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Summary. Exceptionally clinically important is clear understanding of the pathophysiological mechanisms for
localization and migration of pathologic microorganisms towards the intact kidney in course of the unilateral
inflammatory process. The study aimed to determine the intact kidney’s pathogenic species composition and
numerosity in course of rat acute unilateral kidney inflammation, different time frames after the affected organ
removal. The experiment was carried out on 54 mature nonlinear white rats Rattus Norwegicus. In all animals an
acute unilateral kidney inflammation has been modeled. For modeling of the acute unilateral kidney inflammation
in experimental rats, an E.Coli strain was used. The pathogen was previously isolated from urine in patients with the
diagnosed urinary tract infection. In order to determine the affected kidney influence on the intact organ microbial
contamination, nephrectomy on the affected side was performed on the 10", 14" and 21 days. Bacterial
concentrations in the residual kidney tissue were determined 4, 7 and 14 days after nephrectomy. Control group
constituted animals without nephrectomy. Scores were compared to the respective ones of the intact kidney in
control group, on the same day of experiment. Reliable changes of almost all microbiologic contamination scores
were detected after removal of the affected organ. Infection of the inoculated kidney spread onto intact contralateral
organ by the hematogenous and/or lymphogenous routes and persisted there for some specific time. The nature of
the infection in the contralateral kidney changed between the 10" and 14" days after inoculation — the agent
apparently penetrated the kidney tissue and developed inflammation. Removal of the inoculated kidney timely,
before the infection of the intact organ has progressed to its invasive stage, facilitated complete elimination of the
pathogen in the contralateral kidney by the 28th day.

Key words: kidney inflammation, pyelonephritis, contralateral kidney, intact kidney, nephrectomy, bacterial
contamination, Escherichia Coli.

Introduction. Acute kidney inflammation constitutes
presence of pathogenic or opportunistic flora in the kidney
tissue as its perquisite [3, 7, 11]. Therefore, studying
qualitative and quantitative composition of microorganisms
causing the disease is of primary importance in determining
the treatment strategy [2, 4, 13]. According to the global data,
population-specific composition of etiologic microorga-
nisms is constantly changing [1]. Differences in etiologic

microflora could be found in different parts of the world too
[12]. Moreover, the composition of microflora in acute
kidney inflammation may vary even within the same country
[1, 12]. Nowadays of high interest are special features of
adaptation and behavior of pathogenic and opportunistic
flora in a single organism [8, 10]. Especially clinically
important is clear understanding of the pathophysiological
mechanisms of localization and migration of microorganisms
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towards the intact kidney (in case of unilateral process) and
other organs, as well as conditions necessary for that [15].
Formation of microbial associates under certain conditions is
ambiguous too [9]. Not clear remains the identification of the
most mutually affine microorganisms and impact of surgical
trauma on the opportunistic flora migration towards the
inflammation site [6].

Objectives. The study aimed to determine the intact
kidney’s pathogenic species composition and numerosity in
course of a rat acute unilateral kidney inflammation, different
time frames after the affected organ removal.

Materials and Methods. The experiment was carried out
on 42 mature nonlinear white rats Rattus Norwegicus. All of
those were male, aged 18-20 weeks, of 180-205g weight. In all
animals an acute unilateral kidney inflammation has been
modeled. The core group consisted of 24 rats; it has been
divided into three subgroups: I (n=12) — a nephrectomy on
the affected side was performed on the 10" day of the
experiment; II (n=8) —a nephrectomy on the affected side was
performed on the 14" day; 11T (n=4) — a nephrectomy on the
affected side was performed on the 21% day. Bacterial
contamination of the residual kidney was determined using
routine methods on the 14" (Ia, n=4), 21 (Ib, n=4; 1la, n=4)
and 28" days (Ic, n=4; IIb, n=4; III, n=4). The control group
consisted of 18 animals, no nephrectomy was made. The
intact kidney bacterial contamination was studied on the 14"
(C,, n=6), 21* (C,, n=6) and 28" day (C,, n=6). Routine
statistical methods were used for calculation purposes.

