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ABSTRACT 

Ulcerative colitis is characterized by oxidative stress, leukocyte infiltration and upregulation of proinflammatory cytokines. 
The purpose of the study was to examine the protective effects of methylsulfonylmethane and green tea extract on acetic acid induced colitis in rats, 
a model for inflammatory bowel disease.  Methylsulfonylmethane is an organosulfur compound, naturally occurring in green plants and it has anti-
inflammatory and antioxidant effects. Green tea extract contains polyphenolic compounds especially catechins which have anti-inflammatory and 
antioxidant effects by removing free radicals and increasing intracellular antioxidant defense. Colitis was induced by intracolonic instillation of 1 ml 
of 5% of acetic acid. On the fourth day after the induction of colitis, the distal colon was resected for macroscopic score, histopathological and 
biochemical such as myeloperoxidase and glutathione levels. Our results showed that methylsulfonylmethane, green tea extract and their 
combination decreased macroscopic and microscopic colonic damage scores caused by administration of acetic acid, also significantly reduced 
colonic levels of myeloperoxidase while increased the levels of glutathione compared to acetic acid-induced colitis group. 
Conclusion -It seems that methylsulfonylmethane as a natural product has a better protective effect on experimental ulcerative colitis compared 
with green tea extract, or the combination between them. 
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INTRODUCTION 

UC is a disorder involving the large intestine characterized by 
contiguous inflammation of the colonic lamina propria with 
subsequent injury and disruption of the mucosal barrier 1. The cause 
of UC is still unknown, but several factors have been implicated. 
These include environmental factors, genetic factors, microbial 
pathogens, altered levels of inflammatory mediator and defects in 
immunoregulation.2  
Activated neutrophils and macrophages are major components of 
active lesions in UC. Large numbers of neutrophils and macrophages 
pass out of the circulation and enter the inflamed mucosa and 
submucosa of the large intestine during acute inflammation, leading 
to overproduction of ROS 3 via activation of the phagocyte-
associated, ROS-producing NADPH oxidase. Normally, most tissues 
possess sufficient amounts of protective enzymatic (SOD, catalase, 
GSH peroxidase) and nonenzymatic (thiols, ascorbate, α-tocopherol) 
antioxidants that will decompose most of the injurious oxidizing 
agents that escape into the surrounding environment thereby 
limiting “bystander” tissue damage. However, the uncontrolled 
overproduction of ROS, as would occur during active episodes of UC, 
could easily overwhelm these protective mechanisms resulting in 
oxidative damage to cells and tissue.4 
Several studies found that excessive production of ROS in mucosal 
cells induced by inflammatory and immune responses could directly 
or indirectly cause damage of intestinal epithelial cells, subsequently 
influences the mucosal integrity or initiate an inflammatory 
signaling cascade and lead to severe impairment in experimental 
colitis.5 
In addition to ROS, RNS also play important role in the 
pathophysiology associated with this model of inflammation. The 
two most extensively studied ROS and RNS, O2 - and NO., are known 
to exert profound, and often opposing, effects in inflamed 
tissues.These actions of O2- and NO. can be manifested as impaired 
endothelium-dependent vasodilatation, activation of nuclear 
transcription factors, and the subsequent production of 
inflammatory cytokines, enhanced recruitment and activation of 
leukocytes, accelerated apoptosis, and parenchymal cell necrosis. 6 
Neutrophils can also release proteases and lipid mediators that can 
contribute to intestinal injury.7 Macrophages produce certain 
cytokines, such as TNF and IL-1, the levels of which are often 
increased in both animal models and patients with UC.8 
 

 
The present work was conducted to assess the possible anti -
inflammatory and anti- oxidative effects of green tea extract, MSM 
and the combination between them in an animal model of colitis 
induced by 5% acetic acid in rats.  
Green tea (Camellia sinensis) 9 contains several antioxidants, 
including polyphenols of the catechin.10 
The main catechins in green tea are EGCG, epicatechin-3 gallate, 
epigallocatechin, and epicatechin. All green tea catechins appear to 
have antioxidant capacity and EGCG seems to be the principle. 11 
Catechins have been reported to have many pharmacological 
properties such as effects of antioxidative, antimutagenic, antitumor, 
hypotensive and antiulcer, virus inactivation, reduction of blood 
glucose levels and induction of apoptosis.12  
MSM is a naturally occurring organosulfur molecule and a putative 
methyl donor.  It has anti-inflammatory activities, chemopreventive 
properties, prostacyclin (PGI2) synthesis inhibition, anti-
atherosclerotic action, salutary effect on eicosanoid metabolism, and 
free radical scavenging activity.13 
Health claims associated with MSM include relief of pain, 
inflammation, arthritis, allergies, certain parasitic infections and 
asthma. It is also used to nourish skin, hair and fingernails, due to its 
sulfur concentration, which contributes to cystine, a sulfur amino 
acid that is required for the production of keratin 14   

