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ABSTRACT 
 
Mucoadhesive vaginal tablets of tenofovir disoproxil fumarate (TDF) have been formulated using hydroxypropyl 
methylcellulose (HPMC K100) as the matrix forming retarding agent with various mucoadhesive polymers such as 
carbopol 934, 940, chitosan and sodium carboxymethylcellulose  and evaluated. Wet granulation method was 
employed to make the tablets.  Drug-excipient compatibility, precompression parameters such as percentage yield, 
bulk density and tapped density of the granules, Carr’s index, Hausner’s ratio, angle of repose, post compression 
parameters such as colour,  shape, physical dimensions,  weight variation, hardness, friability, swelling index, 
assay, in vitro dissolution study and  ex vivo mucoadhesion studies were performed. Based on the evaluation studies, 
B1 was selected as the best formulation and evaluated further for release kinetics and curve fitting analysis. B1 
followed zero- order kinetics.  Accelerated stability study was conducted as per ICH guidelines by keeping B1 at 40 
oC ± 2 oC and 75 % RH ± 5% RH. After accelerated stability study, based on the evaluation tests, it was found that 
B1 remained stable for a period of six months. 
 
Keywords: HIV, mucoadhesive, tenofovir disoproxil fumarate, vaginal tablets. 
___________________________________________________________________________________________ 
 

INTRODUCTION 
 

It is stated in the UNAIDS 2013 report that HIV continues to be driven by gender inequalities and pernicious 
societal practices that lead to a higher susceptibility of the female population acquiring AIDS. The report further 
highlights the fact that in low and middle income countries, women account for 52% of the total HIV infections 
while men account for 48%. While, in sub- Saharan Africa, the epicentre of the global HIV pandemic, women 
account for as high as 57% of the total infected population. The gender injustices faced by women include sexual 
abuse and unprotected sex with promiscuous husbands and partners. Although the data is meagre, the report states 
that 12% of the female sex workers are infected with HIV, with numbers rising up to 30% in areas of medium to 
high HIV prevalence [1]. The aim of the research embodied in this article was to formulate viable mucoadhesive 
intravaginal topical dosage forms that can offer pre-exposure prophylaxis against HIV. Mucoadhesive intravaginal 
tablets have been investigated as they are easy to formulate, contain the precise dose and can be scaled up for mass 
industrial production. Tenofovir disoproxil fumarate (TDF), a nucleotide reverse transcriptase inhibitor (NtRTI) was 
chosen as the drug as it is  100 times more potent in its antiviral activity compared to its prodrug, Tenofovir (TFV). 
TDF also has enhanced permeability than TFV leading to a reduction in dose requirement [2]. TDF has been 
successfully used in the treatment of HIV infected people since its FDA approval in October 2001 [3]. TDF has been 
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reported to be well tolerated in patients with no long term toxicity reported so far. TDF does not interact with 
cytochrome P 450 system [4].  
 
Hydroxypropyl methylcellulose (HPMC K100) was used as the rate- retarding matrix forming polymer. HPMC 
K100 has been successfully tried as a rate- retarding polymer in the formulation of various vaginal dosage forms, 
such as matrix tablets and long acting gels [5,6]. All the mucoadhesive polymers such as carbopol 934, 940, chitosan 
and sodium carboxymethylcellulose   have been safely used in various vaginal formulations. The goal of the 
research was to find out the best formulation amongst the various combinations of HPMC K100 and mucoadhesive 
polymers mentioned above. 
 

MATERIALS AND METHODS 
 

Materials: 
Drug (TDF) was a gift sample from Strides Arcolab Limited, Strides House, Bilekahalli, Bannerghatta Road, 
Bangalore – 560076; Chitosan was a gift sample from Central Instiute of Fisheries Technology (CIFT), CIFT 
Junction, Willingdon Island, Matsyapuri P.O, Kochi- 682029.  Carbopol 934, Carbopol 940, sodium 
carboxymethylcellulose (NCMC) , hydroxypropyl methylcellulose  (HPMC), microcrystalline cellulose (MCC) 
glacial acetic acid, sodium chloride, Albumin powder, lactic acid, calcium hydroxide, potassium hydroxide, 
glycerol, urea, glucose  were purchased from Loba Chemie Pvt. Ltd. Jehangir Villa, 107, Wode House Road, 
Colaba, Mumbai- 400 005. 
 
