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Effects of Calcium Dobesilate on
Adrenomedullin, Nitric Oxide and

Superoxide Dismutase Levels in
Experimental Stress Ulcer Formation

AABBSS  TTRRAACCTT  OObbjjeeccttiivvee::  In the present study, we investigated the adrenomedullin (AM) and total nitric oxide (NOx)
[nitrite plus nitrate] levels in experimentally induced stress ulcer model in rats. To examine the relation with ox-
idative stress, we measured the levels of thiobarbituric acid-reactive substances (TBARS) as an index of lipid perox-
idation, and superoxide dismutase (SOD) activity together with the effect of calcium dobesilate (Ca-D) as well.
MMaatteerriiaall  aanndd  MMeetthhooddss:: In this study, 33 female Wistar-Albino rats weighing about 230 g (200-250) aged 7-8 months
were used. The rats were divided into 3 groups each containing 11 rats. The Ca-D-treated stress group received daily
single oral dose of calcium dobesilate for 10 days (group 1). The saline-treated stress group received daily single oral
dose of saline (same volume with calcium dobesilate) for 10 days (group 2).  The non-stressed control group received
daily single oral dose of saline (same volume with calcium dobesilate) for 10 days (group 3). In all groups of rats,
plasma AM, NOx and TBARS levels as well as gastric mucosa NOx, TBARS levels, and SOD activity were determined.
RReessuullttss::  In group 2 plasma AM (p< 0.001), plasma NOx (p< 0.001), gastric mucosa NOx (p< 0,001), and gastric mu-
cosa TBARS levels (p< 0.01) were significantly higher than the levels in the control group. In group 1, elevated
plasma NOx, gastric mucosa NOx, and plasma TBARS levels were found compared to the control group. On the
other hand, the average plasma adrenomedullin and gastric mucosa TBARS levels in group 2 were significantly
higher (p< 0.001) and plasma NOx levels were lower (p< 0.01) compared to group 1. In addition, in group 1 and 2,
decreased SOD activity (p< 0.001) was found in gastric mucosa compared to the control group. CCoonncclluussiioonn:: Elevated
levels of AM and NOx may be generated to protect the organism as a response to increased oxidative stress. Calcium
dobesilate may partially protect the organism against oxidative stress in stress ulcer pathogenesis, probably in rela-
tion to NO. However, further studies will be required to evaluate the role of calcium dobesilate in stress ulcer patho-
genesis because of low levels of plasma AM and high levels of plasma TBARS in Ca-D-treated stress group. 

KKeeyy  WWoorrddss::  Nitric oxide; superoxide dismutase; ulcer; calcium dobesilate; adrenomedullin 