MATERIALS AND METHODS 

 Animals 

Adult male Wistar rats weighing 220–250 g, were placed in cages 
with wire–net floors in a controlled room (temperature 24–25°, 
humidity 70–75%, lighting regimen of 12-h light: 12-h dark) and 
were fed a normal laboratory diet. Rats were deprived of food for 24 
h prior to the induction of colitis, but were allowed free access to tap 
water throughout.  

Induction of colitis  

Rats were slightly anesthetized with ether and a rubber catheter was 
inserted into the rectum such that the tip was 8 cm inside the anus. 1 
ml of 5%acetic acid in 0.9nacl was applicated intracolonic.15 

On the fourth day after the induction of colitis, rats were euthanized 
and the distal 8 cm of the colon was resected for 
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macroscopicscoring, histopathological examination and biochemical 
studies.  

After macroscopic examination, the colonic sample from each rat cut 
into two parts, one for the histological examination and the other for 
the biochemical analysis. The experimental animals were divided 
into six groups, each consisting of seven animals. Group (1) served 
as normal control and received 1 ml saline intrarectally 

following the administration of saline orally.; group(2) served as 
colitis control and received 1 ml acetic acid5% intrarectally 
following the administration of saline orally ; group (3)  received 1 
ml acetic acid intrarectally following the administration of MSM (400 
mg/kg/day, orally) for 4 days; group (4)received 1 ml acetic acid 
5%intrarectally following the administration of green tea extract 
(100 mg/kg/day, orally) for 10 days; group( 5) received 1 ml saline 
intrarectally following the administration of MS (400 mg/kg/day, 
orally) &green tea extract (100 mg/kg/day, orally); group( 6) 
received 1 ml acetic acid 5% intrarectally following the 
administration of MSM(400 mg/kg/day, orally) &green tea extract 
(100 mg/kg/day, orally). 

Assessment of colitis 

Macroscopic scoring 

 After resection of the distal colon, the specimen was flushed out 
with cold saline solution and opened by a longitudinal incision and 
fixed in 10% buffered formalin for further histological examination.  

The colonic samples were scored macroscopically according to the 
following grading system: 0=no inflammation; 1=swelling or 
redness; 2=swelling and redness; 3=one or two ulcers; 4=more than 
two ulcers or one large ulcer; 5=mild necrosis; 6=severe necrosis.15 

Histopathological study 

After formalin fixation (10% during 24 hours), then each excised 
sample block was processed for histological evaluation. The sample 
block was first dehydrated by immersion in progressively increasing 
concentrations of ethanol and then xylene. Following this, the 
dehydrated tissue was immersed in melted paraffin at 60 0C for 3 h 
before being embedded in a paraffin block. Sections 5microns thick 
were cut by using an 82-spence microtome. The sections were then 
deparaffinized by treatment with xylene, ethanol and water. Tissues 
were stained with haematoxylin and eosin (H&E) and then left in the 
fume cupboard overnight. 

All groups were histopathologically assessed by using following 
score.5 

0=normal; 1=mild mixed infiltration in the lamina propria; 2= focal 
superficial ulceration of the mucosa only; 3= deep ulceration 
penetrating colonic wall through mucosa till muscularis mucosa and 
severe inflammation; 4=necrosis through large bowel wall. 

