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ABSTRACT 

The lactobacilli which are present in vaginal fluids play an important role in prevention of 
vaginosis and there are considerable interests in formulation of these friendly bacteria into 
suitable pharmaceutical dosage forms. Formulating these microorganisms for vaginal 
application is a critical issue as the products should retain viability of lactobacilli during 
formulation and also storage.  The aim of this study was to examine the viability and 
release of Lactobacillus acidophilus from slow-release vaginal tablets prepared by using six 
different retarding polymers and from two effervescent tablets prepared by using citric or 
adipic acid. The Carbomer–based formulations showed high initial viablility compared to 
those based on HPMC-LV, HPMC-HV, Polycarbophil and SCMC polymers which showed 
one log decrease in viable cells. All retarding polymers in slow release formulations 
presented a strong bacterial release at about 2 h except Carbomer polymers which showed 
to be poor bacterial releasers. Although effervescent formulations produced a quick 
bacterial release in comparison with polymer based slow-release tablets, they were less 
stable in cold storage. Due to the strong chelating characteristic of citric acid, the viability 
was quickly lost for aqueous medium of citric acid in comparison with adipic acid based 
effervescent tablets. 
Keywords: Lactobacillus acidophilus, Probiotic, Vaginal tablet. 

 
INTRODUCTION 

Bacterial vaginosis is characterized by replacement 
of lactobacillus predominant vaginal flora by 
pathogenic bacteria (1).  Restoration of normal 
flora of vagina is a key factor in prevention and 
therapy of vaginosis (2). Lactobacilli are the most 
important components of vaginal normal flora 
which are present at 107-108 CFU/ml of vaginal 
fluids in healthy pre-menopausal women (3-6). 
These bacteria are believed to protect vagina from 
invading pathogens such as Gardenella vaginalis 
and Trichomonas (7, 8).  They protect the vaginal 
epithelium through a series of barriers such as self 
aggregation, adherence (9, 10) and also interfere 
with potential pathogens (9, 11). Production of 
antimicrobial compounds such as hydrogen 
peroxide (12-14), lactic acid, bacteriocin-like 
substances and biosurfactants (15-17) also 
contribute to growth inhibition of pathogenic 
microorganisms (18, 19). 
Because of the great importance of lactobacilli’s 
role in prevention and treatment of vaginal 
infections (20, 21) there has been considerable 
interest in formulating these friendly bacteria into 
suitable pharmaceutical dosage forms (21-24). 

The aim of this study was to investigate the 
viability of lyophilized Lactobacillus acidophilus 
in various vaginal tablet formulations. To increase 
the residence time of bacteria, various bio-
adhesive polymers were evaluated for formulation 
of retarding vaginal tablets. To produce a high 
initial load of bacteria in vagina before application 
of slow-release tablets, two effervescent tablets of 
L. acidophilus were also prepared and evaluated 
for viability. 
 

MATERIALS AND METHODS 
Strain and culture conditions 
Lactobacillus acidophilus PTCC 1643 (DSM 
20079, ATCC 4356) was purchased from Persian 
Type Culture Collection (PTCC), Tehran, Iran. 
The microorganism was regenerated into Man-
Rogosa-Sharp (MRS) broth from the lyophilized 
vial and several stock cultures were prepared  
in PBS containing 20% glycerol and stored at-
700C. 
 
Preparation of freeze-dried cells 
One hundred and fifty ml aliquots of MRS broth 
medium were inoculated with 7.5 ml of  
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Table 1. Formulation used for preparation of L. acidophilus 
slow-release tablets 

   Formulation Amount (mg) 

   Lyophilized powder 250 

   Mannitol 260 

   Talc   10 

   Magnesium stearate     9 

   Colloidal silicon dioxide     1 

   Retarding polymera   45 
a Six different retarding polymers were tested which included: HPMCs 
of low (HPMC-LV) and high (HPMC-HV) viscosity, SCMC, Carbomer 
394P, Carbomer 974P and Polycarbophil 
 
Table 2. Formulation used for preparation of L. acidophilus 
effervescent tablets 

  Formulation Amount (mg) 