For modeling of the acute unilateral kidney inflammation
in experimental rats, an E. Coli strain was used. The
pathogen was previously isolated from urine in patients with
the diagnosed urinary tract infection. The strain had a
number of features letting him be easily distinguished from
other E. Coli strains (autologous) which could get into the
research material (kidney tissue) from the intestine of animals
by the hematogenous, lymphogenous or ascending routes
[5, 9]. The strain we used was lactose negative and had the
ability to grow on Simmons’ medium. Based on the
combination of other biochemical tests it was confidently
identified as E.Coli [14]. A4.05-6.55 + 107 per 1 ml colony-
forming units (CFU) suspension was prepared. 0.1 ml per
100g rat mass was injected in kidney parenchyma
unilaterally.

Results and discussion. According to the microbiologic
data, injection of the E.Coli suspension in experimental
animals’ renal parenchyma created infectious process not

only in the inoculated kidney, but in contralateral organ too.
This happens obviously due to the spread of the inoculated
pathogen onto healthy kidney by the hematogenous and
(or) lymphogenous routes.

Removal of the affected organ 10 days after inoculation
resulted in a slight decrease in the concentration of the
pathogen in the intact kidney on the 14" day (4 days after
surgery) comparing with non-operated animals (Table 1). On
the 21* day (11 days after surgery) the difference between
operated and non-operated animals has grown, whereas on
the 28" day (14 days after surgery) almost no bacteria were
isolated from the intact kidney. The nephrectomy resulted in
the elimination of infection of the contralateral kidney. This
is quite an unexpected result, as large quantities of the
introduced E.Coli strain were identified in the contralateral
kidney tissue in non-operated rats at all days of experiment.
As a possible explanation for this we suppose a difference in
the nature of infectious process in the inoculated and intact
kidneys.

Most likely it is the microtrauma that causes immediate
development of an inflammatory process in the inoculated
kidney after injection of the etiologic strain. Other
explanations may include: local immunity of the intact
kidney, lower tissue concentrations of the pathogenic
bacteria, or gradual insemination of the contralateral organ.
For some reason an infectious agent persists in the intact
kidney without evoking definite signs of inflammation. Only
evaluation of the histological data may confirm or reject this
assumption.

After the removal of the inoculated kidney on a later term —
14 days after infection was injected — the release rate of
E.Coli strain from the contralateral kidney has decreased. 7
days after surgery (day 21) amount of pathogen in the
contralateral kidney was just slightly lower compared to the
same period in non-operated animals (Table 2). 14 days after
nephrectomy (28th day) the quantitate data of identified
bacteria in the contralateral kidney of experimental animals
showed lowering, but the variety of pathogenic strains
remained similar to that of non-operated animals. Finally, the
group of animals operated on the 21* day, showed seven
days after surgery almost no difference to the kidney
parenchymal contamination scores of those without
nephrectomy (Table 2).

This suggests that the nature of infection in the
contralateral kidney changed over time. At the beginning,
pathogen persisted in the kidney (possibly in the urine, not

Table 1.
Intact kidney tissue bacterial concentrations isolated from control group (no nephrectomy)
and animals receiving nephrectomy on the affected side on the 10" day (residual kidney), Ig CFU (x = Sx)
14™ day 21% day 28" day
Isolated bacteria Control, C, Residual, Ia Control, C, Residual, Ib Control, Cs Residual, Ic
n=6) n=4) (n=6) n=4) (n=6) n=4)

. . 3.28+0.34 1.78+1.22 n.i.
E. Coli (inoculated strain) 3.75+0.38 <005 3.58+0.38 <001 3.74+0.46 p<0.001
E. Coli (autologous strain) 2.70+2.10 2.31+1.59 2.81+42.21 1.50+1.73 2.60+2.07 0.58+1.17
E. Faecalis 2.01+2.24 1.65+1.91 1.7241.90 0.65+1.30 1.70+=1.96 n.i.
P. Mirabilis n.i. n.i. n.i. n.i. 1.58+1.79 n.i.

