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Abstract 

In the current study, we examined the protective effect of hydroferrate fluid MRN-100 against 

the carcinogen methylnitronitrosoguanidine (MNNG)-induced gastric and esophageal cancer in 

rats. MRN-100 is an iron based compound composed of bivalent and trivalent ferrates.  At 33 

weeks post treatment with MNNG, rats were killed and examined for the histopathology of 

esophagus and stomach; liver, spleen, and total body weight; and antioxidant levels in the blood 

and stomach tissues. Results showed that 17/20 (85%) gastroesophageal tissues from carcinogen 

MNNG-treated rats developed dysplasia and cancer, as compared to 8/20 (40%) rats treated with 

MNNG plus MRN-100. In addition, MRN-100 exerted an antioxidant effect in both the blood 

and stomach tissues by increasing levels of GSH and antioxidant enzymes: SOD, CAT, GPx and 

total antioxidant capacity (TAC) level.  This was accompanied by reducing the total free radical 

and malondialdehyde levels. Furthermore, MRN-100 protected against body and organ weight 

loss.  Thus, MRN-100 exhibited significant cancer chemopreventive activity by protecting 

tissues against oxidative damage in rats, which may suggest its effectiveness as an adjuvant for 

the treatment of gastric/esophageal carcinoma.  

 

 

 

  



 Ghoneum 3 
 

3 
 

Introduction 

Gastric and esophageal cancers are two leading causes of cancer-related deaths throughout the 

world (1). In the United States, approximately 40,000 people will be diagnosed with esophageal 

and stomach cancer in 2014 and despite advancement in treatment options, the 5-year survival 

rates for these cancer patients remain low: 17% and 27%, respectively (1). Both cancers are 

thought to arise from chronic inflammation caused by Helicobacter pylori (H. pylori) (2) or 

gastroesophageal reflux disease (GERD). Inflammation associated with esophageal cancer is 

believed to be induced by GERD(3). An estimated 28% of the United States adult population 

suffers from GERD-like symptoms (4). This inflammation leads to atrophy and transformation, or 

metaplasia, of epithelial cells in the lining of the digestive tract, which will cause dysplasia and 

subsequently cancerous lesions (2). 

The most effective treatment for gastric/eshophageal cancers is surgical removal of the 

cancerous lesions, however, this treatment is palliative for many advanced stages and does not 

address the causative chronic inflammation which could lead to development of new lesions (5). 

Several potential preventative therapies have been examined for the treatment of gastric and 

esophageal cancers:  chemoprevention, anti-inflammatory agents and eradication of H. pylori. 

However, there is still a lack of evidence that these approaches will be effective in humans due to 

an insufficient number of clinical trials (6); novel preventative agents for treatment of 

esophageal/gastric cancers remain in high demand.   

Hydroferrate fluid, MRN-100, is an iron based compound composed of bivalent and 

trivalent ferrates isolated from phytosin. Previous research on MRN-100 has shown its potential 

as a protector against age-associated oxidative stress (7), γ–radiation (8), and HIV activity (9). 

The current study was a preliminary investigation of whether MRN-100 has the ability to restrict 

esophageal/gastric cancer in rats.  Results show that MRN-100 decreases the extent of 

esophageal/gastric dysplasia and carcinoma by a mechanism that involves protection against 

oxidative stress damage to tissues.  
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Materials and Methods 

N- methyl-N-nitro-N- nitrosoguanidine (MNNG). The carcinogen MNNG (Sigma-Chemical, St 

Louis, MO) was used at a concentration of 200mg/kg body weight, and it was orally 

administered to the rats daily for two weeks.  

Hydroferrate fluid (MRN-100). MRN-100 was prepared in distilled water (DW) with the 

concentration of Fe2+ and Fe3+ ions at about 2 × 10−12 mol/l. MRN-100 was obtained from a 

plant extract called phytosin. It contains iron and neutral lipid compounds and can be found in 

plants such as radish seeds, rice, and wheat. The extraction method of MRN-100 is as follows: 

Phytosin (1 unit) was dissolved in 100mL DW, and then FeCl3•6H2O is added. Subsequently, a 

liquid–liquid extraction technique was used to remove lipid compounds. This is followed by 

filtration of the remaining liquid using No. 5 filter paper. The filtrate was then evaporated and 

condensed in a water bath. In order to generate MRN-100, the iron compound obtained is 

subjected to fractional determination with respect to bivalent ferrate and trivalent ferrate. 

