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Abstract: Oxidative stress may be defined as “a state where oxidative forces exceed the antioxidant systems 

due to loss of the balance between them.” Oxidative stress is a phenomenon associated with pathogenesis 

mechanisms of several diseases including atherosclerosis, neurodegenerative diseases, such as Alzheimer’s, 
Parkinson’s disease, cancer, diabetes mellitus and an inflammatory diseases. 

Gastritis represents an inflammation of the stomach lining in response to injury. Helicobacter pylori (H. pylori) 

often play an important role in the pathogenesis of gastritis, peptic ulcer, and probably also gastric cancer. 

Reactive oxygen species (ROS) produced by this bacterium and/ or gamma radiation may be one of the crucial 

factors whereby oxidative stress can play a role in the pathogenesis of ulcer disease. Spirulina platensis (Sp) is 

a microscopic and filamentous cyanobacterium that contains essential amino acids, fatty acids, vitamins, 

minerals, polysaccharides and antioxidant compound. Our objective in this study was to evaluate the possible 

gastroprotective effect of Spirulina platensis against H.pylori and/or gamma radiation induced oxidative stress 

in albino rats. In the present experiment about 36 albino Wister rats were used and sub divided into 6 groups of 

6 rats each: group 1, untreated rats (control group ); group 2, animals received only Spirulina (15mg/kg b.w.); 

group 3, irradiated group animals were exposed to 5Gy whole body gamma radiation as a single shot dose; 
group 4 animals were infected practically with H.pylori bacterium  once daily for one week then continuous 

with distil water for 30 days; group 5, rats were giving orally Spirulina (15 mg/kg b.w.) for 30 days then 

exposed to 5 Gy gamma radiation as a single dose shot; group 6, rats were given orally Spirulina  (15mg/kg 

b.w.) for 30 days then infected with H. pylori daily in the morning for one week. Our results showed that 

animals infected with H.pylori and/or exposed whole-body gamma radiation significantly increase tumour 

necrosis factor (TNF-α), interleukin-β (IL-1β), interleukin-8 (IL-8), measured gastric mucosal myeloperoxide 

(MPO) and malondialdehyde (MDA) joined with significant decrease in glutathione (GSH), superoxide 

dismutase SOD and catalase (CAT) activity. In contrast, there was no significant change in plasma levels of 

gastrin  after  radiation  exposure  but  its  levels was increased in H. pylori infected rats. Oral pretreatment 

with Spirulina  platensis  considerable amelioration the  previous mentioned  anti-inflammatory and antioxidant 

parameter. It could be concluded that, the antioxidant- responsiveness mediated by Spirulina may be 

anticipated to have biological significe in eliminating reactive free radical and improve  the change in, which 
may be responsible for pathogenesis of H.pylori-associated mucosal damage. Consequently, Spirulina platensis 

may be used for better gastroprotective effect from H. pylori infection as well as to reduce the (ROS) activity 

produced from  exposed to gamma radiation.  
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1. INTRODUCTION 

The close association between oxidative stress and lifestyle-related diseases has become well known. 

Oxidative stress is defined as a “state in which oxidation exceeds the antioxidant systems in the body 

secondary to a loss of the balance between them”.  It not only causes hazardous events such as lipid 

peroxidation and oxidative DNA damage, but also physiologic adaptation phenomena and regulation 
of intracellular signal transduction.  

Reactive oxygen species (ROS) and reactive nitrogen species (RNS) are product of normal cellular 

metabolism (Valko et al., 2007).Over production of ROS is a harmful process that can be an important 
mediator of damage to cellular structures, including lipids, membranes, proteins and DNA. Most cell 

damage caused by ionizing radiation is also mediated by ROS generated from interaction between 
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radiation and water molecule in the cells (Valko et al., 2007)and( Flora SJ 2007). (biomarker in serum 
MPO..). Since ROS and NOS are highly reactive, the approach most often employed in the study of 

oxidative stress is assessing the presence and quantity of the biomarkers of lipids (e.g 

malonaldehyde), nitrosive biomarkers (e.g nitric oxide), antioxidant biomarkers (e.g glutathione, 

catalase), ant-inflammatory biomarkers(e.g neutrophil/ myeloperoxide) [1,4,5] (biomarker in serum 
MPO..). 

H. pylori infection has been associated with generation of reactive oxygen species (ROS), which leads 

to oxidative stress (OS) in the gastric mucosa (Naito  and Yoshikawa (2002). (3). H.pylori induces 
infiltration and activation of neutrophils, which produce inflammatory mediators that include ROS 

(Ernst 1999)(4). These mediators impart OS on the gastric epithelium in the immediate vicinity 

(H.pylori and oxidative stress). The interaction of H pylori with the surface mucosa results in the 

release of proinflammatory cytokine interleukin (IL)-8, which leads to recruitment of 
polymorphonuclear cells and may begin the entire inflammatory process. High levels of cytokines, 

particularly tumor necrosis factor-a (TNF-α) and multiple interleukins (e.g, IL-6, IL-8, IL-10), are 

detected in the gastric mucosa infected with H. pylori (Zalewska-Ziob et al., 2009) 

The current anti H. pylori therapy is punctuated with adverse drug reactions such as hepatotoxicty and 

renal failure (Hentschel et al.,1993). It has been found that the infection persists even after completion 

of the therapy due to resistance to the antibiotic drug regimens leading to concomitant administration 
of three to four drugs.  

In recent years, there have been considerable efforts to search for naturally occurring substances for 

intervention of several diseases. Many components from medicinal or dietary plants have been 

identified to possess potential properties. The term 'nutraceutical' was coined from 'nutrition' and 
'pharmaceutical' and was originally defined as 'a food that provides medical or health benefits, 

including prevention and/or treatment of a disease' (Kalra, 2003). 

