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Antibiotic treatment increases susceptibility to development of inflammatory bowel
diseases (IBD) both in children and adults. Oxidative stress plays a prominent role in
IBD pathogenesis. The aim of present study was to test an interrelationship between the
morphological changes in rat colonic mucosa, the levels of antioxidant enzymes and
redox sensitive transcription factors Egr-1 and Sp-1 after treatment with cephalosporin
antibiotic ceftriaxone (Cf) with broad spectrum of action. Study was performed on male
Wistar rats (180-230 g). Cf (50 mg/kg, i.m.) were injected daily for 5 days. The colonic
levels of catalase and superoxide dismutase activity were measured by the colorimetric
assays and zymography; levels of Egr-1 and Sp-1 — by Western-blot analysis; histo-
logical changes — by morphometric analysis. Body weight and diarrhea were recorded.
Systemic administration of the ceftriaxone induced morphological and functional chang-
es in rat colonic mucosa associated with initial stages of the acute inflammation. These
changes were accompanied by a decrease of activity of superoxide dismutase and
catalase. Levels of redox-sensitive transcription factors Egr-1 and Sp1 were signifi-
cantly increased, which shows a disturbance of homeostasis of the intestinal barrier.
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INTRODUCTION

The inflammatory bowel diseases (IBD), such as ulcerative colitis and Crohn’s dis-
ease are characterized by chronic non-specific inflammation and ulcers of the intestinal
mucosa of unknown etiology. From 5 to 60 new cases per 100 thousand people are
recorded annually and this rate is steadily increased [5, 6].

In 2011, two independent groups reported about positive correlation between long-
term use of antibiotics and the risk of IBD in children [2] and adults (average age — 43.4
years) [12]. The mechanisms underlying this phenomenon are hypothetical and require
empirical study.

A disruption of the intestinal barrier function is a crucial factor for the IBD pathoge-
nesis [3]. We have found that a disruption of the intestinal barrier integrity at early stages
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of the IBD is associated with a development of hypoxia and oxidative stress in the epi-
thelial cells with subsequent activation of the redox sensitive transcription factors [14].

Normal intestinal microbiota plays a crucial role in the formation and maintenance
of the intestinal barrier homeostasis. Sterile environment (without bacteria) leads to
a disruption of the intestinal barrier and immunity formation in germ-free animals. These
animals have immature spleen and thymus; decreased number of lymphoid follicles
and mature plasma cells which sensitize IgA; an imbalance at the level of anti- and pro-
inflammatory cytokines; hypoplastic changes of Peyer patches [10]. Maintaining stabi-
lity of microbiota composition is an essential factor for stimulating the expression of the
antimicrobial peptides — defensins [1], the tight junction proteins [15] and mucins [11].
Considering a fact that antibiotics disturb the intestinal microbiota composition, we
hypothesized that antibiotic treatment may lead to a disruption of the intestinal barrier
integrity via a shift in the redox status of the intestinal mucosa cells.

The aim of a present study was to test an interrelationship between the morpho-
logical changes in rat colonic mucosa, the levels of antioxidant enzymes and redox
sensitive transcription factors Egr-1 and Sp-1 under treatment with cephalosporin anti-
biotic ceftriaxone.

MATERIALS AND METHODS

Male Wistar rats (180-230 g, n = 14) were bred and housed in a conventional ani-
mal facility of the ESC “Institute of Biology” Taras Shevchenko National University of
Kyiv (Kyiv, Ukraine) under standard environmental conditions (12 h light/dark cycle at
a constant temperature of 22 °C). All animals had unlimited access to animal chow and
tap water throughout the study. To normalize gut microbiota, rats from all groups were
kept in the same room and maintained by the same personal. Study was approved by
the bioethical committee of ESC “Institute of Biology” Taras Shevchenko National Uni-
versity of Kyiv (Protocol No 8 issued by Nov, 2, 2015).

Ceftriaxone (Kyivmedpreparat JSC, Ukraine) was injected 50 mg/kg intramuscular-
ly, daily for 5 days (n = 7). Control rats (n = 7) were treated with sterile water (0.1 ml/rat,
intramuscularly).

