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THE ACTION OF COX/LOX INHIBITORS ON ANTIOXIDANT SYSTEM
AND MORPHOLOGICAL STATE OF RAT’S COLON MUCOSA UNDER
THE CONDITIONS OF STRESS

Introduction. Extensive, and often uncontrolled, use of cyclooxygenase (COX) inhibitors, as well as the psy-
chological stress, are important factors of inflammatory diseases development in the digestive tract, including the
large intestine. The activation of lipoperoxidation processes is one of the pathogenetic links of the development of
ulcers, which can serve as a marker for both the intensity of inflammation and the onset of proinflammatory state.

The aim of the study — to find out the influence of certain COX and lipoxygenase (LOX) inhibitors on the activi-
ty of free radical oxidation and the morphological state of the colon mucosa (CM) under the conditions of their inde-
pendent action and under the conditions of stress.

Research Methods. A model of 5 hours water-immobilization stress was selected for the stress simulation, for
inhibition of COX and LOX — naproxen, celecoxib and compound 2A5DHT, which were administered intragastri-
cally, in a single dose of 10 mg/kg. The morphological study of CM and the determination of the antioxidant enzymes
activity in the CM homogenates were conducted.

Results and Discussion. The single action of naproxen caused increase of SOD, catalase, MPO activity and
TBA-active products concentration in the CM. Similar changes were noted under the conditions of stress. Adminis-
tration of naproxen under the conditions of stress caused the increase of SOD activity compared to WIS action and
increase of TBA-active products concentration, activity of catalase and MPO compared to naproxen action.

Conclusions. It was found that non-selective COX inhibition was accompanied by proinflammatory effect in
the CM, likely based on the prooxidant action of the nonselective COX inhibitor, which was confirmed by the activa-
tion of SOD. Selective COX-2 inhibition and inhibition of COX-2/5-LOX showed an anti-inflammatory effect due to

a more effective mechanism of action.
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INTRODUCTION. The COX inhibitors are
widely used in medicine as non-steroidal anti-in-
flammatory drugs (NSAIDs) due to their ability to
block the synthesis of proinflammatory prostaglan-
dins (PGs) [1]. As many of them, mainly analgesics,
belong to over-the-counter medicines group, it has
resulted in the uncontrolled use of NSAIDs [2].

The inhibition of COX results also in the de-
crease of gastroprotective PGs production, which
leads to the insufficient production of mucus and
bicarbonates by the digestive tract organs mucosa
[3]. Therefore, ulcers development of the digestive
tract mucosa is the most common side effect of
NSAIDs [4]. The research of safer, but enough ef-
fective NSAIDs is an actual question of different
sciences related to the medicine [5]. Modern direc-
tions of NSAIDs improvement include the synthesis
of more selective COX-2 inhibitors [1], dual inhibitors
of COX-2 and 5-LOX [6] and incorporation of differ-
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ent radicals with cytoprotective properties into the
known molecule structure [7].

The psychological stress is another trigger of
inflammatory diseases of the digestive tract deve-
lopment, as stress is accompanied by increased
production of catecholamines and cortisol later [8].
The action of adrenaline on the colon mucosa (CM)
manifests by vasoconstriction [9] and disturbed
motor function [10]. Cortisol and other corticoste-
roids, like corticoliberin and urocortin, cause ische-
mia, increased cell membrane permeability, vis-
ceral sensitivity [11] on the one hand and inhibit
phospholipase A, via lipocortin synthesis induction
[12] on the other. Taken together, these mechanisms
can activate cell damage, and result in the free
radical oxidation activation.

Free radicals (superoxide radical, hydrogen
peroxide, hydroxyl radical etc.) are produced by the
CM in response to the action of infectious factors
under the normal conditions and provide cell death
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under the pathological states like inflammation,
stress, the action of chemical or physical stimuli
[13]. Lipids of cell and mitochondrial membranes
are the most sensitive molecules to free radical
oxidation [14]. The final product of their chemical
transformation is malonic dialdehyde, which can
bind with thiobarbituric acid (TBA) [15]. The contrac-
tion to the lipid peroxidation is provided by the an-
tioxidant enzymes — superoxide dismutase (SOD),
catalase, glutathione peroxidase [16] and in some
way by myeloperoxidase (MPO), which transforms
hydrogen peroxide by neutrophils, and is also a
marker of neutrophil infiltration [17].