In the last 30 years, Spirulina – the nutraceutical food has become widely available as a food 
ingredient (Parry , 2008). Spirulina platenesis (SP) is a unicellular cyanbacterium, with high 

nutritional value and with wide range of medicine applications. It is the best whole food source of 

protein, beta-carotene, gamma linolenic acid, B-Vitamins, minerals, chlorophyll, sulpho-lipids, glyco-
lipids, super oxide dismutase, enzymes and trace element  (Parry , 2008). It contains very potent 

naturally occurring antioxidant and free radical scavenging agents. Besides the free radical scavenging 

and antioxidant activity, spirulina and its active constituent; C-phycocyanin exhibit anti inflammatory, 

neuroprotective, hepatoprotective , immunomodulatory and anti cancer activities (Batha et al.,2008) 
and (Reddy et al.,2000 )  . Furthermore, Spirulina has been reported to ameliorate organ toxicities 

induced by heavy metals( El-Desoky et al., 2013) Increased interest in Spirulina is based on the fact 

that, they are believed to be non toxic, bio-available and provide significant multiorgan protection 
against many drugs and chemicals induced toxic assaults  

(Lu et al., 2010) (Tsuchihashi et al. 1987) found that an intake of Spirulina at 5% of the diet increased 

the population of Lactobacillus in the caecum of rats by 3 times over a control group of rats not fed 

Spirulina.l4Lactobacillus is believed to have three functions: to improve digestion and absorption of 

foods, to protect from infection, and to stimulate the immune system . 

From the previous, we focused the present study on the antioxidant effect of natural product Spirulina 

on H.pylori and gamma radiation exposed male albino rats. 

2. MATERIALS AND METHODS 

Animals 

Thirty six female albino Wister rats (Rattus Norwegicus), (weighing 120–150 g) were obtained from 

the animal farm of the Egyptian Holding Company for Biological Products and Vaccines, Egypt. 

Upon arrival, the animals were allowed to acclimatize for 1 week before starting the experiment. 

Animals were kept under standard conditions and were allowed free access to a standard requirement 

diet and water ad libitum. Animals were kept under a controlled lighting condition (light: dark, 13 h- 

11 h). The animals’ treatment protocol was approved by the Animal Care Committee of the National 

Center for Radiation Research and Technolog(NCRRT), Cairo, Egypt. 
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Irradiation 

Whole-body gamma-irradiation was performed at the National Centre for Radiation Research and 
Technology (NCRRT), Atomic Energy Authority, Cairo, Egypt, using (cesium-137) Gamma Cell-40 

biological irradiator. Animals were irradiated at an acute single dose level of 5Gy delivered at a dose 

rate of 0.012 Gy/s. 

Chemicals 

Spirulina  platensis was purchased from Wisma DXN company- Malaysia (No 213 Lebuhraya Sultan 

Abdul Halim, 05400 Alor Star Kedah Darul Aman ) in a powder  form . It was suspended in water 

and administrated orally to rats at a dose of 15mg/kg body weight according to experimental design. 

Isolation of Helicobacter pylori 

An internal l biopsy from a 55-years old patient, endoscopically diagnosed as having H. pylori 

infection, was streaked into blood agar plates and incubated 3-days under micro-anaerophilic 

conditions at 37
o
C. Small gray colonies were selected and stained with gram stained to verify the 

morphology. Colonies with gram negative rods or coccoid form were tested by the rapid urease test 

(Cristensen’s urea test: Remel Inc., Kansas.USA). H.pylori express gram negative morphology and 

positive reaction for urease test. The suspension of the bacteria strain was gently rinsed with sterile 

physiological saline, placed in vials, then 3ml 20% glycerol in brucella broth were added and 

maintained at -70
o
C. 

Experimental Design 

The experimental 36 rats were divided into six groups, six rats per each. 

Group 1: control group: rats received oral distilled water. 

Group 2: Spirulina group: rats received only Spirulina orally (15mg/b.w) for 30 consecutive days.  

Group 3: irradiated group: rats received orally distilled water for 30 days then subjected to 5Gy whole 

body gamma irradiation as a single shot dose. 

Group 4: H.pylori infected rats: rats received 0.5 ml of H.pylori brucella broth, containing 2 10
7 

cFu/ml, daily in the morning for 1 week then left for 4 weeks. 

Group 5: Spirulina irradiated group: rats were given orally Spirulina (15mg/b.w) or 30 days followed 

by irradiated at a dose level of 5 Gy.  

Group 6: Spirulina and H.pylori infected rats: : rats were given orally Spirulina (15mg/b.w) for 30 

days and then received 0.5 ml of H.pylori brucella broth, containing 2 10
7 

cFu/ml, daily in the 

morning for 1 week then left for 4 weeks. 

3. SAMPLING 

At the end of each treatment period, rats were fasted over night. Blood was collected and centrifuged 

at 3,000  r.p.m for 15 min; serum was collected, divided into aliquots and stored at -20
o
C for 

determination of serum gastrin, TNF-α and  IL-8. Rats were then decapitated and stomachs were 

dissected out, cut along the greater curvature; The inner mucosal surface of stomach was washed with 

normal saline and dried with filter paper for determination of MPO, MDA, CAT, SOD. 

