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B. O. Chekh', 1. A. Dron?, S. 1. Vynnytska?, V. V. Oleksa’, 1. E. Atamaniuk®, V. V. Vlizlo'
bogdanchekh@gmail.com

Institute of Animal Biology NAAS,

38 Vasyl Stus str., Lviv 79034, Ukraine

?National University “Lviv Polytechnic”,

12 Bandery str., Lviv 79013, Ukraine

3State Scientific-Research Control Institute

of Veterinary Medicinal Products and Feed Additives,
11 Donetska str., Lviv 79019, Ukraine

This article presents the results of the study of antibacterial activity of complex of enrofloxacin with
nanopolymer based on pseudo-polyamino acids GluLa-DPG-PEG600. Nanopolymer GluLa-DPG-PEG600 has
low toxicity to mammalian cells and white laboratory rats, and has an ability to bind blood serum albumins which
is important characteristics of nanopolymer as drug transporter.

Antibacterial activity was investigated used the method of serial dilutions which was prepared on microbial
cells of Pseudomonas aeruginosa incubated at 37 °C for 44 hours. After 22 and 44 hours of incubation we calcu-
lated the density of microbial cells suspension. The results of the study have shown that the complex of enrofloxacin
with GluLa-DPG-PEG600 has higher antibacterial activity that enrofloxacin (control). The minimum inhibitory
concentration (MIC) of complex after 22 hours of incubation was 3.12 ug/ml and was lower that control group
(6.25 ug/ml). However, after 44 hours of incubation MIC of the complex of enrofloxacin with GluLa-DPG-PEG600
was 6.25 ug/ml and was the same as MIC of enrofloxacin. Higher antibacterial activity of the complex of enrofloxacin
with GluLa-DPG-PEGG600 compared with the control is probably due to the presence of polyethylene glycol and
lauric acid in GluLa-DPG-PEG600 molecule which can acts as membrane permabilizers and particularly PEG
can enhance antibiotic affinity to DNA that probably increase its antibacterial activity.

Obtained results show positive prospects for using nanopolymer GluLa-DPG-PEG600 as antibiotic
transporter, particularly enrofloxacin which belong to fluoroquinolones class of antibiotics.
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Y ecmammi nodano pesyromamu docriodcenns anmubaxmepianibHoi aKMuGHOCMi aHMUbGIOMuKa eHpo-
@roxcayury ma enpoghnoxcayurny y komniexci 3 nanonorimepom GluLa-DPG-PEG600 na ochosi ncesdonoi-
aminoxucrom. Hanononimep GluLa-DPG-PEG600, 32i0H0 3 pe3yibmamamu nNonepeoHix 00CHi0NCEHb, € HEMOK-
CUYHUM WOOO0 KITMUK CCABYI8 I Opeanizmy wypie ma 30amuull 38 s13y8amucs 3 albOYMIHAMU KPOGI, WO € BaANCIUBOIO
Xapaxmepucmuxoo to2o K mpaHcnopmepa Oitouux pevyosun aikis.
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AnmubaxmepianbHa akmueHicne 0ya 00CIONCeHa GIOHOCHO MIKpOOHUX Kaimut Pseudomonas aeruginosa
MemMooom cepiliHux po3eeders 3a iHKybayii docionux npob 3a 37 °C npomsieom 44 2o0un. Kinbxicme MiKpoOHUX K-
MUH PEECMPYAU 3a 00NOMO2010 NPUAAQY O/t BUSHAUEHHS 2YCIUHY Oakmepianbhoi cycnensii nicis 22 ma 44 2o0un
iHKyOayii. Pezynomamu 00CaiodxcenHs: NOKA3anu, wio Uy aHmubaxmepiaibhy akmueHICmb ceped 00Ci0NHCY6a-
HUX cnonyk nposensie anmubiomux y komnnexci 3 GluLa-DPG-PEG600, minimansha ineioytoua konyenmpayis (MIK)
K020 OYI1a HUMICHOTO 810 KOHMPOILHOL | nicist 22 200un iHKyOayii cmanosuna 3,12 mxe/mn, nicis 44 200un inkybayii —
6,25 mxe/mn i Oyna Ha pieHi KOHMpoOALHOL. Buwa anmubaxmepiaibHa akmueHICIb eHPO@IOKCAYUHY 3 NOTIMEPOM
GluLa-DPG-PEG600 nopisusino 3 KoHmposnem, UMOSIPHO, 3yMOGIEHA HASIGHICIIO NONIEMULIEHSTIKOIO M, MONCIUGO,
Jaypuro6oi kuciomu y cknadi morexynu nanononivepy GluLa-DPG-PEG600. Taxk, 3ae05Ku HASGHOCHI 8 MONEK)I
nanononimepy GluLa-DPG-PEG600 noniemunenenixono ma 1aypuHosol KUCIomu 6iH 30amuuil 301161ty eamu npo-
HUKHICIb MeMOpanu bakmepitinux KiimuH. Taxkodc noriemuieHenikons y CKaadl HAHONOTIMepY UMOGIPHO 30i1bulye
cnopionenicms enpognokcayuny 0o JHK, niocumorouu yum tioco anmubaxmepianibhy aKmugHicmb.