ÖÖZZEETT  AAmmaaçç::  Bu ça lış ma da, de ney sel ola rak stres ül se ri oluş tu ru lan sı çan lar da ad re no me dul lin (AM) ve to tal nit -
rik ok sit (NOx) [nit rit + nit rat] dü zey le ri araş tı rıl dı. Sü pe rok sit dis mu taz ak ti vi te si (SOD) ve li pid pe rok si das yo nu -
nun bir gös ter ge si ola rak “Thi o bar bi tu ric asit re ac ti ve subs tan ce  (TBARS)” dü zey le ri nin ok si da tif stres le iliş ki si ne
ek ola rak kal si yum do be si lat (Ca-D)’ın et ki le ri in ce len di. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr::  Bu ça lış ma da yak la şık 230 g (200-
250 g) ağır lı ğın da 7-8 ay lık 33 di şi Wis tar Al bi no sı çan kul la nıl dı. Bu sı çan lar, her bi ri 11 adet sı çan içe ren 3 gru -
ba bö lün dü. Kal si yum do be si lat ve ri len stres gru bun da ki (grup 1) hay van la ra, 10 gün bo yun ca ağız dan tek doz
Ca-D ve ril di. Se rum fiz yo lo jik ve ri len stres gru bun da ki (grup 2) hay van la ra, 10 gün bo yun ca se rum fiz yo lo jik (Ca-
D ile ay nı mik tar da) ve ril di. Stres oluş tu rul ma yan kon trol gru bun da ki (grup 3) hay van la ra, 10 gün bo yun ca se rum
fiz yo lo jik (Ca-D ile ay nı mik tar da)  tek doz ola rak ağız dan ve ril di. Plaz ma AM, NOx, TBARS dü zey le ri tüm grup -
lar da ta yin edil di. Ay rı ca bu grup la rın mi de mu ko za sın da NOx, TBARS dü zey le ri ve SOD ak ti vi te si de be lir len di.
BBuull  gguu  llaarr:: Grup 2’ de, plaz ma AM (p< 0.001), plaz ma NOx (p< 0.001), gas trik mu ko za NOx (p< 0.001) ve gas trik mu -
ko za TBARS dü zey le ri (p< 0.01) kon trol gru bu na gö re an lam lı de re ce de yük sek bu lun du. Grup 1’ de, plaz ma NOx,
gas trik mu ko za NOx ve plaz ma TBARS dü zey le ri kon trol gru bu na gö re da ha yük sek ti. Di ğer ta raf tan, grup 2’ de ki
plaz ma NOx dü ze yi grup 1 ile kı yas lan dı ğın da an lam lı öl çü de da ha dü şük (p< 0.01), ad re no me dul lin ve gas trik
mu ko za TBARS dü zey le ri ise grup 1 ile kı yas lan dı ğın da grup 2’ de an lam lı öl çü de da ha yük sek bu lun du (p< 0.001).
Ek ola rak gas trik mu ko za SOD ak ti vi te si, kon trol gru buy la kı yas lan dı ğın da grup 1 ve grup 2’ de is ta tis tik sel ola rak
an lam lı dü zey de azal mış bu lun du (p< 0.001). SSoo  nnuuçç::  Ad re no me dul lin ve NOx dü zey le ri, art mış ok si da tif stre se ya -
nıt ola rak or ga niz ma yı ko ru ma ya yö ne lik ar tış gös ter miş ola bi lir. Kal si yum do be si lat, muh te me len NO ile iliş ki li
ola rak, stres ül se ri pa to ge ne zin de ok si da tif stre se kar şı or ga niz ma nın ko ru nma sın da kıs men et ki li ola bi lir. An cak
Ca-D uy gu la nan stres gru bun da art mış plaz ma TBARS ve azal mış plaz ma AM dü zey le rin den do la yı stres ül se ri pa -
to ge ne zin de kal si yum do be si la tın ro lü nün araş tı rı la ca ğı  ye ni ça lış ma la ra ih ti yaç var dır.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Nitrik oksit; süperoksit dismutaz; ülser; kalsiyum dobesilat; adrenomedullin  
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tress ul cer is a com mon ca u se of gas tro in tes -
ti nal ble e ding and its eti o logy is mul ti fac to ri -
al. A re duc ti on in gas tric mu co sal blo od flow

and oxy gen de ri ved fre e oxy gen ra di cals plays an
im por tant ro le in the stress ul cer pat ho ge ne sis.1-6

Re ac ti ve oxy gen spe ci es (ROS) such as su pe ro -
xi de ani on (O2

-), hydro gen pe ro xi de (H2O2), and
hydroxyl ra di cal (OH°) ha ve emer ged as highly 
to xic agents res pon sib le for a wi de va ri ety of tis su -
e da ma ges.7,8 The ir in vol ve ment in gas tric ul ce ra ti -
on was re a li zed when they we re shown to me di a te
gas tric mu co sal le si ons in ex pe ri men tal ani mals.9-

11 A gro wing body of ex pe ri men tal and cli ni cal ev-
i den ce sug gest that gas tric mu co sal da ma ge by
et ha nol, non-s te ro i dal an ti inf lam ma tory drugs, and
by He li co bac ter pylo ri is me di a ted thro ugh the
ROS.12-18 ROS are al so in vol ved in gas tric ul ce ra ti -
on in du ced by se ve ral kinds of stress.18,19

Ad re no me dul lin (AM), a po tent va so di la tor
pep ti de ori gi nally iso la ted from hu man phe oc hro -
mocy to ma, has re cently be en shown to be abun-
dantly ex pres sed by and to be sec re ted from
vas cu lar en dot he li al cells and func ti ons in an au-
toc ri ne/pa rac ri ne fas hi on.20 Im mu no re ac ti ve AM
has be en de tec ted by ra di o im mu no-  as say in plas -
ma and va ri o us tis su es inc lu ding kid ney, pan cre as
and in tes ti ne.21