4. BIOCHEMICAL ANALYSIS 

Determination of H. pylori infection status: Rapid urease test: the rapid urease test solution was 

prepared by dissolving 10 grams of urea in 100ml millipore water followed by autoclaving. 0.002 

grams of phenol red was added into the solution as indicator. The pH of the solution was adjusted to 

6. The isolated pyloric tissue was immediately immersed in RUT solution (Vaira et al.,2007). The 

change of color from yellow to red within 10 minutes indicated the presence of H. pylori. 

Determination of gastrin level: serum gastrin was determined by competitive immunoassay 

technique using DRG rat gastrin kit (DRG International, Inc., USA), following the manufactory’s 

instruction.  
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Determination of TNF alpha: TNF-α was quantified in blood using ELISA kit BioSource 

International, Camarillo, CA, USA. The assay employed the sandwich enzyme immunoassay 

technique and values were expressed as pg/ml.  

Determination of IL-1β: was performed by ELISA technique (BioSource International, Camarillo, 

CA, USA) according to the manufacturer’ s instruction. 

Detection of serum IL-8: since IL-8 is a major proinflammatory cytokine in relation to H. pylori 

infection-related gastric mucosal inflammation, the IL-8 contents in serum samples with or without H. 

pylori infection were evaluated. IL-8 concentrations were determined using an enzyme-linked 

immunosorbent assay (MyBioSource ELISA kits) as instructions described. 

Determination of myeloperoxidase (MPO) activity: the myeloperoxidase assay was performed 

according to (Krawisz et al.,1984). Briefly, The mucosa was scrapped to remove the mucus layer 

using a glass slide and the mucosal scrapings were homogenized in a solution containing 0.5% 

hexadecyltrimethylammonium bromide dissolved in 50 mM potassium phosphate buffer (pH 6), 

before sonication in an ice bath for 10 seconds. The homogenates were freeze-thawed three times, 

repeating the sonication after which they were centrifuged for 15 min at 20,000 × g. The level of 

MPO activity was measured spectrophotometrically. 0.1 ml of the supernatant was mixed with 2.9 ml 

of 50 mM phosphate buffer, pH 6.0, containing 0.167 mg/ml O-dianisidine dihydrochloride and 

0.0005% hydrogen peroxide and incubate for 10 min. The change in absorbance at 460 nm was 

measured spectrophotometrically using horseradish peroxide as astandard and expressed as MPO 

unit/g protein. 

Lipid peroxidation product, malondialdehyde (MDA): was measured by thiobarbituric acid 

(TBARS) assay, which is based on the determination of malondialdehyde (MDA), an end product of 

lipid peroxidation, which can react with thiobarbituric acid to yield a pink colored complex exhibiting 

a maximum absorption at 532nm  (Yoshioka  et al., 1979) .  

Assay of glutathione (GSH): the stomach was perfusing intraluminally with 5% sulphosalicyclic 

acid and then homogenized in the same solution (10%). The tissue homogenate was centrifuged for 5 

min at 10,000 X g, and the amount of GSH was measured in the supernatant according to Griffith 

(Griffith, 1980). 

Determination of SOD activity: for the determination of activity of superoxide dismutase (SOD), a 

sample of gastric mucosa was taken, as described above. This method is based on the SOD-mediated 

increase in the rate of autooxidation of tetrahydrobenzofluorene in aqueous alkaline solution to yield a 

chromophore with maximum absorbance at 525 nm. This absorbance was measured colormetrically 

by spectrophotometer Marcel s300, Warsaw, Poland. Results were expressed as units per gram of 

tissue (U/g) (Kwiecieñ et al., 2002). 

Statistical analysis 

Results were expressed as mean ± SEM (standard error of the mean). The intergroup variation was 

measured by one way analysis of variance (ANOVA) followed by Tukey's Multiple comparison test. 

Statistical significance was considered at p < 0.05 (George and William, 1980). 

5. RESULTS 

The present study showed that H.pylori induced gastritis model was evaluated for gastric function, 

inflammation and neutrophilic infiltration. As observed in table (1), serum gastrin levels showed no 

statistically significant differences between irradiated and sham animals but there were approximately 

two fold increase in H.pylori gastritis rats after 30 days administration of H. pylori brucella broth 

compared to control rats administrated H.pylori free broth (p< 0.05). Irradiated group or H.pylori 

treated with Spirulina manifested a significant decrease in gastrin, TNF-α, IL-1β and IL-8 level after 

30 days of treatment as compared to those of irradiated or H.pylori infected group, respectively. 

Animal group treated with Spirulina showed non-significant changes in the levels of serum gastrin, 

TNF-α, IL-1β and IL-8 level after 30 days of treatment as compared to the value of control group. 
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Table (1). Effect of treatment of irradiated and H. pylori infected rats with Spirulina on serum Gastrin, Tumor 

necrosis factor(TNF-α), Interleukin-1β(IL-1β) and Interleukin-8 (IL-8) 

Groups  

                     

 Parameters 

      

        Gastrin 

  40-169 pg/ml 

  

    Serum TNF- α 

   31-2500 pg/ml 

   

     Serum IL-1β 

  31.2-2000 pg/ml 

      

      Serum IL-8 

18.75-1200 

pg/ml 

        Control 109.5  ±  8.2 32.12  ±   1.01 32.3  ±  1.1 21.15  ±   1.20 

       Spirulina 107.4  ±  9.8 31.45  ±  1.21 31.5  ±  1.1 20.4    ±   1.32 

      Irradiation 111.4  ±  4.5 a 77.34  ±  5.02 a 68.3  ±  2.3 a 44.31  ±   2.1 a 

       H.Pylori 211.2  ±  5.6 a 98.61  ±  3.21 a 72.6  ±  1.1 a 56.2    ±   1.1 a 

Spirulina+Irradiation 112.2  ±   1.3 b 52.45  ±  2.1 b 58.5  ±  1.6 b 32.6    ±   1.2 b 

Spirulina+H.pylori 179.6   ±  1.6 c 61.89  ±  2.60 c 62.4  ±  2.1 c 41.2    ±   2.1 c 

a: Significant difference from control group. 

b: Significant difference from irradiated group. 

c: Significant difference from H.pylori infected group. 

