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Abstract

Introduction. Gramicidin S is a peptide antibiotic that has been widely used for more than 70 years. Gramicidin S is available in the form of tablets
with a low dosage, which leads to possible deviations in the "Uniformity of dosage" parameter during manufacturing. Another limitation is the
presence of lactose and sucrose in the formulation, which limits the drug application by patients demonstrating intolerance. As an alternative, we
propose inclusion complexes of gramicidin S with B-cyclodextrin.

Aim. The work aims to describe the influence of the methodology to prepare the inclusion complex on the characteristics and properties of the
final product.

Materials and methods. The gramicidin S - B-cyclodextrin inclusion complex has been prepared by dry mixing, paste complexation, co-
precipitation and fluid-bed complexation. The complex formation has been confirmed by 'H NMR spectroscopy, differential scanning calorimetry
and thermogravimetry while the morphology and size by scanning electron microscopy for the solid and dynamic light scattering for the solution.
The flowability, slope angle, bulk density of the obtained powders were estimated using the methods described in Russian Pharmacopoeia of the
XIV edition.

Results and discussion. In the present work, we prepared a set of gramicidin S and B-cyclodextrin inclusion complexes by various approaches. The
thermal analysis demonstrated a significant change in the peak referring to phase transition of the substances, indicating the interaction between
the components. The 'H NMR spectroscopy reveals that the L-ornithine amino group is the part of gramicidin S involved in the complexation.
Evaluating the technological properties of gramicidin S and B-cyclodextrin inclusion complexes significant variability, which is associated with the
particle morphology. Complexes obtained using co-precipitation and fluid-bed complexation methods are more suitable for producing gramicidin
S tablet production by direct compression technology.

Conclusion. Herein, we demonstrate that the formation of the gramicidin S and -cyclodextrin inclusion complex occurs through the L-ornithine
amino group in the gramicidin S. In addition, depending on the method significant differences in the particle size and shape have been observed.
The obtained results could provide valuable information for the development of new gramicidin S buccal formulations, which are more consistent
in the "Uniformity of dosage" and allow to avoid the use of lactose and sucrose as excipients.
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Pesome

BBepeHune. AHTVOVOTVK NENTUAHON NpupoAabl rpaMnuuanH C HaXOAUT LWMPOKOE NPUMEHEHWE MPoTAXeHnn 6onee yem 70 net. pamuuymnpunH C
BblMyCKaeTcA B ¢opme Ta6ﬂeTOK, KOTOpble MMEKT HU3KYIO AO3UNPOBKY, UTO o6ycnaBn|/|BaeT PUCK OTK/IOHEHUA MO NnoKasaTtesto «O,qHOpO,EI,HOCTb
[O3NPOBaHUA». Conep)KaHme B Ta6ﬂeTKaX JIAaKTO3bl U CaXapOo3bl, OrpaHNYMNBaET NpPUMEHEHE nNpenapaTta NayMeHTaMmn ¢ HeNepeHOCUMOCTbIO AaHHbIX
KOMMOHEHTOB. B KauecTse aJibTepHaTUBbI NpeanaraeTca o6pa303aH|/|e KOMMNEKCOB BKMOYEHNA rPaMnyngnHa Cc B-Lll/lKﬂO,EIEKCTpVIHOM.

Ll,enb. |/|CCﬂe,EI,OBaTb BNnAHMe CHOC06OB nonyvyeHnAa KOMMJEKCOB BK/IKOYEHUA rpaMmnynanHa Cwu B-Ll,I/IKﬂOp,EKCTpI/IHa Ha X TeXxHonormyeckue
nokasarenu