So me stu di es ha ve shown that AM pre vents
gas tric mu co sal da ma ge, re du ces gas tric acid sec re -
ti on and dec re a ses the va so cons tric ti on to 5-hy-
droxytr ypta mi ne in gas tric ar te ri es, sug ges ting that
its gas tro-pro tec ti ve ef fects may par ti ally be re la -
ted to an in cre a se in blo od flow in the gas tric mu-
co sa, by a mec ha nism in vol ving nit ric oxi de
(NO).21,22 Mo re o ver, Shi mo sa wa et al ha ve re cently
shown that AM-de fi ci ent mi ce ge ne ra ted by ge ne
tar ge ting is as so ci a ted with pe ri vas cu lar inf lam ma -
ti on in co ro nary ar tery and in cre a ses in syste mic
and lo cal oxi da ti ve stress and re ver sal of in cre a sed
uri nary isop ros ta ne ex cre ti on by exo ge no us AM
supp le men ta ti on.23 The se da ta are con sis tent with
the as sump ti on that AM may play a pro tec ti ve ro -
le aga inst oxi da ti ve stress as an en do ge no us an ti o -
xi dant in vi vo. 

Cal ci um do be si la te (Ca-D) pos ses ses an gi op ro -
tec ti ve pro per ti es in chro nic ve no us in suf fi ci ency

and di a be tic re ti no pathy .24 Among ot her ef fects,
Ca-D has be en shown to en han ce NO syntha se ac-
ti vity in vas cu lar en dot he li al cells.25 Furt her mo re,
it has be en re cently shown that Ca-D pos ses ses an-
ti o xi dant pro per ti es in vit ro26 and pro tects ca pil lary
per me a bi lity by re ac ti ve oxy gen spe ci es in the rat
pe ri te o nal ca vity.27 In ad di ti on, ra di cal sca ven gers
such as su pe ro xi de dis mu ta se (SOD) ha ve be en
shown to be ef fec ti ve in re du cing the ad ver se ef-
fects of fre e ra di cals on gas tric mu co sa.9,28,29

In our study, we in ves ti ga ted the AM and to -
tal nit ric oxi de (NOx) [nit ri te plus nit ra te] le vels in
ex pe ri men tally in du ced stress mo del in rats. To ex-
a mi ne the re la ti on with oxi da ti ve stress, we me a -
su red the le vels of thi o bar bi tu ric acid re ac ti ve
subs tan ces (TBARS) as an in dex of li pid pe ro xi da -
ti on, and SOD ac ti vity to get her with the ef fect of
Ca-D as well. 

MATERIAL AND METHODS

STUDY DE SIGN 

In ter ven ti ons con cer ning ani mals we re per for med
ac cor ding to the Gu i de for the Ca re and Use of the
La bo ra tory Ani mals.30 In this study, 33 fe ma le Wis-
tar-Al bi no rats we ig hing abo ut 230 g (200-250)
aged 7-8 months we re used. The rats we re di vi ded
in to 3 gro ups each con ta i ning 11 rats. The Ca-D-
tre a ted stress gro up re ce i ved da ily sing le oral do se
of Ca-D for 10 days (gro up 1). Ca-D (Do xi um©) was
di lu ted in 1 mL sa li ne and was ad mi nis te red orally
by ga va ge thro ugh esop ha ge al cat he ter. The sa li ne-
tre a ted stress gro up re ce i ved da ily sing le oral do se
of sa li ne, sa me vo lu me with Ca-D, for 10 days (gro -
up 2). Stress ul cer was in du ced in the se two gro ups
of rats (gro up 1 and 2). The non-stres sed con trol
gro up that re ce i ved da ily sing le oral do se of sa li ne
at the sa me vo lu me with Ca-D for med the con trol
gro up (Gro up 3). 