Table (2). Effect of treatment of irradiated and H. pylori infected rats with Spirulina on antioxidant enzyme 

(Glutathion (GSH) & superoxide dismutase (SOD) , malondialdehyde (TBARS) and myeloperoxidase (MPO) 

levels 

 

Groups 

              Parameters 

 

        TBARS 

nmol/mg protein 

 

           GSH 

    u/mg protein 

 

           SOD 

     u/mg protein 

 

           MPO 

      u/g protein 

          Control 1.44    ±   0.51 3.38   ±   0.21 6.22    ±   0.44 104.1   ±   6.1 

         Spirulina 1.34    ±   0.66 3.45   ±   0.14       6.40    ±   0.32 102.8   ±   3.2 

       Irradiation 

         (5Gy) 

2.27    ±   1.93 a 

  

1.40   ±   0.16 a 

 

3.09    ±   1.57 a 

 

198.6   ±   5.9 a 

       H.pylori 2.50    ±   1.13 a 

 

1.94   ±   0.15 a 

 

2.79    ±   1.56 a 

 

231.5   ±   7.8 a 

Spirulin+Irradiation 1.72    ±   1.2 b 2.98   ±   0.14 b 4.91    ±   1.20 b 149.2   ±   2.4 b 

Spirulina+H.pylori 1.83    ±   1.53c 2.63   ±   0.18c 4.49    ±   1.51c 202.4   ±   2.1c 

a: Significant difference from control group. 

b: Significant difference from irradiated group. 

c: Significant difference from H.pylori infected group. 

As shown in table (2), levels of antioxidant enzyme SOD and GSH were significantly decreased while 

a significant increase in TBRAS was noticed in the irradiated and H.pylori infected groups as 

compared with control group. Irradiated group or H.pylori infected group treated with Spirulina 

revealed a significant increase in the level of SOD and GSH associated with a significant decrease in 
TBRAS as compared to those of irradiated group or H.pylori infected one, respectively. In gastric 

mucosa, neutropilic infiltration was assessed by increased MPO activity in irradiated group or in 

H.pylori group after 30 days of infection. Animal group treated with Spirulina showed non-significant 
changes in the level of SOD, GSH, TBRAS and MPO as compared to the values of control group. 

6. DISCUSSION 

Helicobacter pylori(H. pylori) is spiral –shaped, flagellated, Gram-negative bacterium. It colonizes the 
stomach of about 50 percent of the world population, especially in the developing countries (Marshall 

BJ and Warren, 1983, Bruce and Maaroos, 2008). It is directly implicated in the dyspepsia, acute and 

chronic gastritis, peptic ulceration, MALT lymphoma and it is an independent risk factor for gastric 
adenocarcinoma (Atherton, 2006). It may also be a risk factor for pancreatic including cancer 

(Trikudanathan et al, 2011). H.pylori has been also associated to some extra-gastric diseases including 

several autoimmune diseases. The prevalence of H. pylori infection varies from country to country 

with large differences between developed and developing countries (Neunert et al, 2011) The 
epidemiology of H.pylori infection in developing countries is characterized by a rapid rate of 

acquisition of the infection such that approximately 80 percent of the population is infected by the age 

of 20 (Robinson et al, 2007) because the disease is most often acquired in childhood or when young 
children are present in the household. Chronic H. pylori –associated gastritis per se is asymptomatic 
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but the initial acquisition of the infection cause acute gastritis with hypochlorhydria which may cause 
abdominal pain, nausea and vomiting that resolve within a few days (Fischer et al, 2001). Gastric 

inflammation is highly complex biochemical protective response to the cellular tissue injury. Chronic 

gastritis is associated with the inflammatory cellular infiltrate predominantly consisting of lymphocyte 

and plasma cells in gastric mucosa. Many evidences suggest that Helicobacter pylori infection and 
non steroidal anti- inflammatory drug (NSAID) ingestion are major causative factors. Both are highly 

implicated in the pathogenesis of gastric mucosal oxidative injury in humans.  

The initial response to H. pylori infection is an interaction of the host epithelial cells with the bacteria 
(Correa, 1988) and had been reported to be implicated in various gastrointestinal diseases, such as 

gastric ulcer, adenocarcinoma and lymphoproliferative disorders (Uemura et al., 2001). However, the 

pathogenetic mechanisms of chronic infection with H. pylori and gastric ulcer are yet to be full 

determined (Rad et al., 2004). H. pylori-infected gastric mucosa showed infiltration of 
polymorphonuclear leukocytes, lymphocytes, monocytes and plasma cells in the lamina propria, and 

intraepithelial severe neutrophil infiltration (Fan et al., 1996). The later well documented to correlate 

mucosal damage due to the effects of various cytokines, free radicals, and monochloramine 
(Karttunen, 1991). Moreover, H. pylori-induced inflammation is implicated in the development of 

mucosal damage and is characterized by strong granulocytic and lymphocytic infiltration (Rad et al., 

2004). These changes would accelerate apoptosis and proliferation in the mucosal layer (Ohkura et al., 
2003). In addition, it had been reported that H. pylori infection induced a three-fold increase in the 

serum gastrin concentration but was without effect on the thickness of the oxyntic mucosa (Zhao et 

al., 2003). Gastrin is gastrointestinal (GI) peptides that is mainly produced in the stomach. The most 

gastrin is produced in endocrine cells (G cells) of the gastric antrum [6]. The mechanisms of 
radiation-induced GI tract injury are complicated. The relationship between alterations of plasma GI 

peptides and symptoms and signs of the radiation sickness has not been previously well described  

(Sakdhisapol et al., 2008) .Since the gastric mucosa is relatively more radioresistant than the 
duodenum and other parts of small bowels such as the jejunum and ileum, the lack of significant 

changes in plasma levels of gastrin after irradiation were not surprising and this was in agreement 

with the present study as there were no significant change in serum gastrin between irradiated group 
and control group, table (1).  

