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ABSTRACT

Background: Gastric ulcer is a discontinuity in the gastric mucosa that occurs due to imbalance between gastric
mucosal protective factors and aggressive factors.

The Aim of the present work was to test and compare the protective effects of an antisecretory H, receptor
blocker; ranitidine and other recently suggested gastroprotective drugs. L-arginine; a precursor of NO, zinc
sulfate; an anti-inflammatory antioxidant agent and pioglitazone; a PPAR-y agonist, on a rat model of aspirin
induced gastric ulcer.

Methods: Acute gastric lesion was induced in rats by a single oral dose of aspirin 300mg/ kg body weight. L-
arginine 200mg / kg b. wt, zinc sulfate 80 mg/ kg b. wt, and pioglitazone 10 mg / kg b. wt. were given alone and in
combination with ranitidine 50 mg / kg b. wt for 3 days before induction of gastric lesion.

Results: Aspirin induced a significant increase in gastric mucosal lesion score and free and total gastric
hydrochloric acid with a significant decrease in gastric nitric oxide and mucin levels as compared to normal
group. A significant increase in gastric malondialdhyde and decrease in reduced glutathione as compared to
normal group. L-arginine, zinc sulfate, and pioglitazone produced improvement of most of the measured
parameters as compared to non-treated group. Combination of L-arginine and ranitidine was superior in
prophylaxis against aspirin-induced gastric ulcer when compared to the effects of each drug used individually, and
the other studied combinations.

Conclusion: The role of HCl and NO seems more important in the pathogenesis of aspirin induced gastric ulcer,
as evidenced by the better protective effects of combination of ranitidine and L-arginine in comparison to the
ranitidine with either zinc sulfate or pioglitazone.
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Abbreviations:

* NO: Nitric Oxide e HCI: Hydrochloric acid

* PPARs: Peroxisome proliferator-Activated receptors MDA: Malondialdehyde

* GSH: Reduced Glutathione * NSAIDs: Non-Steroidal Anti-inflammatory drugs
INTRODUCTION enzymatic systems, against these injurious agents

Peptic ulcer is multi-etiologic and widespreadhat can inhibit oxidation by scavenging ROS and so
disease which is defined as a discontinuity in thprevent their destructive action on the mucosa
gastric mucosa penetrating through the musculangithout requiring much energy. The antioxidant
mucosa?it usually occurs due to imbalanceenzymatic systems include: catalase, glutathione
between the gastric mucosal protective factord, thperoxidase (GPx) and glutathione reductase (@R).
is called the gastric mucosal barrier, and the Nitric oxide NO plays a critical role in modulating
aggressive factors, to which the mucosa is exposefle defensive mechanisms in the gastrointestinal
Aggressive factors promoting gastric mucosal injuryract, whereby under physiological conditions,
include gastric hydrochloric acid HCI, mucosalconstitutive production of NO by cNOS in
hypoperfusiori? free oxygen radicals, and drugs,endothelial cells elicits the relaxation of vascula
mainly NSAIDs® smooth muscle cells and creates a nonthrombogenic

Reactive oxygen species especially the hydroxgnvironment in the vasculature while also preventin
radical plays a major role in causing oxidativehe accumulation of adherent leukocytes in
damage of mucosa in all types of ulcers includingostcapillary venule€) It also participates in
stress related gastric mucosal damage, non-stéroig@echanisms maintaining the integrity of the gastric
anti-inflammatory drug-induced gastric lesions anepithelium by regulating mucosal blood f&.

H. pylori mediated gastroduodenal ulcétsGastric However, production of high amounts of NO from
mucosa has several endogenous antioxidant iINOS would produce detrimental effects in the
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lipids and destruction of enzymes inside thetatistical analysis:
mitochondrig™® Data were expressed as meastandard deviation
Aspirin, which is one of the most commonly usedSD). The Shapiro-Wilk test was used to investigate
NSAID, is associated with gastrointestinal sidelormality within groups and a nonparametric
effects of variable severities ranging from mildKruskal-Wallis test was used for the gastric
dyspepsia to severe fatal gastric bleeding. Aspirilgsion score that were found to be not normally
leads to inhibition in the gastric mucosal proteeti distributed and significance among groups was
factors and at the same time it increases thietermined by using post-test Conover-lnman test.
aggressive factors to which the mucosa of thdormal distribution was confirmed in all groups of
stomach is exposét) other parameters and a parametric test, the Amsalysi
In the present study, a rat model of aspirin induce®f Variance, ANOVA was utilized and significance

gastric ulcer was uUsed to test and compare tffnong groups was determined by using LSD, the
protective effects of an antisecretory, Ieceptor €ast significant difference test. A level of P 0%
blocker; ranitidine and other recently suggeste®@s defined as being statistically significant. at
gastroprotective drugs: L-arginine; a precursor ginalysis was performed using SPSS/versionl0
NO, zinc sulfate; an anti-inflammatory antioxidantSoftware package.

agent and pioglitazone; a PPARagonist, on the RESULTS

development of gastric ulcer. The effect of each on
of these proposed gastroprotective drugs was test
alone and in combination with ranitidine.