Instruments: 
Shimadzu UV VIS double beam 1700, Shimadzu FTIR, USP disintegration test apparatus (Remi equipments, 
Bangalore), Rimek 10 station rotary tablet punching machine,  Dissolution apparatus (Labindia DS 8000).  
 
Methodology 
The animal experiments were conducted after obtaining certification from the institutional animal ethics committee 
of Krupanidhi College of Pharmacy, vide letter, Ref No: KCP/IAEC-02/2012-13. 
 
Drug: polymer compatibility studies: The study was conducted by keeping TDF and the excipients (Carbopol 934/ 
Carbopol 940/ chitosan/ NCMC / HPMC K100 / MCC at a ratio of 100 mg: 100 mg in individual tightly sealed glass 
vials at 40 oC ± 2 oC and 75 % RH ± 5% RH for 12 weeks. At the end of 12 weeks, the samples were subjected to 
FTIR analysis. 
 
Formulation of mucoadhesive vaginal tablets: The tablets were prepared by wet granulation method according to 
table.1. Briefly, the drug and the polymers were weighed according to formulation chart and triturated together in a 
mortar.  20% w/v of polyvinyl pyrrolidone in ethyl alcohol was used as binder solution. The binder solution was 
added dropwise with continuous kneading to obtain a coherent mass.  The coherent mass was passed through sieve 
no.12, collected on butter paper and dried in a tray dryer at 40 oC for 30 minutes. The dried granules were repassed 
through sieve no.14 and weighed. The granules were then blended with 2% talc and 1% magnesium stearate and 
after performing precompression evaluation studies were punched into ovoid shaped tablets using Rimek 10 station 
rotary tablet punching machine. 

 
Table 1. Formulation chart 

 
CODE TDF HPMC K100 CP 934 CP 940 CS NCMC MCC 

B1 25 125 75 - - - 75 
B2 25 125 25 - - - 125 
B3 25 125 - 75 - - 75 
B4 25 125 - 25 - - 125 
B5 25 125 - - 75 - 75 
B6 25 125 - - 25 - 125 
B7 25 125 - - - 75 75 
B8 25 125 - - - 25 125 

 
All the quantities in ‘mg’. TDF- tenofovir disoproxil fumarate (drug), HPMC- hydroxypropyl methylcellulose, CP- 
carbopol, CS- chitosan, NCMC- sodium carboxymethyl cellulose, MCC- microcrystalline cellulose. 
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Evaluation of mucoadhesive vaginal tablets:  
Pre-compression evaluation: 
The following equations were used: 

%	Yield = practical	yield
theoretical	yield	 	× 100 

 

Bulk	density = 	Mass	of	granules
bulk	volume  

tapped	density = 	Mass	of	granules
tapped	volume  

Carr s	Index = #tapped	density − bulk	density%
tapped	density × 100 

 

Hausner s	ratio = 	 tapped	density
bulk	density  

Angle	of	repose	#α% = tan() h
r 

Where, h = fixed height of the pile, r = radius of the base of the pile. 
 
Post-compression evaluation: 
Organoleptic properties: 
Colour:  The colour of the tablets was inspected visually. 
Shape: The shape was inspected visually. 
 
Physical dimensions: 
The length, width, and thickness of the tablet were measured using Vernier’s Calliper.  
 
 Weight variation: 
The test was carried out according to I.P 2007.Twenty tablets were weighed individually and all together. Average 
weight was calculated from the total weight of all tablets. The individual weights were compared with the average 
weight. The percentage difference in the weight variation should be within the permissible limits prescribed by I.P 
2007. 
 

Percentage	deviation = 	 #individual	weight	of	tablet − Average	weight%
Average	weight × 100 

 
Hardness: The hardness was measured by using Monsanto hardness tester. Three tablets from each batch were 
checked for hardness and the average hardness was reported. 
 