  Lyophilized powdera 250 

  Lactose 175 

   Maize starch 100 
   Acid source 
      Adipic Acid  
      Citric acid 

  
  33.5 
  29.5 

   Sodium bicarbonate   33.5 

   Magnesium stearate     5.5 

   Stearic acid   1.5 

   Colloidal silicon dioxide             1 
a Lyophi;ized powder of Lactobacillus acidophilus was used 
 
 
Lactobacillus acidophilus acidophilus stock vials 
and incubated at 370C under 5% CO2 for 24 h. The 
lactobacilli vegetative cells were harvested by 
spinning the culture at 5000 g for 15min at 4°C. 
Cells were washed with phosphate buffer, pH 7 
and were spinned at 5000 g. Washed cells were 
freeze dried after re-suspension (50% w/v) in 
sterile cryo-protecting medium containing 10% 
w/v skim milk powder and 10% w/v malt extract. 
 
Formulation of slow-release powder 
The lyophilized powder containing L. acidophilus 
cells were calibrated by forcing the spongy mass 
onto a 300 µm screen (ATSM, 50 mesh). All six 
slow-release formulations had the ingredient 
depicted in Table 1 which were different in 
retarding polymer. The polymers used included; 
two types of hydroxypropylmethylcellulose 
(HPMC) low and high viscosity grades (HPMC-
LV from Shin-Etsu, Japan and HPMC–HV from 
Merck, Germany), two acrylic acid polymers 
(Carbomer 934P and Carbomer 974P, BF Goodrich, 
USA), sodium carboxymethylcellulose (SCMC 

from Aqualon, USA) and Polycarbophil (Noveon 
AA-1 from BF Goodrich, USA) as a cross-linked 
polymer of acrylic acids. Although these polymers 
are known for their bio-adhesive properties but 
due to their high molecular weights and viscosities 
they are also capable to hydrate and make gel 
slowly. This facilitates tablet dissolution over a 
longer period and provides a prolonged release of 
active ingredient embedded in a polymeric matrix. 
The efficiencies of the polymers were tested in 

terms of their performances in prolonging the 
disintegration time and the rate of lactobacilli 
release from slow release tablets. The formulated 
powder was prepared by mixing ingredients with 
the lyophilized bacteria. 
 
Formulation and preparation of fast-release 
granules 
The composition of fast-release formulations were 
identical (Table 2) with exception that either citric 
or adipic acid was used in each formulation. To 
improve powder flow-ability, the granulated base 
was made first and added to the effervescent 
mixtures. The granulated base was prepared by 
wetting lactose, acid source and 85% of the total 
amount of maize starch with a 10% w/v starch 
paste (made with the remaining of starch). The 
wetted mass was forced through a 710 µm screen 
(25 mesh) and the granules were dried in an oven 
(300C). Sodium bicarbonate, stearic acid and 
colloidal silicon dioxide were added to the 
granules, mixed thoroughly and then were treated 
with certain amount of the lyophilized powder 
containing about 3.8×109 CFU of lactobacilli. The 
lyophilized powder was included at the end, in 
order to avoid exposure of microorganisms to the 
wetting step. 
 
Tablet preparation and analysis 
A single punch tableting machine (Korsch AR 
400, Germany) was used for preparation of 
vaginal tablets, with circular shape of die and 
punch. The possible adverse effects of pressing  
on lactobacilli’s viability were investigated  
by comparing the viability of bacteria in  
tablets with those in formulated powders and 
granules. The disintegration time of tablets were 
tested according to the guidelines of British 
Pharmacopoeia (BP) 1998 (25) using a special 
apparatus for disintegration test of vaginal tablets 
and suppositories. 
Dissolution and rate of microbial release by  
the slow-release formulations were measured 
according to Maggi et al. (26) by the paddle 
method, 30 rev/min, in 400 ml of deionized sterile 
water at 37oC in aseptic condition under a laminar 
air flow cabinet. Samples were obtaine aseptically 
at different time intervals and plated on the 
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Table 3. Number of viable L. acidophilus in various slow-release formulated powders and tablets 

Polymer type 
 
 

