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The influence of ethanol and different free radical
scavengers on the lipid peroxidation process
and antioxidant status in the rats’ gastric mucosa

Wplyw alkoholu etylowego oraz zmiataczy wolnych rodnik6w
na proces peroksydacji lipidéw oraz wydolno$¢ antyoksydacyjna
blony §luzowej zoladka szczuréw

Itis known that some irritating exogenous agents such as alcohol or non—steroid antiinflammatory
drugs (NSAID) disrupt the gastric surface epithelium and cause the decline of the secretion of gastric
mucus which reduces the protective effect of the gastric mucus barrier. The integrity of the mucosal
layer of the upper gastrointestinal tract depends on a balance between its defensive ability and aggres-
sive factors. Mucosal defence is connected with the anatomic structure of the gastric wall. The first
defence agent is mucus, secreted by the surface epithelial cells and mucous neck cells. Mucus with
bicarbonate creates “mucus—bicarbonate” barrier. The other ones are the surface—active phospholipid
layer that resides at the luminal surface of the mucus overlying the epithelium and the dense network
of capillaries in the epithelium. It is very important that lamina propria contains many types of cells,
such as mast cells, resident macrophages and neutrophils which play the role in the response to
superficial and profound injury. These cells can release many inflammatory mediators such as hista-
mine, serotonin, PAF (plateled activating factor), leucotriens, tromboxane, endothelin which affect
mucosal blood flow, vascular permeability and the process of chemotaxis and phagocytosis. Due to
these cells and their mediators many toxic substances can be excluded but on the other hand released
mediators can alter microvasculature tone and permeability. The process of phagocytosis, arachidon-
ic acid pathway and also changes in the mucosal blood flow, especially reperfusion after ischemia
cause the production of cytotoxic free radicals. These active oxygen metabolites, can play the impor-
tant role in the pathogenesis of stomach ulcer. On the other hand some prostaglandines such PGE2
and PGI2 show the protective role in relation to the gastric mucosa, causing the increase in the
mucosal secretion, vasodilatation and activation of bicarbonates secretion to the gastric lumen. The
action of alcohol is connected with changes of the arachidonic acid pathway. The administration of
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ethanol results in the increase in gastric mucosal leucotriene synthesis and causes the inhibition of
prostaglandine synthetase activity. This disbalance between the concentrations of the different medi-
ators mentioned above results in the gastrointestinal tract injury.

Thus the aim of our study was to investigate the influence of some arachidonic acid inhibitors
and free radical scavengers on lipid peroxidation process and antioxidant ability of the rat gastric
mucosa after ethanol administration.

MATERIAL AND METHODS

All experiments were carried out on 220 male Wistar rats weighing 190-200 g, housed at the
room temperature. The animals were starved for 24 hours before experiments, but they were allowed
to drink 10% sucrose in 0.96% v/v NaCl solution which was stopped 1 hour before investigation. The
animals stayed in cages at room temperature of 20-22 C and humidity ca. 70%. There was a 12-hour
cycle of day light. All studies were carried in the same room where the rats were kept. The rats were
divided into groups as follows: group I — negative control pretreated with saline in the dose 5 ml per
kg b.w. per os, group II - positive control group pretreated with only 50% w/v ethanol in the dose
5 ml per kg b.w. per os, group III - the animals pretreated with dimethylsulfoxide (DMSO) — hydroxyl
radical scavenger; 2% solution of DMSO was given orally in the dose 5 ml per kg of b.w., group IV
— rats pretreated with mannitol, also hydroxyl radical scavenger; 5% solution was given intraperito-
neally — 5 ml per kg b.w., group V — pretreated with uric acid - hydroxyl radical scavenger; 2%
solution was given intraperitoneally in the dose 5 ml per kg b.w., group VI —rats pretreated with 1,4
—diazo /2.2.2./bicyclooctane (DABCO). This singlet oxygen scavenger was given intraperitoneally,
10 mg/kg b.w., group VII - animals pretreated intraperitoneally with allopurinol — xantine oxidase
inhibitor, in the dose 10 mg/kg b.w., group VIII — pretreated intraperitoneally with the compound
AA 861 - lipooxygenase inhibitor (Chem. Pharm. Inst. Tokyo Japan), in the dose 100 pg per kg b.w.,
group IX — pretreated intraperitoneally with the compound BW 775C - 5-lipooxygenase~cyclooxy-
genase dual inhibitor (Wellcom Res. Lab. Beckenham, England) in the dose 100 pg/kg b.w., group X
— the rats pretreated with CGS 13080 — TXA2 synthtetase inhibitor (Ciba Geigy Summit USA) —
1 mg/kg b.w. s.c.

