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Abstract
Introduction. Gramicidin S has been conventionally manufactured as buccal tablets. However, in the past decade, the interest in the development 
of spray formulations has been growing. Those formulations contain excipients that enhance the solubility of the antibiotic in water solutions. 
However, the real structure of gramicidin S containing sprays remains unrevealed.
Aim. Investigation of colloidal structure and biopharmaceutical properties of new gramicidin S antibacterial composition.
Materials and methods. The composition sample was obtained using gramicidin S dihydrochloride, propylene glycol, polysorbate-80, ethanol 
and purified water. Raman spectroscopy has been performed to determine the composition of the phases. Dynamic light scattering analysis 
was performed to characterize the composition particles. Release of gramicidin S was performed by dialysis method and the concentration 
was determined by HPLC. The antimicrobial properties were investigated in accordance with the requirements of the XIV edition of the Russian 
pharmacopoeia.
Results and discussion. Dynamic light scattering analysis results show gramicidin S formulation particles having an average size in solution 
5–50 nm and ζ-potential (–1.1: +7.9 mV). Based on the obtained data on the composition properties and formulation parameters it was classified 
as colloidal solution. The kinetic stability evaluation was performed. We compared the solubility in water and release parameters of the active 
pharmaceutical ingredient in the native state and in the micelles. The enhancement of the antimicrobial activity of the peptide in the colloidal 
solution was confirmed and ascribed to the synergic effect gramicidin S – surfactant.
Conclusion. We reported the colloidal type of the composition, that aggregate gramicidin S at a concentration of 8 mg/mL. We found that 
gramicidin S inclusion into the colloidal solution led to significant efficiency increase, which reveals the potential to reduce the drug dose and side 
effects level.
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Резюме
Введение. Грамицидин С традиционно выпускается в виде таблеток буккальных. В последнее время активно ведутся разработки 
лекарственной формы грамицидина С в виде спрея. Разработанные составы содержат вспомогательные вещества, которые способствуют 
солюбилизации малорастворимого антибиотика, однако истинная структура жидких лекарственных форм грамицидина С остается 
неопределенной. 
Цель. Определить коллоидную структуру и биофармацевтические свойств новой антибактериальной композиции грамицидина С.
Материалы и методы. Образец композиции получали в результате самоорганизации с использованием субстанции грамицидина С 
дигидрохлорида и вспомогательных веществ: пропиленгликоль, полисорбат-80, этиловый спирт, вода очищенная. Для определения 
качественного состава фаз использовалась рамановская спектроскопия. Параметры частиц в композиции устанавливали с 
использованием метода динамического рассеяния света. Для сравнительной оценки параметров высвобождения использовали 
диализ, детектируя концентрацию грамицидина С методом ВЭЖХ. Исследование антимикробного действия проводили в соответствии с 
требованиями Государственной фармакопеи РФ XIV издания.
Результаты и обсуждение. Проведены структурные исследования композиции грамицидина С: определены размер (5–50 нм), 
ζ-потенциал частиц (–1,1: +7,9 мВ). Проведена классификация композиции на основании данных о параметрах и особенностях 
формирования системы, что позволило отнести ее к классу коллоидных растворов. Показано, что исследуемая композиция обладает 
кинетической устойчивостью. Продемонстрирован характер высвобождения действующего вещества в сравнении с исходной 
субстанцией и повышенная растворимость антибиотика в воде. Подтверждено усиление антимикробных свойств пептида в составе 
коллоидного раствора, что связано с синергетическим действием поверхностно-активных веществ и грамицидина С.
Заключение. Установлена коллоидная структура композиции грамицидина С с содержанием 8 мг/мл. Установлено, что включение 
грамицидина С в состав коллоидного раствора приводит к значительному повышению эффективности антибиотика, что открывает 
перспективы к уменьшению дозировки действующего вещества и снижению уровня побочных эффектов при разработке лекарственного 
препарата.

Ключевые слова: грамицидин С, антибиотик, коллоидный раствор, мицеллы
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INTRODUCTION 

Gramicidin S is active against gram-positive or gram-
negative bacteria as well as some fungi [1], which makes 
allows its application in the therapy of bacterial infections 
for more than 70 years [2].

However, due to the low water solubility with a 
consequent lack of systemic absorption, gramicidin S is 
administered only locally or topically as buccal tablets or 
solutions for local application [3].