AA Angelet al

In the present study, a single oral dose of aspirin
0 mg/ kg b. wt.) produced significant increase i
the gastric score lesion when assessed six hours

METHODS after administration. Three-day prophylactic oral

The present study was carried out on ninety mafdministration of ranitidine (group i), L-argiren
albino rats weighing 200-250grams that were housddroUP 1V), zinc sulfate (group V), and pioglitazon
under the same controlled environmental conditionégrouP V1), produced a significant decrease in the
fed normal laboratory diet and had free accesapo t92Stic lesion score as compared to group I but
water. The experimental protocol was reviewed anghll there were statistically significant differees

approved by the Ethical Committee of Alexandrid?€tween all treated groups and the normal control
Faculty of Medicine. group. Meanwhile administration of ranitidine

Animals were randomly divided into 9 groups eac lus L-arginine (group VII) and ranitidine plus ein
of 10 rats: Group | (control group): received daily ulfate (group VIII) produced a significant decreas

; . in the gastric lesion score as compared to grou
oral dose of 2 %gum acacia (the vehicle) for 3 daylﬁ. Hm?vever administration of raFr)litidine pgllus P

as 5 ml/kg body weight (b. wt.).Gastric lesion was .

. . N : pioglitazone, (group IX) produced statistically
induced in all of the remaining eight groups (IIHy! - insignificant difference as compared to group Ill.

by oral administration of a single dose of aspiri here were statistically insignificant difference

12 i 1
o, exetWeen group Vil and the normal cortrl group (7
g ; group P < 0.0001). (Figure 1)

gastric lesion group): received the vehicle. Group o . ,
Ill: received oral dose of ranitidine 50mg/kg b. wt A Significant increase in both levels of free and
/day™® Group IV: received oral dose of L-argininetOtaI gastric HCL with a significant decrease in

200mgl/kg b. wi/da$*“Group V: received oral dose gastric mucin level as compared to normal group
of zinc sulfate 80mg/kg b. wt/d&y) Group VvI: Was also observed in aspirin untreated group. And a

received oral dose of pioglitazone 10mg/kg bcompared to normal control group, a significant
wt/day™® Group VII: received oral dose of decrease in gastric NO and gastric GSH levels avith

ranitidine and L-arginine. Group VIII: receivedabr significa_nt increase. [n gastric MDA level were also
dose of ranitidine and zinc sulfate. Group Ix:Shown in the aspirin untreated group. When the
received oral dose of ranitidine and pioglitazon@Otective effects of the studied drugs were assess
on different studied parameters, it was appareatt th
ranitidine, L-arginine, zinc sulfate and pioglitaeo
were sacrificed and the gastric juice of each st[tmaprOdl.Jced improvement of most of the previously
was collected and subjected to determinations Ol?jentloned parameters when evaluated as compared

free and total gastric acidity®”’and mucin 0 the non treated lesion group (Table I).
content®Lesion scoreof each rat stomach was EXcept for the free gastric HCI level, combination

calculated® and the glandular mucosa of the rest off ranitidine with either L-arginine or zinc suléat
gastric tissue was scrapped and subjected to tREPduced improvement of all of the previously

estimation of the levels ofreduced glutathione Mentioned —parameters, as compared to the
(GSH),®malondialdehyde (MDA)Y®Y and nitric ranitidine-treated group. Combination of ranitidine
oxide (NO).QZ) and pioglitazone produced significant reduction in

gastric mucosal lesion score and total gastric HCI

using the same doses as in monotherapy.
By the end of experimentation period;animals
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GSH. No improvement of the mucin level or the NO

ranitidine-treated

77

rats (Table

Fig 1: Effect of three-day prophylactic oral administoatiof ranitidine (50mg/kg), alone and in combinatwith each
L-arginine (200mg/kg), zinc sulfate (80mg/kg) andglitazone (10mg/kg), on gastric lesion scorespidan induced
gastric ulcer in rats (Mean + SD).
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« Significant difference in comparison to group Significant difference in comparison to group II.
# Significant difference in comparison to group IIl.

Table I: Effect of three-day prophylactic oral administoatiof ranitidine (50mg/kg), alone and in combinatiwith each

L-arginine (200mg/kg), zinc sulfate (80mg/kg) andgtitazone (10mg/kg), on free and total gastric H®El (mEg/L),

and gastric mucin level (mg%)in aspirin inducedtgesilcer in rats(Mean + SD).