Each experimental group consisted of 20 animals. The animals from the groups I-X were ad-
ministered with drugs described above and 30 minutes later they were administered orally with 50%
ethanol solution (Sml per kg of b.w.) using a stainless steel stomach tube. Ethyl alcohol solution was
prepared by diluting 96% alcohol in 0.96% NaCl to achieve the required 50% concentration, each
time directly before the use. All rats were killed by decapitation 2 hours after the last ethanol admin-
istration. After decapitation their stomachs were resected and cut along the greater curvature. The
extent of injury to the gastric mucosa was estimated. Each injury was measured along its largest
dimension and in the case of extravasations each five petechies were treated as 1 mm mucosal injury.
Then arithmetic mean was calculated from the sum of injury lenghts in each group separately. The
ulceration index achieved in this way was assumed as the measure of severity of mucosal injury.

The gastric mucosa was separared from the muscular layer and used for biochemical estimations.
Part of the mucosa was homogenized in three volumes of 0.1 m. Tris-HCI of pH 7.4. The homogenate
was centrifuged at 3000 G for 10 minutes and in the supernatant the level of malonyl dialdehyde
(MDA) was determined according to the method of LedwozZyw et al. and expressed in nM per 1 mg
of protein (4). The concentrations of hydroperoxides (HPETE) and conjugated dienes (CD) in the






K. Lutnicki, E. Szpringer, K. Czemy

154

100°0>d — ### ‘100> d ~ ## ‘S0°0>d — #1000 > d = yux ‘100> d — 45 ‘500> d — &
‘s108usAeos [eorpes 9315 Jo s1oNquyur Aemyied vy yiim pajean—aid dnoid oy jo yoea pue dnoid joueyio oy
udamiaq aouaIa)yip Jueoyrugis A[feonsnels — [#] ‘s1afusaeds [esiper 9a1j—-snip oy Y Jo sionquyur Kemyied vy yiim pajeas—aid
dnoig ay) Jo yoes pue surfes ay) u3am)aq osfe pue dnoiS joueyla ay1 pue duIfes Y] UIIMIDG SOUIYJIP JuedyIuTIs A[[eonsiess — [4]

##/x

H##H x

H#Ht/x

##/x

H#it/ x

i x

*% it/ x % PR
9T 0+CT'¢ CTOFSYy STO¥9¥y [TOFSIY | 1T0FSSY | vTOFSI'Y | IE0FSLY | 6£8°0%F0°S £8'0FS°6 leoFs0e Van
#/x it % #/x ## xx i 5% H## %% HiH# % 5% * %k ) .
S00°0¥L0'0 | 10°0FTI'0 | LOO'0F80°0 | 600°0F11°0 | 6000+C1°0| 1TO0FEL'0{ £10°0FST'0 | TIOOFLI O | 6£0°0FEL 0 L00¥0°0 d13dH
##H/ #HH x H#it/ ##/« ##/% ##/ %% i e x /5% *kk LIFSPT a
8TFEEE LTFLEE 6TFELE CEFSOE PEFPOE [0y eEFITY EEFSEY €L¥0I8
080€1 otema +
i JSSL-Md 198-vVv | [ouundoly | 0oDdvd proe oun [O3uuBjy OSId [DBeN [onuo)
SDD %96°0