The aim of the study — to find out the influence
of certain COX and LOX inhibitors on the activity of
lipid peroxidation and the morphological state of the
CM under the conditions of their independent action
and under conditions of stress.

RESEARCH METHODS. The experiment was
conducted on 80 outbred rats of both sexes with
the body weight of 200-240 g. All manipulations
with the animals were carried out according to
European Convention for the Protection of Verte-
brate Animals used for Experimental and Other
Scientific Purposes and permitted by Bioethics
Committee of Danylo Halytskyi Lviv National Medi-
cal University (Protocol No. 3, 16.03.2015). The
animals were kept on the standard diet with free
access to the water.

The rats were divided into 8 groups: group 1
was a control group (intact), animals of the groups
2, 3and 4 were administered COX inhibitors — non-
selective naproxen (group 2), COX-2 selective
celecoxib (group 3) and dual COX-2/5-LOX
2A5DHT (group 4). All the COX inhibitors were
administered intragastrically at a single dose of
10 mg/kg. The animals of the groups 5-8 were
fasting for 24 hours and then were subjected to
water-immersion stress (WIS) duration of 5 hours,
water temperature was 20-23 °C [18]. The rats of
the groups 6-8 were administered COX inhibitors
1 hour before WIS by the same scheme as animals
of groups 2—4. Euthanasia was carried out by the
urethan injection at a dose of 4 g/kg.

The colons were washed with the saline solu-
tion, the samples were taken for the histological
examination and average goblet cells number in a
crypt was measured using ImageJ program. The
CM was removed and the homogenates were pre-
pared in the 0.9 % saline solution (1:5). The activi-
ty of SOD [19], catalase [20], MPO [21] and the
concentration of TBA-active products [22] was
measured in the CM homogenates.

Statistical analysis was performed using pro-
gram OriginPro 7.0. Data are presented as the
mean and standard deviation. The reliability was
determined using the Student’s test because dis-
tribution, determined using the Shapiro-Wilk test,
was normal.

RESULTS AND DISCUSSION. The action of
COX inhibitors did not cause any morphological
changes in the CM. The administration of naproxen
caused increase of TBA-active products concentra-
tion by 16 % (p<0.05), activity of SOD by 37 %
(p<0.05), catalase by 37 % (p<0.01) and MPO by
50 % (p<0.01) compared to the control group
(Table 1). Absence of morphological changes and
increase in TBA-active products concentration in
CM under the action of naproxen was also noted
in our previous investigation [23]. There were no
significant changes in studied biochemical indices
in groups of celecoxib and 2A5DHT compared to
control group.

We suppose that the activation of free radical
oxidation may be caused by two reasons. First— by
special properties of naproxen, which can increase
expression of NADPH-oxidase-4 [24] thus causing
the increased concentration of superoxide radical
and activation of SOD, which turns superoxide into
hydrogen peroxide. The increased concentration of
hydrogen peroxide leads to the increased activity
of catalase and MPO, which are using it as a sub-
strate. The increased concentration of both super-
oxide radical and hydrogen peroxide activates lipid
peroxidation, so it results in increased TBA-active
products concentration. Another possible reason is
connected with the mechanism of naproxen ac-
tion — it inhibits the synthesis of protective PGs [4],

Table 1 — The concentration of TBA-active products and activity of SOD, catalase and MPO
in CM under the action of COX-inhibitors (M+m)

TBA-active moIesSc()?ai'troque Catalase, MPO,
Group products, H . . pmoles of H,O./ pmoles of H,O_/
pmoles/g tissue tetrazolium/min-mg min-mg of pr(zjtezin min-mg of pr(z)tezin
of protein
Control (n=10) 0.95+0.10 7.31+1.43 15.80+2.30 0.04+0.01
Naproxen (n=10) 1.10+0.05* 9.99+1.36* 21.60+£2.65** 0.06+0.01**
Celecoxib (n=10) 0.95+0.16 7.47+1.69 15.50+2.89 0.05+0.01
2A5DHT (n=10) 1.04+0.17 6.18+1.25 17.60+3.27 0.05+0.01

Notes. * — p<0.05 compared to control group; ** — p<0.01 compared to control group.

a
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so CM is not protected enough from aggressive
factors present in the feces.