Marepwanbl n mertogbl. I'Ionyqume KOMMJieKca BKIKOYEHUA rpamnunanHa Cn B-HMKHOAEKCTpMHa nposoannn C NnpUMeHeHnemMm MeToooB Cyxoro
CMeLInBaHuA, 3aTUpPaHNA B NacTe, COOCaKAeHUA, KOMI‘IHEKCOO6pa3OBaHVIH B NCeBOOOXMXKEHHOM cCJloe. |_|0,ElTBep>K,D,eHI/Ie 06pa3OBava KOoMIJiekca
nposoaunu, ucnonbsya 'H AMP-cnekTpockonuio, audpdepeHLmanbHy0 CKaHUPYIOLLYIO KanopumeTpuio U TepmorpasumeTpuio. Mopdonoruio
onpefenann c npuMeHeHnem MeTonoB CKaHI/IpyIOLLl,eI7I 3ﬂeKTpOHHOVI MUKpPOCKONNKU, ANHaMUNYeCKOro pacceAaHnA CBeTa. CbII'IyHeCTb, yron oTkoca,
HacCbIMHYO MIOTHOCTb NOJTYYEHHbIX NOPOLIKOB onpenenann Cc npuMmeHeHneM MeToauvK, ykadaHHbIX B rocyp,apCTBEHHOVI d)apmaKonee PO XIV n3gaHnA.
Pe3ynb'ra'rb| n chy)Kp,eHwe. B xopne pa6OTbI nony4vyeH pAan KOMnnekcos rpamMmunanHa Cwn B-uMKﬂO,D,eKCTpI/IHa C NCNONIb30BaHNEM pa3JINYHbIX
CHOCOGOB. TepMOFpaMMbI KOMMJIEKCOB BKNIOYEHUA AEMOHCTPUPYIOT 3HAYUTENIbHOE U3MEHEHWE MUKa B 06ﬂaCTI/I, COOTBeTCTByIOLLleI7I ¢a3osomy
nepexoay BewecTtB, YTO ABHO CBUAETENbCTBYET O Haanyumn B3aI/IMOﬂ6I7ICTBI/IH MexXxay KOMMNOHEHTaMU KOoMMieKca BKNOYEHUA. Pe3yanaTb|
H ﬂMP-CI‘IeKTpOCKOI‘IVII/I nossonunn caenatb BbiBOA O KOMHHeKCOOGpaBOBaHMM no amMuHorpynne L—OpHI/ITI/IHa B Monekyne rpamvymngnHa C.
an nccnegoBaHMM TEXHOJNOTNYEeCKUX CBOWCTB KOMMJIEKCOB BKJIOYEHMSA rpamMmmunamnHa Cwn B-LLVIKHOAEKCTpI/IHa, YyCTaHOBJ1IEHa 3HayuUTeENbHaA
Bapl/laﬁeﬂbHOCTb NX TEXHONOTINYeCKNX NapamMeTpoB, YTO CBA3aHO, B TOM Yncne, C MOpd)OﬂOFI/IeVI yacTtuy. KOMHJ’IeKCbI, nony4yeHHble C NCNONb30BaHNEM
MeToAO0B CcoOoCaxaeHua n KOMHJ‘IEKCOOGpEBOBaHI/Iﬂ B NCEBAOOXMMXKEHHOM CNoe, MOoryT 6bITb MnCnonb3oBaHbl B NMpon3sBoaCcTBe Ta6ﬂeTI/IpOBaHHbIX
JIeKapCTBEHHbIX d)OpM rpammumaniHa C no TexHonoruu npPAMOro npeccoBaHuA.

3aknoueHue. B PaMKaX HacToAlero nccieaoBaHnAa yCtaHOBNEHO, YTO 06pa3OBaHI/Ie KOMMJ1eKCa BKKOYEHNA rpaMmnumnHa Cwu B-LlVIKnO,D,eKCTpI/IHa
npoxoanT No amnHorpynne L—OpHI/ITI/IHa B MoJiekyne rpamMmmyngnHa C. O6Hapy)KeHbI cyuwleCTBeHHbIE pa3finynAa pasmeposB U CbOprI yacTtumu, 4TO
CKa3blBae€TCA Ha 3Ha4YeHUAX TEXHOJNIOTMYECKNX NapamMeTpoB KOMMJIEKCOB BKIKYEHUA, NMoslydYaemMbliX C UCNOJIb30OBaHUEM pPa3JIMYHbIX NOAXOOO0B.
I'IonyquHble pe3ynbTaTtbl MOTyT 6bITb Mncnonb3oBaHbl Npu pa3pa60TKe HOBbIX 6yKKaJ‘IbeIX ¢0pM rpaMmmumngnHa C, o6na,qalou.||/|x MeHbLIEen
BEPOATHOCTbIO HECOOTBETCTBUA MNO NOKasaTesto <<Oﬂ,H0pO,ElHOCTb AO31POBaHUA» N NCKNIOYaOLWKNX coaepxaHne NnakTo3bl 1 Caxapo3bl.