Note: p value specified where applicable; n.i. — not isolated.
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Table 2.

Intact kidney tissue bacterial concentrations isolated from control group (no nephrectomy) and animals receiving
nephrectomy on the affected side on the 14" and 21* days (residual kidney), Ig CFU (x + Sx)

Nephrectomy on the 14th day Nephrectomy on the 21st day
. 21st day 28th day 28th day
Isolated bacteria Control, C2 Residual, Ila Control, C3 Residual, IIb Control, C3 Residual,Illc
(n=6) (n=4) (n=6) (n=4) (n=6) (n=4)
E. Coli (inoculated strain) 3.58+0.38 3.30+0.35 3.74+0.46 lsz(j)[ 1)170 3.74+0 .46 3.64+0.39
E. Coli (autologous strain) 2.81+£2.21 2.22+1.49 2.60+2.07 1.42+1.64 2.60+2.07 2.69+1.85
E. Faecalis 1.7241.90 1.48+1.71 1.70+1.96 0.53+1.06 1.70+1.96 1.65+1.92
P. Mirabilis n.i. n.i. 1.58+1.79 0.98+1.95 1.58+1.79 1.8742.18

Note: p value specified where applicable; n.i. — not isolated.

in the parenchyma itself) without multiplying or causing any
inflammation. Thus it was easily eliminated from the body
after the permanent source of infection removal — inoculated
kidney. Over time, a penetration of the pathogen (invasion)
in the renal tissue occured, and the inflammation developed.

In this case, the pathogen in the contralateral kidney was
not eliminated even after nephrectomy on the affected side.
Therefore, a critical milestone for the transition of persistent
infection into the invasive stage was period between 10 and
14" days after inoculation of bacteria in rats.

Conclusions

1. Infection of the inoculated kidney spread onto intact
contralateral organ by the hematogenous and/or lymphoge-
nous routes and persisted there for some specific time.

2. The nature of the infection in the contralateral kidney
changed between the 10" and 14" days after inoculation —
the agent apparently penetrated the kidney tissue and
developed inflammation.

3. Removal of the inoculated kidney timely, before the
infection of the intact organ has progressed to its invasive
stage, facilitated complete elimination of the pathogen in the
contralateral kidney by the 28" day.

Reviewer: professor Moiseenko V.O.
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KOHTAMIHALIA KOHTPNATEPAJIbHOI HUPKU
B PI3HI TEPMIHU NICNA BUAANEHHA
YPAXKEHOIO OPTAHA 3ATOCTPOIO