Groups Free HCL  Total HCL mucin

| 225+1.84 675+1.35 20.46 +0.66
Il 31.5+3.63 77.8+2.62 10.08+ 0.45
Il 25+1.72 24.10+1.45 11.9+0.83
\Y 229+1.29 56.50+1.08 17.82 + 0.9
\% 26.3+1.89 63.00 £1.7 17.25+0.67*
Vi 27+ 2.94 716+1.075 12.43+0.57
VII 1.1+0.74 1820+ 1.3# 19.01+0.8%#
VI 1.9+0.10* 20.10+£0.99# 19.06+0.79#
IX 20+0.94 2150+1.5%4 12.73+0.7%
p <0.001 <0.0001 <0.0001

« Significant difference in comparison to group Significant difference in comparison to group Il.
# Significant difference in comparison to group IIl.

Table II: Effect of three-day prophylactic oral administratiof ranitidine alone and in combination with eacH.-
arginine, zinc sulfate and pioglitazone on muco&al(umol / gm tissue), MDA (nmol / gm tissue) and GSH
(mmol / gm tissue) in aspirin induced gastric ulicerats (Mean + SD).

Groups NO MDA GSH

I 0.343+0.02 43.94+1.653 3.31+ 0.26
Il 0.175+0.013 57.97+1.416 1.56+£ 0.1

Il 0.219+0.014 53.00+1.333 1.82+0.16
v 0.408+0.019  44.38+1.738 2.84+0.18
\% 0.272+0.016 46.86 +1.517 2.75+0.2%
VI 0.22 +0.018 51.18 +1.268 2.57+0.24
VIl 0.457+0.018# 44.01+1.0F7# 3.31+ 0.27#
VI 0.273+0.012# 46.52+0.756# 3.18+0.2%#
IX 0.239+0.023%  49.72+ 1.307# 2.86+0.1F#
P <0.0001 <0.0001 <0.0001

« Significant difference in comparison to group Significant difference in comparison to group II.
# Significant difference in comparison to group IIl.
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DISCUSSION level in the gastric tissue are significantly less

Non-steroidal anti-inflammatory drugs are widelycompromised in the ranitidine-pretreated group
used with major limitation is their potentially smrs COmpared to aspirin-injury group. In addition,
risk of gastrointestinal side effects ranging irfh€ ranitidine treated group showed less rise in

severity from mild dyspepsia to gastrointestinaastric tissue MDA content while GSH level was
hemorrhage and perforatiéi. insignificantly different from that of the aspirin-
In our study, macroscopic examination of gastriénjtury.tgrotljp' Oby|0q]§Iy, (t:ogservanog of ml.Jthqsal
mucosa following administration of a single ora/Mt€gnty 1o -a significant degree Dby ranitidine
dose of aspirin to 24 hours fasted rats Showe%dmmstratlon (;ompared .to aspirin-injury - group
significant increase in gastric score lesion agould _be a leading factor n .the upkeep of m_ucosal
compared to normal group. Previous studie apacity to Syr;%g)es'ze mucin and NO Adding to
considered that deficiency of PG plays a key role it ('js' Zhou et lati repo][t?ﬁ that ran|t.|d|nefcould_
NSAID induced gastrointestinal side effects. In thghduce up-regulation of the expression Of mucin

Gl mucosa, the principal metabolic products of coxyene r_nRN_A _Ieadmg {0 an increase in gastric mucin
gcretlonS|m|IarIy, the mucosal protective effect of

enzymes are the gastroprotective prostaglandins ggeretl ; ; )
that in the presence of a COX inhibitor, such agan]tld_lne explains Its currently_ observed .m'ld
aspirin or other NSAIDs variable degrees of GF\ntlomdant eff.eCtS. which agree with the prewous_ly
mucosal injuries occuf? reported less rise in mucosal catalase and glotahi

. ... S-transferase activities accompanying ranitidine
In the present study, aspirin caused a S'gn'f'ca'&'iiministratiorf34)

increase in the free and total gastric HCI leveld a
significant decrease in the mucin level in the gast Thi lpretsent Ztuqy fletmonstr?teg th"%‘ _three days
content as compared to the normal control grou;?.rOp ylactic  administration 0 -arginine - was

