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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 C-potential (-1.1: 47.9 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.

Keywords: gramicidin S, antibiotic, colloidal solution, micelles

Conflict of interest. Aleksandr A. Drannikov is an author of patents RU2659418 and EA036926 which reveal the content of the composition.
Ivan S. Vatlin, Aleksandr A. Drannikov claim the employment at JSC "PFK Obnovlenie". The rest of the authors claim the absence of obvious and
potential conflicts of interest.

Contribution of the authors. Aleksandr A. Drannikov, lvan S. Vatlin developed the experimental design, held the experiment. Aleksandr A.
Drannikov, Sergei V. Krivoshchekov, Artem M. Guriev, analyzed the obtained results. Mikhail V. Belousov, Marina E. Trusova were supervisors of
this work. Aleksandr A. Drannikov, Ivan S. Vatlin, Sergei V. Krivoshchekov, Antonio Di Martino prepared the manuscript. All authors took part in the
discussion.

For citation: Drannikov A. A,, Vatlin I.S., Trusova M. E., Di Martino A., Krivoshchekov S. V., Guriev A. M., Belousov M. V. Investigation of colloidal
structure and biopharmaceutical properties of new antibacterial composition of gramicidin S. Razrabotka i registratsiya lekarstvennykh sredstv =
Drug development & registration. 2021;10(4):129-137. https://doi.org/10.33380/2305-2066-2021-10-4-129-137

WccnepoBaHme KONNOVAHOM CTPYKTYPbl M 6ModapmMaLieBTNUYECKNX CBOMCTB
HOBOW aHTU6aKTepuanbHO KoMmnosnunm rpamuuymngnHa C

A. A. ApanHukoB"**, U. C. Batnun'?, M. E. TpycoBa', A. inu MaptuHo’, C. B. KpuBouiekos?,
A. M. l'ypbes?, M. B. benoycos'?

" OTAQY BO « HaunoHanbHbIN nccneaoBaTenbckmnin TOMCKUA NOANTEXHUYECKMn yHuBepcuTeT» (TMNY), 634034, Poccus, r. Tomck, np. JleHuHa, 4. 30

2 AO «MpounsBofcTBeHHaA papmaLeBTryeckan komnanua O6HoBneHve», 630096, Poccus, r. HoBocnbupck, yn. CtaHumoHHas, a. 80

3OrbOY BO «CnbUpCKMit rocyfapCTBEHHbIN MEAULIMHCKAIA YHUBEPCUTET» MUHNCTepCTBa 3apaBooxpaHeHnsa Poccuinckon Oepepauyun (Or6OY BO Cu6rMY Munsapasa Poccun), 634050,
Poccus, Tomckas 061., r. ToMmck, MOCKOBCKMIA TpakT, 4. 2

*KoHTaKTHOe nuuo: [lpaHHnKkoB AnekcaHap Anekceesuy. E-mail: alexdr2037@gmail.com

ORCID: A. A. ipaHHunkos - https://orcid.org/0000-0002-4839-1667; W. C. BatnuH - https://orcid.org/0000-0002-7663-7863; M. E. Tpycosa - https://orcid.org/0000-0002-1761-264X;
A. ln MapTtuHo - https://orcid.org/0000-0002-2664-4483; C. B. Kpusouekos - https://orcid.org/0000-0001-5505-7141; A. M. TypbeB - https://orcid.org/0000-0002-1120-4979;
M. B. Benoycos - https://orcid.org/0000-0002-2153-7945.

CraTtba noctynuna: 07.10.2021 CraTba npuHATa B nevarb: 19.11.2021 CraTba ony6nukoBaHa: 25.11.2021

© Drannikov A. A., Vatlin I. S., Trusova M. E., Di Martino A., Krivoshchekov S. V., Guriev A. M., Belousov M. V., 2021
© lpaHHukoB A. A., Batnuh U. C,, Tpycosa M. E., in MapTuHo A., Kpusouiekos C. B, Typbes A. M., Benoycos M. B., 2021

129


https://crossmark.crossref.org/dialog/?doi=10.33380/2305-2066-2021-10-4-129-137&domain=pdf&date_stamp=2021-11-25

130

Pharmaceutical Technology
@apmayeemuyecKas mexHono2us

Peslome

BeepeHue. pamuungnH C TpagMUUOHHO BbiNycKaeTcs B BuAae TabneTok OyKKanbHbIX. B mocnegHee Bpems akTUBHO BefyTcs pa3paboTku
nekapcTBeHHoN ¢opmbl rpamuumamnHa C B Buge cnpes. Pa3paboTaHHble COCTaBbl COAepaT BCNOMOraTenbHble BeLecTBa, KOTopble CMOCO6CTBYIOT
contobunmsaymm mManopacTBOPUMOro aHTMOUOTHKA, OAHAKO UCTUHHAA CTPYKTYpa >KULAKWX JIEKapCTBEHHbIX ¢popm rpammumnauHa C ocTaetca
HeonpeneneHHon.