Ompumani Oaui ceiouamo npo nepcnekmusy euxopucmanns Hanononimepy GluLa-DPG-PEG600 sik Hocis
aHmMuUOIOMuKie, 30Kpema eHpoGhILOKCaAYURY, WO HALENHCUMb 00 AHMUOIOMUKIE K1ACY (MOpPXiHONOHIE.

Kirouosi ciiosa: HAHOITOJIIMEPH, IICEBIOITOJITAMIHOKHCIIOTH, AHTUBIOTHKH,
EHPO®JIOKCALIMH, MIKPOBHI KJIITUHU, AHTUBAKTEPIAJIbBHA AKTHUBHICTD
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B cmamve npedcmasnennvi pesynvmamol uccie0o8anua AHMUOAKMEPUATLHOU AKMUBHOCTU AHMUOUOMUKA
IHPOPROKCAYUHA U IHPOPDIOKCAYUHA 8 8 KOMNIIEKCE C HAHONOIUMEPOM HA OCHOBE NCE80ONONUAMUHOKUCTIOM
GluLa-DPG-PEG600. Hanononumep GluLa-DPG-PEG600, coenacho pe3ynsmamam npedbloyuux uccie0o8anull,
ABNAEMCA HEMOKCUUHBIM OMHOCUMENbHO KILEMOK MIEKONUMAWUX U OP2AHUMA KPbIC U CNOCOOEH C8:A3b18amMbCs
€ anbOYMUHBL KPOBU, YMO AGNAEMCS BANHCHOU XAPAKMEPUCMUKOU €20 KaK MPAHCNOpmepa OeliCmeyouux 8euecms
JIeKapCmMEeHHbIX NPenapamos.

AumubakmepuanbHas aKmMueHOCMb ObLLA UCCIE008AHA OMHOCUMENbHO MUKPOOHbIX K1emok Pseudomo-
nas aeruginosa Memooom cepulinbix pazeedenuti npu unkyoayuu npood npu 37 °C 6 meuenue 44 yacos. Konuue-
CMB0 MUKPOOHBIX KIEMOK PeSUCHPUPOBAIU C NOMOUWbIO Npubopa 0iist OnpedeieHuss MymHOCIU OAKMepuaIbHOU
cycnensuu nocie 22 u 44 uacoe unkyoayuu. Pezynsmamol ucciedosanus nokazanu, ymo eviue aHmMubaxkmepu-
anvHol akmusHocmvio odoradaem anmudbuomux 6 komniexce ¢ GluLa-DPG-PEG600, munumanvhas uneubupy-
towas konyenmpayus (MHUK) xomopozo 6wina Hudice KOHmMponbHOU u nocie 22 4acos uHKyoayuu cocmasisina
3,12 mxe/mn, nocne 44 yacoe unxkybayuu — 6,25 mxe/min u Ovlia HA YPO8He KOHMpOobHoU. Boicuias anmubdak-
mepuanvhas akmusHocms supouoxcayuna ¢ nomumepom GluLa-DPG-PEG600 no cpasnenuio ¢ Koumposnem,
8EPOAMHO, 0DYCIOBNIEHA HAMUYUEM NOTUIMULEH2TUKOLA U, BO3MONCHO, JIAYPUHOBOL KUCIOMbL 8 cOcmage Mmojle-
xyavl Hanononumepa GluLa-DPG-PEG600. Tax, b6nazooaps nanuuuro 8 monexyie nanononumepa Glula-DPG-
PEG600 nonusmunenenuxons u 1aypuHoB8oU KUCIOMbL OH CNOCOOEH YBeTUdUBams NPOHUYAeMOCHb MeMOpabl
bakmepuanbHuIx Kiemox. Takoice NonusImMuiIeH2IUKONb 8 COCTNA8e HAHONOMUMEDPA BEPOANHO YEeIUYUBAen CPOO-
cmeo 3Hpoghnoxcayuny k JIHK, maxum obpasom ycunusdas e2o anmubaKmepudibHy0 aKmueHOCMb.