Friability : The friability was checked using Roche friabilator. 10 tablets were randomly selected and weighed 
together and the initial average weight (W1) was recorded. After 100 RPM in the friabilator, the tablets were 
reweighed and the final weight (W2) was recorded. 
 

%	friability = 	 #,-(,.%
,-

	× 100 

 
 Swelling index: 
The swelling index study was carried out at room temperature in simulated vaginal fluid pH 4.2 (SVF). One tablet 
each was selected from each of the batches and weighed (W0). Then each of the tablets was kept in Petri dish filled 
with SVF. Then the swollen tablets were removed carefully, excess water removed by tissue paper, and weights 
recorded at the first, second, third, fourth, fifth and sixth hours. The swelling index was calculated by the following 
formula: 

swelling	index	#S. I% = 	 #W2 −	W3	%
W3

× 100 
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Wt = Weight of the tablet at time t, W0 = Weight of tablet at time zero. 
 
Assay:  
Three tablets were taken together in a mortar and crushed to a fine powder. The weight equivalent to 25 mg of drug 
was taken in a 100 ml volumetric flask. Methanol was added to the flask, and sonicated for 60 min. Then the volume 
was made up with methanol and the flask was shaken. Then it was filtered with the help of Whatman filter paper 
no.1. Then, 5ml of the filtrate was taken and again diluted to 100 ml with SVF and analyzed spectrophotometrically 
at 260.5 nm. SVF was taken as blank. The readings were taken in triplicate and the average absorbance was taken 
for further calculation.  
 

calculated	amount	of	drug =
4Abs − intercept	

slope 5 #∗ 20 ∗ 100%
1000  

 

%	assay = 	 calculated	amount	of	the	drug
theoretical	amount	of	the	drug 	× 100 

 
 In vitro dissolution study:  
The in vitro dissolution studies were carried using USP XXIV paddle type dissolution apparatus. One tablet was 
taken from each batch and introduced into100 ml dissolution medium of SVF pH 4.2 maintained at 37°±0.5 °C at a 
rotation speed of 50 RPM. 1 ml of aliquots was withdrawn at predetermined time intervals and an equivalent volume 
of fresh medium was replaced to maintain sink condition. The aliquots were diluted and analyzed 
spectrophotometrically at 260.5 nm. The average of three readings was taken. 
 
Ex vivo mucoadhesive studies: 
Mucoadhesive force required to detach the tablet from the excised sheep vaginal tissue was determined by using the 
modified balance set- up. The freshly excised sheep vaginal tissue was procured from the local slaughter house and 
kept in a tightly closed thermostatic flask with SVF at – 8oC in the freezer. When required, the sample was thawed 
and the unwanted submucosa and fibrous tissues were removed. The mucosal tissue was fixed on to the base of one 
side the two- pan balance with the help of a cello tape. 9 cm2 of the mucosal tissue was exposed for the experiment. 
It was kept hydrated with SVF throughout the experiment. Similarly, another tissue was fixed on the platform with a 
cello tape. Then the pan with the vaginal tissue at its base was allowed to adhere with the tablet. A preload of 50 g 
was kept for 1 min on this pan to ensure proper adhesion. After 1 min, the preload was removed and incremental 
weights were added to the other pan till there was detachment. The average of three readings was taken. The force of 
detachment was calculated using the formula: 
 
Force of detachment (dyne/cm2) =  

8	×	9
:  

m = mass of the weights added in gram; g = acceleration due to gravity (980 cm/s2) 
A = area of the tissue exposed. 
 
Mucoadhesion retention time: 
The vaginal tissue was washed with SVF pH 4.2 and attached on a glass slide with cellophane tape. A tablet from 
each batch was pressed onto the tissue for 30 s. This glass slide was tied to the arm of a USP disintegration test 
apparatus. It was then given a reciprocating motion in 900 ml of SVF medium at 37 oC. It was observed for signs of 
erosion and detachment periodically. When it was visually confirmed that the entire tablet was eroded or detached, 
the apparatus was stopped. The time taken for complete erosion or detachment was taken as the mucoadhesion 
retention time. The average of three readings was taken. 
 
Release kinetics of the selected formulation: 
The release kinetics and curve fitting was studied using an MS- Excel based software program. 
 
