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Abstract
Bacterial vaginitis affects women of all age groups. Numerous recurrences of the condition are 
widely discussed by clinicians. Traditional therapeutic schemes recommended by world treatment 
centres and health organizations do not bring satisfactory results. Their effects are hampered by 
numerous anatomic and physiological conditions which do not facilitate prolonged contact of the 
drug with the application site. The investigations demonstrated that the thermosensitive polymer - 
poloxamer 407 increases significantly the adhesive properties of hydrophilic gels, but at the same 
time it increases their pH. The addition of PVP K-30 or hydroxypropylmethylcellulose reduces 
the pH and maintains high adhesion. The use of PVP K-30 and  hydroxypropylmethylcellulose 
allowed to obtain narrow physiological range – lower limits of  the physiological range. 
Rheological investigations revealed an increase in the dynamic viscosity of preparations 
containing poloxamer 407 with the addition of PVP K-30 or hydroxypropylmethylcellulose in 
comparison to the reference gels. 

Key words: lactic acid, chitosan, PVP K-30, hydroxypropylmethylcellulose, vaginal infections, 
anti-inflammatory drugs.
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1. Introduction
 Bacterial vaginitis affects women of all age groups. The condition is recognized 
increasingly more often due to improved diagnostic methods. Numerous recurrences of the 
condition are widely discussed by clinicians. Traditional therapeutic schemes recommended 
by world treatment centres and health organizations do not bring satisfactory results. Their 
effects are hampered by numerous anatomic and physiological conditions which do not 
facilitate prolonged contact of the drug with the application site [1, 2]. 

 The use of hydrophilic gels with high adhesion properties and ability to spread 
over the vaginal mucosa enable prolonged action of the drug [3 - 10]. The preparations, 
remaining at the site of application, produce adequate pH in the environment thanks to the 
content of lactic acid complexed with chitosan. The use of a thermosensitive polymer af-
fects further adhesion of the investigated preparations.

 The aim of the study was to investigate the effect of selected polymers on phar-
maceutical properties of thermosensitive vaginal gels containing lactic acid complexed with 
chitosan.

 In co-operation with the Department and Clinic of Reproduction and Obstetrics 
Wrocław Medical University, a research has been initiated to restore the natural acidic con-
dition of vagina environment to rebuild its physiological bacterial flora.

2. Materials and methods
2.1. Materials
	 Lactic acid – P.Z.F. Cefarm (Wrocław, Poland). Chitosan - deacetylation degree of 
93.5% –  Sea Fisheries Institute ( Gdynia, Poland ). Polyoxyethylene glycol-200 - LOBA – 
Chemie, Wien – Fishamend (Austria). Methylcellulose, Aldrich Chemical Company Ltd. 
Gillingham – Dorest SP 84 SL – (England). Polyvinyl pyrrolidone K-30, Sigma – Aldrich 
Chemie GmbH, Germany. Hydroxypropylmethylcellulose, Sigma – Aldrich Chemie GmbH, 
Germany. Poloxamer 407, Sigma – Aldrich Chemie GmbH, Germany. Aqua purificata, acc. 
to FP VI.

2.2. Methods
2.2.1. Measurements of pH and viscosity 
 See [10].

2.2.1.1. Determination of  pH
 For pH measurement of the investigated gels, the potentiometric method was used, 
in which a combined electrode integrated into a multifunctional computer meter, ELEC-
TRON CX-742 was immersed into the investigated gel. Prior to the measurement the com-
puter meter was calibrated by two buffer solutions with pH 7.00 and pH 4.00.
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2.2.1.2. Rheological investigations
 Rheological investigations were performed using a rotational viscosimeter. The 
determinations were performed in I a and II a range on a K-1 cone with the diameter of 36 
mm and 0.917 fissure at 37 °C. The shear angle was measured using 12 shear rates in ascend-
ing direction and 11 rates in the descending direction. Viscosity and torque were calculated 
from appropriate formulas. The obtained results were used to plot the flow curves of the 
investigated gels. The results obtained in the experimental are presented in Tables 3 and 4.

2.2.2. Determination of adhesion 
 The determination of adhesion was performed on a biopharmaceutical model imi-
tating the conditions in the vagina. This is a 30 cm long and 3 cm in diameter, calibrated 
glass tube attached to a REMONTAR type UTU5 ultrathermostate. Water at a constant 
temperature of 37 °C is flowing continuously through the water jacket in the biopharmaceu-
tical model. The measurement of adhesion determines the ability of gels to move. For this 
reason, 3 cm3 of the gel was collected to a syringe and placed in the upper part of the model 
imitating the artificial vagina. The distance of the gel flow in cm was read 5, 10, 15, 20 and 
25 minutes after application. Each gel was three times investigated and the final result was 
a mean of the measurements. 

