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Introduction 

Metal nanoparticles (Me NPs) exhibit pronounced biological activity [1]. It is known that they act on organisms at the level of 

enzymes, regulatory biosystems, cells, organs and the body as a whole [2-4]. In recent years, a number of studies have been 

devoted to Ag NPs [5, 6]. Among all metals, Ag NPs have the most pronounced bactericidal [7], antiviral [8], fungicidal [9] 

and immunomodulatory effects [10], while remaining low-toxic [11]. 

Ag NPs are of interest because its action is specific not by the type of microorganism, as in antibiotics, but by the cellular 

structure [12]. It affects bacterial cells, viruses and other organisms without a cell wall. Mammalian cells have a different, 

denser type of membrane, and Ag NPs are not active against them [13]. Particular interest in the antimicrobial action of Ag 

NPs is associated with the spread of strains of microorganisms resistant to antibiotics. Antibiotic resistance is explained by 

various reasons: a decrease in the permeability of the bacterial cell wall, changes in the structure and physiology of 

microorganisms, and the production of specific enzymes by the target cells that destroy drug molecules [14, 15]. Unlike 

antibiotics, Ag NPs are largely devoid of disadvantages associated with the problem of resistance of pathogenic 

microorganisms to it [16, 17]. 

One of the possible applications of active substances with such properties is the treatment of cervical erosion. This disease 

occurs in 40% of women and is a defect in the mucous membrane of the outer part of the cervix [18, 19]. The trigger mechanism 

in the development of the disease is most often an infection [20]. Considering that the task of creating ready-made medicines 

with prolonged antimicrobial action is urgent [21], the purpose of this study was to develop the composition and technology 

of a new drug with Ag NPs. 
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The article presents the results of a study on the development of vaginal suppositories with silver 

nanoparticles. The composition of excipients was selected, the main parameters of the technological 

process were determined: the temperature of preparation of the suppository mass, the time of 

dispersion of the substance, the conditions and cooling time. It was found that the use of Macrogol 

4000 in suppositories with poviargol is difficult, since the temperature of their preparation is lower 

than the solidification temperature of the auxiliary substance. The optimal composition and the 

temperature regime of preparation of suppositories (≤40-42 oC) were selected. It is shown that the 

experimental and semi-industrial series of suppositories fully comply with the developed 

specifications. They have deviations from the nominal weight value of no more than 0.63%, 

deviations from the nominal content of poviargol no more than 3.34%, acceptable decay time and 

microbiological purity. A wide antimicrobial spectrum of action of suppositories in relation to gram-

negative, gram-positive microorganisms and fungi was identified. 
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Materials and Methods 

Suppositories were used as the object of the study, which included poviargol containing Ag NPs (Biopharm, Minsk, Belarus) 

as a pharmaceutical substance. Experimental and semi-industrial series of suppositories were prepared using the following 

technology: components of the suppository mass were melted in a water bath at a temperature of 60-65 oC, then samples 1,2,6 

were cooled to a temperature of 40-42 oC, and samples 3,4,5 – to a temperature of 44-45 oC. A stabilizer and poviargol were 

added to the cooled suppository mass and the mixture was stirred for 15 minutes using an Ultra-turrax T50 dispersant at 6000 

rpm. The finished suppository mass was poured into disposable cells and sealed with a DottBonapace 8C device. The finished 

suppositories were cooled at 15 °C for 15 minutes. In total, 6 experimental samples of suppositories were prepared (Table 1). 

Experimental and pilot-industrial series of suppositories were tested according to the following indicators: potentiometric 

determination of pH, disintegration of suppositories and pessaries, uniformity of mass for a unit of a dosed drug, uniformity 

of the active substance content in a unit of a dosed drug, microbiological purity. The authenticity of poviargol was determined 

by qualitative reactions:  

1. with the addition of hydrochloric acid, a white curd precipitate was observed, dissolving with the addition of 3 ml of a 

dilute ammonia solution.  