KnioueBble cnoBa: rpamuungniH C, aHTUONOTUK, B-LMKNOAEKCTPUH, KOMMNEKC BKIIIOUEHNA

KOH¢J’IVIKT MHTepecoB. ABTOPbI AEKNapUNpPYyoT OTCYTCTBUE ABHbIX U NOTEHLMaNTbHbIX KOH¢HVIKTOB NHTEPECOB, CBA3aHHbIX C I'Iy6J'IVIKaLWIel7I HacToALwen
cTaTbn.

Bknap aBTopoB. A. A. [ipaHHukoB, U. C. BaTnvH paspaboTanu Ar3aiH uccnefoBaHus, nposenu nccnegosanme. A. A. ipaHHukos, C. B. Kpusoulekos
NpoBeNv aHanm3 NoslyyeHHblx AaHHbix. M. B. benoycos, M. E. TpycoBa ocyLwecTBnAnAN Hay4yHOe pyKOBOACTBO uccnegoBaHnem. A. A. ipaHHUKOB,
W. C. BatnuH, C. B. Kpusouiekos, A. M. [ypbes, A. lu MapTvHO NOArOTOBWM TEKCT CTaTbU. Bce aBTOpbI y4acTBOBaNN B 0OCYXAEHUN pPe3yNbTaToB.

Ana yntuposanua: [ipaHHukos A. A., Batnnn U. C, Tpycosa M. E., in MapTtuHo A., Kpusouekos C. B, [ypbes A. M., benoycos M. B. ccneposaHne
BANAHMA CNOCO6a NONYyYEHUA KOMMNEKCOB BKOYeHMA rpammumngmHa C v B-UuknoaeKkcTprHa Ha UX TEXHONOTMYeCcKmne nokasaTenu. Paspabomka u
peaucmpayus sekapcmeaeHHbix cpedcms. 2022;11(2):102-108. https://doi.org/10.33380/2305-2066-2022-11-2-102-108

INTRODUCTION

Peptide antibiotic gramicidin S is widely used in the

An additional problem of all tableted dosage forms
of gramicidin S is the low dosage of the active ingredient
(up to 0.55 wt. % per 1 tablet), which carries high risk

treatment of infections caused by gram-positive and
gram-negative bacteria, as well as some fungi [1] for more
than 70 years of industrial production of the antibiotic
without resistance formation [2].

At the same time, fillers such as lactose and sucrose
are often used in the composition of gramicidin S
lozenges', which promotes a potential risk when using
the drug by patients with individual intolerance to those
excipients.

! State register of medicines. Gramicidin S. Available at: https://
grls.rosminzdrav.ru/grls.aspx?s=%D0%B3%D1%80%D0%B0%D0%B-
C%D0%B8%D1%86%D0%B8%D0%B4%D0%B8%D0%BD&mM=mnn.
Accessed: 24.11.2021. (In Russ.)

of production deviations of the uniformity of dosage
parameter meaning. During the manufacturing, the
problem is being solved by introducing of an active
pharmaceutical ingredient (API) into the composition of
the humidifier during the stage of wet granulation of the
tablet mixture [3].

One of the possible ways to solve these problems is
the formation of inclusion complexes with cyclodextrins —
starch derivatives, which form a structure with a
hydrophilic outer and hydrophobic inner surface, which
polarity is close to that of ethanol. Due to this, poorly
soluble substances are incorporated completely or
partially into the cavity of cyclodextrin, changing their
properties without chemical modification [4].
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It was previously shown that the drug encapsulation
into B-cyclodextrin cavity improves parameters such
as flowability, slope angle and bulk density, as well as
increases the API solubility in water [5].