Animals were weighted before water or ceftriaxone treatment and next day after
treatment stop. Diarrhea was estimated daily by a softness of feces. Animals were la-
beled as positive or negative for diarrhea sign.

Rats were euthanized by CO, inhalation followed by cervical dislocation next day
after antibiotic withdrawal (6™ day of the experiment).

At autopsy, 2 cm of colonic tissue was embedded in 10% buffered formalin following
paraffin for further histological analysis. Rest of colon was cut along the anti-mesenteric
side and thoroughly rinsed in cold PBS. Colon was gently wiped with paper towel and flat
by mucosa side up on ice. Mucosa was gently scraped by using metal spatula from the
muscular layer and embedded in a liquid nitrogen for further biochemical assays.

Morphological signs of the colonic mucosa were estimated by the morphometric
analysis on 3-5 um histological sections stained with hematoxylin and eosin.

Catalase activity in colon was measured colorimetrically in a reaction with 0.03%
H,O, solution. The reaction was stopped by the molybdate ammonium (Alfarus, Ukraine)
and measurement was taken at a wavelength of 410 nm. The activity of superoxide
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dismutase (SOD) was determined by a zymography method, which was carried out in
polyacrylamide gel with the addition of bromophenol blue to the samples. After the elec-
trophoretic separation, the gel was incubated for 20 min in a solution of the nitroblue
tetrazolium, TEMED and riboflavin (Sigma-Aldrich, Germany). Further it was kept under
light until the manifestation of the reaction in the form of transparent spots on the light-
blue background of the gel. Total concentration of proteins was measured by the Brad-
ford method using a set of "Bio-Rad protein assay” (Bio-Rad, USA).

Separation and detection of proteins (150 ug proteins per sample) was run by the
Western-blot analysis in 10% SDS polyacrylamide gel followed by transfer to the Hy-
bond-ECL nitrocellulose membrane (Amersham Biosciences, USA) according to a stan-
dard protocol of Bio-Rad Company. Anti-Egr-1 (1:300) and Sp-1 (1:500) antibodies
(Santa-Cruz, USA) were used to determine the level of the corresponding proteins in
the colonic mucosa, followed by incubation with secondary HRP-conjugated antibodies
(1:5,000, Santa-Cruz Biotech, USA). The loading controls were performed by using
a mouse monoclonal antibody to B-actin (1:500) (Sigma-Aldrich, Germany).

Data are presented as M+SD. Statistical significance was determined by the Stu-
dent’s t-test. P-values less than 0.05 were considered statistically significant.

RESULTS AND DISCUSSION

Antibiotic treatment induced diarrhea in 30% rats. Despite of that, we did not detect
a significant difference in body loss between control and antibiotic-treated rats. At the
end of the experiment, the rats of control and experimental groups lost 5% and 6% of
bodyweight, respectively.

The morphometric analysis of histological sections of rat colon revealed that
5 days of ceftriaxone administration increased the thickness of the mucous membrane
(from 238.77+60.32 to 371.95+60.32 um, P < 0.001, n = 5), the depth of intestinal crypts
(from 224.0£32.0 t0 310.4 £ 70.1 um, P < 0.001, n = 5), and the area of the colonocytes
nuclei (from 25.69+8.4 to 35.46+8.63 um?, P < 0.001, n = 5). We observed a swelling
and desquamation of the mucosa that indicated an increase of functional activity of
colonocytes. It was accompanied by an increase in number of the goblet cells, but
a decrease in their size (from 126.23154.67 to 107.40+49.42 um?, n = 5). These results
indicate the pro-inflammatory changes and homeostasis disturbance of the intestinal
barrier.

Lipid peroxidation processes (LPO) are major metabolic reactions, whose intensity
is at certain level in the tissue. Disturbances of LPO after damaging effects are early
and universal non-specific reactions in pathogenesis of many diseases. One of the
pathogenic factors of LPO activation may be a deficiency of antioxidant activity in the
colonic mucosa [8]. It is known that SOD catalyzes dismutation of the superoxide into
oxygen and hydrogen peroxide. The hydrogen peroxide was formed during dismutation
of the superoxide anion radical, is reduced to water, mainly with catalase and gluta-
thione peroxidase.