Tonyuennvie OanHvle ceudemenbcmayom o nepchnekmuge uchonbsosanus Hanononumepa GlulLa-DPG-
PEG600 xax mpancnopmepa aHmubuomuKos, 8 4acmHoCmu 3HPOGIOKCAYUHA, KOMOPbLL NPUHAOTENCUN K AHIMU-
OUOMuUKaM K1acca pmopxuHoIoHO8.

Kmouessie ciosa: HAHOITOJIMMEPEL IICEBJIOITOJIMAMMHOKUCJIOTBI, AHTUBMOTH-
KU, SHPO®JIIOKCALIMH, MUKPOBHBIE KJIETKU, AHTUBAKTEPUAJIbHAA AKTUBHOCTD
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Nowadays, one of the main task for phar-
macy is development a novel polymeric com-
pounds for drug delivery and other biomedical pur-
poses [6, 8]. Among of the compounds which capa-
ble of binding and transporting various substances
to mammals organs and tissues, pseudo-polyamino
acids which have similar chemical structure to
polypeptides, but do not contain peptide bonds
should be promising drug delivery systems [1].

Pseudo-polyamino acids based nano-
carriers contains N-derivatives of glutamic acids,
polyolxyethelene and polyoxypropylene diols are
promising drug delivery systems that do not cause
side effects in optimal concentrations.

Nanopolymer GluLa-DPG-PEG600 has
low toxicity investigated on bovine sperm cells
and white laboratory rats (Rattus norvegicus var.
Alba, Wistar line) [3, 5].

Nanopolymer can also bind to blood albu-
mins and be transported to rat organs and tissues [4].
The main purpose of our work was to research the
antibacterial activity of enrofloxacin in complex
with nanopolymer GluLa-DPG-PEG600.

Materials and methods

For this study we synthesized polymer
GluLa-DPG-PEG600 which consist of glutamic
and lauric acids (GluLa) (Sigma-Aldrich®), di-
propylene glycol (DPF) (Sigma-Aldrich®), and
polyethylene glycol 600 (PEG600) (Sigma-Al-
drich®) (fig.).

Synthesis of polymer was conducted
through interaction of diol and N-protected glu-
tamic acid and polyoxyethylene (at different ratios
of reagents) in a solution of benzene. The solu-
tion was cooled to 280K, while stirring adding the
appropriate amount of 4-dimethylaminopyridine
(DMAP) and dicyclohexylcarbodiimide (DCK).
The reaction mixture was incubated at 288K for
3 and then 3 h at 308K. Dicyclohexylurea (DCC)
was separated by filtration, and the polymer solu-
tion was evaporated. For purification of polyesters
from catalyst residues and DCK, their solutions in
benzene were prepared, washed three times with
15 % NaCl solution in 0.1N HCl and 15 % aque-
ous NaCl solution to neutral pH, after that it was
dried over the magnesium sulfate, then filtered
and evaporated [10].
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To study the antibiotic activity of com-
plex of enrofloxacin with GluLa-DPG-PEG600,
it was made 1 % dispersion solution of this com-
plex where enrofloxacin content = 0,16 %.

o)

\H/Q PEG600
DPG oS,
n=6-15 GIuLa

Fig. Structure of GluLa-DPG-PEG600

Antibacterial activity was investigated used
the method of serial dilutions which was prepared on
microbial cells of Pseudomonas aeruginosa, where
enrofloxacin and the complex of enrofloxacin with
GluLa-DPG-PEG600 were diluted with distilled
water into a series of solutions in which concen-
tration of enrofloxacin was: 50 pg/ml, 25 pg/ml,
12.5 pg/ml, 6.25 pg/ml, 3.12 ug/ml, 1.56 pg/ml,
0.78 pg/ml, 0.39 pg/ml and 0.19 pg/ml [7]. Pure
enrofloxacin was a control in experiment. The cul-
ture of Pseudomonas aeruginosa cells was added
to each solution, after that infected solutions were
incubated for 44 hours at 37 °C. After 22 and
44 hours of incubation, the amount of bacterial cells
in each solution were calculated in Macfarland units
(1 MF = 300,000,000 microbial cells) using device
for determination of density of microbial cells sus-
pension (DENSILAMETER II TYPE: DENSI-2).
Statistical processing of the results was made
using the pack of Microsoft Excel programs.