Accelerated stability study: 
The selected formulation B1 was kept in glass vials at 40 oC ± 2 oC and 75 % RH ± 5% RH for a period of six 
months. 
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RESULTS 
 

Drug:excipient compatibility studies: 
FTIR  of TDF+ carbopol 934 is shown in fig.1. 
 

Fig.1. FTIR of TDF+carbopol 934 

FTIR of TDF+carbopol 940 is shown in fig.2. 
 

Fig. 2. FTIR of TDF+ carbopol 940 

 
FTIR of TDF+Chitosan is shown in fig.3. 
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Fig 3. FTIR of TDF+Chitosan 

 
FTIR of TDF+NCMC is shown in fig.4. 

Fig.4. FTIR of TDF+Chitosan 

 
 
FTIR of TDF+HPMC K100 is shown in fig.5. 
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Fig.5. FTIR of TDF+HPMC K100 

 
FTIR of TDF+PVP is shown in fig.6. 
 

Fig.6. FTIR of TDF+ PVP 

 
FTIR of TDF+MCC is shown in fig.7. 
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Fig.7. FTIR of TDF+MCC 

 
PRE-COMPRESSION EVALUATION 

 
Table.2. Results of precompression parameters 

 

Formulation code % Yield Bulk 
Density 

Tapped 
Density 

Carr’s 
Index 

Hausner’s 
Ratio 

Angle of 
Repose 
α

o 
B1 90 0.506 0.540 6.296296 1.067194 36 
B2 89 0.322 0.533 39.58724 1.65528 48 
B3 72 0.393 0.500 21.4 1.272265 43 
B4 89 0.320 0.400 20 1.25 43 
B5 77 0.329 0.431 23.66589 1.31003 44 
B6 80 0.267 0.360 25.83333 1.348315 44 
B7 80 0.284 0.394 27.91878 1.387324 46 
B8 78 0.292 0.368 20.65217 1.260274 42 

 
Post-compression evaluation: 
 The results of the post- compression evaluation are presented in table.3. 
 

Table.3. Results of post- compression evaluation 
 

Formulation code Colour Shape Physical dimensions Weight 
Variation  

Hardness Friability 

   
Avg. 

L 
mm* 

Max.W 
mm* 

Avg. 
T 

mm* 

Average 
Weight mg Kg/cm2* %* 

B1 white ovoid 12.3 7.5 4.2 200.3 5.5 0.6 
B2 white ovoid 12.3 7.5 4.2 199.5 5 0.5 
B3 white ovoid 12.3 7.5 4.2 199.6 6 0.55 
B4 white ovoid 12.3 7.5 4.2 200 5 0.6 
B5 white ovoid 12.3 7.5 4.3 199.5 6 0.5 
B6 white ovoid 12.3 7.5 4.3 200.5 5.5 0.55 
B7 white ovoid 12.3 7.5 4.3 199.6 5.5 0.7 
B8 white ovoid 12.3 7.5 4.3 200.3 5 0.4 

*Average of three readings; L- length, W- width, T- thickness. 
The results of swelling index study are presented in table.4 and fig.8 depicts the graph. 
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Table.4. Results of swelling index study 
 

Formulation code Swelling index (%) 
 1 hr 2 hr 4 hr 8 hr 12 hr 24 hr 

B1 58.82 65.57 72 75.29 76.40 76.67 
B2 51.16 59.62 63.16 65.00 65.00 65.00 
B3 64.41 63.16 60.38 50.00 41.67 19.23 
B4 46.15 55.32 55.32 52.27 50.00 48.78 
B5 64.41 67.69 63.79 59.62 58.82 53.33 
B6 51.16 60.38 58.82 58.00 57.14 53.33 
B7 55.32 59.62 58.82 54.35 51.16 48.78 
B8 54.35 58.82 54.35 52.27 52.27 48.78 

 
Fig.8. Swelling index profile of B1-B8 

 

. 
 
The results of the assay are presented in table.5. 
 