An injection of ceftriaxone reduced the activity of SOD and catalase in rat colonic
mucosa 1.1- and 4.5-folds, respectively (Fig. 1). Areduced activity of SOD and catalase
may indicate a disturbance of physiological protection system from an excessive lipid
peroxidation after administration of ceftriaxone.
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These data are consistent with the results of other study [13]. It was shown that the
injection of different doses of cephalosporin antibiotics to rats for 15 days reduced the
activity of catalase and SOD as early as at the 15-2" days after administration of the
antibiotic.
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Fig. 1. Activity of antioxidant enzymes — superoxide dismutase (A) and catalase (B) in rat colonic mucosa
after 5 days administration of ceftriaxone (50 mg/kg, i.m.), n = 5; M+SD; * P < 0.05 vs. control group
(Water)

Puc. 1. AKTUBHICTb aHTUMOKCMAAHTHUX eH3UMIB cynepokeuaancmyTasu (A) i katanasm (B) y cnu3osin 06omnoHLi
TOBCTOI KULLKY LLypiB Nicns 5-AeHHoro BBeAeHHs LedTpiakcoHy (50 mr/kr, B/m), n = 5; M+SD; * P < 0,05
LLIOAO MOKa3HWKIB Y KOHTPOSbHIN rpyni (Boaa)

Despite a fact that the mechanisms of lipid peroxidation after antibiotic treatment
have been reported earlier [8, 13], changes at the level of redox sensitive transcription
factors have not been studied. Egr-1 is an early response protein that refers to a group
of redox-sensitive transcription factors. Its activity depends on intracellular balance be-
tween oxidants and antioxidants. DNA-binding domain of Egr-1 contains cysteine resi-
dues. Oxidation the thiol (SH)-groups of cysteine leads to a disruption of the inter/intra-
molecular disulfide bonds and, conformation changes of protein molecules that affect
DNA binding activity of transcription factors. Egr-1 is an inducible factor that does not
occur in normal colonic mucosa, but it is activated by an oxidative stress. Egr-1 can
activate expression of many angiogenic factors (bFGF, PDGF-A, PDGF-B, VEGF, VEG-
FR-1, angiopoentin-1, proteases), as well as pro-inflammatory mediators (ICAM-1,
VCAM-1, TNF-a, IL-1B, IL-2, monocyte chemotactic protein-1, tissue factor, GM-CSF)
by interaction with the proximal promoter region of gene or by protein-protein interaction
with other transcription factors [7, 14].

The transcription factor Sp-1 plays an important role in the regulation of cellular
processes such as metabolism, growth, differentiation, apoptosis and angiogenesis. It
is involved in regulation of expression of the housekeeping genes, genes that direct
development of erythroid, lymphoid and monocytic lineages. Sp-1 modulates gene tran-
scription of tissue plasminogen activator which depends on the retinoic acid and cAMP.
A protective role of Sp-1 was found during oxidative stress in brain neurons [9, 14].
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The regulation of gene expression by Egr-1 and Sp-1 transcription factors showed
an interaction between them, since DNA-binding domains of these factors overlap [14,
17]. We [14], and others [4, 16], showed that Egr-1 and Sp-1 play an important role in
pathogenesis of the inflammatory bowel diseases.

In present study, we showed an increase in the levels of Egr-1 and Sp-1 in rat co-
lonic mucosa after administration of the ceftriaxone. The levels of Egr-1 were increased
by 1.7-fold (Fig. 2, A), while Sp1 — 1.6-fold (P < 0.05 vs. water-treated group) (Fig. 2, B).
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Fig. 2. Expression of redox-sensitive transcription factors Egr-1 (A) and Sp-1 (B) in rat colonic mucosa after
5 days administration of ceftriaxone (50 mg/kg, i.m.). Western-blot analysis, n = 3; M+SD; * P < 0.05
vs. control group (Water)

Puc. 2. Excripecis pefoKc-4yTnMBuX TpaHckpunuiiHnx daktopis Egr-1 (A) i Sp-1 (B) y cnv3oBii 060noHLi
TOBCTOI KWLLIKM LLpiB nicnsi 5-aeHHoro BBeAeHHs LedTpiakcoHy (50 mr/kr, B/m). BectepH-6roT aHanis,
n = 3; M+SD; * P < 0,05 w040 noka3HUKiB y KOHTpOrbHil rpyni (Boaa)

Considering a fact that an increase levels of Egr-1 and Sp-1 can be an early sign of
the development of inflammatory bowel disease, our findings may indicate their involve-
ment in the protective mechanisms in a response to side effects of the ceftriaxone.