The latest works aimed to develop new dosage 
forms of gramicidin S which is a spray, where the 
drug is combined with cetylpyridinium chloride and 
oxybuprocaine for the treatment of throat and oral cavity 
diseases [4-7]. In addition, a new antibacterial gramicidin 

S composition was developed based on the system of co-

solvents and surfactants and with drug content in a range 

from 3.2 up to 8.0 mg/mL [8,9]. A common property of the 

developed compositions consists in the use of surfactants 

to increase the solubility of gramicidin S (Table 1).

The use of surfactants is the most promising ap-

proach to increase the water solubility of a compo-

nent due to the possible formation of the self-aggrega- 

ted systems [10]. Additional stability of those systems is 

proved by using co-solvents (ethanol, propylene glycol or 

glycerol), which have lower hydrophilic-lipophilic balance 

(HLB) value due to the formation of a film-like complex at 

the phase boundary (Figure 1) [11].
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With these assumptions, we suggest that the com-
positions reported in the literature are colloidal solu- 
tions [12].

This work presents a study of the colloidal structure 
and biopharmaceutical properties of the composition 
presented in patent RU 2659418 [8], which contains 
exclusively gramicidin S as the active pharmaceutical 
ingredient, surfactant and drug co-solvent system, which 
excludes the possible influence of other excipients on the 
experimental results.

MATERIALS AND METHODS

Gramicidin S dihydrochloride (TS 9348-023-

47509455-2012, JSC «PFK Obnovlenie», Russia) was used 

as an object of this research, excipients – propylene 

glycol, EP/USP (Ineos Group Ltd, UK), polysorbate-80,  

EP/NF (Croda International plc., UK), ethanol 95 % (Russian 

Pharmacopeia XIV ed, FS.2.1.0036.15) and purified water 

(Russian Pharmacopeia XIV ed, FS.2.2.0020.18). Reagents – 

perchloric acid, analytical grade, (LLC "Kamkhimkom", 

Russia), acetonitrile for chromatography, high pure (JSC 

“LenReaktiv”, Russia).

The composition was prepared using the technology 

described in [8,9]. 75.0 g of purified water was put for 

stirring, afterwards subsequently 16.0 g of ethanol, 10.0 g 

of propylene glycol and 1.0 g of polysorbate-80 were 

added, stirred for 10 minutes followed by adding 0.8 g of 

gramicidin S. The mixture was stirred until the uniform 

solution formation which then was filtered through 

0.45 µm syringe filter (LLC “Gluvex”, Russia)

Table 1. Comparative table of gramicidin S compositions containing surfactants

Document № Patent RU 2627423 Patent RU 2604575 Patent RU 2604576 Patent RU 2749902 Patent RU 2659418

Content in wt. %

Gramicidin S 0,027–0,2  0,027–0,033 0,027–0,033 0,002–0,1 0,32–0,80

Oxybuprocaine 
hydrochloride

0,067–0,2 0,067–0,083

Cetylpyridinium chloride 0,045–0,2 0,045–0,055 0,045–0,055 0,05

Methylparaben 0,0736–0,1104 0,0736–0,1104 0,0736–0,1104 0,092

Propylparaben 0,0080–0,0120 0,0080–0,0120 0,0080–0,0120 0,01

Ethanol 7,3–10,9 7,3–10,9 7,3–10,9 9,1–9,5 16,00–40,00

Sucralose 0,09–0,11 0,09–0,11 0,09–0,11 0,1

Glycerol 14,9–18,2  14,9–18,2 14,9–18,2 14,3–16,95

Propylene glycol 10,00–12,00

Mint aromatizer  0,37–0,44  0,37–0,44 0,37–0,44 0,41

Citric acid monohydrate  0,026–0,032 0,026–0,032  0,026–0,032 0,029

Sodium citrate 0,0099–0,012 0,0099–0,012 0,0099–0,012 0,011

Polysorbate-80 0,18–0,22 0,18–0,22 0,18–0,22 0,2 0,90–1,10

Purified water rest rest rest rest rest

Pharmaceutical Technology
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Micelles formation was confirmed via Raman 
spectroscopy using the portable spectrophotometer 
Bruker BRAVO Raman spectrometer (Bruker Corporation, 
USA) in spectral range 3200-400 cm-1 and 10 cm-1 
resolution. Each spectrum was recorded in triplicate to 
ensure the repeatability of the result and signal location 
and intensity change absence. 

We determined the colloidal solution particle size and 
surface charge by applying the dynamic light scattering 
method. Zetasizer Nano ZS (Malvern Panalytical Ltd, 
UK) was used. The samples were analyzed directly upon 
preparation. 