H. pylori infection induces an inflammatory response that is also oxidative. The gastric epithelium 

and the bacteria induce production of interleukin-8 (IL-8) that contributes to the generation of great 

amounts of toxic reactive oxygen species (ROS), with marked infiltration of inflammatory cells and 
can elicit induction of interleukin-1β (IL-1β), interleukin -6 (IL-6), IL-8, IL-12, tumor necrosis factor-

α (TNF-α) and interferon-γ (INF-γ) (Marshall et al, 1985) and these were contribute with the present 

study shown in table (1), the level of (TNF-α) , (IL-1β) and serum(IL-8) were elevated in H. pylori 
infected group and irradiated one in comparison to control. The inflammatory response induced 

during H. pylori infection does not appear to confer protective immunity and the resulting oxidative 

burst caused by phagocytic cells can damage gastric tissues (Graham et al, 2004) (Disction of 

H.Pylori and strategy…). Wilson et.al, 1996 showed that the gastric mucosal levels of 
proinflammatory cytokines, such as TNF-α, IL-1β, IL-6 and IL-8, were significantly higher in H. 

pylori positive patients than in H. pylori negative patients. Crabtree et al., showed that increased 

gastric mucosal production of TNF-α and IL-6 was associated with H. pylori gastritis. Moreover, they 
implied that inflammatory cytokines generated locally within the gastric mucosa can be relevant to the 

gastric physiology of H. pylori infection. In 2006, Prabjone et al., investigated the effects of chronic 

H. pylori infection on serum TNF-α level in rats. They found a significant increase in serum TNF-α in 
the H. pylori infected groups compared with the control groups. 

Table (1) shows the activity of serum gastrin, TNF-α, IL-1β and IL-8. There was a significant increase 

in these parameters in both H.pylori infected group or irradiated rats when compared with controls. 

The administration of Spirulina to the treated rats tended to bring the values of these parameters to 
normal levels.              

C-phycocyanine (C-PC)  , a biliprotien found in the blue green algae such as Spirulina platensis, may 

affect the function of mast cells that are an important resourse for synthesis and release of 
prostaglandine D2, leukotrienes, ROS and cytokines such as TNF-α. IN addition, TNF- α plays an 
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early and crucial role for the subsequent inflammatory response through stimulating the production of 

cyclooxigenase (COX) product and IL-8 that induce local production of sympathetic amines, thus 
inhibition of TNF-α formation by (C-PC) in carrageen an injected paws may contribute to its 

antihyperalgestc activity (Mohamed, 2012). 

Table (2) shows the activity level of SOD,GSH,TBARS and MPO. There was a significant increase in 
the level of TBARS and MPO while a significant decrease in the level of SOD and GSH was noticed 

in the H.pylori infected group or irradiated one in comparison with control rat. Animal groups treated 

with Spirulina tended to bring the results significantly towards the normal levels (Mohamed, 

2012).There substantial evedince that oxygen derived free radicals play an important role in the 
pathogeneses of the injury of various tissues, including the digestive system.SOD and GSH are the 

important endogenous antioxidant enzyme playing an important role in protecting gastric mucosal 

tissue against oxidative damage.SOD superoxide radical to form hydrogen peroxide and water 
(Hemnani and Parihar1989) (40).GSH is olso an important inhibitor of free radical mediated lipid 

peroxidation  (Meistor,1983 and Gosavi 2012) . 

Myeloperoxidase (MPO) is an enzyme existing in the gastric tissue whose expression is enhanced in 

the inflammatory conditions of the gastric mucosa and is responsible for elevation of oxidative 
stress38. MPO seems to act on macrophage as deduced by the increased production of cytokines and 

oxidative burst when macrophages are exposed to MPO or other peroxidases( Lefkowitz et al.,1992) 

39. MPO is a key weapon of the innate I mmune system, providing a first line defense. At the cellular 
level MPO occurs in the macrophages. In the inflammatory conditions, monocyte infiltration leads to 

elevation of MPO and hypochlorous acid within the macrophage (Sorg, 2004 and Rodrigues 2002). 

MPO has been attributed to its unique capacity to produce hypochlorous acid and other toxic agents 
that create an environment within the phagolysosome neutrophills that inhibits or kills ingested 

microbes. MPO utilizes H2O2 to increase posttranslational modifications of target molecules, 

following an paradigm utilized by all members of the animal peroxidase family, although the capacity 

to oxidize Cl- to Cl+ at physiologic pH is a property unique to MPO. Concomitant with release of 
MPO into the phagosome, the NADPH-dependent oxidase of phagocytes is activated to generate the 

required H2O2 for MPO to mediate HOCl (hypochlorous acid) generation (Hansson, 2006).  