“Kanfur [oueyye 1911 BSOONW YoRWOIS SIBJ Ul (WU ¢6¢ (JO) SopixotadoipAy pue (wu €67 () soustp parednfuod ‘(anssy S/AU)

jueoytudis A[{eonsnels paspisuod sem go'Q > d “sisA[eue [eonsnels JoJ pasn sem
elep palredun 10§ 1591- 5,1U9pNIS (S F X) SUONBIAIP PIEPUE]S F SUBSW [BIIIOWILIE SE passaidxa SIe s)[nsal oy,

apAyop[elp [Auoew Jo S[aA3| Y] uo sionqujul Kemijjed pioe sluopiyoeIe pue s193uaAeds [EOIPRI 391) SIS JO OUSN[JUI YL ‘[ "qeL







K. Lutnicki, E. Szpringer, K. Czerny

156

1000 > d — ### 100> d — ## '60°0> d — #100°0 > d = sexex ‘100> d =~ 4% ‘S0°0> d - &
*s133uaAeos [eoIpel 9a1] Jo s101quyul Aemyled vy Yiim pojean—aid dnoid ayj Jo yoea pue dnois joueyia ayy
u99M)aq 20UIAJJIp JueoyIuSis A[[eonsiie)s — [#] ‘s1o8usAeds [ed1pe 9a1) —sFnip ay) Yiim Jo sionquyur Kemyyed vy yiim pajeon—oaid
dnoi3 ay) Jo yoes pue auifes Y} usamiaq osfe pue dnoid [ouey1o Y1 pue SULES YY) UIIMIIQ UIIIJIP JuedlIuTis A[[eonsneIs — [ 4]

#/xx

*k *ok *k * *ok *ok * *k TS
LF801 8FLII 8+011§ LF€01 CFC8 8FLII LFOLI 9¥201 LFSTI 153374
*% *k *k #/%% #/xx #/xx sk * ok xdD
P1¥68¢C LIF06T SI+60¢ [T¥S6¢ €1F0ST v1+09C €1F06C SIF0LT 0TF00¢ 9IF0I 1
#/% #/x H#/% #/x #/x #/% #/% #/x *k LVD
6£+018 [¥+0T8 [¥+0S8 0p+0¢8 1EF0SL 8EF06L SEFSOL [¥F06L 86F916 0v+S09
*x #xx #/xx #/xx H#/xx #/x #xx #/xx *k AOS-UN
£TFC6E TTFO9E TTF89¢ S I¥8C¢E LIFPCE 61+68C STFOLE 07+8T¢E 0E+LOV L¥091
Kk #/xx /% #/xx #/x Hit/x ##/x #/xx *k aos
[TTFOSET | 1TTFO0ET | 061F00TT | 1TTFOSTT | S6I1F000T | SCIFOSLL | OLIF0081 | 00TF0OOIT | O1ZF00OPCT | SVIFO09I uz-np
08051 joueyio +
- ossL-Mmd 198-vV | ouundojiy | 0Dgvd ploe duf) [oNuueN OSId TOEN [onuo)
SOD %96°0

ueoyiugts K[[eonsie)s paIapisuod sem ¢o'( > d 'sisAfeue [eonsne;s Joj pasn sem ejep pasredun 10J 159)-) §,)UdpNIS
(S F X) SUONBIASD pIepue)s F SUBSW [e21joWyILe se passaidxo are synsal ay ], "[— ursjosd Swt x jooerens Jo ") = 'n

1- XOd ‘- woj01d Sw X | unw X pasijoqelowl ZOZH [ow) [ = 'n _(3aseeeds) [vD ‘\- urelord Suwr x |- um x HJQVN AU =10