OJHOBIYHOIO 3ANAJNNIEHHA HUPOKYY LLYPIB
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Pe3tome. BuHATKOBE KNiHIYHE 3HAYEHHHA Mae 4iTke po-
3yMiHHSA naTogisionoriyHnx MexaHiamiB nokanisauii (He-
PO3MNOBCIOAXKEHHS) Ta Mirpauii MIKpOOpraHiamiB B iHTakTHY
HWPKY 3a yMOB ofHOGi4HOro 3anansHoro npouecy. focnia-
XEHHS nepecrnigysBano MeTy BU3Ha4uTW BUOOBWUWA MOMNyns-
LiMHWA CKNag Ta KiMbKiCHi XapakTepucTUKM NaTonorivyHoi
MIiKPOBIOTN B TKaHWHI iHTaKTHOI HMPKM 3a ogHOGI4YHOro 3a-
nanbHOro NPOLECY HUPOK Yy Pi3Hi TEPMIHM MiCNa BUAANEHHS
ypaxeHoro opraHa. EkcnepumeHT 3giicHeHo Ha 54 craTe-
BO3piNux HeniHiiHnx 6inunx wypax Rattus Norwegicus. Bcim
TBapMHaM MOAENoBanu rocTpui ogHOGIYHUIA 3ananbHUn
npouec Hupok. [ina mModentoBaHHSA 3ananbHOro npouecy B
HMpKax JocnigHux wypis 6yB BUKopucTaHun wrtam E.Coli,
BUAINEHMIN 3 cedi XBOPOi 3 OiarHOCTOBaHO iH(bekUie ce-
YOBOI cucTeMU. 3 METOK BU3HAYEHHSI CTYMNEHIO BNMBY ypa-
YKEHOI HUPKM Ha MIKpOOHY KOHTaMiHauilo iHTaKHOro opra-
Ha, NpoBOAUNN HedPEKTOMID 3 ypaxkeHoro 6oky Ha 10-Ty,
14-ty Ta 21-wy poby ekcnepumeHTy. KoHueHTpauii 36ya-
HUKIB y TKaHWHI pe3ngyarnbHOi HUPKU BM3Havanu yepes 4, 7
Ta 14 pi6 nicna BuaaneHHs ypakeHoro opraHa. TBapuHam
KOHTPOIBHOI FPynu TakoX MOAENOBanu roctpe ogHobivHe
3ananeHHst HUPOK, NPoTe HePEKTOMIID 3 YpaKeHOi CTOpOo-
HWM He npoBoawnu. MNMoka3HUKU NOpiBHIOBaNM 3 aHanoriyHu-
MW B IHTAKTHOI HUPKM Ha TaKy X Jo0y eKCrnepuMeHTy y LypiB
KOHTPOMbHOI rpynu. BusHaueHo, Wo nicns BuganeHHsa ypa-
XKEHOI HMPKKM y BCiX Nigrpyn TBapvH 3MiHIOBaNvcs npakTuy-
HO BCi MOKa3HUKM KOHTaMiHOBaHOCTi KOHTpnarteparbHOro
opraHa no BiAHOLLUEHHIO 10 TakuXx, Ae HedpeKTOMis He npo-
Boaunacs. [Hekuia 3 iIHOKYNbOBaHOI HUPKN reMaToreHHUM
abo/i nimgoreHHUM LWNsSxamu noTpannsna y iHTakTHUA
KOHTpriaTeparnbH/Wn OpraH i MeBHUW Yac nepcuctyBana B
Hbomy. Mix 10-to i 14-t0 goboto nicnsa iHOKyNAUii xapakTep
iH(beKUiMHOro npouecy Yy KOHTpriaTepanbHOMY oOpraHi
3MiHIOBaBCH — 30YAHWK NPOHMKAB Y TKaHWHU HUPKK Cpyym-
HAB 3anarnbHWUiA Mpouec B OCTaHHIN. BuganeHHs iHOKynbo-
BaHOI HMPKM 4O nepexomy iH(PEKLiNHOro Npouecy y KOHTp-
natepanbHii HUpUi B iHBa3MBHY CTafilo CrpUSNO MOBHIN
enimiHauii 30yaHWKa 3 KOHTpnaTeparnbHOro opraHy.