Ex pe ri men tal Mo del

All gro ups of rats we re star ved 12 ho urs be fo re the
ex pe ri ment with fre e ac cess to wa ter. Then the rats
(gro up 1 and 2) we re anest he ti zed lightly with et -
her and we re res tra i ned on a ro dent im mo bi li za ti -
on de vi ce spa ce 15 cm apart from each ot her for 6
ho urs at 16°C.31 At the end of the res tra int pe ri od
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blo od was col lec ted from all rats in pla in tu bes and
tu bes con ta i ning ED TA and ap ro ti nin (Roc he, Ger-
many). Af ter the blo od col lec ti on pro cess, rats we -
re sac ri fi ced by pro lon ged et her anest he si a for
la pa ro tomy; the sto mach was pla ced on an ice-be -
a ring sur fa ce and was ope ned along the gra ter cur-
va tu re. The mu co sal sur fa ce was gently rin sed by
cold sa li ne so lu ti on. Sto mach was stretc hed over
the ice. Mu co sal le si ons we re ins pec ted and ra ted
for gross pat ho logy ac cor ding to the sca le des cri -
bed by De kansky et al32 as fol lows: 0= no da ma ge,
1= blo od at the lu men, 2= pin po int ero si ons, 3= 1-
5 small ero si ons < 2 mm, 4= > 5 small ero si ons < 2
mm, 5= 1-3 lar ge ero si ons > 2 mm, 6= >3 lar ge ero-
si ons > 2 mm.

Bi oc he mi cal As say 

Col lec ted blo od was cen tri fu ged at 1500 g for 10
min at 4°C. Plas ma and gas tric mu co sa spe ci mens
we re fro zen at -80°C in ali qu ots un til as sa yed. Tis-
su e samp les we re ho mo ge ni zed in phosp ha te buf -
fer (Ph: 7.4) with a mec ha nic ho mo ge ni zer with a
Tef lon-co a ted pis ton (RZR 2021; He il dolph,
Schwa bach, Ger many) for ming a 10% (w/v) ho mo -
ge na te. The ho mo ge na te was so ni ca ted (MSE, 11-
73/ PG597, Eng land) and cen tri fu ged at 4.000 g for
10 min at 4°C for TBARS analy sis or at 15.000 g for
15 min at 4°C for NOx and SOD analy sis (He ra e us,
Ger many). The re sul tant su per na tant was used for
the me a su re ment of TBARS, NOx, and SOD ac ti -
vity. 

Plas ma AM con cen tra ti ons we re de ter mi ned
by enz yme-lin ked im mu no sor bent as say (ELI SA)
(Pho e nix Phar ma ce u ti cals; Cat no: EK-010-08).
Plas ma and tis su e NOx le vels we re de ter mi ned by
co lo ri met ric met hod (Roc he; Cat no: 1746-081,
Ger many). Plas ma and tis su e TBARS and tis su e
SOD ac ti vity le vels we re me a su red ac cor ding to the
met hod of Bu e ge and Aust,33 and Sun et al,34 res -
pec ti vely. Tis su e TBARS, NOx and SOD ac ti vity re-
sults we re ex pres sed as µmol/g wet tis su e, µmol/g
wet tis su e and U/g wet tis su e, res pec ti vely. 

Sta tis ti cal Analy sis 

Con ven ti o nal met hods we re used for the cal cu la -
ti on of me ans and stan dard de vi a ti on (SD). The da -

ta we re ex pres sed as the me an ± SD. Da ta we re an-
aly zed with a one way ANO VA fol lo wed by mul-
tip le com pa ri sons by Bon fer ro ni and Dun nett
t-test, as ap prop ri a te. For cor re la ti on analy sis Pe -
ar son’s cor re la ti on was used. p va lu es equ al to or
less than 0.05 we re con si de red sig ni fi cant. 

RESULTS
In gro up 1 and 2, gross gas tric le si ons we re vi su a li -
zed in the fun dus and cor pus of the sto mach. The -
re was no sig ni fi cant dif fe ren ce bet we en the two
gro ups re gar ding gross pat ho logy (p> 0.05).

In gro up 2, plas ma AM (p< 0.001), plas ma NOx
(p< 0.001), gas tric mu co sa NOx (p< 0.001), and gas-
tric mu co sa TBARS le vels (p< 0.01) we re sig ni fi -
cantly hig her than in the con trol gro up. In gro up I,
ele va ted plas ma NOx, gas tric mu co sa NOx, and
plas ma TBARS le vels we re fo und com pa red to the
con trol gro up. On the ot her hand, the ave ra ge plas -
ma AM and gas tric mu co sa TBARS le vels in gro up
2 we re sig ni fi cantly hig her (p< 0.001) and plas ma
NOx le vels we re lo wer (p< 0.01) com pa red with
gro up 1. In ad di ti on, in gro up 1 and 2 SOD ac ti vity
(p< 0.001) in gas tric mu co sa was dec re a sed com pa -
red to the con trol gro up (Table 1).