Biochemical assays  

Colonic tissue samples were frozen in liquid nitrogen and stored at 
−80 °C until time of assay.7 

Measurement of glutathione levels 

Glutathione was determined as described by Akerboom and Nair.16-17 
This measurement of GSH uses a kinetic assay in which catalytic 
amounts (nmoles) of GSH cause a continuous reduction of DTNB to 
TNB and the GSSG formed is recycled by glutathione reductase and 
NADPH. The GSSG present will also react to give a positive value in 
this reaction. The reaction rate is proportional to the concentration 
of glutathione up to 2 mM. The yellow product, TNBis measured 
spectrophotometrically at 412 nm. The assay uses a standard curve 
of reduced glutathione to determine the amount of glutathione in the 
biological sample. 
Determination of MPO activity 

MPO activity was measured in the colonic mucosa, according to 
method as described by Roelofs. 18 

MPO was measured by using rat MPO ELISA kit. The rat MPO ELISA 
is a ready-to-use solid-phase enzyme-linked immunosorbent assay 
based on the sandwich principle with a working time of 3½ hours.  

Statistical analysis  

The results were expressed as the means+ standard error of mean 
(S.E.M.). Statistical significances were assessed by Turkeys’ test 
following one-way analysis of variance (ANOVA). Lesion score and 
histological score were expressed as medians and compared using 
Krustal–Wallis nonparametric ANOVA followed by Dunn’s multiple 
comparison test. Differences with a P value less than 0.001 
(P<0.001) were considered significant. 

RESULTS 

Macroscopic results 

On the fourth day after intracolonic administration of 1 ml 5% acetic 
acid, there was a macroscopic evidence of extensive colonic mucosal 
injury. The mucosa appeared macroscopically ulcerated, 
hemorrhagic, oedematous and necrotic compared to normal control 
group (p<0.001). 

There was a significant protection from ulceration and necrosis in 
the group which had received MSM compared to acetic acid group. 
Administration of MSM significantly reduced the severity of 
inflammation compared to acetic acid group. 

Macroscopic evaluation of the distal colon after green tea extract 
pretreatment revealed the presence of swelling and redness, but 
significantly reduced the severe ulceration and necrosis. Although 
the combination of MSM with green tea extract revealed significantly 
protection from ulceration and necrosis, but in comparison to MSM 
group and green tea extract group, we noticed that MSM has 
superior effect in protection of inflammation and intestinal injury 
than MSM &green tea group and green tea group.  

 

Fig.1. A, normal group (grade0); B, colitis MSM group 
(grade1); C, colitis &combination group (grade 2); D, colitis 

green tea extract group (grade 3); E, acetic acid group (grade 
4); F, acetic acid group (grade 5) and G, acetic acid group 

(grade 6). 
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Acetic acid administration resulted in ulceration and necrosis in 
colonic mucosa. 
MSM, green tea extract and their combination significantly 
reduced the intestine injury. 
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Figure 2: Effects of MSM, (gte) green tea extract and 
combination of MSM with green tea extract on macroscopic 
score of damage in each study group at the fourth day after 

acetic acid administration. 

P<0.001 as compared to normal group,  P<0.001 as 
compared to colitis group 

Histological results  

In our study, infiltration of small round cells and polymorphonuclear 
leukocytes to lamina properia, deep ulceration of muscularis 
mucosa, severe inflammation and necrosis through large bowel wall 
were observed in acetic acid induced colitis animals. Infiltration of 
inflammatory cells was slightly observed in the colonic mucosa of 
MSM group, but there was no necrosis or ulceration of mucosa. So 
administration of MSM significantly reduced the severe 
inflammation, ulceration and necrosis compared to acetic acid 
group. Green tea extract pretreatment resulted in a significant 
reduce in the severity of the injury of the large intestine compared to 
acetic acid group. Green tea extract group appeared infiltration in 
lamina propria and focal superficial ulceration of the mucose only, 
but it significantly reduced the severe inflammation, deep ulceration 
and necrosis compared to acetic acid group. (Green tea & MSM) 
group appeared significantly reduction of ulceration and severe 
inflammation compared to acetic acid group, but in comparison to 
MSM group and green tea extract group, we noticed that MSM has a 
higher suppressive effect of inflammation and ulceration than green 
tea extract and combination between them.  

 

 

Figure 3:  Histological appearance of colonic tissue sections in 
A, normal group (grade 0); B, colitis MSM group (grade 1); C, 

colitis &combination group (grade 2); D, colitis green tea 
extract group (grade 2); E, colitis group (grade 3) and F, colitis 

group (grade 4). 