2. a shiny coating of metallic silver forms on the walls of the test tube when reacting with a solution of ammonia and 

formaldehyde solution. 

Table 1. The composition of the experimental series of suppositories with poviargol 

Sample 
Composition of excipients of experimental series of suppositories 

Macrogol 400 Macrogol 1000 Macrogol 1500 Macrogol 4000 Polysorbate 80 Stabillizer 

1  +   + + 

2  +    + 

3 +  + +  + 

4 +  +   + 

5 +  +   + 

6 + +    + 

 

Quantitative determination of poviargol was carried out by the method of rhodanometric titration [22]. The study of 

antimicrobial activity was carried out by diffusion into agar using stainless steel cylinders [23]. The test samples of 

suppositories were melted in water at a temperature of 40 oC, the primary packaging was opened and the contents were 

transferred to cylinders. It was left at room temperature until solidification. 100 µl of a suspension of microorganisms with a 

microbial load of 100 ×106 microbial cells in 1 ml were applied to the surface of the agar. Cylinders with samples of 

suppositories were placed on the seeded surface. Antimicrobial activity was determined by the diameter of the growth 

retardation zone [24, 25]. Gram-positive (Staphylococcus aureus ATCC 6538), gram-negative (Pseudomonas aeruginosa 

ATCC 9027, Escherichia coli ATCC 8739) and spore-forming (Bacillus subtilis ATCC 6633) microorganisms and fungi 

(Candida albicans ATCC 10231) were used as test cultures.  

Statistical data processing was carried out using the Microsoft Excel 2010. 

Results and Discussion 

Suppositories of all samples were torpedo-shaped with smooth surface and a funnel-shaped recess. It was found that the 

solutions obtained during the sample preparation of suppositories of samples 1 and 2 had pH of 4.15-4.28, corresponding to 

the physiological pH of the vagina (4-4.5). The pH value of the remaining series of suppositories was at least 7.08 (Table 2). 

The lowest decay time was observed in sample 6, while in all series it met the state requirements. It was shown that the 

emulsifier polysorbate 80 did not statistically significantly affect (p=0.08) the disintegration of suppositories with poviargol 

(samples 1 and 2) (Table 2). 

 

Table 2. Quality indicators of experimental series of suppositories with poviargol 

Sample pH Disintegration, min Authenticity Color 

1 4.28 22.3±0.03 satisfy Light brown 

2 4.15 22.0±0.3 satisfy Light brown 

3 7.98 35.8±0.7 satisfy Dark brown 

4 7.83 26.7±0.2 satisfy Dark brown 

5 7.08 27.5±0.4 satisfy Dark brown 

6 7.21 15.3±0.4 satisfy Brown 
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It was found that with an increase in the molecular weight of the macrogols that make up the suppositories, their decay time 

increases (Figure 1). When studying the uniformity of the mass of the experimental samples of suppositories, it was found 

that samples 1,2,4-6 fully comply with the state requirements in this indicator. Samples 1 and 2 had the best indicators (mass 

deviation of 0.07% and 0.08%). It was determined that the difference in the weight of individual suppositories of sample 3 

reached 15.7%. It was found that at the bottling stage at a temperature of 44-45 oC, macrogol 4000, which is part of the 

suppositories, solidified, while the rest of the suppository mass remained liquid. At the same time, it remained on the walls of 

the bunker and partially blocked the outlet. As the filling temperature increased, the suppository mass began to darken (Table 

3). 
 