Ac cor ding to Pe ar son’s cor re la ti on test, the re
was a po si ti ve cor re la ti on bet we en plas ma ad re no -
me dul lin and gas tric mu co sa TBARS le vels (r=
0.616; p< 0.01). We al so fo und po si ti ve cor re la ti ons
bet we en plas ma TBARS and plas ma NOx/gas tric
mu co sa NOx le vels [(r= 0.440; p< 0.05) / (r= 0.544;
p< 0.01) res pec ti vely]. Mo re o ver, a po si ti ve cor re -
la ti on was de tec ted bet we en plas ma NOx and gas-
tric mu co sa NOx le vels (r= 0.803; p< 0.001). In
con trast, we fo und ne ga ti ve cor re la ti ons bet we en
gas tric mu co sa SOD ac ti vity and plas ma AM (r=-
0.376; p< 0.05), plas ma TBARS (r= -0.523; p< 0.01),
plas ma NOx (r= -0.510; p< 0.01), and gas tric mu co -
sa NOx (r= -0.698; p< 0.01) le vels.

DISCUSSION
The eti o logy of gas tro du o de nal ul cers is inf lu en ced
by va ri o us ag gres si ve and de fen si ve fac tors such as
acid-pep sin sec re ti on, pa ri e tal cell, mu co sal bar ri -
er, mu cus sec re ti on, blo od flow, cel lu lar re ge ne ra -
ti on, and en do ge no us pro tec ti ve agents.35
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The ROS ge ne ra ted by the me ta bo lism of arac -
hi do nic acid, pla te lets, mac rop ha ges, and smo oth
musc le cells may con tri bu te to gas tric mu co sal da -
ma ge. The re fo re, by sca ven ging fre e ra di cals, the
re ac ti ve oxy gen me ta bo li tes might be use ful by
pro tec ting the gas tric mu co sa from oxi da ti ve da m-
a ge or ac ce le ra ting he a ling of gas tric ul cers.35

Re cently, it has be en imp li ca ted that NO is im-
por tant in the re gu la ti on of acid and al ka li ne sec re -
ti on, gas tric mu co sal blo od flow, and gas tric mu cus
sec re ti on. It is al so known that NO is in vol ved in
the mo du la ti on of gas tric mu co sal in teg rity. Thre e
ge ne ti cally dis tinct NOS iso forms ha ve be en iden ti -
fi ed. The se inc lu de a cons ti tu ti ve, low out put en-
dot he li al iso form (eNOS) that mo du la tes vas cu lar
to ne, a ne u ro nal iso form (nNOS) that mo du la tes
synap tic plas ti city and ne u rot rans mis si on, and an
in du cib le, high out put im mu ne/inf lam ma tory iso-
form (iNOS) that func ti ons as an ef fec tor com po -
nent of the cell me di a ted im mu ne res pon se. nNOS
and eNOS are de pen dent on Ca++/cal mo du lin com-
p lex for NO pro duc ti on, whe re as iNOS is Ca++ in-
de pen dent.36,37 cNOS and iNOS ha ve be en de tec ted
in gas tric mu co sal cells iso la ted from rats.38 It has
be en wi dely ac cep ted that in the di ges ti ve system,
NO pro du ced by cNOS is cytop ro tec ti ve, whi le ex-
ces si ve NO pro du ced by iNOS is cyto to xic, alt ho -
ugh the re is a re port sug ges ting that NO pro du ced
by iNOS may ha ve pro tec ti ve ac ti ons on gas tro in -
tes ti nal mu co sa.39 Whi le low le vels of NO is es sen -

ti al in pre ven ting the li pid pe ro xi da ti on, ex ces si ve
amo unts of NO re act with ROS and pro du ce pe rox-
y nit ri te, sing let oxy gen, and hydroxyl ra di cal which
are highly to xic.40-42 Thus, the ro le of NO in pat ho -
lo gi cal sta tes is comp lex, and ba lan ce bet we en ROS
and NO may be im por tant.