CONCLUSIONS

Systemic administration of the cephalosporin antibiotic ceftriaxone leads to mor-
phological changes in rat colonic mucosa whose nature indicates the initial stages of the
acute inflammation. These changes are accompanied by a decrease in activity of the
antioxidant enzymes in the colonic mucosa, and increase in the levels of redox-sensi-
tive transcription factors Egr-1 and Sp1, that shows a disturbance in homeostasis of the
intestinal barrier.
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NMOPYLWEHHA OKCUOAHTHO-AHTUOKCUAAHTHOIO BATNAHCY B CITU30BIN
OBOJIOHLI TOBCTOI KLLKM LWYPIB YHACNIAOK AHTUBIOTUKOTEPANIT

10. B. Nlonoma, O. 1. Tanko, T. B. JoebuHuyk, I. M. ToncmaHoea

Kuiscbkuli HayioHanbHuUl yHieepcumem imeHi Tapaca LllesyeHka
HasuanbHo-Haykosul ueHmp “IHcmumym 6ionoeii”, ayn. Bornodumupceka, 60, Kuie 01033, YkpaiHa
e-mail: gtolstanova@gmail.com

AHTMBIOTUKOTEPaNis NiABULLYE CIPUAHATINBICTE 40 PO3BUTKY 3ananbHUX 3aXBO-
ptoBaHb kuweyHuka (33K) y aiten i gopocnunx. OkcngaTtMBHUIA CTPEC Bifirpae Baxnu-
By ponb y natoreHesi 33K. MeToto Lboro gocnigxeHHs 6yno 3'acyBaTty B3aEMO3B’A30K
MK MOPOJSIOTiYHNUMM 3MiHAMWN Y CIN30BI 0OO0NOHLi TOBCTOI KULLKW LLYpPIiB, PiBHEM
depMeHTIB aHTUOKCUAAHTHOI CUCTEMU Ta PEAOKC-YYTANBUX TPaHCKPUNLINHUX dak-
TopiB Egr-1 i Sp-1 nicnga BBegeHHs aHTUBIOTUKA LLUMPOKOro cnekTpa Aii, uedTpiakCoHy
(Udp). OocnipxeHHs npoBedeHO Ha wypax-camusx niHii Bictap (180-230 r). Ud
(50 mr/kr, B/M) BBOAUNM LWOAEHHO YNPOAOBX 5 AHIB. AKTMBHICTb KaTtanasu i cynepok-
cupancmyTasm (COM) y TOBCTIM KM LLYypiB BU3HA4Yany KONOPMMETPUYHO Ta METO-
Oom 3umorpaaii; pisHi Egr-1 i Sp-1 metogom BecTtepH-6noT aHanisy; rictonorivHi ami-
HW ouiHoBann MopdoMeTpuyHo. [MpoBOAMAN MOHITOPUHI Macu Tina TBapwH i HasiB-
HocCTi giapei. CuctemHe BBEeAEHHS LiedpTpiakCOHY NPU3BOAMIO OO0 MOPKONoriyHmx
i pyHKLiOHaNbHMX 3MiH Y CMNM30Bi 060MOHL TOBCTOI KULLKK LLYypiB, acoLiioBaHMX
3 MOYaTKOBUMU CTafigsMU rOCTPOro 3ananeHHs. Lli 3aMiHM cynpoBoaXXyBanncs 3HMXeH-
HAM aKTUBHOCTiI €H3MMIB aHTUOKCUOAHTHOI CUCTEMM CyNEepPOKCMAANCMYTa3u i katana-
3. PiBHi pegoKc-4yTnmBmMx TpaHCKpUnuUinHux gaktopis Egr-1 i Sp1 6ynu 3Ha4yHO BU-
MMM, O CBIiAYUTL NPO MOPYLUEHHS rOMeocTa3sy KMLWKOBOro bapepa.

