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Abstract 
Non steroidal anti-inflammatory drugs are widely used and effective against 
inflammatory diseases. However, its clinical use is limited by its ulcerogenic effect. 
This study aimed to investigate the gastro-protective effect of hemin on IND- induced 
gastric ulcer in rats and if by using HO-1 inducer hemin and HO-1 blocker ZnPP. 
Rats were assigned into four groups, group1 served as control, group 2 treated i.p 
with IND (55mg/kg b.w), group 3 pretreated with hemin (15mg/kg b.w), group 4 
pretreated with ZnPP+ hemin all drugs taken for 7 successive days and the last day 
IND was injected to all rats. Our results revealed that IND induced gastric damage as 
evidenced by observed ulcers, histological changes and increased oxidative and 
inflammatory parameters and we showed that hemin has a gastro-protective effect and 
increased the PH of the gastric juice, increased catalase enzyme, HO-1 activity and 
this gastro-protective effect was deccreased in combination with HO-1inhibitor ZnPP 
.so our study revealed that HO-1has a role in the gastro-protective effect of  hemin. 
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Introduction 
Peptic ulcers are common and represent a 
health problem. Its incidence is increasing 
due to rapid development and civilizational 
constraints. The estimates of peptic ulcer 
incidence vary ranging from 33 to 153 
worldwide. 

 
Although the introduction of histamine H2 
receptor blockers and proton pump 
inhibitors has allowed great progress in the 
treatment of peptic ulcer search for new 
drugs continues. 

 
Gastric ulcers are circumscribed erosions of 
the gastric mucosa that may penetrate the 
muscle layer and perforate the stomach 
wall. Gastric ulceration is characterized by 
episodes of burning, epigastric pain, 
belching and nausea especially when the 
stomach is empty or after ingesting certain 
foods. Gastric ulceration is a multifaceted 
disease with a complex pluricausal etiology 
that is not fully understood. It is associated 
with an imbalance between defensive 
mecha-nisms and aggressive factors 
allowing the latter to predominates and 
cause mucosal damage. 

 
Non steroidal anti-inflammatory drugs like 
indomethacin are widely used in the treatment of 
pain, fever and inflammation. However, these 
drugs have some side effects, especially on the 
gastrointestinal tract. Indomethacin and other non 
steroidal anti inflammatory drugs (NSAIDs), 
cause gastric erosion and ulceration (Fries, Miller 
et al., 1191).  

 
These injurious effect have been attributed 
to depletion of prostaglandin via the 
inhibition of the enzyme cycloxygenase 

(Simmons, Botting et al., 2554) however, 
this may not be the sole mechanism of 
injury. In rats low doses of asprin that 
significantly inhibit gastric mucosal prosta-
glandin synthesis may not induce gastric 
mucosal injury (Ligumsky, Golanska et al., 
1193). other possible mechanisms of 
NSAIDs include increased mucosal 
production of pro-inflammatory cytokines 
(Koizumi, Odashima et al., 2551) increased 
production of reactive oxygen species and 
increased lipid peroxidation (Naito and 
Yoshikawa 2556). In addition it was 
reported that the increased ulcerogenic 
response to indomethacin is mediated 
through over-expression of inducible nitric 
oxide synthase (i-NOS) (Maity, Banerjee et 
al., 2551). Therefore it was obvious that 
gastric damage induced by indomethacin is 
multi-factorial involving leukocyte infilt-
ration, free radicals formation and 
disturbance in nitric oxide production in 
gastric tissue. Heme oxygenase-1(HO-1) is 
a stress inducible protein ,which stimulate 
oxidative degradation of heme, so 
eliminating the potentially toxic free-heme, 
but releasing bilverdin ,carbon monoxide 
(CO) and ferrous iron.Biliverdin is then 
converted to biliruben by biliverdin 
reductase (Pae and Chung 2551). 
 