Table.5. Results of assay 
 

Formulation Amount of drug ‘mg’ % w/w 
B1 25.15  100.61 
B2 24.52 98.06 
B3 24.79 99.15 
B4 24.64 98.55 
B5 24.64 98.55 
B6 24.52 98.06 
B7 24.76 99.03 
B8 25.21 100.85 

 
The results of the in vitro dissolution study are presented in table.6 and fig.9 depicts the graph. 
 

Table.6. Results of the in vitro dissolution study 
 

Time � 1 hr 2 hr 3 hr 4 hr 5 hr 6 hr 7 hr 8 hr 12 hr 24 hr 
Code 
� 

%CDR %CDR %CDR %CDR %CDR %CDR %CDR %CDR %CDR %CDR 

B1 4.16 7.30 13.03 16.09 17.49 20.87 24.92 29.34 51.70 99.25 
B2 8.65 11.38 16.96 22.38 28.06 33.60 41.40 50.96 100.86  
B3 17.60 18.88 21.30 35.21 68.87 94.02 96.48 100.58   
B4 23.68 46.07 66.78 96.05 100.44      
B5 4.06 9.36 25.43 28.57 39.78 41.75 43.64 46.08 79.64 100.28 
B6 5.93 11.11 27.45 30.60 41.87 44.04 46.12 53.25 100.69  
B7 24.23 26.76 46.99 48.49 66.48 67.77 74.09 78.23 100.52  
B8 28.13 47.45 59.11 74.52 77.58 90.54 99.59    
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Fig.9. In vitro dissolution study of B1-B8 
 

. 
 
The results of ex vivo mucoadhesion studies are presented in table.7. 

 
Table.7. Results of ex vivo mucoadhesion studies 

 
Code Force of detachment (dyne/cm2) Mucoadhesion retention time (hr) 
B1 32.66×102 12  
B2 28.31 ×102 7 
B3 22.86×102 4 
B4 18.51×102 3 
B5 31.57×102 10 
B6 27.22×102 9 
B7 30.48×102 10 
B8 27.22×102 8 

 
The results of release kinetics and the kinetics data for B1 are presented in table.8 in table.9 respectively. 
 

Table.8. Release kinetics for B1 
 

Time in hr Log Time SQRT Time % Cumula tive Release Log %  Release % Drug remaining Log % Drug remaining 
0   0 0   100 2 
1 0.000 1.000 4.157609018 0.619 95.84239098 1.982 
2 0.301 1.414 7.300167492 0.8633 92.69983251 1.967 
3 0.477 1.732 13.02935272 1.1149 86.97064728 1.939 
4 0.602 2.000 16.08519535 1.2064 83.91480465 1.924 
5 0.699 2.236 17.49462481 1.2429 82.50537519 1.916 
6 0.778 2.449 20.86763361 1.3195 79.13236639 1.898 
7 0.845 2.646 24.92011451 1.3966 75.07988549 1.876 
8 0.903 2.828 29.33905895 1.4674 70.66094105 1.849 
12 1.079 3.464 51.69808631 1.7135 48.30191369 1.684 
24 1.380 4.899 99.24984854 1.9967 0.750151456 -0.125 

 
Table.9. Kinetics data for B1 

 
 Zero order Korsmeyer-Peppas Higuchi First Order  
K 0(Slope) 4.167091 0.9994   -0.084 
R2 0.9944 0.9904 0.8586 0.8471 
  4.1671                                    K1= 0.195 
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Fig.10, fig.11, fig.12 and fig.13 represent the zero- order, first order, Korsmeyer- Peppas and Higuchi models 
respectively. 

 
Fig.10. Zero- order profile of B1  Fig.11. First order profile for B1 

 

. 
 

Fig. 12. Korsmeyer-Peppas profile for B1   Fig.13. Higuchi profile for B1 
 

. 
 