Knroqoei crioga: uedTpiakCOH, TOBCTA KMLLKA, aHTUOKCUOAHTU, TPAHCKPUMLinHI
dakTopu.

HAPYLUEHUE OKCUOAHTHO-AHTUOKCUAAHTHOIO BEANTAHCA B CIIU3UCTOM
OBOJTOYKE TOJICTOM KULLKU KPbIC BCNEOCTBUE AHTUBMOTUKOTEPANUU

10. B. N'onoma, A. I1. Tanko, T. B. [JoebbiHuyk, A. H. ToncmaHoea

Kueeckuli HayuoHanbHbIl yHugsepcumem umeHu Tapaca LllegyeHKo
YyebHo-Hay4HbIU yeHmp "MIHemumym 6uonozuu”, yn. Bnadumupckas, 60, Kues 01033, YkpauHa
e-mail: gtolstanova@gmail.com

AHTMOMOTMKOTEPANMSA MOBbLILAET BOCMPUMMYMBOCTbL K Pa3BUTUIO BOCMANUTENb-
Hbix 3aboneBaHui knweyHnka (B3K) y geten n B3pocnbix. OkcngaTuBHBIN CTpece
urpaeT BaxkHyto ponb B natoreHe3e B3K. Llenbto gaHHoro nccnenoBanms 6uin0 Bbl-
SAICHUTb B3aMMOCBSA3b Mex4y MOPdONOrM4eckuMmM N3MEHEHUAMUN B CIIM3UCTON 060-
NoYKe TONCTON KULLKN KPbIC, YPOBHEM (DEPMEHTOB aHTUOKCUOAHTHOM CUCTEMbI U pe-
OOKC-4yBCTBUTENbHbBIX TPAHCKPUNLUMOHHBLIX hakTopoB Egr-1 n Sp-1 nocne BBeaeHus
aHTMbnoTuKa LUMPOKOro crnekTpa Aencteus, uedtpuakcoHa (Lid). Mccnemosanume
NpOBeAEHO Ha Kpblcax-camuax nuHum Buctap (180-230 r). Lid (50 mr/kr, B/m) BBOAU-
NN exegHEBHO B TeveHne 5 aHen. AKTMBHOCTb KaTanasbl U CynepokcugancmyTasbl
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(COL) B TONCTOM KMLLUKE KPbIC ONpeaensnm KoiopuMmeTpuyeckm n MeTogomM 3aumorpa-
duu; yposeHb Egr-1 n Sp-1 metogom BecTepH-6n0T aHanmsa; ructonormieckue ms-
MEHeHUS oLeHMBann MmopdomeTpuyecku. NpoBoannn MOHUTOPUHI MacChl Tena Xu-
BOTHbIX M HanNn4na guapen. CuctemHoe BBeAeHue LedTpnakcoHa npuBoguso K Mop-
OMNorM4eckMm 1 pyHKUMOHANbHbIM U3MEHEHUAM B CITM3UCTON 06ONI0YKe TOSCTOMN
KWULLIKM KPbIC, aCCOLMNPOBAHHBLIM C Ha4YarbHbIMU CTaAUAMMU OCTPOro BocnaneHus. 3Tu
N3MEHEHUS COMPOBOXAANUCh CHMXEHUWEM aKTUBHOCTU SH3MMOB aHTUOKCUMAAHTHON
CUCTEMbI CynepokcuganucmyTasbl U KaTanasbl. YPOBHU pPeLAOKC-4YYyBCTBUTENMbHbIX
TPaHCKPUMUMOHHBIX hakTopoB Egr-1 n Sp1 Gbinn 3HAYMTENBHO BbILWLE, YTO CBUAE-
TENbCTBYET O HapyLLEeHUN roMeocTasa KuwevHoro 6apbepa.

Knroveenle crioea: LepTPUAKCOH, TONCTas KULLKa, aHTMOKCUAAHTbI, TPaHCKpUI-
LIMOHHblE (paKTopbI.
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