Usually at inflammatory sites neutrophills precede macrophage infiltration. It appears that 
macrophages can acquire MPO by engulfing neutrophills or MPO released by these cells at the 

inflammatory site (Shepherd & Hoidal 1990) and (Leung &Goren 1989) 43-44. Macrophages and 

neutrophills vary from a resting to a fully activated state. The activation includes the expression of 
several types of proteins, such as membrane receptors, soluble factors and enzymes. Reactive oxygen 

(RO) intermediates appear to be important in some signaling pathways involved in phagocyte 

activation (Remick & Villarete 1969) and (Schreck 1992) 45, 46. Hence, the cellular activity of 

enzymes that utilize or generate reactive oxygen species (ROS) could reveal the steady state 
concentration of these species. These mediators lead to necrosis and dysfunction of the gastric mucosa 

(Baker &Campbell 1990) and (Grisham 1994). The endogenous cellular antioxidants are exhausted 

which promotes further ulceration of the gastric mucosa ( Ohkawa 1979) and (Bradley 1989) 50, 51 
.The levels of MPO in the gastric mucosa represent the extent of gastric mucosal damage and 

regarded as a measure of neutrophil infiltration and oxidative stress (Nishiwaki, 1999) and (Oh et al., 

2005)    54,55.(protocol of H.pyl.) Spirulina was also found to significantly reduce the MPO activity 

in a dose dependent manner as contain several active ingredients notably phycocyanine and β-carotien 
that have potent antioxidant and anti-inflammatory activities.  

With the increasing prevalence of antibiotic-resistant organisms, new strategies to combat infection 

are being sought. One such strategy is the use of antiadhesive molecules targeting the primary step of 
infection, i.e. adhesion of the organism to the host (Ofek et al., 2003). Inhibition of H. pylori   

adhesion works on the principle that by blocking bacteria attaching to host tissue there is a lower risk 

that these bacteria will develop resistance compared with the use of bactericidal compounds 
(Bavington & Page, 2005). Investigations into algal materials as sources of antiadhesives have 

become common over the past few years, as many algal species contain polysaccharide (PS) 

substances with various biological activities at relatively high concentrations. Mun et al., (2007) 

found that there was a decrease in H. pylori load in the stomach of mice fed with PS or Spirulina even 
for a short period of 2 h before infection. When treatment with PS or Spirulina was extended to 4 
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weeks, the reduction in H. pylori load was even more obvious. This may suggest that PS and Spirulina 
may have a protective effect against the colonization of H. pylori (Spirulina and H.pylori).  

In conclusion, the data substantiate the protective effect of Spirulina against oxidative stress induced 

by exposed to either gamma radiation and  or infected by Heliopacter pylori bacteria. The potential 

protective of Spirulina may be associated with its antioxidant constituent.In addition, the inhibition of 
TNEF-α and IL-β expretion suggest that Spirulina may be potential therapeutic drug for reducing 

inflammatory interception. Further studies with larger samples and longer duration are required to 

ascertain the mechanism of Spirulina s actions and its antioxidant and anti-inflammatory capacity.   

REFERENCES 

[1] Valko M,Leibfritz D,Moncol  J ,Cronin MT, Mazur M and Teiser J: Free radical and antioxidant 

in normal phsyology functions and human disease. Int JBiochem Cell Biol (2007) 39:44-48. 

[2] Flora SJ: Role of free radicals and antioxidants in health and disease. Cell Mol Biol (Noisy-le-

grand) (2007) 6:391-397. 

[3] Naito Y, Yoshikawa T. Molecular and cellular mechanisms involved in Helicobacter pylori-
induced inflammation and oxidative stress. Free Radical Biol Med 2002; 33: 323-36. 

[4] Ernst P. Review article: the role of inflammation in the pathogenesis of gastric cancer. Alim 
Pharmacol Therapeut 1999; 13 Suppl 1:13-8. 

[5] Zalewska-Ziob, M.; Adamek, B.; Strzelczyk, J.K.; Gawron, K.; Jarzab, B.; Gubala, E.; Kula, D.; 
Krakowczyk, Ł.; Sieroń, A.& Wiczkowski, A. (2009). TNF-alpha expression in gastric mucosa 

of individuals infected with different virulent Helicobacter pylori strains. Med. Sci. Monit., Vol. 

15, No. 6, (June 2009), pp. BR166-171, ISSN 1643-3750. 

[6] Hentschel E, Brandstalter G, Dragosics B, Hirschi AM, Nemec H, Schiitze K.(1993), Effect of 

ranitidine and amoxicillin plus metronidazole in the eradication of Helicobacter pylori and the 
recurrence of duodenal ulcer. New Eng J Med; 328:308-312. 

[7] Kalra EK (2003). Nutraceutical – definition and introduction. AAPS Pharm. Sci; 5: E25. 

[8] Parry, (2008). Health Benefits of Spirulina   Abstract – Science studies 1-2.  

[9] Basha OM, Hafez RA, El-Ayouty YM, Mahrous KF, Bareedy MH, et al. (2008) C-Phycocyanin 

inhibits cell proliferation and may induce apoptosis in human HepG2 cells. Egypt J Immunol 15: 
161–167 

[10] Reddy CM, Bhat VB, Kiranmai G, Reddy MN, Reddanna P, et al. (2000) Selective inhibition of 

cyclooxygenase-2 by C-phycocyanin, a biliprotein from Spirulina platensis. Biochem Biophys 

Res Commun 277: 599–603. 