 
Figure 1. The effect of the molecular weight of macrogol on the disintegration of suppositories 

 

Table 3. Uniformity of mass of experimental series of suppositories with poviargol (n=20) 

Index 
Sample 

1 2 3 4 5 6 

Average weight, mg 3003±1 3004±1 2722±225 2994±7 2999±6 2997±5 

The weight range of suppositories, mg 3001-3005 3002-3006 2488-2950 2981-3003 2989-3010 2990-3007 

Acceptance criteria, mg 2850 – 3150 

Deviation in mass, % 0.07 0.08 8.61 0.43 0.38 0.33 

Acceptance criteria, % 5 

 

According to the results of microbiological studies, it was found that suppositories with poviargol have a wide antimicrobial 

effect. It was found that sample 2 has statistically significantly higher antimicrobial activity against Escherichia coli (p<0.05), 

samples 1 and 2 have higher activity than samples 5 and 6 with respect to Pseudomonas aeruginosa (p<0.05). Activity against 

Candida albicans and gram-positive microorganisms did not significantly differ from different series (p>0.05) (Table 4). 

According to the totality of all data, the greatest antimicrobial effect was observed in suppositories prepared on the basis of 

sample 2. Based on the conducted research, the composition and technology of production of suppositories with poviargol 

(sample 2) have been developed. As result, 3 semi-industrial series have been manufactured. 

 

Table 4. Antimicrobial activity of experimental series of suppositories with poviargol 

Sample 
Diameter of the inhibition zone of test strains, mm, n=3 

E. coli Ps. аeruginosa B. subtilis St. аureus C. albicans 

1 21±1 23±2 23±1 20±2 24±1 

2 24±1 25±2 25±2 23±2 25±1 

3 17±2 21±1 21±1 20±2 23±1 

4 21±1 21±1 21±2 22±1 23±1 

5 19±1 18±1 18±1 22±1 22±3 

6 22±1 20±1 20±1 20±2 24±1 

 

It was found that semi-industrial series of suppositories with poviargol correspond to the draft pharmacopoeia article in all 

indicators. They have a deviation from the nominal mass value of no more than 0.63% (an acceptable value of 5%) and the 

value of the interval between the mass of suppositories of one series from 0.07% (sample 2) to 0.20% (sample 3). It was shown 

that suppositories have a uniformity of poviargol content from 2.9% (sample 3) to 3.34% (sample 2) with an acceptance 

criterion of 15% (Table 5). 
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Table 5. Quality indicators of semi-industrial series of suppositories with poviargol 

Index 

Semi-industrial series of suppositories 

with poviargol Acceptance criteria 

1 2 3 

Description + + + 

Torpedo-shaped suppositories with light 

brown color. A funnel-shaped recess is 

allowed. An air rod is allowed on the 

longitudinal section 

Uniformity of mass, mg 3009-3012 3000-3002 3012-3019 2850 – 3150 

Authenticity of the poviargol 
+ + + Reaction with hydrochloric acid 

+ + + Reaction with ammonia solution 

Disintegration, min + + + ≤ 60 

Uniformity of metered units, % 100-103 100-103 101-103 85-115 

The quantitative content of poviargol, mg 90.0-91.5 90.0-93.1 91.5-93.1 76.5-103.5 

Microbiological purity + + + According to state requirements 

Conclusion 

It was determined that the physiological pH of the vagina was observed in solutions obtained during the sample preparation of 

suppositories with Ag NPs of samples 1 and 2 prepared on the basis of Macrogol 1000. It was found that the addition of 

macrogols with a high molecular weight to the composition of suppositories increases the decay time. It has been shown that 

the use of Macrogol 4000 in suppositories with poviargol is difficult, since the temperature of their preparation is lower than 

the solidification temperature of the auxiliary substance. The optimal composition (sample 2) and the temperature regime of 

preparation of suppositories (≤40-42 oC) were selected. It has been established that suppositories exhibit a wide antimicrobial 

spectrum of action in relation to gram-negative (Pseudomonas aeruginosa, Escherichia coli), gram-positive (Staphylococcus 

aureus), gram-positive and spore-forming (Bacillus subtilis) microorganisms and fungi (Candida albicans). It is shown that 

the pilot series of suppositories with Ag NPs meet the specifications of the draft pharmacopoeia article in all respects. 
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