Combined action of WIS and COX inhibitors did
not predetermine any macroscopic changes of CM,
but we found out that the CM surface was damaged
and there were changes in histological indices. In
particular, there were CM erosions under conditions
of WIS, combined action of naproxen and WIS
caused increase of erosions, whereas action of
celecoxib and 2A5DHT under conditions of WIS
contributed to the preservation of CM integrity
(Fig. 1, erosions are marked with arrows). Similar
histological changes were noted under the action
of WIS and combined action of naproxen and WIS
in rat’s gastric mucosa [25].

The investigation of histological specimens
revealed that under conditions of WIS the average
number of goblet cells in crypt decreases by 44 %
(p<0.001) compared to control group (Fig. 2). The
administration of naproxen and celecoxib under
conditions of WIS did not change it reliably com-
pared to WIS group, whereas 2A5DHT caused
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increase of average goblet cells number by 30 %
(p<0.05) compared to WIS group. Goblet cells are
producing and accumulate mucus, so the increase
or decrease of their number reflects the level of the
CM protection. These data indicate that 2A5DHT
has more effective anti-inflammatory effect and is
less ulcerogenic due to its mechanism of action,
which provides synthesis of protective PGs and
inhibit production of both inflammatory PGs and
leucotriens.

The action of WIS caused increase in TBA-
active products concentration by 57 % (p<0.001),
activity of SOD by 44 % (p<0.001), catalase — by
43 % (p<0.001), MPO — by 325 % (p<0.001) com-
pared to control group (Table 2). We received in-
creased concentration of TBA-active products in
the CM [26] and MPO activity in gastric mucosa
[25] and under conditions of WIS previously. Activa-
tion of the antioxidant enzymes is a marker of free
radicals accumulation, which is possibly connected
with ischemia, developed under the action of
adrenaline. The administration of naproxen under

Fig. 1. Colon histology, hematoxylin-eosin stained, x100 magnification.
Notes. 1 — control group; 2 — WIS group; 3 — WIS + naproxen group; 4 — WIS + celecoxib group; 5 — WIS + 2A5DHT group.

Table 2 — The concentration of TBA-active products and activity of SOD, catalase and MPO

in CM under the combined action of WIS and COX-inhibitors (M+m)

TBA-active molessc()?ai’troblue Catalase, MPO,
Groups products, pmoles/g H . . pmoles of H,O./ pmoles of H,O./
. tetrazolium/min-mg : 22 : 272
tissue ) min-mg of protein | min-mg of protein
of protein
Control (n=10) 0.95+0,10 7.31+1.43 15.80+2.30 0.04+0.01
WIS (n=10) 1.49+0.19*** 10.50+1.37*** 22.60+2.71%** 0.13£0.02***
WIS+naproxen (n=10) 1.36+0.15™" 13.40+1.54* 26.10+2.67™ 0.15+0.03"\
WIS+celecoxib (n=10) 1.3940.13 11.00+1.60 23.50+2.44 0.14+0.03
WIS+2A5DHT (n=10) 1.3940.18 9.77+1.11 22.00+2.11 0.12+0.03
Notes:
1. *** — p<0.001 compared to control group.

2.
3.
4.

# - p<0.05 compared to WIS group.
M — p<0.01 compared to naproxen group.
A — p<0.001 compared to haproxen group.
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Fig. 2. The average number of goblet cells in crypt.