Hydroxylamine-HCl (10%) was added to the sample liquid to reduce Fe (III) to Fe (II). The o-

phenanthrolin method was used to determine the quantity of Fe (II). Subsequently, all of the 

ferrate quantities are determined, as well as those of Fe (III).  Finally, the obtained iron 

compounds were bivalent and tervalent ferrates (8). MRN-100 was provided by ACM Co., Ltd, 

Japan. 

Animals.  In the current study we used male Wistar rats (4 months old, body weight~120 g). Rats 

were obtained from the Research Institute of Ophthalmology (Giza, Egypt), and were acclimated 

for one week before the start of the experiments. Rats were individually housed with light and 

temperature control (20±2˚C) and were fed standard laboratory cube pellets (Misr Oil & Soap 

Company (Cairo, Egypt).   The pellets consist of wheat flour (80%), bran (3.3%), casein (12.5%), 

olive oil (2.3%), fats (1.0%), vitamins and salt mixture (0.2%), dl-methionine (0.5%) and water 

(0.2%). The ratio of total calories was about protein (18%), carbohydrate (73%) and fat (9%). 

Animal protocols were in compliance with the Guide for the Care and Use of Laboratory 

Animals at the University of Mansoura, Egypt.   

Experimental design. 40 rats were randomly divided into 4 groups: Control (untreated with 

carcinogen or MRN-100); MRN-100 treated (MRN-100 treated only), MNNG treated 

(carcinogen treated only), and MNNG plus MRN-100 treated (MRN-100 and carcinogen treated).  

In order to induce gastric/esophageal cancer, rats were given carcinogen MNNG  at dose 200 
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mg/kg body weight once daily by oral gavage for 2 wks, followed by oral administration of NaCl 

(1ml/rat) once every 3 days for 4 wks. Concomitantly with chemical induction, the rats were 

given MRN-100 free water (groups 1 and 3) or MRN-100 water (groups 2 and 4) for a total of 33 

weeks. All animals were weighed at different time intervals.  At the end of experimental period 

(33wks), animals were killed and examined for the following; histopathological changes in the 

esophageal and gastric tissues, changes in the weight of livers and spleens and redox status in the 

blood and in the stomach tissues. 

Sample collection and esophageal/gastric tissue preparation. After 33 weeks, animals were 

allowed to fast and then were killed by cervical dislocation. Blood samples were collected by 

puncturing the orbital venous plexus using heparinized capillary glass tubes. Blood was used for 

measurement of total free radicals. Hemolysates were used for measurement of the levels of the 

following parameters; malondialdehyde- MDA, Glutathione (GSH), endogenous antioxidant 

enzymes including: superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase 

(GPx). In addition, plasma was used for the determination of total antioxidant capacity (TAC) 

level.  

Regarding the gastric redox biomarkers and histopathology examination, the stomach 

was excised and divided into 2 parts symmetrically along the greater and lesser curves. Part 1 

was used to evaluate the redox biomarkers, and was washed and homogenized in ice-cold 

phosphate buffer (0.1 mol/l, pH 7.4) using a Potter-Elvehjem homogenizer to give a 10% w/v 

homogenate. Part 2 was used for histopathology examination, and was fixed along with 

esophageal tissues in 10% formaldehyde. 

Analytical procedures. Lipid peroxidation (LPx) level, GSH content, and SOD, CAT, and GPx 

activities were examined in erythrocytes and gastric tissues. LPx level was ascertained by the 

formation of MDA and measured as in (10), GSH content as in (11), SOD activity as in (12), 

CAT activity as in (13), GPx activity as in (14), TAC level in plasma and gastric tissue was 

measured using Randox total antioxidant status kit (UK) according to (15), and gastric protein 

levels as in (16). 

Detection of blood total free radicals by Electron Spin Resonance (ESR). The method 

previously described by Heckly in 1979 was followed to detect the levels of blood total free 

radicals (17). Samples were processed and measured as previously described (7, 17).  
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Analysis of ESR data. Earlier methods of ESR analysis was used as described (18). Intensities 

were measured as the distance between top and bottom points of the first derivative for 

monitoring variations in the peak height of ESR signals as a function of the magnetic field. 

Quantitative assessments of free radical concentrations were made according to the following 

equation, 

Nd=K[Ho(ΔH2) A/2]/[Hm×Ge √ PH ],where Nd = number of radicals, K = 103/cm, Ho = peak 

magnetic field in gauss, ΔH = peak-to-peak width, Hm = modulation field, PH = 1.008mW, Ge = 

detector gain = 3.17×105, concentration = unpaired electrons/lyophilized blood (g) or 

spin/lyophilized blood (g), and A = peak height of signals/weight. 