Pretreatment with MSM, green tea extract and their combination 
reduced the histological alterations caused by acetic acid 
administration, however MSM was the best. 
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Figure 4: Effects of MSM, green tea extract and combination of 
MSM with green tea extract on histological score of damage in 

each study group at the fourth day after acetic acid 
administration. 

P<0.001 as compared to normal group,  P<0.001 as 
compared to colitis group 

 

Glutathione levels 

Rectal administration of acetic acid significantly reduced the 
concentration of endogenous antioxidant glutathione as compared 
to control group. Pretreatment of animals with MSM significantly 
increased the glutathione concentration compared to acetic acid 
group. A significant increase in the glutathione concentration was 
observed in green tea extract group compared to acetic acid group. 
Also the mucosal GSH concentration was significantly increased in 
MSM &green tea extract group as compared to acetic acid group. The 
increase was substantially higher with MSM alone than green tea 
extract alone and the combination of green tea extract with MSM.  
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Figure 5: Effects of MSM, green tea extract and the combination 
of green tea extract with MSM on colonic GSH content in acetic 
acid induced ulcerative colitis in rats. Values are means± SD. 

P<0.001 as compared to normal group,  P<0.001 as 
compared to colitis group 

MPO activity 

To study the anti-inflammatory and antioxidant activity of MSM and 
green tea extract in acetic acid-induced colitis, the levels of MPO in 
colonic tissues were measured. 

Tissue MPO levels significantly increased (P<0.001) following 
intrarectal administration of acetic acid. Pretreatment of rats with 
MSM caused a significant reduction in MPO level as compared to 
acetic acid group. Green tea extract inhibited acetic acid-induced 
increase in MPO levels. MPO activity was also significantly inhibited 
by the combination of green tea extract with MSM. The decrease was 
substantially lower with MSM alone than green tea extract alone and 
the combination of green tea extract with MSM. 
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Figure 6: Effects of MSM, green tea extract and the combination 
of green tea extract with MSM on the levels of myeloperoxidase 

(MPO) activity in the colon of rats with acetic acid-induced 

colitis. Values are means± SD. P<0.001 compared to normal 

group, P<0.001 compared to colitis group. 

DISCUSSION 

Induction of colitis by acetic acid in rats is one of standardized 
methods to produce an experimental model of inflammatory bowel 
disease. Several major causative factors in the initiation of human 
colitis such as enhanced vasopermeability, prolonged neutrophils 
infiltration and increased production of inflammatory mediators 19 

and reactive oxygen metabolites generated by oxidative metabolism 
are involved in the induction of this animal model.20 

In our study, acetic acid administration caused a substantial degree 
of tissue injury associated with an infiltration of polymorphonuclear 
cells, deep ulceration penetrating colonic wall through mucosa till 
muscularis mucosa, severe inflammation and necrosis. 
Our results showed that acetic acid-induced ulcerative colitis was 
associated with macroscopic, microscopic and biochemical changes 
compared to control group. 
A significant decrease in the glutathione level was observed in acetic 
acid group compared to control group.  
The depletion of glutathione is considered a crucial event of colonic 
damage occurring both in human UC and in animal. It could be a 
consequence of enhanced production of free radicals and/or could 
represent a specific disorder due to an impaired activity of GSH 
synthesizing enzyme.21 
 
Glutathione is a tripeptide - thiol, one of the most prominent low 
molecular weight thiol found in mammals. GSH is the most powerful 
intracellular antioxidant and plays a role in the detoxification of 
reactive oxygen species (ROS) and drug metabolites 22 via catalysis 
by glutathione-S-transferases (GST) and glutathione peroxidases 
(GPx). As a consequence, the ratio of reduced and oxidized 
glutathione (GSH: GSSG) serves as a representative marker of the 
antioxidative capacity of the cell.23 
 Administration of acetic acid caused a significant elevation of 
colonic levels of MPO compared to those in the control group. 
MPO is a biochemical marker of neutrophil infiltration in the 
damaged tissue. It is an abundant heme enzyme released from 
storage granules following activation of neutrophils by inflammatory 
stimuli that catalyzes the formation of a number of reactive 
species.24 
In our experiment, the colonic MPO activity, an index of neutrophil 
activation and inflammation was decreased in MSM-pretreated 
animals, therefore, reduction in the activity of this enzyme can be 
display the anti-inflammatory effects of MSM. 
Pretreatment with MSM in this study protected against colonic GSH 
depletion and restored the levels toward the normal value 
suggesting an antioxidant action of MSM, because it provides organic 
sulfur to the synthesis of glutathione. 25  