Results of accelerated stability studies for the selected B1 mucoadhesive vaginal tablets after keeping for 6 
months at 40 oC ± 2 oC /75% ± 5 RH: 
The colour of B1 was found to be white. The average hardness for B1 was reported to be 5 kg/ cm2 and for C1 it was 
reported to be 5.5 kg / cm2. The drug content was found to be 24.79 mg (99.15% w/w) as compared to 25.15 mg 
(100.61% w/w) before accelerated stability study. B1 had a % CDR of 100.653 at the end of the 24th hr, compared to 
99.25% before accelerated stability study. The force of mucoadhesion of B1 was found to be 30.48 ×102 dyne/cm2, 

y = 4.1671x - 1.4444

R² = 0.9944
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compared to 32.66×102 % before accelerated stability study. The mucoadhesion retention time of B1 was found to 
be 10 hours whereas it was 12 hours before accelerated stability study. The graph depicting the FTIR of B1 
formulation after the accelerated stability study is shown in fig.14. 

 
Fig. 14.FTIR of B1 post study 

 
 

DISCUSSION 
 

Drug: excipients compatibility studies: The drug: excipients compatibility studies showed no interaction as the 
major peaks of the drug TDF, were still manifested in the FTIR after having been mixed with the excipients at an 
elevated temperature and humidity of 40 oC ± 2 oC and 75 % RH ± 5% RH for 12 weeks. The interpretation of the 
FTIR graphs is discussed in table.10. 

 
Table.10. Interpretation of drug: excipients compatibility studies 

 

TDF + Carbopol 
934 

Peaks cm-1 
3234– NH2 (overlapping with -OH); 2985,2939- CH stretching; 1749- C=O group, 1705- C=O stretching; 1384-CH3 weak, 
1265- CH3- strong peak; 1172- P=O stretching;1103,1033-C-O stretching (ether) 

TDF + Carbopol 
940 

3228- NH2 ; 2987, 2937- CH stretching;1761-  C=O group; 1377-CH3 weak, 1269- CH3- strong peak; 1172- P=O 
stretching;1099,1035-C-O                                                                                                                               stretching (ether). 

TDF+ HPMC 
K100 

3446- OH peak overlapping –NH2; 2983,2931- CH stretching;1761- C=O group, 1705- C=O stretching; 1381-CH3 weak, 
1267- CH3- strong peak; 1151- P=O stretching;1101,1037-C-O stretching (ether) 

TDF+MCC 
3296- NH2,  OH peak overlapping; 2985,2902- CH stretching;;1761- C=O group; 1377-CH3 weak, 1269- CH3- strong peak; 
1165-P=O stretching;1105,1035-C-O stretching (ether) 

TDF+NCMC 
3232- NH2,  OH peak overlapping; 2987,2931- CH stretching;;1761- C=O group; 1381-CH3 weak, 1269- CH3- strong peak; 
1153-P=O stretching;1101,1035-C-O stretching (ether) 

 
The oral prophylactic dose of TDF is 300 mg whereas, the topical dose is kept at 25 mg. TDF, when topically 
applied intravaginally at a dose of 10 µg/ ml resulted in >90% inhibition of HIV. Also, according to scientific 
literature, at this concentration, no deleterious effects were observed to the vaginal epithelial cells [2]. Based on the 
scientific literature, local volume of distribution of the vaginal compartment was assumed to be 100 ml [7], and the 
desired inhibitory concentration to be 10 µg/ ml. Hence, the dose = 100 × 0.01= 1mg. For 24 hr duration it is 24 mg, 
which was rounded off to 25 mg. 
 
Pre-compression evaluation: The % yield varied from the lowest value of 77% for B5 to the highest value of 90% 
for B1. The bulk density was lowest for B6 at 0.267 and highest for B1 at 0.506.The tapped density varied from 
lowest for B6 at 0.360 to highest for B1 at 0.540. The Carr’s index was lowest for B1 at 6.29 which indicated 
excellent flow and highest for B2 at 39 which indicated poor flow. The Hausner’s ratio was lowest for B1 at 1.067 
indicating good flowability and highest for B2 at 1.65 indicating poor flow.  
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The angle of repose values ranged from lowest value of 36o for B1, indicating a fair flow and highest value of 48o 
indicating poor flow.  
 
