ware found 

to be 16.67 ± 0.08 gm/cm2
• Bio adhesive strength: Vaginal bio adhesive strengths of all 

AZMBVGs, using goat vagina, were found in the following order AZMBVG4> 

AZMBVG8>AZMBVG3>AZMBVG7>AZMBVG6>AZMBVG5>AZMBVG2> AZMB 

VG 1 accordingly. Thus it was concluded that AZMBVG4 and BVG 1 have highest bio 

adhesive strengths of 1.69 ± 0.02 gm/cm2
• Viscosity: Viscosity is an important parameter 

for characterizing the gels. The viscosity of gels was increased with the increase in 

polymer content which may be due to the increase in fonnation of three dimensional 

cross linking structure of gel, as expected. Viscosity of AZMBVG4 was found 29400cps. 

Vaginal bioadhesive tablet: Optimized batches of AZT microcapsule (ZMC4 : 

bioadhesive polymer 1:1) were incorporated in tablet by direct compression method using 

various grades of bioadhesive polymer, such as Guar gum, Hydroxyl Propyl Methyl 

Cellulose (HPMC), Carbopol 934, Carbopol 940 with other fonnulations excipients. For 

all batches, the microcapsules were mixed with bioadhesive polymer and other 

formulation additives. 

Vaginal Film (VF) of AZT was prepared by solvent casting method containing different 

ratios of Acrycoat S-1 00 (AC) or Ethyl Cellulose (EC) and HPMC in di-butyl phthalate 

or glycerol or sorbitol or PEG 400 as a plasticizer. 

Optimized MBVT3 (ZMC4 drug: EC 1:1) and VFIO (AC: HPMC 4:1) were shown in 

vitro drug release 82.93±8.0 1% up to 24hr and 13 .54± 1.12% up to 11 hrs. While in case of 

swelling index shown were found 2.22% (up to 2hr) and 17.08±0.67% (up to 25 min). 
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Bioadhesive strength of MBVT3 and VFIO were found 13.15±0.04gm and 4.4±l.8gm. 

Research protocol was not sustained for expand study of the vaginal tablet and vaginal 

films thus AZMBVG4 and BVGl selected for further study. 

In-vitro drug permeation study using goat vaginal membrane: AZMBVG4 permeated 

only 72.84±8.15% drug up to 28 hrs through fresh goat vagina in constant manner in 

comparison to other formulations followed by zero order (r2 = 0.94), Fickian case I 

(n=0.363) drug release mechanism and good correlation between in vitro drug release and 

in vitro drug permeation study of AZMBVG4 was found (r2 = 0.99). Vaginal irritation 

study: Histological evaluation of 3 different regions of the vaginal tissues of 7 rats (3 for 

formulations, 3 for standard irritant and 1 control) given daily intra-vaginal application of 

AZMBVG4 for 10 consecutive days showed lack of significant vaginal irritation. Rats 

treated with AZMBVG4 revealed very mild epithelial ulceration with absence of edema, 

leukocyte influx and vascular congestion (characteristics of inflammation as quantified 

by histological scoring, indicated that AZMBVG4 formulation was safe for vaginal 

application. In vivo drug release pharmacokinetic study of AZMBVG4: There are 

only a few reported studies of the pharmacokinetic profiles of AZT through vaginal route. 

The mean plasma concentration of AZT was determined after oral administration of pure 

dmg suspension (lmg/ml) and vaginal AZMBVG4 formulation containing AZMC4 (407 

mg) with the microcapsule: polymer ratio of 1 :4. The peak plasma concentration (Cmax) 

and the peak time (T max), indications of the rate of absorption, differed between the two 

groups. The Cmax (11.807!-lg mr1
) after vaginal administration was achieved lower, than 

Crnax (13.686~lg mr1
) after oral administration. After a single oral dose, AZT is rapidly 

and almost completely absorbed from the gastrointestinal tract, as Crnax was found higher 

in 2hr than the Cmax of vaginal administration of AZMBVG4. However, the drug 

undergoes extensive and rapid first-pass metabolism as evident from oral AZT 

administration, the plasma level increases rapidly up to 2hr followed by sharp decline in 

plasma level up to 24hr thereafter. The area under the plasma concentration time curve 

[AUCJ2
0
4 was calculated by summation of the trapezium segments according to the time 

intervals of blood sampling. In contrast to the oral route, vaginal administration results in 

plasma concentrations that increased gradually, reached a maximum level after 4hr and 

slowly declining, with detectable levels of AZT remaining up to 24 hr after 
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administration and bioavailability, measured as the area under the plasma level time 

curve 0J24AUC (llg.h/ml) of plasma AZT. Pharmacokinetic studies showed a rapid rise to 

peak plasma level and a sustained elevation in AZT, resulting in (of24AUC =168.68 

11g.h/ml) through vaginal route, which is higher than the oral route (of24AUC=134.58 

11g.h/ml). However, vaginal absorption has been shown to be slower and the plasma level 

of AZT is sustained longer than with oral AZT. The effect of AZT may linger for 24 hr 

after a single dose administered vaginally. 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 (Vct) 0.169 Llkg, total body clearance (Ch) 0.064 Llkg/hr, 

elimination rate constant (KE) 0.379hr"1 and half- life {t112) 1.824 hours was found when 

compared with oral pure drug suspension. In vivo drug release pbarmacokinetic study 

ofBVGl: The mean plasma concentrations were found of AZT after oral administration 

of pure drug suspension (lmg/ml) and vaginal BVG 1 formulation containing AZT (1 00 

mg) with the ratio 1:4 but not microcapsules. The peak plasma concentration (Cmax 

17 .391-lgml 1
) achieved is lower than following oral administration but bioavailability, 

measured as the area under the curve oP4AUC (llg.h/ml) of plasma AZT, resulting in a 

(of24AUC =193.29 11g.h/ml) that though vaginal route is higher than for the oral route 

( 0J24AUC =134.58 11g.hlml). The volume of distribution (V ct) 0.114 L/kg, total body 

clearance (Ch) 0.270 L/kg/hr, elimination rate constant (KE) 0.188hf1 and half -life (t112) 

3.68 hours was found compare with oral pure drug suspension. Bioavailability (Fr) was 

found 71.69% for AZMBVG4 and 161% for BVG1 compare with oral pure drug 

suspensiOn. 

The statistically overall in-vivo drug release form AZMBVG4, BVG 1 formulation and 

pure drug suspension were not shown significantly different (p<0.05), indicating that 

drug released amount between the formulations did not vary. 

Stability studies of AZMBVG4: Shelf-life in year in different temperatures viz. 25± 1° 

C (6.579 year) and 50± 1° C (3.990 year) respectively. Degradation half-lives of 

AZMBVG4 in year were also calculated in different temperatures viz. 25± 1° C (1.006 

years) and 50± 1° C (0.610 years) for respective temperatures. 
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A comprehensive protocol, for the AZMBVG was developed successfully. Further 

research in this area will be significant outcome with improved vaginal drug delivery 

system, for treatments of AIDS and its prevention that women may control. 
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