Histopathological analysis. The gastric and esophogeal tissues were examined for 

histopathological changes at 33 weeks post-exposure to MNNG.  One slide containing two tissue 

sections from each of the thirty-six (36) rats were prepared (Table 1).  Tissues were fixed in 10% 

formalin solution and fixed overnight in cassettes. Each tissue section measured 1.5 x 0.3 x 0.1 

cm in average. The paraffin-embedded tissues were sectioned on a microtome to 4 μm. The 

tissue sections were stained with hematoxylin-eosin (H&E) and examined by light microscopy to 

check for dysplasia and carcinoma.  In addition, the cancer incidence and cancerous lesions were 

calculated as percentage of rats per group.  

Statistical analysis. Body weight values were reported as mean ± SD, other values were reported 

as mean ± SE and significance of the differences between mean values was determined by one-

way analysis of variance (ANOVA) coupled with the Newman-Keuls multiple comparison test. 

Different pathological lesions were evaluated by Fisher’s exact test or Chi-square test wherever 

appropriate.  P < 0.05 was considered statistically significant. 
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Results 

Percentage of dysplasia and cancer. Thirty-six H&E-stained slides from rats under four 

different treatment conditions were examined under light microscopy to check for dysplasia and 

carcinoma (Table 1).  No rats from the.control or MRN-100-treated group developed dysplasia 

or carcinoma.  On the other hand, rats from the carcinogen-treated group and the carcinogen plus 

MRN-100 group developed dysplasia and carcinoma. Rats treated with carcinogen only showed 

100% (9/9 rats) development either single or multiple (≥2) foci. In contrast rats treated with 

carcinogen plus MRN-100 only 6/10 (60%) carried foci. Moreover, only 10% (1/10) of MRN-

100 treated rats developed multiple foci as compared to 33 %(3/9) in carcinogen group. (Table 2). 

Table  1. Histopathological slide details. 

GROUPS CONTROL MRN-
100 

CARCINOGEN CARCINOGEN + 
MRN-100 

NO. OF RATS  
 

7 9 10 10 

NO. OF SLIDES  
(ONE PER RAT) 

7 9 10 10 

TOTAL NO. OF TISSUE 
SECTIONS  

14 18 20 20 

 

Esphogeal tissue.  In the carcinogen treated group, nine of ten rats (90%) developed squamous 

dysplasia of variable degree (mild to severe) and extent (involving long segments of epithelium). 

One of ten rats (10%) developed squamous cell carcinoma involving a longer segment of 

esophagus.  However, in the carcinogen plus MRN-100 treated group, a fewer number of rats, 

four of ten (40%) developed squamous dysplasias, and the dysplasias were of lesser degree and 

extent than those treated with the carcinogen alone. Although one of ten rats (10%) also 

developed squamous cell carcinoma, the extent of involvement is lesser than the carcinogen 

group (Table 2). 

 

 

 

 

Table  2. Percentage of rats displaying squamous dysplasia or squamous cell carcinoma foci in 
the esophageal tissue  
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Experimental 
Groups 

Number of Foci Per Rat 
% of Rats with 

Dysplasia/Carcinoma Mild 
Dysplasia 

Severe 
Dysplasia 

Squamous 
Cell 

Carcinoma 
Control Group 0 0 0 0% 
MRN-100 Group 0 0 0 0% 
Carcinogen Group      
     #1 Rat 
     #3 Rat 
     #4 Rat 
     #2,5,6,7,8,9,10 
Rats 

 
0 
10 
8 
1 

 
0 
2 
5 
0 

 
0 
3 
0 
0 

 
 

90% 

Carcinogen Plus 
MRN-100 Group     
     #5 Rat 
     #1,2,4 Rats 
     #3,6,7,8,9,10 
Rats 

 
 
2 
1 
0 

 
 
6 
0 
0 

 
 
1 
0 
0 

 
 

40%  
 

 

Gastric tissue.   In the carcinogen treated group, two of ten rats (20%) developed glandular 

dysplasia and adenocarcinoma. In addition, mucous gland hyperplasia was observed in six of ten 

(60%) rats. Mucous gland hyperplasia is a benign physiologic change seen in chronic gastritis.  