Post-compression evaluation:  The colour of tablets was white for formulations B1- B4, whereas, it was off-white 
for B4-B8 because of chitosan and sodium CMC being creamish to buff coloured polymers. The shape of all the 
tablets was ovoid as this shape would help in the easy administration into the vaginal cavity. The length of all the 
tablets was 12.3 mm, the maximum width was 7.5 mm and the average thickness was between 4.2mm - 4.3 mm. All 
the tablet formulations passed the weight variation test according to I.P. The average weight was around 200 mg. 
The hardness varied from a minimum of 5 kg/cm2 for B2, B4, B8 and maximum of 6 kg/cm2 for B3 and B5. All the 
tablet formulations passed the friability test (loss NMT 0.8%). The friability was least for B8 at 0.4% and highest for 
B7 at 0.7%. The swelling index study results showed that B1 had the maximum swelling index at the end of 24th hr 
at 76.67%, which may be due to the combined swelling effect of the hydrophilic polymers HPMC K100 and 
carbopol 934. B3 had the minimum swelling index at 19.23% which may be due to the fact that carbopol 940 eroded 
in water rather than swelling. This erosion of Carbopol 940 maybe due to its structure which is more open and 
comprises linear acrylic acid chains whereas carbopol 934 is composed of cross-linked fuzz balls or mini gels. The 
assay results were highest for B8 at 25.21 mg and 100.85% w/w and lowest for B6 at 24.52 mg and 98.06% w/w. 
The in vitro dissolution study showed that B1 had a % CDR of 99.25% at the end of 24th hr; B2 had a % CDR of 
100.86 at the end of 12th hr. This prolonged release may be due to the higher ratio of polymers HPMC and Carbopol 
934. B3 had a % CDR 100.58% at the end of 8th hr; B4 had a % CDR of 100.44 at the end of 6th hr. This faster 
release may be due the fact that carbopol 940 erodes in water. B5 had a % CDR of 100.28 at the end of 24th hr, due 
to higher ratio of HPMC K100 and chitosan. B6 had a % CDR of 100.69 at the end of 12th hr, due to a lower ratio of 
HPMC K100 and chitosan. B7 had a % CDR of 100.52 at the end of 12th hr, due to higher ratio of the HPMC K100 
and NCMC. B8 had a % CDR of 99.59 at the end of 7th hr due to a lower ratio of HPMC K100 and NCMC. The 
mucoadhesion force of detachment was lowest for B4 at 18.51×102 dyne/cm2 and highest for B1 at 32.66×102. The 
mucoadhesion retention time was lowest for B4 at 3 hr and highest for B1 at 12 hr. B1 was selected as the best 
formulation due to its better swelling index, more prolonged release, and superior mucoadhesion force and retention 
time. According to the release kinetics, B1 had R2 of 0.994, 0.847, 0.990, and 0.858 for zero-order, first-order, 
Korsmeyer –Peppas and Higuchi models respectively. Hence, it is understood that B1 followed zero-order kinetics.  
The accelerated stability data showed no significant changes in the formulation as indicated by the results. The FTIR 
of B1 showed the major peaks of TDF as indicated in table. 11. 

 
Table.11. FTIR peak table of B1 

 
Peak (wavenumber cm-1) Interpretation 

3227 NH2 (overlapping with -OH); 
3103,  2987 -CH stretching 

1761 -C=O  stretching 
1269 -CH3 strong peak 
1170 - P= O stretching 

1099,1037 -C-O stretching (ether). 

 
CONCLUSION 

 
The present investigation deals with the formulation of mucoadhesive vaginal tablets of the microbicide, tenofovir 
disoproxil fumarate using various combinations of polymers. The aim of this study was to provide mucoadhesive 
tablets having prolonged release and good mucoadhesion. These tablets were made with the intention to provide 
topical prophylactic dose of TDF in the vagina against HIV. The mucoadhesive tablets of TDF were found to have 
varying degrees of mucoadhesion, retention and in vitro release based on their formula. B1 showed the desired 
mucoadhesion, retention and prolonged release for 24 hr. Hence, it was selected for release kinetics, where it 
followed zero- order release kinetics. As the appearance, hardness, drug content, in vitro release studies, force of 
mucoadhesion, and FTIR of B1 batch of vaginal mucoadhesive tablets did not reveal significant differences, it can 
be said that B1 batch of tablets were stable at the end of the accelerated stability study.  
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