Notes. 1 — control group; 2 — WIS group; 3 — WIS +
naproxen group; 4 — WIS + celecoxib group; 5— WIS + 2A5DHT
group; *** — p<0.001 compared to control group; # — p<0.05
compared to WIS group.

the conditions of WIS promoted increase of SOD
activity by 28 % (p<0.05) compared to WIS group;
increase of TBA-active products concentration by
24 % (p<0.01), activity of catalase by 21 % (p<0.01),
MPO — by 250 % (p<0.001) compared to naproxen
group (Table 2). We did not note increase of TBA-
active products in any of groups compared to WIS
group, the same results we received in previous
experiment, but there was the decrease of TBA-
active products compared to WIS group in gastric
mucosa [26]. Probably, upper gastro-intestinal tract
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H. B. fleHuceHko, O. 1. Cknspos

JIbBIBCBKWI HALJIOHA/IbHA MEAVYHNK YHIBEPCUTET IMEHI JAHWIA TA/INLBKOO

BIIVIVB IHT'IBITOPIB IIMK/IOOKCUI'EHA3SW/JIIIIOOKCUT'EHA3HU
HA AHTUOKCUJAHTHY CUCTEMY TA MOP®OJIOT'TYHUI CTAH C/IN30BOi
OBOJIOHKU TOBCTOI KUIIIKU IITYPIB 3A YMOB CTPECY

Pesiome

Bcmyn. LLlupoke i Yacmo HEKOHMPO/IbOBaHE 3aCmocyBaHHsI iH2i6imopis YUK/I00KCU2eHa3U, @ MakoX Mcuxo-
/102i4HUl cmpec — BaXk/1UBI hakmopu BUHUKHEHHST XPOHIYHUX 3ana/lbHUX 3aXB0PHBaHb Op2aHiB mpas/ieHHs, 8 momy
qucsi 'y moscmili kuwyi. OOHIEH 3 MaMO2eHEMUYHUX /IaHOK YMBOPEHHS BUPA30K € akmuBsayisi Mpoyecis sinorne-
pokcudayil, Wo Moxe csiy2ysamu MapKepPOM sIK IHMEHCUBHOCMI 3ara/ieHHs], mak | BUHUKHEHHST rpo3anasibHo20
cmary.

Mema 00oc1id)xeHHs1 — 3’siCyBamu Br1/1Us OesIKUX iH2i6imopis YUK/I00KCU2eHa3u ma JlinooKcUu2eHa3u Ha akmus-
HiCMb Bi/IbHOPAOUKa/IbHO20 OKUCHEHHST | MOpPghos102i4HUL cmaH C/1u3080i 060/10HKU MOBCMOI KUWKU 3a yMOB ca-
MOocCmIliHOI 0if ma Ha ms1i cmpecy.

Memoodu 0ocnidxeHHs. []/151 MooesirosaHHs cmpecy 6y/10 06paHO MOOes/Ib BOOHO-IMMOOGI/I3ayiliHo2o cmpecy
mpusasiicmto 5 200 3 Memoro iH2ibyBaHHS YUK/I00KCU2eHa3u ma JlinooKcu2eHasu — HarpoOKCEeH, Ue/1IeKOKCUb i crio-
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7yKy 2A5DHT, ki 8800U/IU BHYMPIWHBOW/TYHKOBO 0OHOPa3080 8 003i 10 Ma/ke. BUKOHyBa/iu Mopgho/ioeiyHe 00-
C/TIIOXEHHST €/1U30801 060/IOHKU MOBCMOI KUWKU | BUSHAYa/1U @aKMUBHICMb €H3UMIB aHMUOKCUOaHMHOo20 3axucmy
B 20MO2eHamax €/1u30801 060/I0HKU MOBCMOT KUWKU.