In contrast, in the carcinogen plus MRN-100 treated group, mucous gland hyperplasia, glandular 

dysplasia and adenocarcinoma were not observed (Table 3). 

Table  3. Percentage of rats displaying glandular dysplasia and adenocarcinoma foci in the 
gastric tissue 

Experimental Groups 

Number of Foci Per Rat % of Rats with 
Dysplasia/Carcin

oma 
Glandular 
Dysplasia 

Adenocarcinom
a 

Control Group 0 0 0% 
MRN-100 Group 0 0 0% 
Carcinogen Group      
     #3 Rat 
     #4 Rat 
     #1,2,5,6,7,8,9,10 
Rats 

 
1 
1 
0 

 
1 
1 
0 

 
 

20% 
 

Carcinogen Plus 
MRN-100 Group     

0 0 0% 
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Figure 1 summarizes the results of histopathological examination of treatments with 

carcinogen and carcinogen plus MRN-100. Carcinogen-treated rats showed that 17/20 (85%) of 

the gastric and esophageal (foregut) tissues developed dysplasia or cancer: 13/20 (65%) showed 

dysplasia and 4/20 (20%) had developed cancer. Conversely, rats treated with carcinogen in the 

presence of MRN-100 showed significantly (p<0.01) lower incidence of dysplasia (7/20 (35%)) 

and cancer (1/20 (5%)(Fig 1 & Table 2).  

 

 

Figure 1. Percentage of rats with dysplasia or cancer post administration of carcinogen MNNG and MRN-100. Rats 
were treated with MNNG alone or MNNG plus MRN-100 and the percentages of dysplasia and carcinoma were 
examined at 33 weeks post treatment. No squamous dysplasia or carcinoma were detected in the control rats.  Each 
group contains 9-10 rats.  *p<0.01as compared with MNNG plus MRN-100. 

Histopathology examination of esophageal tissues. Histopathological changes of H&E stained 

tissues of the esophageal mucosa were examined. Squamous epithelium of all control untreated 

rats showed esophageal mucosa with hyperkeratosis and squamous hyperplasia (Figure 2A). The 

squamous epithelium from all rats treated with carcinogen showed hyperkeratosis and patchy 

areas of mild squamous dysplasia (Figure 2B) and severe squamous dysplasia (Figure 2C). In 

addition, well-differentiated keratinizing squamous cell carcinoma was detected (Figures 2D&E).  

Histopathology examination of gastric tissues. The gastric mucosa from the body and the 

antrum of all control untreated rats was within normal limits (Figures 2F&G, respectively). 

Squamous hyperplasia, dysplasia or carcinoma was not observed in the control tissues. In 

contrast, gastric mucosa from carcinogen-treated rats showed hyperplastic mucinous glands and 

mild squamous dysplasia (Figure 2H).  In addition, invasive adenocarcinoma was detected 

(Figure 2I). Conversely, the tissues from carcinogen plus MRN-100 treated rats showed the 
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patchy and small areas of mild squamous dysplasia in only 7/20 tissues. Thus it appeared that 

MRN-100 decreased the extent of esophageal dysplasia and squamous cell carcinoma. Similar 

findings were also noted for gastric dysplasia and adenocarcinoma.  

 

Figure 2. H&E histopathology staining from esophageal and gastric tissues. The foci of dysplasia and carcinoma are 
patchy and involved 1 to 2 mm of the tissue sections. (A) Section of a control rat’s esophageal tissue -there is 
hyperkeratosis (down arrow) and squamous hyperplasia (up arrow) (2X).  (B-E) Sections from esophageal mucosa 
from carcinogen treated rats.  (B) Section of esophagus showing a focus of mild squamous dysplasia (up arrow) 
(10X).  (C) Section of esophagus showing severe squamous dysplasia (10X).  (D) Section of the esophagus showing 
a focus of mild, moderate and severe squamous dysplasia (down arrow) and a focus of squamous cell carcinoma (up 
arrow) (4X). (E) Section of the esophagus showing invasive well-differentiated keratinizing squamous cell 
carcinoma (10X).  (F) Section of the stomach body of a control rat (4X). (G) Section of the antrum of the stomach of 
a control rat (4X). (H,I) Sections from gastric tissues of carcinogen-treated rats. (H) Section of antrum area showing 
mild dysplasia of glands (up arrow) and hyperplastic mucinous glands (down arrow) (4X). (I) Section of the body 
showing high grade glandular dysplasia (down arrow) and invasive adenocarcinoma (up arrow) (4X). 
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Body weight changes. Figure 3 shows changes in body weight.  Treatment with carcinogen alone 

resulted in early weight loss that was detected at 2 months and became significant at 5 months 

(p<0.01). In contrast, rats treated with carcinogen plus MRN-100 did not experience loss in body 

weight due to carcinogen treatment.  