- (asejonpas suomgieini3) Yo ‘- urroad Sw x _ unu x HIAVN U = ‘n]— (asepixoiad suomyjein|d) xgo ‘uonepixooine jojjedoikd jo
uonIqyut 906 = "ni— (esejnusip apixoradns) OS :uraroid Sw 12d spun ur passardxa are A)IAnoE SSWAZUS Y, "BSOINW YORUIO)S el Ul
SOWAZUS JuepIXONUE 33 JO AJIATIOR Y] UO sioiquyur Aemyjed pIoe Stuopiydele pue s1oFuUdARDS [29[pRl 931) SWOS JO 0UdN[JUI Y[, 7 "qRL







K. Lutnicki, E. Szpringer, K. Czerny

158

1000 >d - ### ‘100> d ~ ## 600 > d - # 1000 > d — wxx ‘100> d — 4 ‘500> d - 4
‘sJo8uaAeos [eoIpel 9a1] Jo s101qyui Aemyjed vy Yim parean—aid dnoig ays jo yoes pue dnois [oueyys aipy
usomIaq ouaIayyip Juedyudis A[feonsnels — [#] 's1o8uaaess festpes aa1j—-sZnip ay1 ynum Io szonquyur Aemyied vy yim parean—oid
dnoa3 ay) Jo yoea pue suies i) usamiaq osfe pue dnoig [oueylo 9y} pue SUIES Y1 USMIDQ SOUIISIJIP JuedLjIuSis A[eonsnels — [ ]

Wl | Wl i i i i/ i - o)
8770 | 1'v¥801 | 66vFEvl | TTISE | eTFey | 61%0¢ | LTESTS | s1Fse | siFsTe | s0%0v |,
pur 10[0t
Joueyis +
080€1 i ) d sfewtue
’ OssL-md | 198V |lounndony | 0dgva | pweoun | jomwew | oswa | ToeN | fonuop
SDO 2960 jo dnoip

jueoyudis £[[eor1snels paIapisuod sem ¢o'o > d

‘S1sA[eue [2211S11¥)S 10 pasn sem ejep pairedun 10J 15931 §,JUspmIS "(S F X) SUOHRIASD PIEPUR]S F SUBAW [BOIOWILIE S8

possaldxo aJe s)[nsal 9y [, 'BSOONUI YorRWOIS §,Jel Jo AInfur pesnpul-[ouey}a 2y} uo s198UoARIS [edIpe 92l AWOS JO OUINJUT Y], € "qRL




The influence of ethanol and different free radical scavengers on the lipid... 159

dependent on the xantine oxidase system. It is interesting that arachidonic acid pathway inhibitors
caused the decrease of ulcer index in comparison to the ethanol group but this index was staying
significantly higher than in the control group.

The results described above show that gastric mucosa damage after acute ethanol exposure may
be connected with free radicals action and these free radicals are formed during ischemic conditions,
inflammatory reactions and arachidonic acid pathway.

Numerous experimental data also suggest the role of oxygen free radicals in the ethanol-induced
gastric injury.

Mutoh et al. (10) showed in their investigations that cultured rat gastric mucosal cells exposed
to ethanol, produced superoxide anions directly proportionally to the ethanol dose and SOD and CAT
activity maintained their enzymatic activities in the presence of 15% ethanol. They also showed that
ethanol damage of the gastric cells is closely linked with the intensity of superoxide anion produc-
tion.

Hirokawa etal. (3) investigating the details of ethanol-induced gastric mucosal damage showed
that ethanol administration induced intracellular oxidative stress and produced mitochondrial per-
meability transition and mitochondrial depolarization, which resulted in cell death in mucos. They
also noticed that glutathione — intracellular antioxidant had the protective action against ethanol.

Suzuki etal. (14) noticed in their investigations that oral administration of ethanol caused in-
crease in the content of thiobarbituric acid-reactive substances in the injured mucosa in rats. Pretreat-
ment with compounds scavenging both superoxide anions and hydroxyl radicals (querticin,
alpha—tocopherol, nifedipine and tetracycline) markedly prevented ethanol gastric mucosal injury and
the increase in MDA level.