Similar results were observed by Amirshahrokhi who used the same 
model of colitis to test the anti –inflammatory and antioxidant 
potential of MSM.  
Many studies have demonstrated that MSM inhibits the 
translocation of the p65 subunit of nuclear factor (NF)-kß to the 
nucleus, thus minimizing downstream events associated with local 
and systemic inflammation. Indeed, MSM may minimize the 
expression of pro-inflammatory cytokines .MSM has been reported 
to increase antioxidant defense (glutathione), as well as decrease the 
actual production of ROS. As with pro-inflammatory biomarkers, 
MSM resulted in a lowering of multiple oxidative stress 
biomarkers.26  
Other studies showed that sulfur is an important constituent of 
amino acid(s), 27 which contribute substantially to the maintenance 
and integrity of cellular systems by influencing cellular redox state 
and cellular capacity to detoxify toxic compounds, free radicals and 
ROS. 28 
Reactive species have their origin in enzymatic synthesis, 
environmental induction, or by the further chemical reaction of an 
active species with other endogenous molecules to generate a 
second-generation reactive species. These second-generation 
species possess a different spectrum of activity to the parent species, 
with different redox reactions and biological targets. An additional 
group of redox active molecules termed RSS are formed in vivo 
under conditions of oxidative stress. RSS are likely to include 
disulfide-S-oxides, sulfenic acids, and thiyl radicals, and are 
predicted to modulate the redox status of biological thiols and 
disulfides.29   
Sulfur amino acids are also involved in the synthesis of intracellular 
antioxidants (glutathione, taurine etc.) and in the methionine 
sulfoxide reductase antioxidant system.30 
This study chose green tea extract as a protective agent to examine 
its benefits in rat colitis. Our results showed that the macroscopic 
and histological scores of rats in green tea extract-pretreated group 
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were significantly improved compared to that in the acetic acid 
group. 
Our study demonstrated that green tea extract prevented tissue 
damage in rat model of colitis induced by acetic acid as verified from 
its effects on biochemical changes. MPO activity was decreased 
significantly in green tea group; these results are in agreement with 
Miyako Mochizuki who showed that EGCG significantly inhibited 
MPO activity in TNBS-induced colitis in rats.31 
A significantly increased in GSH was observed in green tea group 
compared to acetic acid group.  
According to that green tea extract pretreatment of rats with acetic 
acid-induced colitis can reduce the extent of colonic mucosa injury 
by its antioxidant and anti- inflammatory effects.  
Previous study showed that green tea extract may exert a protective 
effect on the gastrointestinal mucosa and may prevent atrophy of 
the intestinal mucosa and promote healing of mucosal damage.  
Green tea also contains catechins which act as antioxidants and free 
radicals scavengers.  Besides acting as a scavenger for reactive 
oxygen and nitrogen species, tea also enhances expression of 
intracellular endogenous antioxidants such as glutathione, 
glutathione reductase, glutathione peroxidase, glutathione-S-
reductase, catalase, and quinone reductase.32. 
Several studies demonstrated that Catechins chelate metal ions such 
as copper and iron to form inactive complexes and prevent the 
generation of potentially damaging free radicals.33 
In our study, the activity of MPO in the colonic mucosa was 
decreased significantly in green tea & MSM group, as well as a GSH 
activity increased significantly in this group compared to acetic acid 
group. The combination of MSM with green tea extract also 
attenuated both macroscopic and microscopic changes compared to 
acetic acid group. 
The combination of MSM and green tea extract showed less 
beneficial effect than MSM group and more beneficial than green tea 
extract group. 
Our results suggested that MSM has an anti- inflammatory and 
antioxidant activity at colorectal sites that is due to its effect on 
promoting antioxidant status (GSH), decreasing free radicals and 
myeloperoxidase responsible for tissue damage and delayed healing. 
 The combination between MSM and green tea extract attenuated 
acetic acid induced colitis in rats as evidenced by their ability to 
prevent GSH depletion and reduce MPO activity. 
 
CONCLUSION 

Both MSM and green tea extract act by reducing the oxidant load at 
inflammatory site and improved UC in both alone and combination 
between them, however MSM alone showed more beneficial. 

