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ABSTRACT 

 
Reactive oxygen species (ROS) have been implicated in the etiology of indomethacin-

induced gastric mucosal damage. The protective effect of the oral administration of N-(2- Mercaptopropionyl) 
glycine (MPG) from oxidative gastric mucosal injury induced by the non-steroidal anti-inflammatory drug 
indomethacin was investigated in the rat. The total areas of the gastric lesions, as well as lipid peroxidation, 
were significantly increased one hour after oral administration of indomethacin (15 mg/kg) indicating an acute 
oxidative injury. The activities of superoxide dismutase (SOD), catalase (CAT), glutathione-S-transferase (GST) 
as well as glutathione (GSH) content were significantly decreased in the gastric mucosa by indomethacin. The 
administration of indomethacin was associated with a significant decrease in total protein and albumin 
contents in serum, concomitant with significant increases in glucose concentration and the activities of lactate 
dehydrogenase (LDH) and alkaline phosphatase (ALP) in serum. Pretreatment with MPG (2.5 mg 1kg body 
weight, ig) reduced gastric mucosal lesions, decreased the lipid peroxides and undermined the decrease in the 
activities of SOD, CAT, and GST in gastric mucosa. In addition, the administration of MPG one hour prior to the 
induction of gastric injury by indomethacin, abolished the indomethacin-induced decrease in total protein and 
albumin contents, as well as the increase in glucose concentration and the activity of LDH, but did not affect 
the ALP activity in serum. In conclusion, MPG has a protective potential from indomethacin-induced gastric 
ulceration and that the gastroprotective properties of MPG might attributed to its positive effects on the 
antioxidant system in indomethacin-induced gastric ulcers in rats. MPG might serve as a novel co-therapeutic 
agent when administered in combination with indomethacin to limit its oxidative injury. 
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INTRODUCTION 
 

Non-steroidal anti-inflammatory drugs (NSAID) such as aspirin and indomethathin are known to 
induce gastric mucosal damage including bleeding, ulceration and perforation in humans and experimental 
animals [1] These adverse effects of NSAID were originally attributed to the inhibition of cyclooxygenase and 
the deficiency of endogenous prostaglandins, but the role of reactive oxygen species (ROS), lipid peroxidation 
(LPO) and antioxidizing mechanism in the pathogenesis of indomethacine induced damage has been scarcely 
studied [2&3]. Several reports suggested that inhibition of prostaglandin synthesis due to inhibition of 
cycloxygenase, was not the only mechanism responsible for gastric damage induced by NSAID [4&5] 
 

A great attention has been focused on the role of ROS and LPO in mediating the gastric mucosal injury 
induced by NSAID. Naito et al. [4] suggested that LPO, mediated by oxygen radicals, plays an important role in 
the mechanism of ulcer aggravation induced by indomethacin. In addition, recent data has been reviewed to 
assess the role of oxygen radicals, LPO and lowered antioxidants levels in the pathogenesis of 
indomethacininduced gastric mucosal injury in rats and humans [5&6 ] suggesting that ROS and LPO play a 
major role in the gastric ulcer induction. In addition, there are reports suggest that NSAID such as 
indomethacin have pro-oxidant catalytic activity and initiate LPO by generating ROS and thereby interfering 
with antioxidant system of the mucosal cells [7]. A shift to a more oxidative state may result in uncontrolled 
LPO, protein oxidation and ultimately cell death. 
 

N-(2-Mercaptopropionyl) glycine (MPG) is a synthetic aminothiol and antioxidant with a wide range of 
clinical applications [8]. It is an effective radioprotector against radiation- induced oxidative damage [9&10]. It 
has been used in experimental cardioprotection [11] in vivo and in vitro because it is effective at very low 
doses (20 mg/kg), far below the toxic dose of 2100 mg/kg. Therefore, the aim of the present study was focused 
on the ability of the sulphydryl compound MPG, as oxyradical scavenger; to reduce indomethacin induced 
gastric injury and oxidative stress. 
 