2.2.3. In vivo investigations
 In vivo investigations were carried out at the Department and Clinic of Reproduc-
tion and Obstetrics Wrocław Medical University. The investigated gels were applied intra-
vaginally by means of an applicator. The findings were determined on the basis of in vivo 
observation of the gel on the vaginal mucosa.

2.2.4. Technology of manufacture of hydrophilic intravaginal gel
 The production of gel containing lactic acid complexes with chitosan consisted of 
the following stages: 
1. Obtaining the lactic acid - chitosan complex. Chitosan combines with organic acids by 

means of I-order amine groups. This property was used in the preparation of the com-
plex. The required amount of powdered chitosan was poured onto a weighed amount 
of lactic acid. The mass was stirred until a homogenous suspension was obtained. The 
mixture was left for 24 h until a clear, thick fluid was formed that could be joined with 
methylcellulose [4].

2. Obtaining the excipient - preparation of gel from methylcellulose with poloxamer 407 
and polyvinyl pyrrolidone K-30 or hydroxypropylmethylcellulose. A gel was obtained 
from methylcellulose with poloxamer 407 and polyvinyl pyrrolidone K-30 or hydroxy-
propylmethylcellulose  by adding a known amount of this compound to the solution of 
polyoxyethylene glycol-200 in water. In order to enhance the process of gelation, the 
mixture was cooled to 5 - 10 °C. The homogenous gel was weighed and enough distilled 
water was added to obtain the initial mass. 

 Lactic acid complexes with chitosan was added to methylcellulose with poloxam-
er 407 and polyvinyl pyrrolidone K-30 or hydroxypropylmethylcellulose gel and stirred 
until an homogenous gel was obtained. Distilled water was added to obtain the initial mass.
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3. Results and discussion
 Gels containing lactic acid complexed with chitosan at a stoichiometric ratio 
1:1 and  2:1 and 5 - 25% content of PEG-200 reveal pH from 2.5 to 4.6. The addition of  
20 – 25% poloxamer 407 increases the pH to 4.55 to 5.30 for 1:1 gels and 4.00 to 4.85 for 
2:1 gels.  

 The addition of 1, 3, 5% polyvinyl pyrrolidone K-30  decreases the pH of the in-
vestigated gels to 4.00 to 4.48 for 1:1 gels and 3.78 to 4.37 for 2:1 gels, see Table 1. 

 The addition of 1, 2, 3, 4% hydroxypropylmethylcellulose decreases the pH of 
investigated gels to 4.15 to 4.50 (1:1) and 3.75 to 4.48 (2:1), see Table 2.  

 Rheological studies demonstrated that the reference gels possess the dynamic vis-
cosity from 159.16 to 354.41 for the 1:1 stechiometric ratio in the complex and from 236.27 

Table 1. Influence PEG-200 and PVP K-30 on pH investigated gels containing 4.0% methylcel-
lulose and 25% poloxamer 407, PVP – Polyvinyl pyrrolidone. 

Stoichiometric ratio 
lactic acid to chitosan

Concentration  
PEG-200, %

pH gels with 
addition PEG-200

pH gels with PEG-200 and addition 
PVP K-30:

1.0% 3.0% 5.0% 
1:1   5 4.43 4.10 4.08 4.00
1:1 10 4.48 4.22 4.10 4.05
1:1 15 4.55 4.35 4.12 4.10
1:1 20 4.87 4.40 4.25 4.15
1:1 25 4.95 4.48 4.30 4.20
2:1   5 3.42 4.04 3.81 3.78
2:1 10 3.46 4.10 3.85 3.80
2:1 15 3.51 4.13 3.87 3.83
2:1 20 3.63 4.25 3.90 3.90
2:1 25 3.68 4.37 3.99 3.93

Table 2. Influence PEG-200 and HPMC on pH investigated gels containing 4.0% methylcellulose 
and 25% poloxamer 407, HPMC - Hydroxypropylmethylcellulose.

Stoichiometric 
ratio lactic acid 

to chitosan
Concentration  

PEG-200, %
pH gels with 

addition 
25% PEG

pH gels with PEG-200 and addition HPMC

1.0% 2.0% 3.0%  4.0% 

1:1   5 4.43 4.20 4.19 4.17 4.15
1:1 10 4.48 4.26 4.20 4.19 4.17
1:1 15 4.55 4.38 4.25 4.20 4.20
1:1 20 4.87 4.45 4.30 4.25 4.25
1:1 25 4.95 4.50 4.35 4.30 4.26
2:1   5 3.42 4.15 4.12 3.77 3.75
2:1 10 3.46 4.20 4.15 3.80 3.77
2:1 15 3.51 4.33 4.20 3.83 3.79
2:1 20 3.63 4.40 4.26 3.85 3.82
2:1 25 3.68 4.48 4.30 3.90 3.87
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to 388.16 for 2:1 ratio. The addition of poloxamer 407 at concentrations of  20 to 25% increas-
es the dynamic viscosity from 506.14 to 641.20 for 1:1 and 540.35 to 692.55 for 2:1 ratios. 