[11] El-Desoky GE, Bashandy SA, Alhazza IM, Al-Othman ZA, Aboul-Soud MA, et al. (2013) 

Improvement of Mercuric Chloride-Induced Testis Injuries and Sperm Quality Deteriorations by 
Spirulina platensis in Rats. PLoS One 8:e59177  

[12] Lu J, Ren DF, Wang JZ, Sanada H, Egashira Y (2010) Protection by dietary Spirulina platensis 
against D-galactosamine–and acetaminophen-induced liver injuries. Br J Nutr 103: 1573–1576 

[13] Tsuchihashi N, Watanabe T, Takai Y. Effect of Spirulina platensis on caecum content in rats.  
Bull Chiba Hygiene College. 1987; 5:27-30 

[14] Krawisz JE, Sharon P, Stenson WF. Quantitative assay for acute intestinal inflammation based 
on myeloperoxidase activity. Gasteroenerology 1984; 87:1344-1350.  

[15] Yoshioka T, Kawada K, Shimada T, Mori M. Lipid peroxidation in maternal and cord blood and 

protective mechanism against activated-oxygen toxicity in the blood. Am J Obstet Gynecol 1979; 

135: 372-376  

[16] Griffith OW. 1980. Determination of glutathione and glutathione disulfide using glutathione 

reductase and 2-vinyl pyridine.Anal Biochem. 106;207-212. 

[17] Kwiecieñ S, Brzozowski T, Konturek SJ. Effects of  reactive oxygen species action on gastric 

mucosa in various models of mucosal injury. J Physiol Pharmacol 2002; 53: 39-50. 

[18]  Marshall, B. J., & warren, R. (1983). Unidentified curved bacilli on gastric epithelium in active 

chronic gastritis. Lancet, 1, 1273-1275. 



R.M. Ibrahim et al. 

 

 
International Journal of Research Studies in Science, Engineering and Technology [IJRSSET]                36   

[19]  Bruce, M. G., & Maaroos, H. I. (2008). Epidemiology of Helicobacter pylori infection. 

Helicobacter13Suppl , 1, 1-6. 

[20] Atherton J C(2006). The pathogenesis of Helicobacter pylori-induced gastro-duodenal diseases. 

Annu Rev Pathol, 1, 63-96. 

[21] Trikudanathan, G., Philip, A., Dasanu, C. A., Baker, W. L., & (2011, . (2011). Association 
between Helicobacter pylori infection and pancreatic cancer. A cumulative metaanalysis. Jop, 12, 

26-31. 

[22] Neunert, C., Lim, W., Crowther, M., Cohen, A., Solberg, L., Jr , , & Crowther, M. A. (2011). 

The American Society of Hematology 2011 evidence-based practice guideline for immune 

thrombocytopenia. Blood, 117, 4190-4207. 

[23]  Robinson, K., Argent, R. H., Atherton, J. C., & (2007, . (2007). The  inflammatory and immune 

response to Helicobacter pylori infection. Best Pract Res Clin Gastroenterol, 21, 237-259. 

[24] Fischer, W., Puls, J., Buhrdorf, R., Gebert, B., Odenbreit, S., Haas, R. (2001): Systematic 

mutagenesis of the Helicobacter pylori cag pathogenicity island: essential genes for CagA 
translocation in host cells and induction of interleukin-8. Mol Microbiol, 42, 1337-1348. 

[25] Sakdhisapol Katanyutanon, Rongqian Wu, and Ping Wang (2008):  The Effect of Whole-Body 
Radiation on Blood Levels of Gastrointestinal Peptides in the Rat.  Int J Clin Exp Med., 332-337   

[26] Wilson,K.T., Ramanujam,K.S., Mobley,H.L., Musselman,R.F., James,S.P., and Meltzer,S.J. 

(1996). Helicobacter pylori stimulates inducible nitric oxide synthase expression and activity in a 

murine macrophage cell line. Gastroenterology 111, 1524-1533. 

[27] Correa,P. (1988). Chronic gastritis: a clinico-pathological classification. Am. J Gastroenterol. 83, 

504-509. 

[28]  Crabtree,J.E. (1996). Immune and inflammatory responses to Helicobacter pylori infection. 

Scand. J Gastroenterol. Suppl 215, 3-10. 

[29] Uemura,N.,Okamoto,S.,Yamamoto,S.,Matsumura,N.,Yamaguchi,S.,Yamakido,M., Taniyama,K., 

Sasaki,N., and Schlemper,R.J. (2001). Helicobacter pylori infection and the development of 
gastric cancer. N. Engl. J Med. 345, 784-789. 

[30] Rad,R., Dossumbekova,A., Neu,B., Lang,R., Bauer,S., Saur,D., Gerhard,M., and Prinz,C. (2004). 

Cytokine gene polymorphisms influence mucosal cytokine expression, gastric inflammation, and 

host specific colonisation during Helicobacter pylori infection. Gut 53, 1082-1089. 

[31]  Ohkura,Y., Furihata,T., Kawamata,H., Tabuchi,M., Kubota,K., Terano,A., Sakai,T., and 

Fujimori,T. (2003). Evaluation of cell proliferation and apoptosis in Helicobacter pylori gastritis 
using an image analysis processor. Gastric. Cancer 6, 49-54. 

[32] Zhao,C.M., Wang,X., Friis-Hansen,L., Waldum,H.L., Halgunset,J., Wadstrom,T., and Chen,D. 
(2003). ChronicHelicobacter pylori infection results in gastric hypoacidity and hypergastrinemia 

in wild-type mice but vagally induced hypersecretion in gastrin-deficient mice. Regul. Pept. 115, 

161-170. 

[33] Uemura,N., Okamoto,S., Yamamoto,S., Matsumura,N., Yamaguchi,S., Yamakido,M., 

Taniyama,K., Sasaki,N., and Schlemper,R.J. (2001). Helicobacter pylori infection and the 
development of gastric cancer. N. Engl. J Med. 345, 784-789. 