AM is an ami noacid pep ti de with a po tent hy-
po ten si ve/va so di la tory ac ti on. Le vels of AM are sig-
ni fi cantly ele va ted in pa ti ents with hyper ten si on,
and re ports ha ve sug ges ted that stres sor-re la ted in-
cre a ses may ser ve as a re gu la tory or pro tec ti ve
func ti on. Acu te res tra int stress is known to sti mu -
la te sympat he tic ac ti vity as well as hypot ha la mic-
pi tu i tary-ad re nal (HPA) axis, pro du cing sig ni fi cant
in cre a se in AM le vels in pi tu i tary gland, plas ma
and ad re nal glands all of which are key com po -
nents of the HPA axis, sug ges ting a re gu la tory
and/or pro tec ti ve ro le for AM in co un te ring HPA
ac ti va ti on fol lo wing a va ri ety of physi o lo gi cal and
psycho lo gi cal stres sors.43

AM has vas cu lar, re nal, and en doc ri ne ef fects.
The va so di la tor ef fects of AM we re sug ges ted to be
me di a ted vi a cal ci to nin-ge ne-re la ted pep ti de
(CGRP) re cep tors co up led to the ac cu mu la ti on of
in tra cel lu lar cAMP, NO re le a se and in cre a sed in-
tra cel lu lar Ca+2 con cen tra ti ons or ac ti va ted phosp -
ho li pa se C.44 In ad di ti on, AM has be en des cri bed to
in cre a se in ter le u kin-(IL)1-in du ced NO pro duc ti on.
NO not only in hi bits vas cu lar smo oth musc le cell
(VSMC) pro li fe ra ti on and DNA synthe sis but al so

Variables Group 1 (n= 11) Group 2 (n= 11) Group 3 (n= 11)
p AM (ng/mL) 3.52 ± 0.88 4.81 ± 0.50*,** 3.43 ± 0.26

p TBARS (µmol/L) 4.52 ± 0.52+ 4.08 ± 0.62 3.67 ± 0.24

m TBARS (µmol/g wet tissue) 47.74 ± 4.71 55.62 ± 4.17**,*** 49.88 ± 2.58

p NOx (µmol/L) 3.09 ± 0.29++,+++ 2.73 ± 0.17* 2.25 ± 0.09

m NOx (µmol/g wet tissue) 10.90 ± 0.83++ 10.26 ± 0.50* 7.16 ± 0.44

m SOD (U/g wet tissue) 107.231 ± 5.26 107.789 ± 3.48 116.248 ± 4.69++,*

TABLE 1: Results of gastric mucosa TBARS, NOx levels and SOD activity, and plasma TBARS, NOx and
AM levels in experimental groups (mean ± SD).

AM: Ad re no me dul lin, TBARS: Thi o bar bi tu ric acid re ac ti ve subs tan ces, NOx: Nit ric oxi de, SOD: Su pe ro xi de dis mu ta se.
p= plasma, m= gastric mucosa) 
Group I; Ca-D-treated stress group,
Group II; Saline-treated stress group,
Group III; Non-stressed control group,
*p< 0.001; (group 2 - group 3), **p< 0.001; (group 2 - group 1), ***p< 0.01; (group 2 - group 3), +p< 0.01; (group 1 - group 3), 
++ p< 0.001;(group 1 - group 3),     +++ p< 0.01; (group 1 - group 2).
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exerts an ti o xi dant ef fects, pro bably thro ugh
NAD(P)H oxi da se in hi bi ti on. The re fo re, AM de fi -
ci ency can in cre a se ROS ge ne ra ti on, pos sibly thro -
ugh ac ti va ti on of ni co ti na mi de ade ni ne
di nuc le o ti de phosp ha te, re du ced form (NAD(P)H)
oxi da se.45,46 In our study, plas ma AM and gas tric
mu co sa TBARS le vels in gro up 2 we re sig ni fi cantly
hig her than in gro up 1 and the con trol gro up. Ele -
va ted plas ma ad re no me dul lin le vels in gro up 2 may
be a re sult of com pen sa tory mec ha nisms. Mo re o -
ver, this may be the ca u se of hig her plas ma and gas-
tric mu co sa NOx le vels in gro up 2 than in the
con trol gro up.