The biological importance of hemeoxy-
genase (HO) originates from its function as 
the rate-limiting enzyme in heme cata-
bolism. Heme is oxidatively cleaved by the 
HO system into equimolar quantities of 
carbon monoxide (CO), biliverdin, and 
Fe

2+
 ; and in a coupled reaction biliverdin is 

rapidly converted into bilirubin via biliver-
din reductase (Kapitulnik and Maines 
2551). Three distinctive HO isoforms have 
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been identified and although they catalyze 
the same biochemical reaction they are the 
products of different genes with different 
expression patterns in cells and tissues 
(Maines 1117). HO-3  is a poor heme 
catalyst that has been found only in rat 
brain with no activity reported in humans 
(Elbirt and Bonkovsky 1111); HO-2  which 
contributes to cell homeostasis is constitu-
tively expressed in many tissues including 
neuronal and testicular tissue; whereas HO-
1, also known as heat shock protein-32 
(Hsp32), is stress-inducible and expressed 
at a relatively low level in most tissues. In 
addition to its substrate heme, HO-1 is 
upregulated by heavy metals (Maines 1194) 
and stimuli that cause oxidative stress such 
as heat shock, ischemia, hemorrhagic shock 
, reactive oxygen species (ROS) (Cooper, 
Liu et al., 2551), radiation, and hypoxia. 
Many reports have also shown that inflam-
matory mediators such IL-1, TNF-α, LPS, 
ROS and reactive nitrogen species (RNS) 
are able to upregulate HO-1 in vitro. 
             
 HO-1 induction is usually associated with a 
protective response (Niess, Passek et al., 1111); 
classically the beneficial nature of HO is 
attributed to its ability of removing free heme, 
which has cytotoxic effects. However, new 
evidence indicates that although HO-1 as such 
does not directly catalyze an antioxidant 
reaction, its upregulation, and the production of 
CO and biliverdin, influences many biological 
events linked to a cytoprotective and anti-
inflammatory response against oxidative stress 
(Abraham, Rezzani et al., 2554). For instance 
CO is believed to act as a signaling molecule in 
a similar manner as nitric oxide (NO), with anti-
inflammatory and anti-apoptotic properties 
(Otterbein, Bach et al., 2555). Biliverdin and 
bilirubin are reducing agents with antioxidant 
properties and have the ability to efficiently 
scavenge proxyl radicals and inhibit lipid 
peroxidation (Stocker, Yamamoto et al., 1197). 
Although biliverdin is rapidly converted to 
bilirubin and has a short half-life, in an recycling 
process bilirubin as a potent antioxidant 
oxidizes itself back to biliverdin. Treatment with 
biliverdin decrease mRNA expression of 
inducible nitric oxide synthase (Ueda, Ueyama 
et al.,), cyclooxygenase 2, and the inflammatory 
cytokines IL-6 and IL-1β, as well as decrease 
neutrophil infiltration into the jejunal muscularis 
in rat model of small intestinal transplants 
(Nakao, Otterbein et al., 2554). Moreover, 
biliverdin is an endogenous ligand of the aryl 
hydrocarbon receptor (El-Ashmawy, Khedr et 
al.,), which upon activation protects against 
experimental acute pancreatitis by induction of 
IL-22 (Balla, Jacob et al., 1112). Similarly; 
Fe

2+
 is involved in gene regulation including 

that of NO synthase (NOS). Although 
potentially toxic, Fe

2+
 leads to the opening of 

channels that export Fe
2+

 from the cells inducing 
the upregulation of ferritin, an iron storing 
protein which protects cells against oxidant 

damage by oxidation of low-density 
lipoproteins (Balla, Jacob et al., 1112). 
 
ZnPP is a metalloprotein has also been used 
chronically to inhibit HO-1 activity so the 
aim of this work is to study the gastro-
protctive effect of hemin alone or in 
combination with ZnPP as HO-1 inhibitor. 
 