HPMCa LV HPMCb HV Carbomer 934P Carbomer 974P Polycarbophil SCMCc

CFUd/575 mg 
formulated 

powder 
2.70×108e 1.67×108 1.72×109 3.28×109 2.24×108 2.64×108

CFU/tablet 2.9×108 1.6×108 2.7×109 4.4 ×109 1.5×108 1.6×108

a low viscosity hydroxypropylmethylcellulose; b high viscosity hydroxypropylmethylcellulose; c sodium carboxymethylcellulose; d CFU, colony 
forming unit; e the numbers quoted are means of duplicate experiments 
 
surface of selective medium for Lactobacilli 
strains (MRS agar). The number of survived 
bacteria was determined after incubation at 370C 
under 5% CO2 for 48 h and the purity of the 
cultures was examined microscopically. 
The viability of the L. acidophilus of effervescent 
tablets in aqueous medium was tested by plating 
the samples onto the MRS agar medium in 
consecutive times. 
 
Viability and stability tests of lactobacilli 
Freeze–dried powder and pharmaceutical 
preparations were stored in plastic containers in 
dry place at 4-6 oC and were tested for lactobacilli 
viability after 1 and 6 months of storage. Viability 
of the cells were examined using a serial dilution 
method and subsequent plating in duplicate onto 
MRS agar medium following incubation at 37oC 
for 24 h under 5% CO2. 
 

RESULTS AND DISCUSSION 
The number of viable bacteria remaining after 
lyophilization process was about 1.5×1010 CFU/g. 
Both slow-release and fast-release formulations 
contained equal amounts of bacteria (0.25g or 
3.75×109 CFU/tablet). The number of bacteria in 
various slow-release formulated powders and 
tablets are shown in Table 3. The Carbomer–
based formulations showed high viability, almost 
close to those in pre-formulated lyophilized 
powder but about one log decrease in viable cells 
was observed in HPMC-LV, HPMC-HV, 
Polycarbophil and SCMC based formulations. 
Tabletting had no adverse effect on the viability 
of bacteria. Bacterial viability in the citric acid as 
well as adipic acid–based formulations is depicted 
in Table 4. Both effervescent formulations 
retained bacterial viability almost at the same 
level as in lyophilized powder. 
Disintegration times of slow and fast release 
formulations using the apparatus described in 
British Pharmacopoeia are shown in Table 5. The 
HPMC–LV and HPMC-HV based formulations 
showed disintegration times of 3.25 and 5.75 h 

respectively, while those of Carbomers were 
around 8 h. A disintegration time of 30 min for 
HPMC based tablet using the apparatus described 
in the Farmacopea Ufficiale Italiana has been 
reported (27). The difference in HPMC-based 
formulations disintegration time may be due to the 
method of testing or commercial grade of 
retarding polymer. 
Dissolution rates of different polymer–based 
tablets by determining Lactobacilli’s release are 
shown in Figure 1. Almost all polymers showed a 
bacterial release of about 107 CFU/tablet after 10 
h, those of Carbomers 934P and 974P were about 
106 and 105 CFU/tablet respectively. The highest 
bacterial release for SCMC, Polycarbophil and 
HPMC-LV based formulations reached within 2 
h, while HPMC-HV showed an approximately 0.5 
log increase in the subsequent 4 h. Maggi et al. 
(26) obtained disintegration/dissolution times for 
slow-release vaginal tablets which were prepared 
using HPMC-LV, HPMC-HV and Carbopol 934 
as retarding polymers. Similarly they found 
unsteady dissolution times for Carbopol, but 
found HPMC-LV as the most suitable retarding 
polymer by disintegration/dissolution time of 
about 6-7 h. In our experiments HPMC-LV, 
SCMC and Ploycarbophil released a high initial 
bacterial load during the first 15 min. However 
HPMC-HV was found to be a suitable retarding 
polymer for vaginal formulations, showing a more 
continuous bacterial release and suitable 
disintegration time of 5.75 h. 
The viability of the L. acidophilus in effervescent 
tablets in aqueous medium is reported in Figure 2.  
Although the initial release of bacteria was almost 
the same in both citric and adipic acid-based 
tablets and 109 CFU of bacteria were released 
after 15 min, the viability was quickly lost in 
citric acid based tablets and reached to about 107 
CFU/tablet after 10 h. These results were 
expected since citric acid is a strong chelating 
agent.  The concentration of citric acid used in the 
effervescent formulation was around 5% which is 
well above the reported bacterial inhibitory 
concentrations (28). 
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Table 4. Number of viable L. acidophilus in citric and adipic acid-based formulated powders and tablets. 