Ca-D has be en re cently re por ted to ex press an-
ti o xi dant pro per ti es in vit ro. Ca-D ap pe ars to act as
a sca ven ger for hydroxyl ra di cals and as an in hi bi -
tor of mem bra ne li pid pe ro xi da ti on ge ne ra ted by
oxy gen fre e ra di cals in hu man ery trocy tes and
poly morp ho nuc le ar cells.47 Mo re o ver, this study
sug ges ted that Ca-D ac ted pre do mi nantly in the ex-
tra cel lu lar com part ment, as ex pec ted from its hy-
drop hi lic pro per ti es. In ad di ti on, pre vi o us in vit ro
stu di es sho wed that Ca-D po tently sca ven ges su pe -
ro xi de ani on.25,27 On the ot her hand, Ru iz et al25

sho wed that Ca-D in cre a sed NOS ac ti vity in vas-
cu lar en dot he li al cells. Thus, Ca-D may con tri bu te
to the in cre a se in gas tric mu co sa blo od flow du e to
the in cre a sed NO pro duc ti on.

In the pre sent study, we al so fo und lo wer plas -
ma AM le vels in gro up 1 than in gro up 2. In ad di -
ti on, plas ma NOx le vels we re fo und to be
sig ni fi cantly hig her in gro up 1 than in gro up 2 and
the Con trol gro up. Con se qu ently, Ca-D ad mi nis -
tra ti on may par ti ally con tri bu te to high plas ma
NOx, low plas ma AM and gas tric mu co sa TBARS
le vels in gro up 1 when com pa red to gro up 2. In ad-
di ti on, pos sib le ef fects of Ca-D are not ref lec ted to
plas ma TBARS le vels in gro up 1. 

On the ot her hand, in this study, gas tric mu co -
sa SOD ac ti vity was sig ni fi cantly lo wer in gro up 1

and gro up 2 than in the con trol gro up. We al so fo -
und ne ga ti ve cor re la ti ons bet we en gas tric mu co sa
SOD ac ti vity and ot her study pa ra me ters. Pre ven -
ti ve an ti o xi dants, such as SOD, ca ta la se and glu tat -
hi o ne pe ro xi da se (GPx) are the first li ne of de fen se
aga inst re ac ti ve oxy gen spe ci es. The ac ti vity of
SOD and GPx we re ini ti ally in cre a sed du ring fas t-
ing but pro lon ged fas ting as well as ul ce ra ti on sig-
ni fi cantly re du ced the ir ac ti vity.46 Exo ge no us
ad mi nis tra ti on of SOD was fo und to re du ce ul cer
for ma ti on and to pre vent the dec re a se of SOD ac-
ti vity in the gas tric mu co sa fol lo wing in do met ha -
cin-in du ced ul ce ra ti on.48 A dec re a se in the SOD
ac ti vity fol lo wing ul ce ra ti on in du ced by in tra pe ri -
to ne al in jec ti on of 0.6 M HCl has al so be en de mos -
tra ted by Ta na ka and Yu da.49 Si mi lar to our re sults,
Kwi e ci en et al50 sho wed dec re a sed SOD ac ti vity
and in cre a sed TBARS le vels in ex pe ri men tal mu-
co sal da ma ge. 

CONCLUSION
Our re sults sug gest that; 

1. Ele va ted le vels of AM and NOx may be ge -
ne ra ted to pro tect the or ga nism as a res pon se to in-
cre a sed oxi da ti ve stress and dec re a sed gas tric
mu co sal blo od flow. 

2. The pat ho ge ne sis of ex pe ri men tal mu co sal
da ma ge in rat sto mach inc lu des the ge ne ra ti on of
ROS that se ems to play an im por tant ro le, na mely
du e to ge ne ra ti on of li pid pe ro xi des, ac com pa ni ed
by im pa ir ment of an ti o xi da ti ve enz yme ac ti vity of
cells. 

3. Ca-D may par ti ally pro tect the or ga nism
aga inst oxi da ti ve stress in stress ul cer pat ho ge ne sis,
pro bably re la ted to NO but furt her stu di es will be
re qu i red to eva lu a te the ro le of Ca-D in stress ul cer
pat ho ge ne sis be ca u se of low le vels of plas ma AM
and high le vels of plas ma TBARS in Ca-D-tre a ted
stress gro up.
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