Previously, it was reported that endogenous Pfigociated with a significa;gftély lower ~ gastric
play a role in the regulation of various gastri €sion score. Ohta and Nishitta suggested that

exogenously administered L-arginine to rats

functions, such as acid secretfoh, mucus/ b ) . .
bicarbonate secretioR® and mucosal blood g subjected to stress-induced gastric mucosal lesions
' could cause significant gastroprotection and nitric

that may contribute to gastric cytoprotection.””. ; L L
Therefore, in the present study, the observedinise oxide-mediated inhibition of neutrophil infiltratio
’ ’ in gastric mucosal tissue. Also, the recent stugy b

free and total acidity and the decrease in the muc g
Y eeba et &% reported that L-arginine augmented

level in gastric content as compared to norm . . o
g P he gastroprotective effect of simvastatin in

control group can be attributed to depletion o L . :
mucosal PGs by inhibiting COX activitAlso a Indomethacin-induced gastric ulcer in rats. NO
. donors have been reported to increase mucous

decrease in mucosal NO level following aspirin-

. . 1 . 7 .
induced injury was observed in the present stugthickness in rats' gastric mucd¥4Treatment with

PGE depletion has been reported to decrea -arginine was associated with less free and total

intracellular cAMP and trans-membrane uptak Cl, increased mucin level in the gastric secretion

of L-arginine, the source of NO, from outside thear.‘d gastric mucoggl NQ ggmpar_ed to aspirin-
cell ® NSAIDs lead also to leukocyte infiltration MUry group. In addition, significant increase time
which is a major source of a superoxide radic ?vel of GSH and significant decrease in the lefel

anion that reacts with cellular lipids, formingitp DA were found in the L-arginine treated group

peroxides metabolized to MDR In agreement COmpared to aspirin-injury group, indicating a
with this, depletion of GSH and rise MDA Wassignificant antioxidant effect for L-arginine. The
observed in the present study indicating tissugastroprotective effect of L-arginine seen in the

oxidative stress. These findings coincide with th@resent study can pe partly due to NO-mediated
results of other studid®:3 antioxidant effect as it was reported that the tada

between NO and ROS levels, is important in the
The present study demonstrated that three daysinienance of proper endothelial functih.
prophylactic ran|t|d|ne.before; aspirin adm!n|§tpat| The availability of L-arginine decreases superoxide
decreased the gastric lesion score significantl lease and protects NO from inactivation these
compared to the aspirin-injury group. Biochemical oo ide anior€®) L-arginine can also act as a

examination of gastric content showed Signiﬁcantl%cavengeﬁor superoxide anion through its alpha-
decreased level of HCI compared to aspirin-injury, in o group and has been reported to protect

group. _'_I'h|§ rlw'sb' ant|cf|;r)]<_':1ted .forzranmdme ;‘S gainst aspirin-induced mucosal damage, through a
competitive inhibitor of histamine-2 receptors 0B t 5 ihine_xanthine oxidase antioxidant efféet'?

basement membrane of the parietal cells that itghibi .

the stimulatory effect of histamine released b¥hThe %resent study teste_dhthe_ proteﬁ;we effec_t of
enterochromaffin like cells as well as the effett o/ 'cc days treatment with zinc suliate against
other substances that promote acid secréfidiihe aspirin-induced gastric injury. The study showed