Materials and methods   
Chemicals:   
In the present study, Indomethacin, hemin, 
ZnPP were obtained from Sigma,  alpha lipoic  
acid was a kind gift from Mepaco Pharma-
ceutical Egypt, Commercial kits for detection of 
Malonaldialdhyde cat# STA-932, catalase cat# 
STA-341 and nitrate/nitrites were purchased 
from Biodiagnostic company, Egypt, PGE2 kits 
cat# EHPGE2 was purchased  from Thermo-
fisher  
Animals: 
A total of 32 male Sprague-Dawley rats, 
weighing 155 to 255 g purchased from 
(Othman animal house, Giza). Animals 
were housed at room temperature with 
12:12 h light/dark cycles and were given 
food and water libitum. Experiments were 
conducted in accordance with the 
international ethical guidelines for animal 
care of the United States Naval Medical 
Research Center, Unit No. 3, Abbaseya, 
Cairo, Egypt, Accredited by the Association 
for Assessment and Accreditation of 
Laboratory Animal Care international ( 
AAALAC international). The adopted 
guidelines are in accordance with 
"Principles of Laboratory Animal Care 
"(NIH publication no. 95-23, revised 
1195). The study protocol was approved by 
members of" the research ethics committee" 
and by the pharmacology and toxicology 
department, Faculty of Pharmacy , Minia 
University, Egypt. 
Drug protocol: 
Hemin and ZnPP were freshly dissolved in 
5.1 mol/L NaOH adjusted to PH 7.4 with 5.1 
mol/L HCl and diluted with saline to the 
required volume. Hemin and ZnPP were 
prepared in darkness and protected from light  
(Ibrahim, El-Sayed et al., 2512) 
Experimental procedures (induction of 
gastric ulceration): 
All rats were fasted for 24 h prior to the 
study and housed in raise mesh –bottomed  
cages to minimize coprophagia, with free 
access to water . All experiments were 
performed at the same time of the day to 
avoid variations due to diurnal rhythms of 
putative regulators of gastric function. Rats 
were administered either IND (55 mg/kg 
i.p, groups) or vehicle (control group). Each 
drug was administered i.p for 7 days before 
induction of gastric ulceration by IND. 
1- Control group:  injected with saline i.p 
in a volume equal to the total volume of 
liquid  administered to the experimental rats 
2- Non- pretreated indomethacin group 
received no further medication other than 
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1ml indomethacin (55 mg/kg i.p) 
(Hangaishi, Ishizaka et al., 2555) 
3- Hemin (15 mg/ kg i.p) (Costa, Silva et al., 
2513)+ IND in which hemin  administered for 
7 days prior to induction with IND. 
4- ZnPP+ hemin+ IND gp in which ZnPP 
55 µg/kg was administered one hour before  
hemin 15mg/kg  for 7 days prior to IND 
administration in the seventh day.  
 
The animals were sacrified using sodium 
thiopental 6 hours after IND. Stomachs 
were removed and opened along the greater 
curvature, washed with normal saline 
solution and scored for macroscopic 
mucosal lesions. Another sets of stomachs 
from each subgroup was fixed in isotonic 
153 formalin solution for histo- 
pathological examination.  
 
Assessments of gastric mucosal lesions:  
Gastric mucosal lesions were expressed in 
terms of ulcer index (U.I) as previously 
described  which depend on the calculation 
of lesions index by using a 5-3 scoring 
system with score 3 denoting the highest 
severity. The U.I for each group was 
calculated as the total number of lesions 
multiplied by their severity score.  
 
Determination of the gastric juice pH: 
The pH of the gastric juice was determined 
as previously described (Moore 1169) 
using a pH meter. Briefly the pH meter was 
first caliberated using commercial pH 
buffers, pH of the unknown juice was then 
determined. In between a given run of 
readings, measurements were intermittently 
taken with a known pH buffers to check for 
the possible drift during analysis. 
 
Analysis of the gastric mucosa: 
Immediately before analysis, stomachs of 
rats in the various groups, were left to reach 
room temperatures and by a scalpel blade 
were scrapped gently on a piece of parafilm 
to separate the gastric mucosa. The gastric 
mucosa was then used afterwards for the 
determination of the levels of lipid 
peroxides,, NO, PGE2,  the acyivity of HO-
1and catalase . 
 
Determination of lipid peroxidation in 
gastric mucosa:  
Lipid peroxidation was determined as 
thiobarbituric acid reactive species (TBARS), as 
previously described (Mihara and Uchiyama 
1179) and the results were extrapolated from a 
standard curve of (MDA),  which is the break-
down product of lipid peroxides.  
 
Determination of catalase activity: 
Catalase activity was determined according 
to (Aebi 1194). Briefly, decomposition of 
H2O2 was followed at 245 nm. Catalase 
activity was defined as the amount of 
enzyme required to decompose 1 millimole 
of H2O2 per minute at 25º C and pH 7.9. 

Results are expressed as millimole per 
minute per milligram tissue (mmol/min/mg 
tissue). 
 
Determination of PGE8 level in gastric 
mucosa: 
Gastric mucosal PGE2 was determined by 
an enzyme- linked immunosorbent assay 
(ELISA) using immuno assay kit 
(Thermofisher according to manufacturer's 
instruction). And based on the competitive 
binding techniques in which PGE2 present 
in a sample competes with a fixed amount 
of horseradish peroxidase (HRP)- labeled 
PGE2 for sites on the mono-clonal antibody 
(Fries, Miller et al., 1191). 
 