Ligumsky et al. (5) and Matsumoto et al. (6) suggest that gastric mucosal damage after
ethanol exposure is connected with the generation of oxygen-derived radicals, but independent of
xantine oxidase system. Ligumsky et al. showed using gross and microscoping scoring that radical
scavengers as Mn?*, glycine, carotenes, catalase and dimethylohydroxyurea (Dmtu) given simulta-
neously with ethanol administration, caused gastroprotection, but allopurinol did not. Matsumoto
et al. also noticed that gastric lesions induced by ethanol were not reduced in mice treated with allopu-
rinol. Matsumoto concluded that the main source of oxygen free radicals after ethanol exposure are
neutrophils. He also showed that oral administration of SOD and CAT reduced ethanol gastric lesions
formation.

Also Szelenyi and Brune’s (15) experiments show that oral administration of superoxide
dismutase reduces the ethanol-induced mucosal lesions like some compounds with scavenging prop-
erties such as thiourea, dimethyl sulfoxide and sulfhydryl-containing substances. In their investiga-
tions antioxidants such as alpha-tocopherol, beta—carotene, coenzyme Q or even glutathione peroxidase
and catalase were not able to inhibit ethanol-induced mucosal lesions.

Cho’s etal. (1) and Moghadasian’s et al. (9) experiments show that ethanol-induced injury
of the antioxidant status in the gastric mucosa is dependent on the concentration of alcohol. Cho
showed that oral administration of absolute ethanol caused the increase in the CAT—-activity and did
not influence the SOD activity. Moghadasian noticed that 8% ethanol increased the activity of glu-
tathione peroxide and superoxide dismutase in the gastrointestinal tract but undiluted alcohol only
increased glutathione peroxide activity in the gastric mucosa.

It is known that free radicals are also formed during arachidonic acid pathway. Peskar etal. (12)
investigated connections between ethanol exposure, arachidonic acid pathway and gastric mucosal
damage. They noticed that ethanol administration caused the increase in Ltc4 release by gastric mu-
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cosa and it was directly proportional to the gastric lesions. Lipooxygenase inhibitor acting as the
protector against ethanol caused damage.

Our own and described above investigations clearly show that ethanol-induced gastric mucosal
injury is connected with the oxygen free radicals action and different radical scavengers have got
gastroprotectional role during ethanol exposure.
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STRESZCZENIE

Alkohol etylowy jest czynnikiem sprzyjajacym powstawaniu owrzodzen przewodu pokarmowe-
go, za§ wazng rolg w patogenezie tego zjawiska moga odgrywaé aktywne metabolity tlenu. Celem
pracy byto zatem zbadanie wplywu zmiataczy wolnych rodnikéw (DMSO, mannitolu, kwasu moczo-
wego, DABCO i allopurinolu) oraz inhibitoréw kaskady kwasu arachidonowego (AA861, BW775C
i CGS 13080) na intensywnos¢ peroksydacji lipidéw, wydolno$¢ antyoksydacyjna oraz indeks owrzo-
dzeniowy w blonie §luzowej Zotadkéw szczurzych. Uzyskane wyniki ukazujg, iz ostra ekspozycja na
etanol powoduje wzrost stezenia sprz¢zonych dienéw (CD), hydronadtlenkéw lipidowych (HPETE)
oraz aldehydu malonowego (MDA) w blonie §luzowej Zoladka, za$ zastosowane zmiatacze wolnych
rodnikéw i inhibitory kaskady kwasu arachidonowego istotnie ograniczaja ten proces. Jednoczesnie
aktywnos$¢ enzyméw: Cu-Zn SOD, Mn-SOD, CAT, GPx i GR wzrasta bardziej po podaniu etanolu
niz po jednoczesnej ekspozycji na wymienione zmiatacze i inhibitory, lecz zawsze jest wyzsza niz
w grupie kontrolnej. Indeks owrzodzeniowy, wysoki po etanolu, ulega w ré6znym stopniu obnizeniu
po zastosowaniu zmiataczy wolnych rodnikéw oraz inhibitor6w kaskady kwasu arachidonowego.