MATERIALS AND METHODS 
 

Male albino rats weighed about 150 g were used. The animals were deprived of food for 24 h before 
the experiment but had free access to water. Gastric mucosal haemorrhagic injury was induced by oral 
administration of indometbaciti (15 mg/kg body weight) in 0.5 ml wtaer. Indomethacin was obtained as 
meglumine liometacen (Chiesi Farmaceutics S.P.A., Italy), which dissolved in water to give indomethacin. All 
other chemicals were purchased from Sigma Chemical Co. (St. Louis, MO). 
 

Rats were divided into 4 groups each of six animals. The first group was the control rats did not 
receive any treatment. In the second group, animals received a single dose of N-2- mercaptopropionyl glycine 
(2.5 mg/kg body weight, ig) dissolved in distilled water [12]. The animals in the 3rd group received a single ig 
administration of indomethacin as described above. The animals in group 4 received MPG ig one hour before 
indomethacin administration at the same doses of groups 2&3. All experimental procedures were carried out 
in accordance with the guide for care and use of laboratory animals published by the US National institute of 
Health [NIH publication, 1985]. 
 

After one hour of indomethacin treatment, all groups of rats were sacrificed and the stomachs were 
excised. The stomachs were opened along the greater curvature and examined for gastric lesions. A lesion 
index (LI) of gross mucosal damage was estimated, using a scoring system based on the number and length of 
haemorrhagic mucosal erosions [13]. The gastric mucosa was scrapped off using a skin-scrapping spoon, and 
then homogenized for biochemical assays. Lipid peroxidation products (MDA+HNE), were determined as 
described by [14]. Total SOD activity was measured initially in mucosal homogenates by the method of [15]. 
The activity of catalase (CAT) was assayed as described by [16]. Glutathione (GSH) content was estimated as 
described by [17]. The activity of glutathione-S-transferase GST was determined according to the method of 
[18]. Total protein, albumin, glucose concentrations and lactate dehydrogenase (LDH), alkaline phosphatase 
(ALP) activities were determined using kites. Total protein, albumin, glucose, triglyceride concentrations and 
lactate dehydrogenase (LDH), alkaline phosphatase (ALP) activities were determined using kits from Bio-
Merieux, France.  
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All data were expressed as mean ± standard error of the mean. For comparison the ANOVA test was 
used. Differences were considered significant when P<0.05. 

 
RESULTS 

 
The administration of MPG alone did not affect the gastric mucosa and showed insignificant changes 

in the levels of MDA+HNE and GSH concentrations in serum and gastric mucosa (Table 1), as well as the 
activities of SOD, GST and CAT (Table 2) as compared with control rats. Gastric haemorrhagic lesions were 
significantly developed 1 hour after the i.g administration of indomethacin (Table 1). These lesions were 
accompanied with a significant increase in MDA+HNE concentration, an index of lipid peroxidation in gastric 
mucosa (Table 1). Oral administration of MPG I hour prior to indomethacin significantly reduced the lesion 
area and the rise in MDA+HNE concentration in gastric mucosa (Table 1).  
 

Oral administration of indomethacin was associated with a significant decrease in the endogenous 
antioxidants, as evidenced by the decrease in GSH content in serum and gastric tissue as well as marked 
inhibition of SOD, CAT and GST activities in gastric mucosa cells. The administration of MPG 1 hour in advance 
of the induction of gastric injury by indomethacin, ameliorateed the decrease in the antioxidants including 
activities of SOD, CAT and GST in gastric mucosa cells (Table 2). On the other hand, MPG did not prevent the 
loss of serum and gastric mucosal GSH contents (Table 1). 
 
Table 1. Effect of 15mg/kg indomethacin (Indo) as well as 2.5 mg/kg MPG or their combination on the lesion 

index (LI), Lipid peroxidation product (MDA+HNE, nmol/g) and gastric glutathione concentration, (GSH, 
mol/g) as well as serum GSH (mol/ml). 

 

 Control MPG Indo MPG+Indo 

Lesion Index - 
- 

- 
- 

35 

  2.3a 

13 

  1.7ab 

MDA+HNE 32.45 

  2.1 

32.72 

  3.6 

45.91 

  1.9a 

34.31 

  1.8b 

Serum GSH 0.498 

  0.03 

0.511 

  0.029 

0.335 

  0.25a 

0.365 

  0.021ab 

Gastric GSH 0.196 

  0.021 

0.214 

  0.032 

0.172 

  0.016a 

0.176 

  0.009a 

Values are expressed as means   S.E (n=6). 
a Significant compared to the control group, P<0.05. 

b Significant compared to indomethacin-treated group, P<0.05. 