Determination of gastric mucosal NO: 
Gastric mucosal NO was determined using 
colorimetric determination of NO 
(Biodiagnostic, Egypt). The assay is based on 
the enzymatic conversion of nitrate to nitrite by 
nitrate reductase. The reaction is followed by 
colorimetric detection of nitrite as an azo-dye 
product and the concentration of nitrite is 
determined by the Griess reaction . 
 
Determination of HO-1 activity: 
Activity of HO-1 in mucosal tissue 
homogenates was carried out as previously 
described, Briefly, 155 mg of frozen gastric 
tissue were homogenized in 1ml of saline, 
aliquots (555 µl) of homogenates were 
added to 255 mg of BaCl2 and vortex- 
mixed thoroughly  then, 5.75 ml of benzene 
was added to the mixture, and tubes were 
vigorously vortex- mixed again. The 
benzene phase containing extracted 
bilirubin was separated from the aqueous 
phase by centrifugation at 130555 rpm for 
35 minutes. A standard bilirubin curve was 
measured spectrophotometrically, as absor-
bance difference between 455 and 655 nm 
and expressed as mg/dl. 
 
Statistical analysis: 
Data is expressed as Mean±S.E.M,. 
tatistical evaluation was performed by 
ANOVA followed by the Tukey's multiple 
comparison test. All analysis were made 
with the statistical software Graphpad prism 
(version 5.55 for windows, Graph pad 
software, San Diego California. 
 
Results 
1- Effect of hemin (11mg/kg i.p) on 
gastric lesion development and its 
alteration by ZnPP combinations: 
Figure (1A) showed that IND (55mg/kg,ip) 
significantly induced the ulcer index 
compared to control group with p value 
˂5.55 IND (55mg/kg,ip) significantly 
induced the ulcer index compared to control 
group with p value˂5.55 while pretreatment 
of rats with hemin(15mg/kg)  significantly 
reduced the U.I from 1.56±5.24 for IND 
treated gp to  3.505.29 for hemin+IND gp. On 
the other hand using combination of ZnPP+ 
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hemin before IND non significantly reduced 
the U.I compared to IND and significantly 
increased the U.I compared to hemin +IND gp. 
8- Effect of hemin (11mg/kg) on pH of 
gastric juice and its alteration by ZnPP 
combination: 
Figure (1B) show that IND (55mg/kg ip) 
significantly reduced the PH of the gastric 
juice compared to control group ( p˂5.55), 
while pretreatment of IND treated rats with 
hemin significantly elevated the PH from 
2.9±5.1 for IND treated gp to 4.12±5.54 for 
hemin+IND gp. On the other hand pretreat-
ment of rats with combination of ZnPP+ 
hemin non significantly produced any 
change compared to IND treated gp and 
significantly reduced the PH compared to 
hemin pretreated gp. 
3- Effect of hemin on lipid peroxidation and its 
alteration by ZnPP combination: 
Figure (2A) show that IND significantly 
increased lipid peroxidation compared to 
control group while pretreatment of IND 
treated rats with hemin significantly reduced 
the MDA level from 5.1605.16 for IND gp to 
2.405.54 to hemin +IND gp. Also ZnPP+ 
hemin pretreatment significantly decreased the 
MDA level compared to IND gp. On the other 
hand ZnPP+hemin+IND gp significantly 
increased the MDA level compared to hemin 
pretreatment.  
1- Effect of ALA on gastric mucosal 
catalase activity and its alteration by 
other combination 
Figure (2B) show that IND significantly 
decreased the catalase activity compared to 
control group while pretreatment of IND 
treated rats with hemin significantly 
increased the catalase activity from 
5.52±.533 for IND treated rats to 1.9±5.51 
for hemin +IND gp. Also pretreatment of 
induced rats with ZnPP+hemin significantly 