                                               Acid type 
 
 

                   Citric acid               Adipic acid 

CFUa/596 or 600 mg formulated 
powder of citric or adipic acid 
respectively 

                   2.62 ×109 b                 2.46 ×109

CFU/tablet                    4.6 × 109                 2.5 × 109

a CFU, colony forming unit;  b the numbers quoted are means of duplicate experiments 
 
 
Table 5. Disintegration time of various polymer or acid-based tablets 

Polymer type 
 

HPMCa LV HPMCb HV Carbomer 934 P Carbomer 974 P Polycarbophil SCMCc

Disintegration 
time (h) 3.25 5.75 8.5 8 5 6 

          Acid type 
 

                    Citric  acid Adipic acid 

Disintegration 
time (h)                 1                                   1 

a low viscosity hydroxypropylmethylcellulose; b high viscosity hydroxypropylmethylcellulose; c sodium carboxymethylcellulose 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Release of L. acidophilus from different slow-
release vaginal tablets. HPMC-LV, low viscosity 
hydroxypropylmethylcellulose; HPMC-HV, high viscosity 
hydroxypropylmethylcellulose; SCMC, sodium 
carboxymethylcellulose 
 
Table 6 shows the stability of L. acidophilus in 
lyophilized powder and pharmaceutical pre-
parations during 6 months of storage at 4oC.  The 
lyophilized  form  of  L.  acidophilus   retained  its  

 Polycarbophil            Carbomer 934P             HPMC LV 
 

HPMC HV                 SCMC                           Carbomer 974P 
Citric acid              Adipic acid  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. L. acidophilus viability of citric and adipic acid-
based effervescent vaginal tablets in aqueous medium. 

 
 
 
viability of almost 1010 CFU/g after 6 month 
storage at 4oC.  All the slow-release tablets were 
stable within the tested period but in both citric 
and adipic acid-based effervescent vaginal tablets,  
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Table 6. Stability of pre-formulated lyophilized powder, slow-release and effervescent tablets of L. acidophilus after six months 
storage at 4oC 

Time of storage at 4°C (month) Total count (CFUa/g) 

0 1.5×1010 b

1 1× 1010
Lyophilized bacteria 

6 9 × 109

Slow- release tablet Time of storage at 4 °C (month) Total count (CFU/tablet) 

             HPMC-LV 
 

0 
1 
6 

                      2.9×108

                      1.9×108

                      1.7×108

             HPMC-HV 
 

 
0 
1 
6 

 
1.6 × 108

1.4 × 108

1.0 × 108

             SCMC 

 
0 
1 
6 

 
1.6 × 108 
1.6 × 108 
8.0 × 107

             Polycarbophil 

 
0 
1 
6 

 
1.5 × 108

1.4 × 108 

1.1 × 108

             Carbomer 974P 

 
0 
1 
6 

 
 4.4 × 109 
 2.3 × 109

 1.5 × 109 
             Carbomer 934P 0  2.7 × 109

 1 
6 

1.85 × 109 

  2.5 × 108 
Fast-release tablet Time of storage at 4 °C (month) Total count (CFU/tablet) 

             Adipic acid 
 

0 
1 
6 

2.5 × 109

8.5 × 108

                        2 × 108

             Citric acid 

 
0 
1 
6 

 
4.6 × 109

3.5 × 108

1.4 × 108

a CFU, colony forming unit;  b the numbers quoted are means of duplicate experiments 
 
one log decrease in viabilities were observed.  
These results are in accordance with those of 
Maggi et al. (26) who have shown that stability of 
vaginal tablets of lactobacilli depend to both 
bacterial strain and also type of polymer used. 
 

CONCLUSION 
Although fast-release formulations produced a 
quick bacterial release in comparison to polymer 
based slow-release tablets, but they were less 
stable upon storage. All the slow-release 
formulations showed a strong bacterial release 

except Carbomers with poor bacterial shedding 
probably due to their high viscosity 
characteristics. HPMC-HV with a more continuous 
bacterial release and suitable disintegration time 
could be a suitable retarding polymer for vaginal  
formulations. 
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