present study also showed that mucin level and N650 In th|s zinc treated_group, a 5|g_n|f|ca_nt _é_ese
In gastric mucosal lesion score with significantly
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lower gastric HCI and higher mucin levels comparedtudy included prophylactic co-administration of
to aspirin injury group. The level of gastric muabs ranitidine with either L-arginine, zinc sulfate or
NO was significantly higher than aspirin treatedioglitazone. The study showed that ranitidine/L-
group (but less than that of L-arginine treatedrginine is statistically the most effective pretvem
groups). In addition, a significantly higher leval therapy against aspirin-induced mucosal injury
gastric GSH and lower level of MDA were detectecassessed by gastric lesion score. In both the
compared to aspirin treated group. Ciesielska et ednitidine/zinc sulfate and ranitidine/pioglitazone
suggested two mechanisms to be responsible for tgeoups significantly lower gastric lesion scoreseave
cellular protective effect of zinc: an antioxidammd encountered compared to ranitidine monotherapy,
antiapoptotic actiond? Another study attributed yet a significant difference existed compared to
this effect to the ability of zinc to inhibit lipid normal control and the ranitidine/L-arginine
peroxidation and to preserve mucosal N&§szinc  groups. The addition of L-arginine to ranitidine
is also a cofactor for Cu- and Zn- superoxidevas associated with a lower level of total acidity
dismutase (SOD¥? a function that contributes together with a higher level of mucin in gastric
to the cellular antioxidant capacity. Zinc defiaggn content and gastric tissue NO compared to randidin
is associated with lower SOD activity and amonotherapy group. A significantly lower level of
greater susceptibility to oxidative damage dué¢otal acidity was encountered in the ranitidinetzin
to elevated peroxynitrite concentratidf®. Zinc  sulfate and ranitidine/pioglitazone groups compared
supplementation produced inhibition of" Hback- to ranitidine monotherapy. On the other hand, a
diffusion and improvement of the microcirculationsignificantly higher mucin level in gastric content
with  membrane-stabilizing action on mast celland the gastric tissue NO was found in the ramié&di
that decreases the histamine release and HRinc sulfate group but not in ranitidine/pioglitae
secretiorf’® Also, it was reported that zinc cangroup compared to ranitidine monotherapy. Again
increase the mucin secretion in the large intesiine compared to ranitidine monotherapy, all three teste
pigs“” In addition zinc was suggested to act as acombinations were accompanied by significantly
additional prosthetic group of NOS, this can explaihigher level of gastric tissue GSH and lower level
the increase in the gastric mucosal NO level iof MDA. The antisecretory effect of ranitidine-zinc
response to zinc treatméfft. combination has been previously compared to
In the present study, three days prophylacticanitidine monotherapy in three experimental rat
oral treatment with pioglitazone was associatethodels of gastric ulceration and was found to show
with  significantly lower gastric lesion score, more gastroprotective against absolute ethanol and
free and total acidity as well as higher gastriecndomethacin than ranitidine monotherapy despite of
content of mucin as compared to aspirin injurya comparable antisecretory activity of ranitidine
group. This coincides with the previously reportedilone and in combination with zifé:> This
gastroprotective effect of pioglitazone. Being dalistinct mucosal protection probably represents a
PPARYy ligand, pioglitazone is suggested to reducsynergistic approach against direct mucosal toxicit
in TNF-o and COX-2 expression and to up-regulat®f acidic NSAID. Accordingly, the gastroprotective
leptin mRNA in the gastric muco&® Examination effect of ranitidine/zinc administration shown in
of the gastric content revealed that the level dhe present study probably reflects the dual
gastric HCI was significantly decreased and thellevbenefit of the antisecretory effect of ranitidineda
of mucin was significantly increased, in comparisoithe cytoprotective effect of zinc. Although the
to the aspirin treated group. Brzozowski ef%) investigated parameters in the present study showed
attributed the pioglitazone mediated gastroprodecti Some favorable effect for this combination against
to attenuation of expression and release of the pracute aspirin-induced gastric injury, yet ranitein
inflammatory cytokines TNRx and IL-13 as well as /pioglitazone group was less protective than other
to the enhancement of angiogenesis at ulcer margffudied combinations possibly because of the short
The same authors attributed the antisecretory teffeduration of therapy as pioglitazone is a PPAR-
of pioglitazone to its stimulant effect on the gmst agonist, that may need longer duration of
mucosal PGE synthesis. Significantly higher level administration to produce evident gastroprotective
of gastric NO level with significantly less oxidati €effect.
stress in the pioglitazone treated group compaved t The clinically relevant translation of this area of
aspirin injury group was also seen in our studyisThresearch is that compounds that maintain mucosal
antioxidant effect was reported by pioglitazone irblood flow are conceptual targets that might reduce
. . 1-53) .. ..
previous studie§’ Gl injury due to NSAIDs. Some clinicians prefer
In relation to peptic ulcer, combined proton pump inhibitors (PPIs) over,#lockers as
administration of an antisecretory drug with grophylaxis against Gl ulceration in patients akri
cytoprotective agent is a frequent combination t®lowever, the PPI-induced loss of normal stomach
provide a greater benefit. Accordingly the preserdcidity and rise of gastric pH above six has been
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associated with bacterial overgrowth of the uppker G gastrointestinal tractCurr Pharm Des 2001; 7
tract. In addition, PPIs have also been shown to(10): 881-908.
affect leukocytic functiof®® Because of these 11.Babbar N, Gerner EW, Casero RA Jr. Induction
adverse effects and possibly others, it seemsof spermidine / spermine N1l-acetyltransferase
reasonable to try to optimize the benefits obtained(SSAT) by aspirin in Caco-2 colon cancer cells.
from Hy-blockers in ulcer prophylaxigz=rom the Biochem J 2006; 394 (Pt 1): 317-24.
results of the present study it could be concluded 12.Fesharaki M, Nasimi A, Mokhtari S, Mokhtari R,
that; HCI, mucin, NO and oxidative stress are Moradian R, Amirpoor N. Reactive oxygen
important factors involved in the pathogenesis of metabolites and anti-oxidative defenses in aspirin-
NSAID induced gastric ulcer, as evidenced by theinduced gastric damage in rats: Gastroprotection
protective effects of ranitidine, L-arginine, zinc by Vitamin E. Pathophysiology 2006; 13 (4): 237-
sulfate and pioglitazone in aspirin induced gastric 43.
ulcer. The role of HCI and NO seems to be more 3.Petrovic I, Dobric |, Drvis P, Shejbal D, Brcic L,
important in the pathogenesis of aspirin induced Blagaic AB, Batelja L, Kokic N, Tonkic A,
gastric ulcer, as evidenced by the better protectiv Mise S, Baotic T, Staresinic M, Radic B, Jakir A,
effects of combination of ranitidine and L-arginine Vuksic T, Anic T, Seiwerth S, Sikiric P. An
in comparison to the ranitidine with either zinc experimental model of prolonged esophagitis with
sulfate or pioglitazone. sphincter failure in the rat and the therapeutic
potential of gastric pentadecapeptide BPC157. J
REFERENCES PharmacolSci 2006; 102 (3): 269-77.
1. Yeomans ND, Naesdal J. Systematic review{4 Ge K, Lu SL, oing C, Xie T, Rong L, Niu YW,
ulcer definition in NSAID ulcer prevention trials. Wang MJ, Liao ZJ, Shi JX. The influence of L-