increased the catalase activity compared 
with IND gp but with lower significance. 
On the other hand ZnPP+ hemin +IND gp 
significantly reduced catalase activity 
compared to hemin +IND gp. 
5- Effect of hemin on HO-1 activity and its 
alteration by ZnPP combination: 
Figure (3) show that  HO-1 activity was 
significantly decreased by IND which was 
modulated by pretreatment with hemin which 
significantly increased HO-1 activity from 
217.3±5.23 for IND treated gp to 
691.3±22.67 for hemin pretreated gp. Morever 
pretreatment with ZnPP+hemin produced no 
change compared to IND treated gp while 
reduced the HO-1 activity compared to 
hemin+IND gp. 
6- Effect of hemin on total gastric 
mucosal nitrites content and its 
alteration by ZnPP combination: 
Figure (4A) show that IND significantly 
increased gastric mucosal nitrites compared 
to control gp and pretreatment of IND 
induced rats with hemin decreased the total 
gastric mucosal nitrites compared to IND 
treated gp Also pretreatment of induced rats 
with ZnPP+ hemin significantly reduced the 
total gastric mucosal nitrites compared to 
IND treated gp. On the other hand 
Znpp+hemin+Ind gp significantly increased 
the NO compared to hemin+IND gp. 
2- Effect of hemin on PGE8 and its 
alteration by ZnPP combination: 
Figure (4B) show that IND significantly 
decreased PGE2 compared to control group 
and pretreatment of IND induced rats with 
hemin drugs significantly decreased PGE2 
compared to IND. Also using combination 
ZnPP with hemin significantly decreased 
PGE2 compared to IND but increased 
PGE2 compared to hemin+IND gp. 

 

 

 
 
 
 
 
 
 
 
 

 
 

Figure.1. Effect of hemin alone or in combination with ZnPP as HO-1blocker on (A) Ulcer index of the 

gastric juice, (B) PH, Data are presented as mean±SEM n=9 rats per group *p˂5.55 vs control, 

#p˂5.55 vs IND, $ P˂5.55 vs hemin+IND. 
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Figure.2. Effect of hemin alone or in combination with ZnPP as HO-1 blocker on (A)MDA and(B) 

catalase activity. Data are presented as mean±SEM n=9 rats per group * p˂5.55 vs control,# p˂5.55 vs 

IND, $ P˂5.55 vs hemin +IND . 
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Figure.3. Effect of hemin alone or in combination with ZnPP as HO-1blocker on (A) PGE2 (B) 

gastric mucosal nitrites, (C) HO-1 activity. Data are presented as mean±SEM n=9 rats per group * 

p˂5.55 vs control,# p˂5.55 vs IND, $ P˂5.55 vs hemin +IND  
 
Discussion: 
Many reports have demonstrated that 
hemeoxygenase and in particular HO-1 may 
play a role in the resolution of an acute 
inflammatory reactions. The present study 
aimed to investigate the possible role of 
HO-1 inducer hemin in IND-induced 
gastric ulcer formation in rats.In the present 
study, we demonstrated that hemin 
significantly increased HO-1 activity in  
IND-induced ulcerated rats and 
significantly reduced the ulcer index, lipid 
peroxidation PGE2 and increased catalase 
activity and the PH of the gastric juice 
.Furthermore, we showed that these effects 
were reversed by using a combination of 
hemin and HO-1 inhibitor, ZnPP.  
  
HO is the rate limiting enzyme in heme 
catabolism leading to the generation of 
biliverdin, free iron, and carbon 
monoxide(CO)(Pae and Chung 2551) the 
physiological function of CO has become 
subject to intensive research in recent years, 
while the studies on the gastrointestinal 
tract have been at the forefront of these 
investigations   
  
The data of the present study clearly 
demonstrated that hemin pretreatment 
proved to be the inducer of HO enzyme as 
evidenced by increased HO-1. These data 
are consistent with the findings of. On the 
other hand, the pretreatment with zinc 
protoporphyrin, the HO inhibitor in the 
present study, significantly reduced the 
gastric mucosal HO-1 level. These findings 
are in accordance with (Ueda, Ueyama et 
al., 2002). The precise mechanism of HO-1 
induction is not known. Many inducible 
genes are expressed in response to 
activation of various transcriptional factors 
by a variety of inducing agents. IND 
significantly reduced the gastric mucosal 
HO-1 inspite of considering IND as one of 
cellular stress inducers. These results are 
supported by the studies of (Song, Shin et 
al., 2002) . (Aburaya, Tanaka et al., 2002) 
reported that short-term treatment with a 
high concentration of IND as that used in 

this study did not upregulate HO-1 
expression but lead to gastric mucosal 
damage through both necrosis and 
apoptosis mediated by increased membrane 
permeability and intracellular Ca

2+.
 