Pe3ynbmamu Ui 062080peHHs1. CamocmiliHa 0isi HarpOKCeHY 3yMOBU/Ia 3p0CMaHHs1 akmusHOCMI CynepoKcuo-
oucmymasu, kamasiasu, miesionepokcudasu ma koHyeHmpauyii TBK-akmusHUX rpoodykmis y c/1u308ili 060/10HYi
moBcmol KUWKU. CXOxi 3MiHU 6y/10 BIO3HaYEHO 3a MO8 BOOHO-IMMObIni3ayitiHo20 cmpecy. BBeOeHHs HarpoKceHy
Ha m/ii BOOHO-IMMOGI/i3ayiliHo2o0 cmpecy CrpuYUHU/IO MIOBUWEHHS akKmuBHOCMI CyrnepoKcuooucMyma3su rnopisHs-
HO 3 Oi€to Ybo20 cmpecy, 36i/ibweHHs smicmy TBK-akmusHUX npodykmis, 3p0CMaHHsl akmusHoOCMi kamanasu i
Miesionepokcudasu MopisHSIHO 3 QIEH0 HAMPOKCEHY.

BucHosKu. BcmaHO0B8/1eHO, W0 Hece/iekmusHe iH2ibyBaHHS YUK/TOOKCU2eHa3U CyrnpoBOoOXXYyeMbCS npo3sanasib-
HUM Br1/IUBOM Ha C/1Uu308Y 060/I0HKY MOBCMOI KUWKU, B OCHOBI 5IKo20, UIMOBIPHO, /Iexxumsb MpOooKcuoaHmHa ois
Hece/leKmuBHo20 iHaibimopa YUK/I00KcUu2eHa3u, Wo rniomsepoxyemscsi akmusayiero cyrnepoKkcuooucmMymasu.
CeniekmusHe iHeibyBaHHS LUK/TOOKCU2EeHA3U-2 ma iH2ibyBaHHs YUK/TIOOKCcU2eHa3u-2 i 5-/linookcuaeHasu rnposis/isitoms
npomu3anasibHy 0ito 3a paxyHoK 6i/1bW egheKmuUBHO20 MexaHi3My Oil.

K/THOYOBI C/TOBA: LMK/I00KCUreHasa; NlinookcureHasa; CTpec; aHTMOKCUAAHTHUN 3aXUCT; BilbHOpagu-
KaJlbHEe OKUCHEHHS; TOBCTa KULLUKa.

H. B. ileHuceHko, A. 1. Cknspos
JIbBOBCKWW HALUMIOHA/TIbHbBIVI MEAVLMHCKVN YHUBEPCUTET MEHW JAHW/IA TAJ/IVILUKOIo

B/IMAHUE MHI'MBUTOPOB IINK/IOOKCUI'EHA3BI//TMIIOOKCUI'EHA3bI
HA AHTUOKCHUJAHTHYH CUCTEMY 1 MOP®O/IOI'MYECKOE COCTOAHUE
C/IN3UCTOM OBOJIOYKU TO/ICTOUN KUIIIKU KPBIC B YC/IOBUAX CTPECCA

Pesiome

BcmynneHue. LLiupokoe u 4acmo HEKOHMPO/IUPYyeMOe MPUMEHeHUE UH2UBUMOpPOB YUK/IOOKCU2EHa3bl, & Makxe
MICUX0/102UYECKULl CMPECC — BaXXHbIE (haKMOopbl BO3HUKHOBEHUST XPOHUYECKUX BOCNa/IuUmMe/ibHbIX 6os1e3Hel opea-
HOB nuwjesapeHusi, 8 mom yucsie u 8 mosicmoli Kuwke. OGHUM U3 namo2eHemuyecKux 38eHbe8 06pa3oBaHUsi 5138
sB/1Isemcsi akmusayusi poyeccos /unonepoKcudayuu, 4mo Moxem C/yXUMb MapKepoM Kak UHMEeHCUBHOCMU
BOcCra/ieHusl, mak U BO3HUKHOBEHUS MPOBOCNa/IuUMesIbHO20 COCMOSIHUS.

