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Abstract. Proteus mirabilis is able to induce clinical symptoms of the urogenital
tract infection (UTI) and form crystalline biofilm made of a variety of bacteria
that are highly resistant to conventional antimicrobial drugs. The presented
work was designed to study the antibiotic potentiation effect of PA in mice with
UTI. They were divided into 5 groups: intact, positive control, Amoxicillin group,
PA group, amoxicillin and PA group. UTI was induced by inoculation of P. mirabilis
(1.5x10° CFU/mL), then animals received treatment for 14 days. Animals that
received amoxicillin and PA displayed a normal rate of weight gain in comparison
to the positive control (p < 0.01). The combined therapy also normalized in the
levels of red blood cells, hematocrit, and hemoglobin, as well as white blood cells,
lymphocytes, monocytes, and granulocytes (p < 0.01), indicating an alleviation of
the inflammatory process. A significant rise of liver transaminases: ALT and AST,
as well as in the levels of BUN and CREAT, was noted in the group of mice with
UTI, no therapy (p < 0.01). However, the combined therapy of led to significant
alleviation of all of these markers (p < 0.01), indicating normal function of the
liver and kidneys. Finally, the histological examination revealed that the combined
therapy had a nephroprotective effect, showing more intact structure, fewer
degenerative processes and reduced congestion in contrast to the positive control.
Thus, a novel drug PA, due to its ability to potentiate the efficacy of antimicrobial
drugs, can offer a perspective approach for the treatment of infectious diseases.
Keywords: iodine complex, Proteus mirabilis, urogenital tract infection, kidneys,
antibiotic potentiation

Introduction

The rising recurrence rate of urinary tract infections (UTI) makes its therapy challenging,
substantially causing morbidity in females worldwide [1]. The acute UTI increases the chance
for the development of chronic infectious diseases [2]; thus, the therapy with antimicrobial
drugs became crucial at this point [3]. However, as widens the use of antibiotic the faster,
bacteria adapt to the treatment, surviving, neutralizing the actions of antibiotics, and becoming
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antibiotic-resistant [4]. Even if the manufacture of novel antimicrobials was upgraded in
order to fight the resistance issue, their inadequacy and irrationality as a band-aid led to the
emergence of pathogens that are multiple drug-resistant and spreading at a dangerously higher
rate [5-7]. Since the emergence of bacterial resistance to antibiotics cannot be stopped, the rate
of its distribution can be slowed down with the proper use of antibiotics and by implementing
novel ways to combat bacterial infections. The perspective approach is the use of antibiotic
potentiators, which are already utilized in clinical practice [8].

Proteus mirabilis is a Gram-negative bacterium capable of inducing clinical symptoms of
the UTI [9,10]. Its distribution mostly comes from person-to-person transmission, particularly
in the healthcare system [11]. P mirabilis is known for its ability to form biofilms due to the
synthesis of urease that hydrolyzes urea into ammonia and carbon dioxide, resulting in an
increase of pH [12]. Normally, pH in the urinary tract is acidic; thus, its alkalization leads to the
interaction between calcium, magnesium ions, with phosphates, forming struvite and apatite
urinary stones [13,14]. Moreover, the crystalline biofilm formed on the surface of catheters
includes a variety of bacteria that have become highly resistant to conventional antimicrobial
drugs [15,16]. In this regard, novel pharmaceutical formulations with antimicrobial effects will
serve as an alternative approach for the treatment of infectious diseases.

lodine is known for strong antimicrobial properties against a wide variety of bacteria,
viruses, protozoa, and fungi, especially its complexes exhibit substantial long-lasting release
of iodine, providing a long-term antimicrobial effect [17]. Due to the ability of iodine to form
complexes, its application has expanded nowadays. lodophors are formulations of iodine with
other smaller molecular and water-soluble polymers, such as cyclodextrins [18]. FS-1 is one
of such pharmaceutical formulations representing a complex of iodine with antibacterial and
antiviral properties [19-21]. This drug is registered in Kazakhstan and widely used in clinical
practice. On the basis of FS-1, a novel drug “PA” with an antibiotic potentiation effect was
extensively studied and developed for the treatment of infectious diseases. The presented work
was designed to study the effect of PA during the combined therapy with amoxicillin of urinary
tract infection (UTI) induced by inoculation of Proteus mirabilis in mice.