ACKNOWLEDGMENT 

We are grateful to Dr. Rana Attieh, department of pathoanatomy, 
Faculty of medicine, Damascus University, for helping us in 
histopathological examination. 
We are also thankful to Dr Wasfi Asfour for providing all required 
facilities. 

REFRENCES 

1. Herı´as MV, Koninkx JFJG, Vos JG, Huis in’t Veld JHJ, van Dijk JE. 
Probiotic effects of Lactobacillus casei on DSS-induced ulcerative 
colitis in mice. International Journal of Food Microbiology 2005; 
103: 143– 155. 

2. Luk HH, K.S J, Fung HS, Cho CH. Delineation of the protective 
action of zinc sulfate on ulcerative colitis in rats. European 
Journal of Pharmacology 2002; 443: 197– 204. 

3. Ogawa Y, Kanatsu K, Iino T, Kato S, Jeong YI, Shibata N, Takada K, 
Takeuchi K. Protection against dextran sulfate sodium-induced 
colitis by microspheres of ellagic acid in rats. Life Sciences 2002; 
71: 827–839. 

4. Pavlick KP, Laroux FS, Fuseler J, Wolf RE, Gray L, Hoffman J, 
Grisham MB. Role of reactive metabolites of oxygen and nitrogen 
in inflammatory bowel disease. Free Radical Biology & Medicine 
2002; 33:311 -322. 

5. Medhi B, Prakash A, Avti PK, Saikia UN, Pandhi P, Khanduja KL. 
Effect of Manuka honey and sulfasalazine in combination to 
promote antioxidant defense system in experimentally induced 
ulcerative colitis model in rats. Indian journal of experimental 
biology 2008; 46:583-590. 

6. Paola RD, Mazzon E, Patel NSA,  Genovese T, Muia C, 
Thiemermann C, De Sarro A, Cuzzocrea S. Beneficial effects of 
GW274150 treatment on the development of experimental 
colitis induced by dinitrobenzene sulfonic acid. European 
Journal of Pharmacology 2005; 507: 281– 289. 

7. Mustafa A, El-Medany A, Hagar HH, El -Medany G. Ginkgo biloba 
attenuates mucosal damage in a rat model of ulcerative colitis. 
Pharmacological Research 2006; 53: 324–330. 

8. Rogler G, Andus T. Cytokines in inflammatory bowel disease. 
World J Surg 1998; 22: 382. 

9. Juśkiewicz J, Zduńczyk Z, Jurgoński A, Brzuzan L, Godycka- Kłos 
IG, Żary- Sikorska EZ. Extract of green tea leaves partially 
attenuates streptozotocin-induced changes in antioxidant status 
and gastrointestinal functioning in rats. Nutrition Research 
2008; 28: 343–349. 

10. Mohamadin AM, El-Beshbishy HA, El-Mahdy MA. Green tea 
extract attenuates cyclosporine A-induced oxidative stress in 
rats. Pharmacological Research 2005; 51: 51-57. 

11. Camargo AEI, Daguer DAE, Barbosa DS. Green tea exerts 
antioxidant action in vitro and its consumption increases total 
serum antioxidant potential in normal and dyslipidemic 
subjects. Nutrition Research 2006; 26: 626– 631. 

12. Satoh K, Sakamoto Y, Ogata A, Nagai F, Mikuriya H, Numazawa M, 
Yamada K, Aoki N. Inhibition of aromatase activity by green tea 
extract catechins and their endocrinological effects of oral 
administration in rats. Food and Chemical Toxicology 2002; 40: 
925–933. 

13. Kim LS, Axelrod LJ, Howard P, Buratovich N, Waters RF. Efficacy 
of methylsulfonylmethane (MSM) in osteoarthritis pain of the 
knee: a pilot clinical trial. OsteoArthritis and Cartilage 2006; 14: 
286-294. 

14. Horva’th K, Noker PE, Somfai-Relle S, G lavits R, Financsek I, 
Schauss AG. Toxicity of methylsulfonylmethane in rats. Food and 
Chemical Toxicology 2002; 40: 1459–1462. 

15. Amirshahrokhi K, Bohlooli S, Chinifroush MM. The effect of 
methylsulfonylmethane on the experimental colitis in the rat. 
Toxicology and Applied Pharmacology 2011. 