Lenb uccsedosaHusi — orpede/iums B/IUSIHUE HEKOMOPbIX UH2UBUMOPOB YUK/I00KCU2eHa3b! U /IUMOOKcU2e-
Hasbl Ha aKmuBHOCMb CBO600HOPAaOUKa/IbHO20 OKUC/IEHUS U MOPGhosio2u4ecKoe cocmosiHue c/iusucmoti 060/104-
Ku mosicmol KUWKU B YC/I0BUSIX CaMOCMOosime/ibHOo20 delicmausi U Ha (hoHe cmpecca.

MemoOosbI uccsiedosaHusi. [151 ModesnuposaHusi cmpecca 6b1/10 BbI6paHo MOOe/ib BOOHO-UMMOOU/IU3AYUOH-
HO20 cmpecca npooo/mKUMesIbHOCMbIO 5 4 ¢ ye/bio UH2UBUPOBaHUSsT LUK/I0OKCU2EHa3b! U IUMOOKCU2eHa3bl — Ha-
MPOKCEH, Yeiekokcub u coeduHeHue 2A5DHT, komopbkle 8800U/IU BHYMPLUXKETYOOHHO 0OHOKPamHo 8 0o3e 10 me/ka.
BbInosiHs11u Mopgho/si02uHeckoe uccedosaHue c/iu3ucmouli 060/104kuU mosicmol KUWKU U Ofpeodesisiiu akmusHOCMb
9H3UMOB aHMUOKCUOaHMHOU 3aujumsl 8 20M02eHamax c/iu3ucmoti 060/104KU mosicmod KUWKU.

Pe3ynibmambi u o6cyxoeHue. Camocmosime/ibHoe delicmsue HarpoKkceHa 06yCc/108U/10 BO3pacmaHue ak-
MUBHOCMU CyrnepoKcUuOoUCMymasbl, Kamasiasbl, MUe/I0MePoKcudasbl U KOHYeHmpayuu ThK-akmusHbIX npodyKmos
8 c/iu3ucmoti 060/104ke mosicmoull KUWKU. Foxoxue usMeHeHuUsi 6bl/1u OMMeYeHbI B YC108USIX BOOHO-UMMOGU/IU-
3ayUoHHO20 cmpecca. BaedeHue HarnpoKkceHa Ha hoHe BOOHO-UMMOOBU/IU3aYUOHHO20 Cmpecca BbI38a/10 108bILE-
HUe aKmuBHOCMU CyrepoKcuOOUCMyma3bl 8 CPABHEHUU C 3MUM CMPECCOM, yseudeHue cooepxarusi TBK-akmus-
HbIX MPOOYKMOB, Bo3pacmaHue akmusHOCMU Kamasiasbl U MUe€/ionepokcudasbl 8 cpasHeHuU ¢ delicmsuem
HarnpoKceHa.

BbIB0OObI. YCMaHOB/IEHO, YMO Heces1eKmuBHOe UH2UbUpPoBaHUE YUK/I00KCU2eHasbl COMpoBoXOaemcsi npo-
BOCMa/IUMe/IbHbIM B/IUSIHUEM Ha C/IU3UCMYHo 060/104Ky Mo/icmoll KUWKU, B8 OCHOBE KOMOPO20, BePOSIMHO, /IeXUM
rpookcudaHMHoe delicmaue HECEIeKMUBHO20 UH2UbUMOopa YUK/I00KCU2eHasbl, moomsepdarowjeecsi akmusayueli
cyrnepokcudoucMmymassl. CesiekmusHoe UH2ubupoBaHue YUK/I00KCU2EeHa3bI-2 U UH2ubupoBaHUe YUK/TO0KCU2EHa3bl-2
U 5-71unookcuzeHasbl Mposie/sitom nNpomusosocrnaiumesibHoe delicmsaue 3a cuem 6o/1ee aghthekmuBHO20 Mexa-
Husma oelicmausi.

KMHOYEBbBIE C/NOBA: yMKNooKcureHasa; IMNOOKCUIeHasa; CTPecc; aHTUMOKCUAaHTHasA 3awmra; CBO-
GoaHOpaguKasibHOE OKUC/IEHME; TO/ICTast KMLLKA.
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