The kinetic stability of the colloidal solution was 
determined using a centrifuge Frontier 5000 FC5706 
(Ohaus Corporation, Germany). We centrifuged sam-
ples at 5000 rpm for 15 min indicating a phase 
separation. 

Antibacterial activity of gramicidin S composition 
was determined according to Russian Pharmacopeia 
OFS 1.2.4.0002.18. We indicated pH using the pH-meter 
MettlerToledo™ FiveEasyPlus™ FEP20 (Thermo Fisher 
Scientific Inc, USA).

We studied gramicidin S release from the 
composition following the next sequence: 18.75 ml of 
colloidal solution sample was placed in semi-permeable 
membrane Spectra/Por®7 (Thermo Fisher Scientific Inc, 
USA) with pore size 3.5 kDa, preventing the leakage, 
the sample was placed into the flask containing 100  ml 
of phosphate buffer saline with рН = 7.4 (Russian 
Pharmacopeia XIV ed., OFS.1.3.0003.15). Gramicidin S 
dihydrochloride in an amount of 150 mg was used as the 
reference. Both samples were shaken using the orbital 
shaker ("Bio-Rus" Ltd., Russia), periodically collecting the 
specimen followed by adding the buffer solution to save 
the constant volume.

To determine gramicidin S assay we applied the HPLC 
method, using the following solutions as mobile phase: 
 • Mobile phase A. In 1000 ml of water add 6.0 ml of 

perchloric acid 70 % and 10.0 ml of phosphoric acid 
solution 25 %, mix; maintain the рН of the obtained 
solution up to 2.50 ± 0.05 with sodium hydroxide 
solution 50 %.

 • Mobile phase В. Acetonitrile for chromatography.
As a test solution, we used a colloidal solution of 

gramicidin S filtered through a nylon membrane filter with 
0.45 µm pore size, discarding the first filtrate portions. The 
test volume was 20 µl.

As standard, we used the solution prepared by disso-
lution of 25 mg of gramicidin S dihydrochloride (grami-
cidin S dihydrochloride, substance-powder, gramicidin S 

dihydrochloride content 99.9 %, JSC “Proizvodstvennaya 
farmatsevticheskaya kompaniya Obnovlenie”, Russia, 
batch 10719, expiring date 31.07.2024) in 25 ml of ethanol 
95 %.

Chromatographic conditions: column Luna C18, 
250 × 4,6 mm, 5 µm, Phenomenex, flow rate 1.0 ml/min, 
column temperature 25 °С, UV-detector, 210 nm. The 
gradient program is illustrated in the table 2.

Table 2. Gradient program 

Time, min Mobile phase А, % Mobile phase B, %

0–7 85 15

7–8 85–50 15–50

8–25 50 50

25–26 50–40 50–60

26–35 40 60

35–65 40–20 60–80

65–70 20 80

70–71 20–85 80–15

71–80 85 15

Gramicidin S dihydrochloride C60H92N12O10 ∙ 2HCl 
content in 1 mL of colloidal solution in mg (Х) was 
calculated as follow:

X
S a P

S
=

⋅ ⋅
⋅ ⋅

0

0 25 100
, (1)

where S – gramicidin S dihydrochloride peak area on 
the chromatogram of the test solution; S0 – gramicidin S 
dihydrochloride peak area on the chromatogram of the 
standard sample solution; а0 – weight of the standard 
sample of gramicidin S dihydrochloride, in mg; P – assay 
in the standard sample of gramicidin S dihydrochloride, 
in %.

The developed method was validated according to 
[13].

RESULTS AND DISCUSSION

To confirm the structure of the composition 
containing gramicidin S, surfactant and co-solvents, the 
following sample was prepared (Table 3):

The obtained composition was analyzed by Raman 
spectroscopy. The result is presented at figure 2.

Pharmaceutical Technology
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Table 3. Composition of colloidal solution containing  
gramicidin S hydrochloride, surfactant and co-solubilizers

Component name Content, g

Gramicidin S dihydrochloride 0,8

Ethanol, 95 %  16,0

Propylene glycol 10,0

Polysorbate-80 1,0

Purified water up to 100

In the Raman spectra analysis (Figure 2 b) the 

presence of ethanol and propylene glycol characteristic 

peaks in the range of 1500–500 cm-1 [14] is observable, 

which confirms their presence in the dispersion medium. 