 
The choice of utilizing indomethacin in our  
ulcer model was because non steroidal anti-
infl ammatory drugs (NSAIDs)-induced 
gastropathies are very common. The 
molecular basis for the gastrointestinal 
toxicity of NSAIDs is widely believed to be 
attributed to their inhibitory activity against 
cyclooxygenase, which causes them to 
block the production of prostaglandins. 
Suppression of prostaglandin synthesis is 
associated with reduction in gastric mucosal 
blood flow (GMB), disturbance of 
microcirculation and decrease in mucus 
secretion, which are involved in the 
pathogenesis of gastrointestinal mucosal 
disorders (Naito, Iinuma et al., 2002). 
 
The data of the present study clearly 
demonstrated that IND evidently induced 
ulcers in accordance with the observations 
of several researchers (Bhattacharya, 
Ghosal et al., 2002). This occurs by 
enhancing the aggressive factors as 
evidenced by increased all acid parameters, 
proteolytic activity, and lipid peroxide 
level, as well as by counteracting the 
defensive factors as evidenced by decreased 
PGE2 level. IND significantly increased 
gastric acid secretion and decreased the PH 
of the gastric juice (Konturek, Konturek et 
al., 2002). 
Increased gastric  acid parameters observed 
with IND owed to COX inhibition with 
reduction in PG which are known to inhibit 
gastric acid secretion (Simmons, Botting et 
al., 2002). 
 
In agreement with other investigators, the 
present study observed that IND increase 
the gastric mucosal lipid peroxides level as 
compared to control group (Bhattacharya, 
Ghosal et al., 2002). This increase in lipid 
peroxidation is a result of the state of 
oxidative stress and ROS induced by stress. 
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Infiltration and activation of phagocytes 
(especially neutrophils) brought about by 
proinfl amatory cytokines such as 
interleukin-1β (IL-1β) and tumor necrosis 
factor-α (TNF-α), and the activation of 
phagocyte xanthine oxidase and NADPH 
oxidase enzymes in the gastric mucosa are 
among the most important sources of ROS 
under stress conditions (Utsumi, Yasukawa 
et al., 2002). In the present work IND 
significantly reduced mucosal PGE2 which 
agrees with the previous reports (Khayyal, 
Seif-El-Nasr et al., 2002). 
 
In our study IND increased NO level this is 
in accordance with (Takeuchi, Yokota et 
al., 2002) that showed that i-NOS activity 
was increased in animals with gastric 
inflammation and in patients with crohn's 
disease or ulcerative colitis. (Kimura, Miura 
et al., 1331) showed that after IND 
induction an initial rise in TNF-α and IL-1β 
increases i-NOS expression and therby 
increase NO level resulting in gastric 
injury. The mechanism by which TNF-α 
modulates i-NOS is un clear but NF-κB has 
been implicated in invitro studies (Baeuerle 
and Baltimore 1332). 
 
The protective effect of hemin against ulcer 
development; in IND ulcer model may be 
due to its inhibitory effect on gastric acid 
secretion and proteolytic activity found in 
this study. The inhibitory effects of hemin 
on gastric acidity could be due to the effect 
of the produced CO in decreasing histamine 
release by downregulating mast cell 
function through decreasing the free 
cytosolic calciumand increasing cAMP and 
cGMP levels (Di Bello, Berni et al., 1332) 
 
Another explanation for the protective 
effect of hemin pretreatment may be due to 
the anti-oxidative effect of this drug as 
evidenced by decreasing the gastric 
mucosal lipid peroxides level. This could be 
attributed to HO-1 induction which is in 
agreement with other investigators (Vesely, 
Exon et al., 1332). (Naito, Iinuma et al., 
2002) reported that the possible explanation 
for the protective role of HO-1 may lie in 
the removal of free heme. Free heme has 
been implicated as the source of catalytic 
iron that would participate in the Fenton 
reaction, converting H2O2 to more reactive 
hydroxyl radicals and promoting more 
severe tissue damage by propagating lipid 
peroxidation.Furthermore, because HO-1 
functions by catabolizing the heme to 
biliverdin, iron and CO, these byproducts of 
heme degradation are believed to be 
effector molecules underlying the potent 
cytoprotection observed with the HO 
system. 
 