 The addition of 1, 3, 5% polyvinyl pyrrolidone K-30  increases the dynamic vis-
cosity from 709.15 to 725.25 for 1:1 and 742.32 to 759.56 for 2:1 ratios, see Table 3. 

 The addition of 1, 2, 3, 4% hydroxypropylmethylcellulose increases the dynamic 
viscosity from 793.24 to 810.65 for 1:1 and 843.15 to 886.95 for 2:1 ratios, see Table 4.

 All the investigations were performed at 37 °C.

 The investigations demonstrated that the thermosensitive polymer - poloxamer 
407 increases significantly the adhesive properties of hydrophilic gels, but at the same time 
it increases their pH. 

Table 3. Influence PEG-200 and PVP K-30 on reological properties investigated gels containing 
4.0% methylcellulose and 25% poloxamer 407, PVP – Polyvinyl pyrrolidone.

Stoichiometric 
ratio lactic acid to 

chitosan
Concentration 

PEG-200, %
Dynamic viscosity 
gels with addition 
PEG-200, mPa×s

Dynamic viscosity gels with PEG-200 and 
addition PVP K-30, mPa×s

1.0% 3.0% 5.0% 
1:1   5 354.41 720.74 724.65 725.25
1:1 10 253.15 714.88 723.48 724.99
1:1 15 270.02 712.90 722.17 723.15
1:1 20 354.41 710.45 721.98 722.87
1:1 25 159.16 709.15 720.52 721.65
2:1   5 253.15 750.87 755.70 759.56
2:1 10 236.27 748.78 753.90 758.54
2:1 15 270.02 747.91 748.53 756.77
2:1 20 236.27 745.66 747.23 755.32
2:1 25 388.16 742.32 745.53 753.22

Table 4. Influence PEG-200 and HPMC on reological properties investigated gels containing 
4.0% methylcellulose and 25% poloxamer 407, HPMC - Hydroxypropylmethylcellulose. 

Stoichiometric 
ratio lactic acid 

to chitosan
Concentration  

PEG-200, %
Dynamic viscosity 
gels with addition 
PEG-200, mPa×s

Dynamic viscosity gels with PEG-200  
and addition HPMC, mPa×s

1.0%  2.0% 3.0%  4.0% 
1:1   5 354.41 803.55 805.22 806.54 810.65
1:1 10 253.15 800.98 804.99 805.32 809.76
1:1 15 270.02 798.73 802.67 804.44 808.97
1:1 20 354.41 795.81 799.65 802.82 807.54
1:1 25 159.16 793.24 795.43 799.20 805.99
2:1   5 253.15 864.94 870.44 880.66 886.95
2:1 10 236.27 850.78 867.90 875.30 875.35
2:1 15 270.02 848.92 858.43 865.23 870.67
2:1 20 236.27 846.56 854.33 860.24 854.22
2:1 25 388.16 843.15 844.21 840.80 844.52



Progress on Chemistry and Application of Chitin and Its ..., Volume XV, 2010140

K. Małolepsza-Jarmołowska

 The addition of polyvinyl pyrrolidone K-30 or hydroxypropylmethylcellulose re-
duces the pH and maintains high adhesion. The use of polyvinyl pyrrolidone K-30  and  
hydroxypropylmethylcellulose allowed to obtain narrow physiological range – lower limits 
of  the physiological range. 

 Rheological investigations revealed an increase in the dynamic viscosity of prepa-
rations containing poloxamer 407 with the addition of polyvinyl pyrrolidone K-30  or hy-
droxypropylmethylcellulose in comparison to the reference gels. 

4. Conclusions
1. The investigations showed that the addition of a thermosensitive polymer increases the 

pH and adhesive properties of the investigated gels.
2. The addition of polyvinyl pyrrolidone K-30 or hydroxypropylmethylcellulose reduces 

the pH and maintains high adhesion.
3. The pH of the investigated gels was in physiological range. 
4. The use of additional polymers allowed to decrease the pH of the gels, which had been 

elevated by the presence of poloxamer 407.  
5. The investigations proved that the applied polymers have a significant effect on physi-

ological pH in the investigated preparations.
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