 

Table 2. Effect of 15/mg/kg indomethacin (Indo), 2.5 mg/kg MGP or their combination on superoxide 
dismutase, SOD, (U/mg protein), Catalase, CAT ((umol/H2O2/min/g) and glutathione-S-transferase, GST 

(U/g) activities in rat gastric mucosa. 
 

 Control MPG Indo MPG+Indo 

SOD 3210 

  55 

3426 

  42 

2378a 

  46 

2935ab 

  59 

CAT 0.096 

 0.004 

0.089 

  0.005 

0.052a 

  0.003 

0.075ab 

  0.005 

GST 18.65 

  1.6 

17.30 

  1.3 

15.97a 

  1.6 

17.14b 

  1.1 

Values are expressed as means   S.E (n=6). 
a Significant compared to the control group, P<0.05. 

b Significant compared to indomethacin-treated group, P<0.05. 
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Table 3. Effect of 15/mg/kg indomethacin (Indo), 2.5 mg/kg MGP or their combination on serum total 
protein (g/dl), albumin (g/dl), glucose (mg/dl) concentrations as well as lactic dehydrogenase (LDH), and 

alkaline phosphatase (ALP) activities (U/L). 
 

 Control MPG Indo MPG+Indo 

Total Protein 
7.25 0.31 6.7 0.35 6.1 0.41a 6.7 0.29 

Albumin 
4.86 0.21 4.67 0.26 3.66 0.44a 4.38 0.43b 

Glucose 
75.4 5.2 80.0 4.9 120.7 6.1a 108.0 6.7ab 

ALP 
49.12 3.2 43.03 3.9 65.34 5.2a 62.27 4.5ab 

LDH 
310  25 340 21 640 3a 510 32ab 

Values are expressed as means   S.E (n=6). 
a Significant compared to the control group, P<0.05. 

b Significant compared to indomethacin-treated group, P<0.05. 

 
MPG administration did not produce changes in total protein, albumin and glucose concentrations as 

well as LDH and ALKP activities in serum (Table 3). Oral administration of indomethacin was associated with a 
significant decrease in total proteins and albumin contents in serum, as well as significant increases in glucose 
concentration and the activities of LDH and ALP in serum (Table 3).  
 

The administration of MPG one hour prior to the induction of gastric injury by indomethacin 
diminished the decrease in total proteins and albumin contents, as well as the increase in glucose 
concentration and the activity of LDH but did not alter serum ALP activity (Table 3). 

 
DISCUSSION 

 
The present study has demonstrated that the process of gastric injury by indomethacin involves free 

radicals and has shown a considerable protection by MPG. It was observed that indomethacin produced 
oxidative stress by interfering with the antioxidant system and thereby enhancing lipid peroxidation (LPO) in 
gastric mucosa. LPO was induced in gastric mucosa soon after i.g administration of indomethacin. It has been 
reported that the mucosal LPO and vascular permeability were significantly increased 30 mm after 
subcutaneous treatment with indomethacin [7] and that antioxidants has been proven useful in protecting 
against indomethacin-induced gastric mucosal injury [19]. These studies have strongly suggested the 
implication of ROS in the toxicity of indomethacin. 
 

The source of oxygen radicals induced by indomethacin in tissues is still debated. Several studies 
however, implicated neutrophiles (PMN) in the early pathogenic process [20] in addition to the pro-oxidant 
catalytic activity of the indomethacin and ethanol [4 &21] .The present study demonstrated a significantly high 
serum glucose levels in indomethatin-treated rats. It has been shown that hyperglycemia is associated with 
production of free radicals [22]. Thus, it is suggested that excessive generation of free radicals might be 
associated with be endomethacin-induced hyperglycemia. 
 