16. Akerboom TP, Sies H. Assay of glutathione, glutathione disulfide, 
and glutathione mixed disulfides in biological samples. Methods 
Enzymol1981; 77:373-382.  

17. Nair S. et al, Flow cytometric monitoring of glutathione content 
and anthracycline retention in tumor cells. Cytometry 1991; 
12:336-342.  

18. Roelofs L et al. Tissue-type plasminogen activator modulates 
inflammatory responses and renal function in ischemia 
reperfusion injury. J Am Soc Nephrol, 2006; 17: 131.  

19. Hagar HH, El Medany A, El Eter E, Arafa M. Ameliorative effect of 
pyrrolidinedithiocarbamate on acetic acid-induced colitis in rats. 
European Journal of Pharmacology 2007; 554: 69–77. 

20. Mahgoub AA, El-Medany AA, Hager HH, Mustafa AA, El-Sabah 
DM. Evaluating the prophylactic potential of zafirlukast against 
the toxic effects of acetic acid on the rat colon. Toxicology Letters 
2003; 145: 79–87. 

21. Loguercio C, D’Argenio G, Cave MD, Cosenza V, Valle ND, 
Mazzacca G, Blanco CDV. Glutathione supplementation improves 
oxidative damage in experimental colitis. Digestive and Liver 
Disease 2003; 35: 635–641. 

22. Chen J, He Z, Liu H, Cha C. Electrochemical determination of 
reduced glutathione (GSH) by applying the powder 
microelectrode technique. Journal of Electroanalytical Chemistry 
2006; 588:324–330. 

23. Fraternale A, Paoletti MF, Casabianca A, Nencioni L, Garaci E, 
Palamara AT, Magnani M. GSH and analogs in antiviral therapy. 
Molecular Aspects of Medicine 2009; 30: 99–110. 

24. Paiva LAF, Gurgel LA, De Sousa ET, Silveira ER, Silva RM, Santos 
FA, Rao VSN. Protective effect of Copaifera langsdorffii oleo-resin 
against acetic acid-induced colitis in rats. Journal of 
Ethnopharmacology 2004; 93: 51-56. 



Bitar et al. 
Asian J Pharm Clin Res, Vol 6, Suppl 2, 2013, 153-158 

158 
 

25. Parcell S. Sulfur in human nutrition and applications in medicine. 
US National Library of Medicine National Institutes of Health 
2002; 7: 22-44. 

26. Kalman DS, Feldman S, Scheinberg AR, Krieger DR, Bloomer RJ. 
Influence of methylsulfonylmethane on markers of exercise 
recovery and performance in healthy men: a pilot study. Journal 
of the International Society of Sports Nutrition 2012; 9: 46. 

27. Lee J, Lee HJ, Park JD, Lee SK, Lee SI, Lim HD, Lee YM, Yun YG, 
Jeon BH, Ree IS, Jun CD, Lee SK, Kim EC. Anti-cancer activity of 
highly purified sulfur in immortalized and malignant human oral 
keratinocytes. Toxicology in Vitro 2008; 22: 87–95. 

28. Townsend DM, Tew KD, Tapiero H. Sulfur containing amino 
acids and human disease. Biomedicine & Pharmacotherapy 
2004; 58:47–55. 

29. Giles GI, Tasker KM, Jacob C. Hypothesis: the role of reactive 
sulfur species in oxidative stress. Free Radical Biology and 
Medicine2001; 31: 1279–1283. 

30. Métayer S, Seiliez I, Collin A, Duchêne S,  Mercier Y, Geraert PA, 
Tesseraud S. Mechanisms through which sulfur amino acids 
control protein metabolism and oxidative status. The Journal of 
Nutritional Biochemistry 2008; 19: 207–215. 

31. Mochizuki M, Hasegawa N. Protective effect of (-) - 
Epigallocatechin Gallate on Acute Experimental Colitis. Journal 
of health science 2005; 51(3): 362-364. 

32. Koo MWL, Cho CH. Pharmacological effects of green tea on the 
gastrointestinal system. European Journal of Pharmacology 
2004; 500: 177– 185.  

33. Sutherland BA, Rahman RMA, Appleton I. Mechanisms of action 
of green tea catechins, with a focus on ischemia-induced 
neurodegeneration. The Journal of Nutritional Biochemistry 
2006; 17: 291–306. 