In the present study, hemin pretreatment in 
ulcer model significantly decreased the 
gastric mucosal PGE2 level. This is in 

accordance with the previously reported 
data of (Li Volti, Ientile et al., 2002) .This 
could be attributed to HO-1 induction 
reducing the cellular heme. This influences 
the rate of arachidonic acid acylation or 
reacylation, the balance of which 
determines the amount of arachidonic acid 
available for prostaglandin synthesis 
(Haider, Olszanecki et al., 2002). Hemin 
pretreatment in IND ulcer model also 
significantly decreased the NO level either 
by COX inhibition that decreased 
intracellular Ca2+ (since Ca2+ is a key 
regulator of NOS activity) (Mollace, 
Muscoli et al., 2002), and also by HO-1 
induction that degraded the heme located in 
the active site of NOS leading to a greater 
decrease in NO level when compared with 
IND group (Shen, Zhou et al., 2002). 
 
NO donors were found to be protective 
against different types of gastric ulcer 
models while NO synthase inhibitors were 
ulcerogenic. These results seem contra-
dictory to the results of the present work 
since hemin pretreatment significantly 
decreased the gastric mucosal NO level. 
These findings support a protective effect of 
endogenous CO independent of NO 
production. NO donors were found to be 
protective against different types of gastric 
ulcer models while NO synthase inhibitors 
were ulcerogenic. These results seem 
contradictory to the results of the present 
work since hemin pretreatment significantly 
decreased the gastric mucosal NO level. 
These findings support a protective effect of 
endogenous CO independent of NO 
production. 
 
NO has a beneficial hemodynamic effect as 
well as a cytotoxic effect, depending on the 
site and rate of NO production and 
chemical fate of the NO produced. The 
cytotoxicity of NO is mediated by 
generation of peroxynitrite and nitrosylation 
of thiols, as well as by impairment of iron-
sulfur clusters of proteins. The detrimental 
effects of nitric oxide reactive species 
including NO and peroxinitrite can be 
partially compensated by the induced 
expression of HO-1 as it offers a strong 
antioxidant protection. Furthermore, 
increased CO production has the potential 
to inactivate NOS, and thus to reduce the 
production of nitric oxide reactive species. 
The ndpoints of this feedback loop would 
be that the reduced NO transformation 
reduces oxidative stress and that increased 
CO production has NO-equivalent signaling 
functions such as stimulation of sGC and 
activation of K channels (Wu and Wang 
2002). 
 
On the other hand in our result using 
combination of hemin and zinc 
protoporphyrin as HO-1 inhibitor didn't 
produce any change in IND ulcer model 



MJMR, Vol. 82, No.1, 8112, pages (182-131).              Khalifa et al., 

138                                                  Protective effect of hemin against indomethacin-induced gastric ulcer 

and antagonized the protective effect of 
hemin. The data of the present study clearly 
demonstrated that hemin+ZnPP combi-
nation pretreatment significantly decreased 
the gastric mucosal NO and PGE2 level of 
the ulcered model, similarly (Chow, Lin et 
al., 2003)  reported that HO inhibitors 
downregulated the activity of iNOS and 
decreased the production of NO in a HO-1-
independent manner, while (Mancuso, 
Pistritto et al., 1331)  reported that HO 
inhibitors may exert a direct inhibitory 
activity on prostaglandin endoperoxide 
synthase (PGHS), particularly the 
constitutive isoform, and therefore it 
decreased the PGE2 production. 
 
So in our results, combination of hemin and 
ZnPP aggrevate gastric mucosal lesions, 
increased mucosal lipid peroxides with 
marked increase in NO and PGE2 level 
compared to pretreatment with hemin only. 
These findings are in agreement of (Song, 
Shin et al., 2002) who reported that HO-1 
inhibitors aggrevated ulcer index in a 
concentration dependent manner. This 
ulcerogenic effect was probably due to 
ZnPP the inhibitor of HO-1 resulted in 
marked decrease in CO production. 
 
In conclusion current results demonstrated 
that hemin pretreatment exerts a protective 
effect against IND-induced gastric ulcer, 
possibly via the induction of HO-1 and 
increased endogenous production of CO as 
well as via its antioxidant mechanism. This 
effect was reversed by using ZnPP a HO-1b 
inhibitor with hemin which decreased the 
production of CO and aggrevated the ulcer 
index compared to hemin only. 
 
Therefore HO-1 inducer could open the 
door for an adjuvant regimen in the 
treatment of peptic ulcer disease by 
focusing on the strengthening of the gastric 
defensive mechanisms against endogenous 
an exogenous aggressors.  
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