Within this work, we analyzed the influence of
various approaches to prepare the inclusion complex of
gramicidin S and f-cyclodextrin on the technological
properties of the resulting product.

MATERIALS AND METHODS

Gramicidin S dihydrochloride (TS 9348-023-47509455-
2012, JSC «PFK Obnovlenie», Russia) was used as an
object of this research, excipients - [-cyclodextrin,
EP/USP (Roquette Fréres, France), ethanol 95 % (Russian
Pharmacopeia XIV ed, FS.2.1.0036.15) and purified water
(Russian Pharmacopeia XIV ed, FS.2.2.0020.18).

To prepare the gramicidin S and B-cyclodextrin inclu-
sion complex we applied following approaches:

1. Dry mixing method.

500.0 g of B-cyclodextrin, 50.0 g of gramicidin S
dihydrochloride and grinding bodies were loaded in the
drum of a ceramic ball mill MShK-50 (LLC "Slavyanskaya
ceramic company", Ukraine). The resulting mixture was
micronizing for 8 hours while maintaining the drum
rotation at 20 rpm.

2. Paste complexation.

10.0 g of gramicidin S dihydrochloride was dissolved
in 200.0 ml of 95 % ethyl alcohol, obtaining a 5% solu-
tion. The drug solution was filtered through a syringe fil-
ter with a pore size of 0.45 um (Gluvex, Russia). The filt-
rate was slowly added to 100.0 g of B-cyclodextrin with
stirring, and then the solvent was removed by evapora-
tion. To remove the residual ethanol content, we dried
the resulting mixture was dried at room temperature
under a vacuum of 0.1 bar in a VAC-24 drying oven (Steg-
ler, China).

3. Co-precipitation method.

2.0 g of gramicidin S dihydrochloride was dissolved
in 40.0 ml of ethanol, resulting a 5 % solution. Separately,
20.0 g of B-cyclodextrin was dissolved in 1000 ml of puri-
fied water. The drug solution was added to the 3-cyclo-
dextrin solution with stirring on a magnetic stirrer. The
resulting solution was sonicated with ODA-M30 (ODA Ser-
vice, Russia) for 2 minutes to complete the components
dissolution, and then filtered through a filter with a pore
size of 0.45 um (Gluvex, Russia). The filtrate was cooled
to 2-8 °C for 16 hours to obtain the finished complex in
the form of a crystalline precipitate, which was then sepa-
rated by decantation.

4. Fluid-bed complexation.

The complex was obtained in a Glatt GPCG1 Fluid
Bed Dryer Granulator (Glatt GmbH, Germany). The value
of the volumetric flow rate of the inlet air flow parame-
ter varied in the range from 0 to 100 m*/h and was re-
gulated by opening or closing the damper. The pro-
duct temperature was maintained at 60 * 2 °C by the inlet

air to the chamber, which was set at 80 °C. The pressure
applied to the spray nozzle was 2 bar. Water in an amount
of 400.0 ml, mixed with gramicidin S to obtain a con-
centration of 0.05 g/L, was used as a humectant for the
granulation process. The feed rate of the granulation mix-
ture was 8 g/min. The loading weight of B-cyclodextrin
was 200.0 g.

Confirmation of gramicidin S encapsulation in the
B-cyclodextrin cavity was carried out using '"H NMR spect-
roscopy using a Bruker BioSpin 500 MHz NMR spect-
rometer (Bruker Corporation, USA) at a 400 MHz fre-
quency. The chemical shifts value was determined in
ppm; tetramethylsilane (Russian Pharmacopeia XIV ed,
OFS.1.3.0001.15) was used as a standard.