 

Figure 3. Changes in body weight under different treatment conditions.  Rats were given 
carcinogen MNNG in the presence or absence of MRN-100.  Animals in the 4 groups were 
examined for the changes in their body weight every month for 33 weeks. *p<0.01 compared to 
control and MRN-100 plus MNNG group. Each bar represents the mean ± SD of 10 rats/group. 

 

Organ weight changes. Results of changes in the weight of the livers and spleens at 33 weeks 

are shown in Figure 4. Rats bearing tumors had a significant decrease in the weight of liver 

(35%) and spleen (45%) as compared to the control group.  While the liver weight loss 

proportion was approximately equal to the body weight loss proportion, the spleen showed a 

significantly larger decrease in weight. In contrast, rats with MRN-100 showed organ weight 

similar to control rats. 
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Figure 4. Change in the liver and spleen weight.  Rats were given carcinogen MNNG in the 
presence or absence of MRN-100 for 33 weeks and were examined for the changes in the weight 
of livers (A) and spleens (B). *Significantly different from the control and other groups at 0.01 
level. Each bar represents the mean ± SE of 10 rats/group. 

 

Antioxidant Effect  

Antioxidant effects were examined in the blood. The levels of MDA, GSH and antioxidant 

enzymes were determined in RBCs while the level of TAC was measured in plasma. These 

parameters were also examined in the gastric tissues. 

MDA level. Data in Figure 5 shows that the carcinogen-treated group displayed a remarkable 

increase in the levels of blood and gastric MDA by 40.8% and 55.8% respectively (p<0.01) as 

compared to control rats. In contrast, treatment with MRN-100 provided protection against 

MNNG-induced elevation of MDA values in both tissues.  

Levels of GSH. Data show that rats treated with MNNG displayed a significant decrease in the 

levels of blood GSH (-30.1%) and gastric GSH (-39.9%) (p<0.01) when compared with control 

group. On the other hand, the decrease in GSH content in these tissues was nearly prevented post 

treatment with MRN-100 (Figure 5). 
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Levels of antioxidant enzymes. Carcinogen MNNG depleted the levels of antoxidant enzymes in 

the blood (SOD: -45.1%, CAT:- 34.0%, and GPx: -48.1%), and gastric tissues (SOD: -69.8%, 

CAT:-34.0%, and GPx: -36.2%) (p<0.01) as compared to control untreated rats. In contrast, 

MRN-100 supplementation markedly enhanced the levels of antioxidant enzymes of blood and 

gastric tissues to nearly reach the normal values (Figure 5).  

Level of the total antioxidant capacity (TAC). Results of TAC levels post treatment with 

MNNG and MRN-100 are depicted in (Figure 5). Treatment with MNNG resulted in a decrease 

in the TAC level in the blood (-70.4%-p<0.01) and in the gastric tissues (-70.7%) (p<0.01) as 

compared to control rats. However, MRN-100 treatment reduced such  decline in TAC level in 

both tissues. 

Total free radical (TFR) level. The total levels of free radicals were measured in whole blood by 

ESR (Figure 6A & B). Quantitative assessments of free radicals concentrations were made and 

the significance of the differences between mean values was determined.  MNNG-treated rats 

demonstrated a remarkable increase in TFR as compared to control untreated rats. However, 

treatment with MRN-100 brought the levels to within the normal values. 
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Figure 5. Effect of carcinogen MNNG alone and MNNG+MRN-100 treatments for 33 weeks on 
stomach and blood MDA, GSH, SOD, CAT, GSH-Px, and TAC. Each value represents the mean 
± SE of 6 rats/group. ** & *Significantly different from control group at 0.05, 0.01 level 
respectively. ## & #Significantly different from MRN-100 group at 0.05, 0.01 level 
respectively.§§ & § Significantly different from MNNG group at 0.05, 0.01 level respectively.+ 
Significantly different from MNNG+MRN-100 group at 0.01 level. 
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Figure 6. Blood total free radicals in rats treated with MNNG and MNNG+MRN-100 for 33 
weeks. (A) Total free radical levels were analyzed by ESR spectra of lyophilized blood samples. 
(B) Levels of total free radicals in rats under different treatment conditions.  * Significantly 
different from the control and other groups at p<0.01. Each bar represents the mean ± SE of 6 
rats/group. 
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Discussion 

Preventative and protective treatment options for gastric and esophageal cancers are limited, and 

novel products that effectively combat this disease are in demand.  The current study reveals the 

effectiveness of MRN-100 in suppressing the growth of gastric and esophageal cancers in rats as 

manifested by the significant reduction in the percentages of rats bearing dysplasia and cancer.  