Llenb. OnpepennTb KONOUAHYIO CTPYKTYPY U 6rodapmaLieBT1YecKne CBOMCTB HOBOI aHTUBaKTepUanbHOM Komnosuuum rpammumngmna C.
Marepuanbl u metoabl. O6paszeL, KOMMO3MLMM NONyYann B pesynbTaTe caMOOpraHv3aluumM ¢ UCNonb3oBaHNeM cybcTaHumu rpammuuyugmHa C
OMTMAPOXI0oPULA 1 BCMOMOraTesbHbIX BELWECTB: MPONWUIEHIIMKONb, nonucop6bat-80, STUOBLIN CNMPT, BOAA OouulleHHas. [lna onpeneneHus
KayecTBEHHOro cocTtaBa ¢a3 MCNonb3oBanacb pamaHOBCKaa crnekTpockonua. MapameTpbl yacTUL, B KOMNO3MLMMW YyCTaHaBAUBaNU cC
MCMonb30BaHNEM MeTofa AUHAMUYECKOro paccesHusA cBeTa. [LNnA CpaBHUTENIbHON OLEHKM MapameTpoB BbICBOOOXAEHUA WCMNONb30Banu
[OVanus, JeTeKTUPys KoHueHTpauumio rpamuunguHa C metogom BIXKX. MccnepoBaHre aHTMUKPOOGHOrO AeNCTBUSA NPOBOAUAN B COOTBETCTBUM C
TpeboBaHuAMM locyaapcTeeHHo dapmakoneun PO XIV nspaHus.

PesynbTaTbl 1 obcyxpeHue. [lpoBeaeHbl CTPYKTYpPHble MCCNefoBaHUA Komno3uumu rpamuuympaviHa C: onpepeneHbl pasmep (5-50 Hm),
(-noteHyman vactuy (-1,1: +7,9 mB). MNpoBefeHa knaccndrkauMa KOMMO3MLUM Ha OCHOBAaHWM AaHHbIX O MapameTpax W OCOOGEHHOCTAX
bopMMpoBaHMA CUCTEMBI, UTO MO3BOINIO OTHECTU €e K KJIacCy KONMMOWAHbIX PacTBOPOB. [1oKasaHo, UTo nccnegyemas Komnosmumua obnapaet
KNHETMYECKON YCTONUMBOCTbIO. POAEMOHCTPUPOBaH XapakTep BbICBOOOXKAEHNA AENCTBYIOLWEro BelecTBa B CPaBHEHUW C WCXO[HON
cy6CTaHUMen 1 NoBbIlWEHHas PacTBOPMMOCTb aHTUOMOTMKa B BoAe. [logTBepKaeHo ycuneHne aHTUMUKPOOHbIX CBOMCTB MENTUAa B COCTaBe
KONNOULHOIO PAacTBOPA, YTO CBA3AHO C CUHEPTETUYECKMM AENCTBUEM NOBEPXHOCTHO-aKTUBHbIX BELECTB U rpamuumgmHa C.

3aKknoueHne. YcTaHOBMIeHa Ko/lomaHaa CTPYKTypa Komnosuuymmn rpamuungmHa C ¢ cofepxaHvem 8 mMr/mi. YCTaHOBNEHO, YTO BKIOYEHMNe
rpamuumngmHa C B COCTaB KOJIJIOMAHONO pacTBOpa NPUBOAUT K 3HAUMTENIbHOMY MOBbLILEHUIO 3GPEKTUBHOCTU aHTMOMOTUNKA, YTO OTKPbIBAeT
NepcrneKkTUBbl K YyMEeHbLUIEHMIO [JO3MPOBKN AENCTBYIOLEro BELEeCTBa N CHUMKEHUIO YPOBHA NO60UHbIX 3ddeKToB Npu pa3paboTke nekapCcTBEHHOIO
npenapara.

KnioueBble cnoBa: rpamuumnaunH C, AHTUOMOTUK, KONNOUAHbBIN pacTeop, Mmuuennbl

KoHGnuKT nHtepecos. A. A. [IpaHHKOB sBAETCA aBTOpoM naTeHToB RU2659418 n EA036926 Ha cocTaB nccnegyemoii komnosuuuu. . C. Batnuh,
A. A. lpaHHrKoB 3aaBnaioT o TpygoycTpoiicTee B AO «TOK O6HoBReHMe». Bce ocTanbHble aBTOPbI AEKNaPUPYIOT OTCYTCTBUE ABHbIX U MOTEHLMANbHbIX
KOHQNNKTOB NHTEPeCOoB.