At the same time the characteristic peaks Amide I of 

gramicidin S located in the range of 1700–1500 cm-1 [15] 

and 1000 cm-1 determined by aromatic structure of 
D-phenylalanine [16] (Figure 2 a), are absent, however, 
the presence of these signals in the spectrum of the dried 
dispersed phase (Figure 2 c) confirms that the active 
pharmaceutical ingredient is present in the composition. 
In this case, the spectrum of the dispersed phase shows 
signals at 850 and 1100 cm-1, which are characteristic of 
polysorbate-80 [17].

Thus, the composition of the dispersion medium of 
the colloidal solution obtained contains water, ethanol 
and propylene glycol, while the dispersed phase contains 
gramicidin S and polysorbate-80.

The obtained gramicidin S colloidal solution was 
analyzed by dynamic light scattering to prove the 
presence of the particles and to determine their size and 
surface charge (Figure 3).

According to the data (Figure 3), the particle size of 
the colloidal solution falls in the range of 5 to 50 nm. The 

Figure 2. Raman spectra:

a – gramicidin S dihydrochloride; b – gramicidin S dihydrochloride colloidal solution; c – dispersed phase of gramicidin S colloidal 
solution
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surface charge (ζ-potential) of the particles in colloidal 
solution is in the range (–1.1; +7.9) mV.

The low ζ-potential value in the developed 
composition can be explained by the nonionic nature 
of the surfactant polysorbate-80 since this excipient 
stabilizes the micelles by steric repulsion of the particles, 
conserving the structure [18]. The particle charge deviates 
from zero, which is characteristic for the nonionic 
surfactant based micelles and indicates the presence of 
charged particles in the colloidal solution, which could be 
the impurities in the ionic polysorbate-80 in the form of 
free fatty acids [19].

At the same time, it is known that the micelles based 
on polysorbate-80 usually carry a negative charge [20]. 
Taking into account the chemical nature of propylene 
glycol, its effect on the shift in the charge of the particles 
to positive is highly limited, it can be concluded that the 
major contribution to the charge is coming by charge is 
by gramicidin S, which demonstrates cationic properties.

Thus, the obtained value of ζ-potential does not 
counter the condition of nonionic surfactant based 
colloidal solution stability.

In order to evaluate the stability of the colloidal 
solution, we performed the kinetic stability study. 
The centrifugation did not cause precipitation of the 
dispersed phase, which indicates the stability of the 
composition.

The HPLC was used for the quantitative analysis of 
gramicidin S. The validation criteria and the results are 
resumed in the Table 4. 

The release patterns of gramicidin S from the 
composition and the native form are reported in the 
Figure 4.

The trends (Figure 4) show that gramicidin S is 
insoluble in simulated oral cavity media, however, upon 
the composition formation, the antibiotic is released at 
a high rate (more than 75 % within 1 hour), which can 
provide higher antimicrobial activity.

Table 4. Results of validation tests for Gramicidin S  
quantification method

Criteria Result

Specificity
A peak with the retention time of grami-

cidin S (46.38 min) is absent on the chroma-
togram of «placebo»

Linearity
R = 0.9997
Linear dependence equation 
y = 28495.6х – 17781.2

Repeatability RSD = 0,85 %

Intra-labprecision 
Ffact. = 2.893

Fcalc. = 10.967

Accuracy

RSD ≤ 2.0 % (0.85 %)
Response 97.5–102.5 % (99.8 %)
The confidence interval includes
meaning 100 % (99.8 ± 0.9)

Analytical area 1–140 %

The antimicrobial effect of the composition was 
compared to the aqueous suspension of gramicidin S. The 
results of this study are resumed in the Figure 5.

From the results presented at Figure 5 it can be 
seen that gramicidin S exhibits 2–5 times higher 
antimicrobial activity towards to the test strains in 
colloidal solution. Additionally, a contribution can 
come from the presence of the surfactant. In fact, 

Figure 3. Gramicidin S colloidal solution analysis by dynamic light scattering: 

a – particle size; b – surface charge
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it is known that surfactants are able to increase 
antimicrobial activity by affecting the bacterial cell 
wall [21]. Taking into account that gramicidin S has 
a similar to surfactant mechanism of activity on the 
microorganism membrane, a synergistic effect of the 
peptide, surfactant and co-solubilizer system can 
occur.

CONCLUSION

As result of the present study, we determined the 
structure of a liquid composition containing gramicidin S 
in a co-solvent system, which made it possible to define it 
as a colloidal solution.

It has been observed that gramicidin S inclusion 
into the micelles of colloidal solution provides a suf-
ficient increase in the antibiotic effectiveness, which 
reveals the prospective to decrease the dosage of the 
active pharmaceutical ingredient and consequently 
the side effects level upon the administration of the 
drug.
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