[34] Karttunen,R. (1991). Blood lymphocyte proliferation, cytokine secretion and appearance of T 
cells with activation surface markers in cultures with Helicobacter pylori. Comparison of the 

responses of subjects with and without antibodies to H. pylori. Clin. Exp Immunol. 83, 396-400. 

69. Kato,S., Kitamura,M., Korolkiewicz 

[35] Fan,X.G., Kelleher,D., Fan,X.J., Xia,H.X., and Keeling,P.W. (1996). Helicobacter pylori 

increases proliferation of gastric epithelial cells. Gut 38, 19-22. 

[36] Crabtree JE, Lindley IJ. Mucosal interleukin-8 and Helicobacter pylori-associated 

gastroduodenal disease. Eur J Gastroenterol Hepatol 1994; 6 Suppl 1: S33-S38 

[37] Prabjone R, Thong-Ngam D, Wisedopas N, Chatsuwan T, Patumraj S. Anti-inflammatory effects 
of Aloe vera on leukocyte-endothelium interaction in the gastric microcirculation of Helicobacter 

pylori-infected rats. Clin Hemorheol 

[38] Microcirc 2006; 35: 359-366 



Effect of Spirulina Platensis on Oxidative Stress Induced by Gamma Radiation and H. pylori Infected 

Rats 

 

 
International Journal of Research Studies in Science, Engineering and Technology [IJRSSET]                37   

[39] Meistor A. Selective modification of glutathione metabolism. Science 1983; 220: 472-477. 

[40] Gosavi TP, Ghosh P, Kandhare AD, V. Shiva K, Mohammad A, Rajmane AR, et al. Therapeutic 

effect of H. pylori nosode in healing of chronic H. pylori infected ulcers in laboratory animals. 
Asian Pac J Trop Dis 2012; 2: S603-S611. 

[41] Hemnani T, Parihar MS. Reactive oxygen species and oxidative damage. Indian J Physiol 
Pharmacol 1998; 42: 440-452. 

[42] Lefkowitz DL, Mills K, Morgan D, Lefkowitz SS. Macrophage activation and 

immunomodulation by myeloperoxidase. Exp Biol Med 1992; 199:204-210. 

[43] Sorg O. Oxidative stress: A theoretical model or a biological reality. C R Biologies 2004; 

327:649-662. 

[44] Rodrigues MR, Rodriguez D, Russo M, Campa A. Macrophage activation includes high 

intracellular myeloperoxidase activity. Biochem Biophys Res Commun 2002; 292:869- 873. 

[45] Hansson M, Olsson I, William M, Nauseef B. Biosynthesis, processing, and sorting of human 

myeloperoxidase. Arch Biochem Biophys 2006; 445(2):214-224 

[46] Shepherd VL, Hoidal JR. Clearance of neutrophil-derived myeloperoxidase by macrophage 

mannose receptor. Am J Respir Cell Mol Biol 1990; 2:335-340. 

[47] Leung KP, Goren MB. Uptake and utilization of human polymorphonuclear granule 

myeloperoxidase by mouse peritoneal macrophages. Cell Tissue Res 1989; 257:653-656. 

[48] Remick DG, Villarete L. Regulation of cytokine gene expression by reactive oxygen and reactive 

nitrogen intermediates. J Leukocyte Biol 1996; 59:471-475. 

[49] Schreck R, Albermann K, Baeuerle PA. Nuclear factor ėB: An oxidative stressresponsive 

transcription factor of eukaryotic cells. Free Radicals Res Comm 1992; 17:221-237. 

[50] Baker S, Campbell L. Enterocyte injury by oxygen-dependent processes. 

[51] Gastroenterology 1991; 101:716-720. 

[52]  Grisham MB. Oxidants and free radicals in inflammatory bowel disease. Lancet 1994; 344:859-

861. 

[53] Ohkawa H, Ohishi N, Yaki K. Assay for lipid peroxides in animal tissues by thiobarbituric acid 

reaction. Anal Biochem 1979; 95:351-358. 

[54] Bradley PP, Christensen RD, Rothstein G. Measurement of cutaneous inflammation: Estimation 

of neutrophil content with an enzyme marker. J Invest Dermatol 1982; 78:206-209. 

[55] Nishiwaki H, Umeda M, Araki H, Fujita A, Furukawa O, Takiuchi K. Effect of mono 

chloramines on recovery of gastric mucosal integrity and blood flow response in rat stomachs- 
relation to capsaicin sensitive sensory neurons. Life sciences 1999; 65(11):1207-1216. 

[56] Oh YT, Ahn GJ, Choi SM, Ahn BO, Kim WB. Increased susceptibility of ethanol treated gastric 

mucosa to naproxen and its inhibition by DA -9601, an Artemisia asiatica extract. World J 

Gastroenterol 2005; 11(47):7450-7456. 

[57] Ofek I, Hasty DL & Sharon N (2003) Anti-adhesion therapy of bacterial diseases: prospects and 

problems. FEMS Immunol Med Microbiol 38: 181–191. 

[58] Bavington C & Page C (2005) Stopping bacterial adhesion: a novel approach to treating 

infections. Respiration 72: 335–344. 

[59] Mun Fai Loke, Sook Yin Lui, Bee Ling Ng, Min Gong & Bow Ho 2007: Antiadhesive 

propertyof microalgal polysaccharide extracton the binding ofHelicobacter pylori to 
gastricmucin. FEMS Immunol Med Microbiol 50 : 231–238  

[60] Mohamed ET (2012): Hepatoprotective effect of spirulina against gamma radiation and carbon 
tetrachloride induced liver injury in rats. Isotop & rad. Res., 44(4), 817-829. 