MRN-100 treatment showed a decreased incidence of dysplasia (35%) and cancer (5%) as 

compared to animals treated with carcinogen alone, (65%) and (20%), respectively (Fig 2). This 

was associated with the absence of long segments of epithelial involvement and a remarkable 

decrease in the number of foci in each dysplastic stage.  

Results of this study also showed significant loss of body weight in rats bearing dysplasia 

or gastric/esophageal cancer. These data are in accordance with recent findings on patients with 

gastrointestinal cancers and lung cancer showing significant weight loss (19, 20).  It is of interest 

to note that supplementation with MRN-100 provided significant protection against the body 

weight loss in carcinogen treated animals.  

Results of this study demonstrated that growth of gastric carcinoma is associated with the 

accumulation of oxygen-derived free radicals, markedly elevated MDA levels, and significant 

depletion in GSH content and the antioxidant enzymes. This observation is in accordance with 

other studies in tumor-bearing animals (21, 22). During cancer growth, glutathione redox 

(GSH/GSSG) decreases in the blood of Ehrlich ascites tumor–bearing mice which was attributed 

to an increase in blood GSSG. This is due to an increase in peroxide production by tumor cells 

leading to to GSH oxidation within the RBCs, and subsequent increase of GSSG release from 

different tissues into the blood (22).  Similar results were found in patients with gastric cancer 

(23) and laryngeal carcinoma (24).  

 The generation of reactive oxygen species (ROS) results in lipid peroxidation, DNA 

degradation, and protein denaturation.  Increased levels of ROS has been attributed to the 

initiation of many diseases, such as cancer (25, 26), aging (27; 28) and diabetes (29). Our earlier 

studies show MRN-100 may protect against age-induced ROS in rats through modulation of 

protein oxidation, anti-oxidant status, and lipid peroxidation in the blood, liver, and brain tissues 

(7). In this study, MRN-100 also acts as a potent anti-oxidant agent in carcinogen-induced gastric 

and esophageal cancers. It protects against carcinogen-induced disturbances in the anti-oxidant 

levels of the blood and gastric tissues. This was simplified by the elevation of GSH and 
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antioxidant enzyme levels which was accompanied by reducing the total free radical and 

malondialdehyde levels. The reduction in ROS by MRN-100 may represent a mechanism by 

which this agent suppresses gastric and esophageal tumor growth in rats.   

The ability of MRN-100 to protect tissues against oxidative stress damage may involve 

regulating cellular free iron levels (7), since this metal is known to protect against oxidative 

stress (30, 31). The increased levels of iron-binding compounds, such as ferritin and transferrin, 

by MRN-100 may prevent excess iron from taking part in the Fenton reaction which results in 

the prevention of reactive radical accumulation (7).  In this study, we observed MRN-100 

prevented a decline in GSH levels in the blood and gastric tissues due to carcinogen treatment. 

This is particularly interesting because GSH is as a major contributor to the endogenous anti-

oxidant system which inhibits the neoplastic process (32).  In addition, MRN-100 prevented the 

decrease of anti-oxidant enzymes SOD, CAT and GPx in the blood and gastric tissues.  The 

clearance of superoxide and hydrogen peroxide require the presence of these anti-oxidant 

enzymes (33).   

The immune modulatory effect by MRN-100 may represent an additional mechanism by 

which it suppresses the growth of gastric and esophageal cancers induced by carcinogen. Earlier 

studies showed that oral administration of MRN-100 to healthy subjects and cancer patients 

resulted in an enhancement of their natural killer (NK) cell activity up to 12 months (34-36). NK 

cells have been shown to play an important role in the primary host defense against cancer and 

virally infected cells (37-39).   

In conclusion, MRN-100 exhibited a significant cancer chemo-preventive effect as 

demonstrated by the significant protection against dysplasia and gastric or esophageal cancer in 

rats. Our study suggests MRN-100 may be an effective adjuvant for the treatment of gastric or 

esophageal cancers.  
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