Aliment PharmacolTher 2008; 27 (6): 465-72. arginine on the angiogenesis in burn wounds in
2. Ham M, Kaunitz J.Gastroduodenal defense. Curr diapetic rats. ZhonghuaSshaoSshangZazhi 2004;
Opin Gastroenterol 2007; 23 (6): 607-16. 20 (4): 210-3.

3. Maity P, Bindu S, Dey S, Goyal M, Alam A, 15 Troskot B, Simicevic VN, Dodig M, Rotkvic I,
Pal C, Mitra K, Bandyopadhyay U. Indomethacin, |vankovic D, Duvnjak M. The protective effect of
a non-steroidal anti-inflammatory drug, develops zinc sulphate pretreatment against duodenal ulcers
gastropathy by inducing reactive oxygen species-in the rat. Biometals 1997; 10 (4): 325-9.
mediated mitochondrial pathology and associategs Taniguchi Y, Ooie T, Takahashi N, Shinohara T,
apoptosis in gastric mucosa: a novel role of Nakagawa M, Yonemochi H, Hara M,
mitochondrial aconitase oxidation. J BiolChem ygshimatsu H, Saikawa T. Pioglitazone but not
2009; 284 (5): 3058-68. glibenclamide improves cardiac expression of
4. Hung CR, Wang PS. Gastric oxidative stress andheat shock protein 72 and tolerance against

hemorrhagic ulcer in Salmonella typhimurium- jschemia/reperfusion injury in the heredity insulin
infected ratsEur J Pharmacol 2004; 491 (1): 61-8. resistant rat. Diabetes 2006; 55 (8): 2371-8.

5. Baud O, Greene AE, Li J, Wang H, Volpe JJ37 varly H. Method of acid determination. In:
Rosenberg PA. Glutathione peroxidase-catalasepractical clinical biochemistry. 4th ed. London,
cooperativity is required for resistance t0 Herman 1969: 327 — 31.
hydrogen peroxide by mature rat oligodendrocyteg.8 Richard J. Method of determination of

J Neurosci 2004; 24 (7): 1531-40. _ serum glycoproteins. In:  Glick. Methods of
6. Nylander-Koski O, Kiviluoto T, Puolakkainen P, piochemical analysis. 2nd ed. New York.

Kivilaakso E, Mustonen H. The effect of nitric |nterscience Publishers 1959: 2: 290 — 304.

oxide, growth factors, and estrogen on gastric ceflg. Abouzeit-Har MS, Verimer T, Long JP. Effect
migration. J Surg Res 2007; 143 (2): 230-7. of |ong term estrogen and lithium treatment on

7. Duffin R, Shaw CA, Rossi AG. Sildenafil restraint induced gastric erosion in intact
reduces alcohol-induced gastric damage: just sayand ovariectomized rats. Pharmazie 1982; 37 (8):
'NO'. Br J Pharmacol 2008; 153 (4): 623-4. 593-5.

8. Jiménez D, Martin MJ, Pozo D, Alarcon C,20.Beutler E, Duron O, Kelly BM. Improved
Esteban J, Bruseghini L, Esteras A, Motilva V. method for the determination of blood glutathione.
Mechanisms involved in protection afforded by L- j | ab Clin Med 1963: 61: 882-8.
arginine in ibuprofen-induced gastric damage: role1 Ohkawa H, Ohnishi N, Yagi K. Assay for lipid
of nitric oxide and prostaglandins. Dig Dis Sci peroxides for animal tissues by thiobarbituric acid
2002; 47 (1): 44-53. o reaction. Anal Biochem 1979; 95: 351-8.

9. Wiley JW. The many faces of nitric OX|de:22_Momgomery HAC, Dymock JF. The
cytotoxic, cytoprotective or both. Neurogastro- determination of nitrite in water. Analyst 1961; 86
enterolMotil 2007; 19 (7): 541-4. 414-6.