Materials and Methods

Animals and Design of the Experiment

Forty-five female Swiss albino mice (9-11 weeks old, 20-22g body weight) were used for the
experiment. The experimental protocol was approved by the Ethical Committee of JSC “Scientific
center for anti-infectious drugs” (No. 25/2) and carried out in accordance with the “Guide
for the Care and Use of Laboratory Animals” and ARRIVE guidelines. Animals were provided
with a standard rodent diet and tap water ad libitum and maintained at the Animal Facility
under conventional laboratory conditions: environment temperature 25 * 1 °C and the relative
humidity 55 * 5% with a light/dark cycle of 12/12 h. Mice were randomly divided into the
following groups: 1%t - intact group, 2" - P. mirabilis group with no therapy (positive control),
3" — P. mirabilis group treated with Amoxicillin alone, 4th - P. mirabilis group treated with PA
alone, 5" - P. mirabilis group treated with Amoxicillin and PA. On the first day of the experiment,
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all groups except the intact group were inoculated with P. mirabilis in a concentration of 1.5x10°
CFU/mL by sterile catheter (No. 1.3x130 mm) in order to induce urinary tract infection (UTI),
thenreceived corresponding therapy for 14 days. During this period, animals were also observed
daily for the presence of any clinical symptoms and weighed every couple of days.

Sample Collection for Hematological, Biochemical and Histological Analysis

At the end of the experiment, mice were euthanized under deep isoflurane narcosis, blood
was collected via retroocular sinus puncture in clot-activator containers, and centrifuged at
3000 rpm for 10 minutes. Blood was then analyzed for hematological parameters on Z52 VET
automatic hematology analyzer (Zytopia Ltd., China) and supernatant was analyzed for plasma
biochemistry on fully automated benchtop chemistry analyzer A25 (BioSystems, Troisdorf,
Koln, Germany) using special kits according to the manufacturer’s instructions. Then, mice were
sacrificed by cervical dislocation and subjected to gross necropsy. Macroscopic examination of
internal organs was conducted, kidneys were excised and dehydrated in alcohol, then embedded
in paraffin and sectioned into 3.0 um fragments. Obtained histological slices were stained with
hematoxylin-eosin and observed under a ZEISS Axio Scope A1l light microscope (Carl Zeiss,
Germany).

Results

The efficiency of PA in combination with an antibiotic (Amoxicillin) was determined using
hematological, biochemical and histological methods of research in mice with urogenital tract
infection (UTI). Often, in clinical practice, P mirabilis causes catheter-associated urinary tract
infections, leading to irreversible damage to renal tissue, including sepsis. All animals survived
up to the end of the experiment, except the positive control group, displaying no alteration in
behavior, as well as in food and water consumption. Body weight measures are presented in
Table 1.

Table 1
The tendency of body weight of mice (g)
Day Intact Positive Amx PA Amx + PA
control

1 20.92+0.30 21.08+0.50 21.24+0.67 20.66%0.53 20.96£0.50

4 21.14+0.30 19.66+0.47* 21.38+0.66 20.30+0.49 21.26+0.48

8 21.46+0.27 18.34+0.47* 21.48+0.61# 20.40£0.49# | 22.04x0.39##
11 21.74+0.23 17.18+0.25** | 21.82+0.30# 20.40£0.43# | 22.46x0.36##
15 22.14+0.21 16.20+0.27** | 22.04+0.25# 20.90£0.47# | 22.80x0.39##

Note: Data are presented as Mean * SD. *p < 0.05, **p < 0.01 compared to the intact group and #p <
0.05, ##p < 0.01 compared to the positive control group.
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Mice of the intact group showed a normal rate of weight gain, unlike the positive control
with UTI, no therapy showing significant body weight loss on Days 4 and 8 (p < 0.05), as well
ason Days 11 and 15 (p < 0.01). Animals that received amoxicillin and PA separately displayed
a normal rate of weight gain in comparison to the positive control (p < 0.05). However, a better
rate of weight gain and a more significant difference compared to the positive control group
were observed in mice that received the combined therapy of amoxicillin and PA (p < 0.01).