KniouoBi cnoBa: 3ananeHHs HWUPOK, MienoHedpuT,
KOHTpriaTeparnbHa HUpKa, iHTaKTHa HuUpka, HedpekTomis,
KOHTamiHauisa, Escherichia Coli.
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Pestome. VckniouutenbHoe KrMHWMYECKOE 3HAYeHue
UMeEeT 4eTKoe MOHWMaHWe naToU3NONOrNYECKNX Mexa-
HM3MOB foKanu3auuy (HepacnpocTpaHeHun) 1 murpauum
MWKPOOPraHW3MOB B MHTAKTHYIO MOYKY B YCMOBWSX OOHOCTO-
POHHEro BocnanuTensHoro npouecca. ViccnepgosaHve npe-
cnepfoBarno uernb Onpeaenutb BUAOBOW MOMYMALMOHHBINA
COCTaB W KONMMYECTBEHHbIE XapaKTEPUCTMKM naToriornyec-
KON MUKPOBMOTbI B TKAHU WMHTAKTHOW MOYKU MPW OJHOCTO-
POHHEM BOCNanuUTENbLHOM NPOLIECce NOoYeK B pasHble CPOKU
nocrie yaaneHus nopaKeHHoro opraHa. JKCnepuMeHT npo-
BOOMICA Ha 54 NonoBO3pernbiX HENMMHENHbIX Benbix Kpbicax
Rattus Norwegicus. Bcem XnBOTHbIM Mogenuposanu OCT-
pbiii  OOQHOCTOPOHHUIA BOCMANUTENbLHbLIA MPOLECC MOYeEK.
[na mogenupoBaHns BOCNanuTensHOro npouecca B Moykax
nccnegyemMbix Kpbic 6bin ncnons3osaH wramm E.Coli, Bbige-
TNEHHbIN 13 MOYM BGONMBHOIO C AMArHOCTMPOBAHHOW MHpEK-
unen moyeBon cuctembl. C Uenblo onpeaerneHvs cTeneHu
BMUSHUSA MOPaXXEHHOW MOYKU Ha KOHTaMWHAUMIO KOHTpa-
nartepanbHOro opraHa, NpoBoOAuNM HepaKTOMMIO C Mopa-
XXEHHOW CTOpOHbI Ha 10-e, 14-e 1 21-e CyTKM IKCNEepUMEH-
Ta. KoHueHTpaumm BO3OyaMTENEn OCTaBLUENCH MOYKU
onpegenanu yepes 4, 7 n 14 cyTok nocne yganeHus nopa-
XKEHHOro opraHa. >KMBOTHbIM KOHTPOMbHOWM Fpynmbl Takke
MOZENMPOBanu OCTPOe OOHOCTOPOHHEE BochaneHue no-
YeKk, OOHaKO HEedpPIKTOMUIO C MOPaXEHHOW CTOPOHbI He
nposoaunu. MNokasatenu cpaBHMBaNM C aHanormyHbIMK B
WHTAKTHOWN MOYKE B T€ Xe CYTKWN IKCNIePUMEHTa Y KPbIC KOHT-
pornbHoM rpynnbl. OnpegeneHo, Y4To Nocne yganeHust nopa-
XKEHHOW MOYKM y BCEX MOArpynn >XMBOTHbLIX W3MEHSNNCh
NPakTU4YeCcKn BCe MokasaTenyn KOHTaMUHaLUWMK KOHTparnarte-
panbHOro opraHa Mo OTHOLUEHWUIO K TakvuM, rae HedpaKTo-
MUS He npoBoaunack. WHdekuuss M3 MHOKYNMpOBaHHON
MOYKM remMaToreHHbIM u/nnm NMMAQOreHHbIM NyTem nonaga-
na B VHTaKTHbIA KOHTpanaTepanbHbil OpraH M HEeKOTOopoe
Bpemsl B HeM nepcuctupoBana. Mexay 10-mu 1 14-mn cyT-
KaMu nocrne MHOKYNAUMU XapakTep WHMEKLMOHHOro npo-
Liecca B KOHTpanatepanbHOM opraHe MeHsrncst — Bo30yau-
Tenb, NO-BUAUMOMY, MPOHUKAN B TKAHW MOYKM WU Bbi3blBars
BOCManuTenbHbIN nNpolecc B opraHe. PaHHee yaaneHue no-
paXXeHHOro opraHa, Ao nepexoAa MHMEKLMOHHOrO npoLec-
ca B KOHTpanaTteparnbHOM NMoYKe B MHBA3UBHYHO CTaguio, Crno-
coGCTBOBaNo MonHOM  anuMuHauuyM  Bo3dyauTens 13
KOHTpanaTeparnbHOro opraHa.

KnioueBble crnoBa: BocnarneHue no4vek, nuenoHedpur,
KOHTpanartepanbHasa noyka, WHTaKTHas nouvka, HedpaKTo-
MUA, KOHTamuHauus, Escherichia Coli.
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