Bknapg aBTopoB. A. A. [IpaHHnKoB, U. C. BatnuH paspaboTtanu ansaiH nccnegosaHua, nposenu nccnegosaxue. A. A. ipaHHnkos, C. B. KprBolyekos,
A.M. TypbeB npoBenu aHanu3 nosiyuyeHHbIX AaHHbiX. M.B. benoycos, M. E. TpycoBa ocylecTBaAnn HayYyHoe PyKOBOACTBO WMCCNefOBaHUEM.
A. A. OpaHHukos, W. C. BatnuH, C. B. Kpusowiekos, A. Iu MapTVHO NOAFOTOBUIN TEKCT CTaTbU. Bce aBTOpbI yuacTBOBaNM B 06CYy>KAeHVN pe3ybTaToB.

[Ana yntnposanua: [ipaHHukos A. A., Batnnx W. C., Tpycosa M. E., in MapTtuHo A., Kpusouyekos C. B, [ypbes A. M., benoycos M. B. UccneposaHne
KOJUTIOUAHOW CTPYKTYpPbl 1 6uodapmMaLieBTUYECKIX CBOMCTB HOBOM aHTUbGaKTepuanbHoi komnosuunm rpamuumania C. Paspabomka u pecucmpayus
nekapcmeaeHHbix cpedcms. 2021;10(4):129-137. https://doi.org/10.33380/2305-2066-2021-10-4-129-137

INTRODUCTION S composition was developed based on the system of co-

e . . . solvents and surfactants and with drug content in a range
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 ~ developed compositions consists in the use of surfactants
for more than 70 years [2]. to increase the solubility of gramicidin S (Table 1).

However, due to the low water solubility with a The use of surfactants is the most promising ap-
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 ~ (HLB) value due to the formation of a film-like complex at

diseases [4-7]. In addition, a new antibacterial gramicidin  the phase boundary (Figure 1) [11].

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

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
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Table 1. Comparative table of gramicidin S compositions containing surfactants
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Figure 1. Interaction between surfactants and co-solvents in
micells

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.

Document Ne 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
g;‘é’?oucirlgisjze 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

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 pm syringe filter (LLC “Gluvex”, Russia)
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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™ and 10 c¢m’
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 the
composition following the next sequence: 18.75 ml of

release from

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 pH=74 (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 pH of the obtained
solution up to 2.50+0.05 with sodium hydroxide
solution 50 %.

®  Mobile phase B. Acetonitrile for chromatography.

As a test solution, we used a colloidal solution of
gramicidin S filtered through a nylon membrane filter with
0.45 um pore size, discarding the first filtrate portions. The
test volume was 20 pl.

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 (18,
250 X 4,6 mm, 5 um, Phenomenex, flow rate 1.0 ml/min,
column temperature 25 °C, UV-detector, 210 nm. The
gradient program is illustrated in the table 2.

Table 2. Gradient program

Time, min Mobile phase A, % 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 C, H_N, O, -2HCI

content in 1 mL of colloidal solution in mg (X) was
calculated as follow:

3% P M

S0 :25-100
where S - gramicidin S dihydrochloride peak area on
the chromatogram of the test solution; S, — gramicidin S
dihydrochloride peak area on the chromatogram of the
standard sample solution; a, - 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.



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™ [14] is observable,
which confirms their presence in the dispersion medium.
At the same time the characteristic peaks Amide | of
gramicidin S located in the range of 1700-1500 cm™ [15]

Pharmaceutical Technology
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and 1000 cm” 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 ¢) 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™, 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
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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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Figure 3. Gramicidin S colloidal solution analysis by dynamic light scattering:

a - particle size; b - surface charge

surface charge ((-potential) of the particles in colloidal
solution is in the range (-1.1; +7.9) mV.

The low (-potential 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

value

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 (-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
A peak with the retention time of grami-
Specificity cidin S (46.38 min) is absent on the chroma-
togram of «placebo»
R=0.9997
Linearity Linear dependence equation

y = 28495.6x - 17781.2

Repeatability RSD =0,85 %
F . =2.893
- isi fact.
Intra-labprecision Fo'=10967
RSD < 2.0 % (0.85 %)

Response 97.5-102.5 % (99.8 %)
The confidence interval includes
meaning 100 % (99.8 £ 0.9)

Accuracy

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,
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Figure 5. Antimicrobial action of gramicidin S hydrochloride in suspension (a) and in colloidal solution (b)

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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