Additionally, the formation of the complex was con-
firmed using thermal analysis methods - differential scan-
ning calorimetry (DSC) and thermogravimetry (TGA). An
STD Q600 V20.9 Build 20 synchronous thermal analyzer
(TA Instruments, USA) was used for the analysis.

The morphological features of the obtained samples
of the complex of gramicidin S and B-cyclodextrin were
determined using a NOVA NANOSEM 450 microscope
(FEI Czech Repubilic s.r.o0., Czech Republic) equipped with
a vacuum detector. The measurement was carried out
at a 5 kV voltage and a pressure of 90 Pa. Images were
acquired at an approximation of 10 kx9 with a dot size
of 50 nm.

The determination of the particle size of the inclusion
complexes was carried out using the method of dynamic
light scattering. A Zetasizer Nano ZS device (Malvern
Instruments, Great Britain) was used for the work. The
particle sizes of the complex were detected in hexane,
which is chemically inert with respect to the complex
components. Flowability, slope angle, bulk density for the
obtained powders were determined using the methods
specified in the State Pharmacopoeia of the Russian
Federation of the XIV edition using a flowability tester GT
(ERWEKA GmbH, Germany), a funnel diameter of 10 mm,
and a tester for determining the bulk density of powders
SVM 102 (ERWEKA GmbH, Germany).

RESULTS AND DISCUSSION

During this work, we obtained a number of grami-
cidin S and B-cyclodextrin inclusion complexes using
various approaches: dry mixing, paste complexation,
co-precipitation and fluid-bed complexation. As a result,
we obtained 4 samples, which were further analyzed by
DSC-TGA (figure 1) and 'H NMR spectroscopy (figure 2)
in order to confirm the encapsulation and the interac-
tion sites of the APl and [3-cyclodextrin. Thermograms of
the obtained complexes demonstrate identical charac-
ter, confirming the interaction of gramicidin S and f-
cyclodextrin independently on the complex preparation
method.
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Figure 1. DSC-TGA thermograms of

a - gramicidin S dihydrochloride; b - B-cyclodextrin; c - inclusion complex of gramicidin S and B-cyclodextrin

In the region of 75-115 °C on the thermogram of
-cyclodextrin (figure 1 b) one can observe the 15 % mass
sample decrease is observed, which is associated with
the evaporation of residual moisture from the surface of
cyclodextrin (85-100 °C) and water molecules located in
the polysaccharide cavity (100-115 °C). Further, starting
from 300 °C, an endothermic peak is observed, indicating
the melting of PB-cyclodextrin with its subsequent
destruction, which correlates by a significant decrease in
the weight of the test sample [6].

On the thermogram of gramicidin S dihydrochloride
(figure 1 a), the only endothermic peak is observed
starting from 280 °C, which corresponds to the melting
point of the peptide. Further heating leads to the sample
decomposition.

Comparing the obtained data with the inclusion
complex thermogram (figure 1¢), a significant change
of the peak in the region of 300-340 °C definitely proves
the interaction between the drug and polysaccharide,
and supposing indicates the complex formation energy.

In order to identify the sites of encapsulation, we ana-
lyzed the obtained samples applying '"H NMR spectro-
scopy method. Currently it is known that the inclusion

complex formation results in changes of chemical shifts
of the encapsulated groups protons [7].

Comparing the chemical shifts of the initial com-
pounds and the final product, a significant change in the
chemical value from 7.91 to 7.69 was found for the pro-
tons of L-ornithine amino group (figure 2), so we conc-
lude that complexation of gramicidin S molecule takes
place.

Summarizing the obtained data, we suggest the fol-
lowing structure of the inclusion complex of gramicidin S
and B-cyclodextrin (figure 3).

The 'H NMR spectra for all the samples obtained
via different approaches were identical to that shown
in figure 2, so we conclude that the encapsulation of
gramicidin S into B-cyclodextrin occurs within the same
mechanism following by encapsulation of the same part
of the APl molecule, regardless of the solvent removal
method.