Analysis of hematological parameters of mice blood was conducted; results are presented
in Figure 1. A significant increase in the levels of RBCs and hematocrit, but lower levels of
hemoglobin, MCV, and MCHC were observed in animals with UTI, no treatment (p < 0.01).
The monotherapy of either amoxicillin or PA normalized some of these parameters (p < 0.05).
However, a significant improvement was observed in mice treated with amoxicillin and PA
in combination (p < 0.01). The profile of immune cells displayed a significant surge of white
blood cells, lymphocytes, monocytes, and granulocytes in the positive control group (p < 0.01).
The combined therapy of amoxicillin and PA alleviated these cells, indicating a decrease in the
degree of the inflammatory process (p < 0.01).
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Note: *p < 0.05, **p < 0.01 compared to the intact group and #p < 0.05, ##p < 0.01 compared to the
positive control group. RBCs - red blood cells, MCV - mean corpuscular volume, MCHC - mean cellular
corpuscular hemoglobin concentration, WBCs — white blood cells.

Figure 1. Hematological parameters of mice blood
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Analysis of mice plasma biochemistry was also carried out; results are presented in Figure 2.
Results of plasma biochemistry were presented as a significant rise of liver transaminases: ALT
and AST in the group of mice with UTI, no therapy (p < 0.01). The same tendency was observed
in the levels of BUN and CREAT, showing a significant increase of both markers in animals of
the positive control group (p < 0.01). Amoxicillin monotherapy normalized the level of BUN (p
< 0.05). The combined therapy of amoxicillin and PA led to significant alleviation of all plasma
biochemistry markers in comparison to the group with UTI, no therapy (p < 0.01). Values of
ALT, AST, BUN and CREAT were within the normal range in mice of the group that received
amoxicillin and PA, indicating normal function of the liver and kidneys.
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Figure 2. Biochemical analysis of mice's blood plasma

Histological examination of the structure of the kidneys was carried out in order to observe
any histopathological process inside the tissue. Microphotographs of kidneys are presented
in Figure 3. Well-defined glomeruli, intact proximal and distal tubules, no inflammation, and
necrosis were observed in the histological structure of the kidneys of the intact group of mice.
In contrast, in the positive control group, inflammatory cell infiltration, glomerular distortion
or possible atrophy, tubular dilation, and degeneration were noted. Treatment with amoxicillin
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alone caused nephrotoxicity, while monotherapy of PA induced a little protective effect, but
mild congestion was still present in the histological structure of the kidneys. However, animals
that received combined therapy of amoxicillin and PA demonstrated more intact structure with
moderate preservation of cells and tissue, fewer degenerative changes, and reduced congestion.
As aresult of the histological examination of the antibiotic potentiation effect of PA, attenuation
of the renal pathology was noted in the histological structure of the kidneys (Figure 3).

Note: Hematoxylin & Eosin stain. Bar, 100 um (200x magnification).

Figure 3. Histological structure of mice kidneys
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Discussion

The present study aimed to evaluate the antibiotic potentiation effect of PA in mice with
UTI induced by inoculation of P. mirabilis. All animals participating in this experiment were
observed daily for any changes in behavior, food and water consumption, and/or mortality, and
also weighed weekly for 14 days after the inoculation.

The weekly measurement showed a strong tendency toward weight loss in mice that were
inoculated with P. mirabilis but did not receive any therapy, indicating an acute clinical response
to infection. However, the combined therapy of PA and amoxicillin provided a normal rate of
weight gain in mice (p < 0.01), displaying attenuation of the inflammatory reaction to infection
(Table 1). Our results for body weight measurement are in alignment with the previously
conducted studies, where the tendency of body weight loss and gain served as an indicator of
the health condition of animals during the infectious process [22,23].