In the present study, indomethacin produced a significant rise in MDA+HNE concentration, which are 
indicators of increased LPO accompanied with increased activity of LDH and severe ulceration. Similar 
increases in lipid peroxidation products associated with ulceration were recorded in cases with gastric damage 
produced by ischaemia-reperfusion and stress [5&6] indomethacin [23] as well as ethanol [24] in rats. 
Moreover, oxidative damage associated with indomethacin treatment caused dramatic enhancement in gastric 
epithelial cell apoptosis triggered by increased expression of tumor necrosis factor-alfa (TNF-α) [25]. In 
addition, the biological oxidation results in the modification of cytoplasmic constituents such as depletion of 
GSH, a fall in the ATP levels and increased intracellular calcium which leads to loss of plasma membrane 
integrity and finally to cell damage [26]. 
 

The inhibition of SOD, CAT and GST activities in gastric mucosa in rats treated with indomethacin 
might be responsible for increased LPO and render the gastric mucosa more susceptible to injury. The 
decreased concentration of GSH might be also another reason for increased LPO and gastric injury. This is in 
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accordance with the finding that SOD and glutathione peroxidase were reduced by the administration of 
indomethacin [27]. Thus, the inhibition of the antioxidant mechanisms leads to the accumulation of ROS and 
the presence of free radical scavenger at the site of ROS production might be a protective factor in the 
modulation of the pathogenesis of indomethacin induced LPO and gastric injury. 
 

Because indomethacin results in free radical (FR)-mediated damage to cellular organelles and 
mammalian gastric mucosa, strategies to scavenge FR have shown to be promising. For this reason, 
identification and assessment of potential FR scavenging agents is of clinical interest. One group of candidate 
drugs is the thiol containing compounds. N-acetylcysteine, glutathione, S-allyl cysteine and MPG have been 
found to offer protection in animal models from cardiac and hepatictoxicity [21]. The present study 
demonstrated that MPG ameliorated the indomethacin-induced perturbations in the levels of total proteins, 
albumin, glucose, LDH and ALP in serum of rats receiving MPG 1 hour before indomethacin treatment. This 
was accompanied by a marked protection from LPO as well as amelioration of the indomethacin-induced 
inhibition of SOD, CAT and GST activities in gastric mucosa in the same treated rats. This is consistent with the 
finding that MPG strongly inhibited ascorbate induced LPO in rat liver microsomes [28]. Moreover, this implies 
that thiol compounds may have the ability to decrease LPO by scavenging the initiating and propagating 
radicals, which might be attributed to the high redox potential of MPG [29]. Because MPG is a small and 
diffusible molecule, it can easily cross biological membranes and protect polyunsaturated fatty acids from FR 
mediated LPO by abstracting the hydrogen of the thiol group instead of methylene hydrogen of unsaturated 
lipids [28]. 

 
The up-regulation of the antioxidants recorded after treatment with indomethacin and MPG might 

lend credence to the proposal that antioxidants are important in gastroprotection and the presence of SOD 
and CAT is critical to eliminate ROS when it is formed at the site of generation. Thus, the elimination of 

superoxide anion (O
*

2 ) by in a reaction catalyzed by SOD is an important factor in the protection process. It 

has been reported that O
*

2  is involved in the pathogenesis of gastric mucosal damage and the pretreatment 

with SOD reduces ethanol-induced gastric mucosal injury [30]. Moreover, treatment with SOD or SOD plus CAT 
inhibited the increase in gastric mucosal lesion and lipid peroxides in the gastric mucosa induced by 
indomethacin [31] and ischemia-reperfusion injury models in rat [32]. The present observation are in 
accordance with the previous studies and revealed that the administration of MPG in advance to indomethacin 
treatment decreased the MDA+HNE concentration and maintained the levels of the endogenous antioxidant 
enzymes close to normal and caused a marked reduction in the gastric lesions. 

 
Since GSH content in serum and gastric mucosa remained almost constant, under the present 

experimental condition, the mechanism of MPG action remains speculative and needs further investigation. 
However, the mechanism of MPG action most probably includes SH/S-S interchange reaction and FR 
scavenging ability [11]. 

 
In conclusion, MPG has a protective potential from indomethacin-induced gastric ulceration and that 

the gastroprotective properties of MPG might attributed to its positive effects on the antioxidant system in 
indomethacin-induced gastric ulcers in rats. MPG might serve as a novel co-therapeutic agent when 
administered in combination with indomethacin to limit its oxidative injury. 
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