Studying the technological properties of the grami-
cidin S and B-cyclodextrin inclusion complex mixtures
obtained using different approaches we revealed the va-
riability of the parameter meanings (table 1).
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Gramicidin S dihydrochloride

Gramicidin S

and B-cyclodextrin

Figure 2. 'H NMR spectra of gramicidin S dihydrochloride and inclusion complex of gramicidin S and pB-cyclodextrin

HH
0o _. oH
NH HN o
NH o © o HH

HN

@?““ o

Figure 3. Supposed structural formula of the inclusion complex of
gramicidin S and B-cyclodextrin

According to table 1, it can be seen that agglome-
rates of inclusion complexes obtained using co-precipi-
tation and fluid-bed complexation methods demonstrate
good flowability and a slope angle less than 45 degrees,
which is a rare property for inclusion complexes of cyc-
lodextrins and poorly soluble substances [8]. The obser-
ved variability of technological parameters of products
obtained using different approaches can be explained by
different particle morphology (figure 4, 5).

Table 1. Technological parameters of gramicidin S
and B-cyclodextrin inclusion complexes obtained
applying different approaches

Inclusion complex | Flowability, Angle of Bulk density,
formation method s/100 g repose, deg. g/cm?
Gramicidin S L B 0,475 + 0,05
dihydrochloride 0,593 + 0,01 (c¥)
Co-precipitation 10,4+ 0,01 17,5+0,3 0,(&)3,9763511(-),(())’;)1)
Dry mixing ~ _ 0,755+ 0,05
0,880 + 0,05 (c)
Paste complexation - - 0,790 £0,05
0,900 + 0,05 (c)
Fluid-bed 0,600 + 0,05
complexation 191001 430+03 0,698 + 0,05 (c)

Note. «c» — in compressed state.
«» — can't be determined (no flow).

Figures 4 and 5 show that the application of co-pre-
cipitation and fluid-bed complexation methods makes
it possible to achieve more uniform distribution of par-
ticle size in the resulting inclusion complex mixture re-
ducing the role of internal friction forces, which prevent
the flow [9]. The flow is a critical parameter, guaranteeing
the uniformity of the granulometric composition of the
tablet mixture, uniform filling of the matrices and entry
into the compression zone during tableting, ensuring the
uniformity of the mass of the dosage form and the sta-
bility of its physicochemical properties [10].
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Figure 4. Micrographs of complexes particles for obtained by the method:

a - fluid-bed complexation; b - co-precipitation; c - paste complexation, d) dry mixing
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Figure 5. Particle size distribution for inclusion complexes obtained by:

a - fluid-bed complexation; b - co-precipitation; c - paste complexation, d) dry mixing

Due to that, inclusion complexes obtained via these
approaches can be used in the production of tablet do-
sage forms of gramicidin S applying direct compres-
sion technology, which is the most suitable for tablet
production for buccal application [11]. The transition to
this type of technology will significantly reduce costs by
simplifying the technology and reducing the production
time.

Moreover, use of B-cyclodextrin makes it possible
to abandon such fillers as lactose or sucrose that will re-
duce the risk of using the drug for patients with indivi-
dual intolerance to these components. Also formation of
agglomerates containing inclusion complexes of gramici-
din S and B-cyclodextrin can reduce the risk of incom-

patibility of the finished drug with the indicator "Uni-
formity of dosage", which is critical for low-dosage drug
formulations [12].

CONCLUSION

Within this work we revealed the influence of me-
thods for obtaining gramicidin S and -cyclodextrin
inclusion complexes on the technological parameters
of the final product. We determined that using various
approaches allows to obtain inclusion complexes iden-
tical in chemical structure, while the complexation pro-
ceeds at the L-ornithine amino group in the gramicidin S
molecule.
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At the same time, we found significant differences
in the particle morphology of the inclusion complexes
obtained using various approaches, which explains the
significant variability of technological parameters of the
resulting products, such as flowability, slope angle, bulk
density

Applying the obtained results for the development
of new buccal dosage forms of gramicidin S will decrease
the risk of inconsistency of the uniformity of dosage
indicator, allowing also excluding the use of lactose and
sucrose as fillers.
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