During the analysis of hematological parameters, a significant increase in the levels of RBCs
and hematocrit, but decreased levels of hemoglobin, MCV, MCHC and platelets were observed,
indicating a compensatory response to anemia in mice (Figure 1). Similar findings were obtained
in the study conducted by Silva et al., where infected animals displayed alterations in blood
cellular profile, as well as in the platelet content [24]. A surge in the profile of immune cells
including WBCs, lymphocytes, monocytes and granulocytes was observed in infected mice, that
received no therapy. Our results indicate the acute inflammatory response, as it was obtained in
the results of the previously conducted studies [25]. The combined therapy of PA and amoxicillin
led to a significant alleviation of the inflammatory response, as well as normalized the blood
cellular and viscosity profile (p < 0.01), exhibition the antibiotic potentiation effect [26].

The plasma biochemistry analysis showed an increase in the levels of liver transaminases
ALT and AST, indicating the hepatic injury in animals of the positive control group. The same
tendency was detected in the levels of BUN and CREAT, showing the damage to the kidneys
(Figure 2). However, mice that received the combined therapy displayed significantly lower
levels of these parameters in comparison to the positive control (p < 0.01). Similar results were
obtained in previous studies [27,28].

Lastly, during the histopathological examination more intact structure of the kidney was
observed in mice that received the combined therapy of PA and amoxicillin, unlike the positive
control group, receiving no therapy (Figure 3). Similar findings were obtained in the work
conducted by Johnson, where a mixed pattern of both acute and chronic inflammatory responses
was detected in the structure of the kidneys in infected mice [29].

Thus, results obtained in our study suggest that PA can represent a novel perspective for the
therapy of infectious diseases, particularly for the treatment of UTI with bacterial origin, and
the introduction of this approach into clinical practice.

Conclusion

Our work was conducted in order to study the antibiotic potentiation effect of a novel

drug “PA” during the combined therapy with amoxicillin of UTI induced by inoculation of P
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mirabilis. in mice. A normal body weight gain was observed in the group of mice that received
the combined therapy, unlike the positive control group with UTI, no therapy displayed
gradual weight loss. Analysis of hematological parameters showed a significant decrease in the
levels of red blood cells, hematocrit and hemoglobin, along with a surge in the levels of white
blood cells, lymphocytes, monocytes, and granulocytes. The combined therapy of amoxicillin
and PA alleviated these symptoms, increasing the levels of red blood cells, hematocrit, and
hemoglobin, as well as a decrease in the levels of white blood cells, lymphocytes, monocytes,
and granulocytes, indicating attenuation of the inflammatory process. Moreover, the combined
therapy of amoxicillin and PA led to a significant alleviation of all plasma biochemistry markers
in comparison to the group with UTI, no therapy. Levels of ALT, AST, BUN, and CREAT were
within the normal range in mice of the group that received combined therapy, indicating normal
function of the liver and kidneys. Finally, the histological examination of kidneys revealed
inflammatory cell infiltration, glomerular distortion or possible atrophy, tubular dilation and
degeneration in the positive control group, while animals that received combined therapy of
amoxicillin and PA demonstrated more intact structure with moderate preservation of cells and
tissue, fewer degenerative changes, and reduced congestion. Thus, the therapeutic effect of PA
is based on its ability to potentiate the efficacy of antimicrobial drugs. Based on these results, a
novel drug “PA” can offer a novel perspective for the treatment of infectious diseases.
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TeimKangapaarsl Proteus mirabilis-nuHAyKnus/1anFaH Hecen->KbIHBIC KOJIAAPbIHbIH,
nHPpeknusacoiHa (ZKXKH) )kaHa aHTUGUOTHUK KyluelTkimiHiH, (I1A) acepin 6araay

H. U6parumoBa’, M. JIo?, A. AliteiHoBa*!, T. FanypxaeBa’,
A. KpacHomrtanoB!, I. [loHomapesa?, K. llloiioek?, /. Uca®
Hngekyusra Kapcol npenapammapobiH FulablMU 0pmasviFsl, Aamamel, KazakemaH