10.Martin. MJ, Jiménez MD, Motilva V. New 23 aine L. The gastrointestinal effects of
issues about nitric oxide and its effects on the ngnselective NSAIDs and COX-2-selective

Bull. Alex. Fac. Med. 46 No.1, 2010.
© 2010 Alexandria Faculty of Medicine.



AA Angelo et al. Alexandria Bulletin 81

inhibitors. Semin Arthritis Rheum 2002; 32 (3 arginine against stress-induced gastric mucosal
Suppl 1): 25-32. lesions in rats and its relation to nitric oxide-
24.Fiorucci S. Prevention of nonsteroidal anti- mediated inhibition of neutrophil infiltration.
inflammatory drug-induced ulcer: looking to the Pharmacol Res 2001; 43 (6): 535-41.
future. Gastroenterol Clin North Am 2009; 38 (2):36.Heeba GH, Hassan M, Amin R. Gastroprotective
315-32. effect of simvastatin against indomethacin-induced
25.Takeuchi K, Yagi K, Kato S, Ukawa H. Roles of gastric ulcer in rats: role of nitric oxide and
prostaglandin E-receptor subtypes in gastric prostaglandins. Eur J Pharmacol 2009; 607(1-3):
and duodenal bicarbonate secretion in rats.188-93.
Gastroenterology 1997; 113: 1553-9. 37.Bjorne  H, Petersson J, Phillipson M,
26.Takeuchi K, Ukawa H, Kato S, Furukawa O, Weitzberg E, Holm L, Lundberg J. Nitrite in saliva
Araki H, Sugimoto Y, Ichikawa A, Ushikubi F, increases gastric mucosal blood flow and mucus
Narumiya S. Impaired duodenal bicarbonate thickness. J Clin Invest 2004; 113: 106-14.
secretion and mucosal integrity in mice38.Racasan S, Braam B, Giezen D,
lacking prostaglandin E receptor subtype EP3.Goldschmeding R, Boer P, Koomans H, Joles J.
Gastroenterology 1999; 117: 1128-35. Perinatal L-Arginine and Antioxidant Supplements
27.0hno T, Katori M, Majima M, Saeki T, Boku K, Reduce Adult Blood Pressure in Spontaneously
Nishiyama K, Hayashi H, Saigenji K. Dilatation Hypertensive Rats. Hypertension 2004; 44: 83 - 8.
and constriction of rat gastric mucosal39.Nigris F, Lerman L, Ignarro S, Sica G,
microvessels through prostaglandin EP2 andLerman A, Palinski W, Ignarro L, Napoli C. From
EP3 receptors. Aliment Pharmacol Ther 1999; 13:the Cover: Beneficial effects of antioxidants and
1243-50. L-arginine on oxidation-sensitive gene expression
28.Uno K, luchi Y, Fujii J, Sugata H, lijima K, and endothelial NO synthase activity at sites of
Kato K, Shimosegawa T, Yoshimura T. In Vivo disturbed shear stress. PNAS 2003; 100: 1420 -5.
Study on Cross Talk between Inducible Nitric-40.Wallner S, Hermetter A, Mayer B, Wascher TC.
Oxide Synthase and Cyclooxygenase in RatThe alpha-amino group of L-arginine mediates its
Gastric Mucosa: Effect of Cyclooxygenase antioxidant effect. Eur J Clin Invest 2001; 31: 98—
Activity on Nitric Oxide Production. J Pharmacol 102.
Exp Ther 2004; 309: 995 - 1002. 41.Jiménez M, Martin M, Alarcén C, Bruseghini L,
29.Hildeman D, Mitchell T, Kappler J. T cell Esteras A, Herrerias J, Motilva V. Role of L-
apoptosis and reactive oxygen species. J Clinarginine in ibuprofen-induced oxidative stress and
Invest 2003; (111): 75-581. neutrophil infiltration in gastric mucosa. Free
30.Nair P, Kanwar SS, Sanyal SN. Effects of non Radic Res 2004; 38 (9): 903-11.
steroidal anti-inflammatory drugs on the42.Szuster-Ciesielska A, Plewka K, Daniluk J,
antioxidant defense system and the membraneKandefer-Szersze M. Zinc inhibits ethanol-
functions in the rat intestine. Nutr Hosp 2006; 21 induced HepG2 cell apoptosis. Toxicol Appl
(6): 638-49. Pharmacol 2008; 229 (1): 1-9.
31.Fesharaki M, Nasimi A, Mokhtari S, Mokhtari R, 43.Joseph R, Varela V, Kanji V, Subramony C,
Moradian R, Amirpoor N. Reactive oxygen Mihas A. Protective effects of zinc in
metabolites and anti-oxidative defenses in aspirin-indomethacin-induced gastric mucosal injury:
induced gastric damage in rats: Gastroprotectionevidence for a dual mechanism involving lipid
by Vitamin E. Pathophysiology 2006; 13 (4): 237- peroxidation and nitric oxide. Aliment Pharmacol
43. Ther 1999; 13 (2): 203-8.
32.Smith  JL, Gamal MA, Chremos AN, 44.Powell S. The antioxidant properties of zinc. J
Graham DY. Famotidine, a new ieceptor Nutr 2000; 130: S1447-54.
antagonist. Effect on parietal, nonparietal, and5.Tsutsui Y, Nakamura Y, Yamaguchi S,
pepsin secretion in man. Dig Dis Sci. 1985; 30 (4): Kawanaka N, Sato M. Effects of zinc acexamate
308-12. (NAS-501) on superoxide radicals and lipid
33.Zhou B, Li J, Cai G, Ling J, Dai X. Therapeutic peroxidation of rat gastric mucosa. Pharmacology
effects of the combination of traditional Chinese 1999; 58 (4): 209-19.
medicine and western medicine on patients with6.0'Dell B. Role of zinc in plasma membrane
peptic ulcers. Zhong Nan Da Xue Xue Bao Yi Xue function. J Nutr 2000; 130: 1432S —-1436S.