Results and discussion

Our results have shown that the minimum
inhibitory concentration (MIC) of enrofloxacin (con-
trol) after 22 hours of incubation was 6.25 pug/ml,
and was two times higher than MIC of the complex
of enrofloxacin with GluLa-DPG-PEG600. MIC
of the complex of enrofloxacin with GluLa-DPG-
PEG600 was 3.12 ug/ml. Moreover, the average
values of the number of microbial cells (MK) in ex-
perimental samples were lower than in the control
samples in 5.5 times which means higher antibac-
terial activity of the complex of enrofloxacin with
nanopolymer compared to enrofloxacin (table 1).
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Table 1

Antibacterial activity of the complex of enrofloxacin with GluLa-DPG-PEG600
after 22 hours of incubation (M+m, n=3)

o Antibiotic concentration, The amount of bacterial cells, MF
’ pg/ml Enrofloxacin Complex of enrofloxacin with GluLa-DPG-PEG600

1 50 0 0

2 25 0 0

3 12.5 0 0

4 6.25 0 0

5 3.12 0.06+0.03 0

6 1.56 0.2+0 0.03+0.03

7 0.78 0.66+0.03 0.1£0%**

8 0.39 1.7+0.05 0.26:+0.03%**
9 0.19 2.33+0.08 0.36+0.03%**
10 0 4.53+0.08 4.33+0.06

Note: in this and the next table *** — P<0.001

After 44 hours of incubation, MIC of en-
rofloxacin was 6.25 ug/ml and was the same as
MIC of the complex of enrofloxacin with GluLa-
DPG-PEG600. However, the average values of the
number of microbial cells (MK) in experimental
samples were lower than in the control samples in
6 times which means higher antibacterial activity
of the complex of enrofloxacin with nanopolymer
compared to enrofloxacin (table 2).

Higher antibacterial activity of the complex
of enrofloxacin with nanopolymer GluLa-DPG-
PEG600 compared to enrofloxacin is probably the
result of the presence of polyethylene glycol in na-
nopolymer molecule. It is known that polyethylene
glycol can cause membranes permeabilization by
increasing the number of pores which probably can
increase cell absorption of enrofloxacin in complex
with nanopolymer [2].

In addition, scientific article described that
PEGylated ofloxacin nanoparticles render strong
antibacterial activity against many clinically im-
portant human pathogens, which is also explained
that polyethylene glycol has the ability to bind
DNA and probably enhance the antibiotic activi-
ty of complex of enrofloxacin with GluLa-DPG-
PEG600 by increasing the affinity of enrofloxacin
to DNA [9]. Enrofloxacin belongs to fluoroquino-
lone class of antibiotics that are effective against
both Gram-negative and Gram-positive bacteria,
acts via violate DNA synthesis by inhibiting DNA
gyrase and topoisomerase Il enzymes. Higher anti-
bacterial activity of complex of enrofloxacin with
GluLa-DPG-PEG600 probably can be also the re-
sult of the presence of lauric acid that covalently
binded to glutamic acid in molecule of nanopoly-
mer GluLa-DPG-PEG600. It is described in litera-

Table 2

Antibacterial activity of the complex of enrofloxacin with GluLa-DPG-PEG600
after 44 hours of incubation (M+m, n=3)

o Antibiotic concentration, The amount of bacterial cells (MF)
' pg/ml Enrofloxacin Complex of enrofloxacin with GluLa-DPG-PEG600
1 50 0 0
2 25 0 0
3 12.5 0 0
4 6.25 0 0
5 3.12 0.06+0.03 0.03+0.03
6 1.56 0.63+0.06 0. 1£0%%**
7 0.78 2.24+0.05 0.3640.03%**
8 0.39 5.16+0.12 0.46:£0.03%**
9 0.19 5.7+0.11 0.7+0.05%**
10 0 7.23+0.12 7.13+0.08
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ture that polymer of lauric acid and poly-I-lysine
has an antibiotic properties which is the cause of
amphiphilic properties of polymer which cause the
destabilization of membranes, both gram-positive
and gram-negative bacteria by interacting with
the lipid layer of bacterial cells [11].

Conclusions

The results of our study shows a higher
antibacterial activity of the complex of enrofloxa-
cin with nanopolymer GluLa-DPG-PEG600 com-
pared to enrofloxacin. The reason of the higher,
compared to enrofloxacin, antibacterial activity of
complex of enrofloxacin with nanopolymer can
be the presence of polyethylene glycol and prob-
ably lauric acid in nanopolymer molecule.

Perspectives for further research. In
further research we will study the influence of the
studied complex of enrofloxacin with nanopoly-
mer GluLa-DPG-PEG600 on bovine sperm cells
and its influence on rat body. In particular, we will
research the toxicity of the complex and its influ-
ence on the structural and functional state of rats
liver and kidneys.
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