Anpgarna. Proteus mirabilis Hecen-KbIHbIC OJAAPbIHbIH, UHbeKIUsAChIHbIH (JKXKWU) KAMHUKANBIK
CUMIITOMJAPbIH TYABIPYFa KabiJieTTi jkoHe 9JleTTeri MUKpOOKa KapChl MpenapaTrTapfa TesiMjimiri
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»KOFapbl 9PTYPJii baKTepUsiaap/laH TYpPaThIH KPUCTAJI/bl OMOIJIEHKA Ty3e/i. YChIHbLIFaH )KyMblic HKIKU
6ap TeIIKaHAApAaFbl [1A-HbIH aHTUOMOTHUKTI KYLUIEWTY acepiH 3epTTeyre apHairad. Oysap 5 Tonka
WHTAaKT, OH 6aKbljay, aMOKCULIUJIJINH TOOBI, [IA TOOBI, aMOKCUIIU/IIKH k9He [IA To6bl 60J1bII 66JTiH/II.
JKXKU P. mirabilis (1.5x10° KKB/MJ1) ery apkblibl MHAYKIMSAIaH/bI, COJJaH KeliH »KaHyapJiap 14 KyH
6o¥bl eMaen/i. AMOKCMLIMJLIMH MeH [IA KaGbLilaFaH jKaHyapJiap OH 6GakblJlayMeH CaJbICThbIpFaH/ia
caJIMaK KOCYAbIH KaJIbINThI XbLIAAMABIFbIH KepceTTi (p <0.01). BipikTipinreHn Tepamus coHbIMEH
KaTap 3pUTPOLUTTEP/[iH, TeMAaTOKPUT IeH reMOIJIOOUHHIH, COH/al-aK, JIeUKOIUTTED, TUMPOIUTTED,
MOHOLIMTTEP >koHe rpaHysouutrep (p <0.01) gmeHrediHge KasbllKa KeaTipiagi, 6ys1 KaGbIHY
NpOLECiHIH, XeHinJeyiH kepceTeZi. bayblp TpaHcaMuHa3a/lapblHbIH, alTapJIbIKTall >»KOFapbliaybl:
ALT »xoHe AST, conpaili-ax BUN >xoHe CREAT pgeHreinepiniy, UKW 6Gap ThilIKaHJap TOObIHAA
6alikanzbpl, eM xkyprisiimered (p <0.01). [lereHnmeH, 6ipikTipisireH Tepanus 6ayblp MeH OyHpeKTiH
KaJIbINThI KYMbICBIH KOpPCeTeTiH 0Cbl MapKepJiepZiH, GapJ/bIFbIH alTapJbIKTal KeHUJIJAEeTyre aKeai
(p <0.01). CoHplHAQ, TUCTOJIOTUSIJIBIK, 3epTTeY OipikTipijiireH eMHiH HeppONpPOTEKTOPJIBIK acepi 6ap
eKeHiH, KYpbLJIBIMHBIH, TYTaCTBIFbIH, JleTeHEPATUBTI MPOLECTEPAiH a3/bIFbIH KoHE OH, OaKbliay[aH
albIpMalIbLIBIFBI TOKbIpAYAbl a3alTaTblHbIH KepceTTi. OcbLiaiiia, xaHa [1A npenapaTbl MUKPOOKa
Kapcbl TNpenapaTTapAblH THIMAICIH apTThlpy KabijsieTiHe 6GaillJIaHBICTBI >KYKNaJbl aypy/apbl
eM/ley/liH epCrneKTUBAJIbIK 9iCiH yCbIHA aJajbl.

Ty¥in ce3aep: ioj KeleHi, Proteus mirabilis, Hecen->KbIHbIC K0JIAAPbIHbIH UHPEKIUACH], OyHpeK,
AHTUOUOTHUKTEPAI KYLIEUTY

OueHka 3¢ deKkTa HOBOro NnOTeHHUATOPA aHTUOUOTUKOB ([1A) Ha MHEKIMI0 MOYeBbIBOAAIIMX
nyTeii (UMII), unaynupoBaHHol Proteus mirabilis y mbimei

H. U6parumoga’, M. JIio?, A. AiiteiHoBa*!, T. TanypxaeBa’,
A. KpacHomrtanoB!, I. [lonomapeBa?, K. llloii6ek?, /. Uca®
!HayuHblll yeHmp npomugouH@peKyuoHHbIX npenapamos, Aamamsi, Kazaxcmat