Ban 2005; 30 (6): 714-8. 47.Hedemann MS, Jensen BB, Poulsen HD.
34.Dengiz G, Odabasoglu F, Halici Z, Cadirci E, Influence of dietary zinc and copper on digestive
Suleyman H. Gastroprotective and antioxidant enzyme activity and intestinal morphology in
effects of montelukast on indomethacin-induced weaned pigs. J Anim Sci 2006; 84 (12): 3310-20.
gastric ulcer in rats. J Pharmacol Sci 2007; 1088.Mollace V, Muscoli C, Masini E, Cuzzocrea S,
(2): 94-102. Salvemini D. Modulation of Prostaglandin
35.0hta Y, Nishida K. Protective effect of L- Biosynthesis by Nitric Oxide and Nitric Oxide

Bull. Alex. Fac. Med. 46 No.1, 2010.
© 2010 Alexandria Faculty of Medicine.




Gastroprotectives in Aspirin-Induced Ulcer. AA Angelet al

Donors. Pharmacol Rev 2005; 57: 217 -52. pathophysiological observations. Orv Hetil 2009;
49.Konturek P, Brzozowski T, Kania J, 150 (11): 503-12
Kukharsky V, Bazela K, Kwiecien S, Harsch 1,53.Hsiao P, Hsieh T, Kuo K, Hung W, Tsai K,
Konturek SJ, Hahn E. Pioglitazone, a specific Yang C, Yu M, Shin S. Pioglitazone retrieves
ligand of the peroxisome proliferator-activated hepatic antioxidant DNA repair in a mice model of
receptor gamma reduces gastric mucosal injuryhigh fat diet. BMC Mol Biol 2008; 9: 82.
induced by ischaemia/ reperfusion in rat. Scand 94.Conchillo A, Mola C, Navarro C, Bravo L,
Gastroenterol 2003; 38 (5): 468-76. Bulbena O. Cytoprotective and antisecretory
50.Brzozowski T, Konturek P, Pajdo R, activity of a ranitidine - zinc complex.
Kwiecien S, Konturek S, Targosz A, Prostaglandins Leukot Essent Fatty Acids 1995; 52
Burnat G, Cieszkowski J, Pawlik W, Hahn E. (6): 393-7.
Agonist of peroxisome proliferator-activated55.Yoshikawa T, Naito Y, Tanigawa T, Yoneta T,
receptor gamma (PPAR: a new compound Kondo M. The antioxidant properties of a
with potent gastroprotective and ulcer healing novel zinc-carnosine chelate compound, N-(3-
properties. Inflammopharmacology 2005; 13 (14): aminopropionyl) - L-histidinato zinc. Biochim
317-30. Biophys Acta 1991; 1115 (1): 15-22.
51.Gumieniczek A, Hopkata H, Zabek A. Protective56.Zedtwitz-Liebenstein K, Wenisch C, Patruta S,
effects of a PPAR gamma agonist pioglitazone onParschalk B, Daxbdock F, Graninger W.
anti-oxidative system in testis of diabetic rabbits Omeprazole treatment diminishes intra - and
Pharmazie 2008; 63 (5): 377-8. extracellular  neutrophil reactive  oxygen
52.Fischer T. A new possible strategy for prevention production and bactericidal activity. Crit Care Med
and preventive treatment of age-related macular2002; 30(5): 1118-22.
degeneration resting on recent clinical and

Bull. Alex. Fac. Med. 46 No.1, 2010.
© 2010 Alexandria Faculty of Medicine.