AHHOTanusa. Proteus mirabilis cnoco6eH BbI3bIBAaTh KJIWHWYECKHE CUMITOMbl HWHQEKLIUH
MoueBbIBOAALMX nyTed (MMII) u ¢dopMupoBaTh KPUCTAIMYECKYI0 OHOIJIEHKY W3 Pa3/IHMYHBIX
GakTepui, 06J1a/Jal0INX BEICOKON YCTONYHUBOCTHIO K TPAAUIIMOHHBIM aHTUMHUKPOOHBIM NpenapaTaM.
[IpencraByieHHas paboTa 6bl/1a paspaboTaHa 11 n3ydyeHus 3pdeKTa MoTEeHIUPOBaHUSA aHTUOHOTHKOB
[TA y mbimet ¢ UMII. OHM 6bLIM paszesieHbl HA 5 TPYIN: UHTAKTHbIE, MOJOXUTEIbHBIN KOHTPOJIb,
rpynmna aMmoKCUIIW/JIMHA, rpynna [1A, amokcunuind u rpynna I[TA. UMII Bbi3biBasiu UHOKYJsiLuei P
mirabilis (1.5x10° KOE/mu1), 3aTeM XMBOTHBIE MOJIyYya/H JieueHUe B TeueHUe 14 aHeil. )KUBOTHbIe,
HoJy4aBIIKE aMOKCUIMJUIMH U [1A, mokasaju HOpMa/bHYI0 CKOPOCTb Habopa Beca MO CPaBHEHUIO
C MOJIOXKUTENbHBIM KOHTpoJieM (p < 0.01). KoMGrUHUpOBaHHAsA Tepanus TakXe HOPMasM30Balach B
YPOBHSIX 3pUTPOLUTOB, FeMATOKPUTA U TeMOTJIOOMHA, a TAKKE JIEHKOLUTOB, IMMOIMUTOB, MOHOLIUTOB
urpaHyonuToB (p <0.01),9To yka3biBaeT Ha 06JieryeHre BOCIaJIUTEbHOTr 0 IpoLecca. 3Ha4yuTeIbHbIN
pocT neyeHo4yHbIX TpaHcamuHas: AJIT u ACT, a Takke ypoBHeHd MOYEeBUHblI U KpeaTUHHHA ObLIU
oTMeueHbI B rpynie Mbiueit ¢ UMII, He nosny4aBuux Tepanuto (p < 0.01). OgHako KOMGHHUPOBaHHasA
Tepanus NpyBesa K 3HaYUTEeJbHOMY CHUXKEHUIO BCeX 3TUX MapkepoB (p < 0.01), uTo cBUETENBbCTBYET
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Evaluation of a novel Potentiator of Antibiotic (PA) effect on Proteus mirabilis-induced urinary tract infection (UTI) in mice

0 HOpMaJIbHOU QYHKIIUY MevyeHU U novek. HakoHel|, TMCTOJIOTMYeCKOe UCCIeIOBaHKE MT0KA3aJio0, YTO
KOMOWHHUPOBAHHAsA Tepanus OKasaja HedpONpPOTEKTOPHOE AeHCTBHE, NMOKa3aB 60Jiee COXPaHHYIO
CTPYKTYPY, MEHbIIIe JleTeHePaTHBHBIX IPOI[ECCOB M CHMKEHHE 3aCTOsI B OTJIMYUE OT TOJIOKUTETbHOTO
KoHTpoJsisl. TakuM o6pa3oM, HOBbIM NpenapaT [1A Gjarozapsi cBoed CIOCOGHOCTH MOTEHIIMPOBATH
30 PEKTUBHOCTb AaHTUMHKPOOHBIX NMpPEnapaToB MOXET MPeAJIOKUTb MepCHeKTUBHBIA MOAXOJ, JJif
JieueHUs1 UHPEKIMOHHbBIX 3a001€BaHUM.

KiioueBble cji0Ba: HoAHbIN KOMILIEKC, Proteus mirabilis, u”HpeKLsI MOUYEBbIBOASAIIUX NMYTeH, MOYKH,
NOTEHLIMPOBaHHE AaHTUOHUOTUKOB
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