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In the present study two months prior oral treatment of Dimethyl fumarate (DMF) at
doses 10 mg/kg and 20 mg/kg was studied on ischemia and reperfusion induced
cerebral injury in Wistar rats. The ischemia reperfusion injury (IRI) was induced by
bilateral common carotid artery (BCCA) occlusion for 1 h and reperfusion for 5 h.
The % infarction of cerebral cells was measured by staining frozen brain slices of 0.1
cm thickness with freshly prepared 2, 3, 5-Triphenyl tetrazolium chloride (TTC)
solution (1%). At end of the study various inflammatory as well as oxidative stress
parameters were analyzed such as tumor necrosis factor-α (TNF-α), interleukin-6 (IL-
6), interleukin-10 (IL-10), c-reactive protein (CRP), superoxide dismutase (SOD),
catalase (CAT), malondialdehyde (MDA). The DMF has shown significant protection
against IRI by reducing the % infarction of cerebral cells. DMF has reduced the levels
of pro-inflammatory markers i.e. TNF-α, IL-6 and CRP while increases the levels of
anti-inflammatory marker i.e. IL-10. Similarly DMF has shown antioxidant activity
by increasing the levels of SOD, CAT and decreasing levels of MDA in Wistar rats.
This study concluded that the DMF is having significant cerebroprotective potential
and anti-inflammatory as well as antioxidant activity.

Introduction
Stroke is one of the most complicated pathological condition leading to serious consequences in the patients
suffering from it. The consequences of a stroke are depending on injured part of brain. A severe stroke can cause
sudden death of an individual1. A stroke is caused by the interruption of the blood supply to the brain or cerebral
cells, usually because a blood vessel ruptured or is blocked by a thrombus or embolus. This decreases the supply of
oxygen and nutrients, causing damage to the brain tissue. The probable mechanism behind the cerebral ischemia
may be microembolism to the brain vessels, stenosis of cerebral artery and decrease in systemic blood pressure,
thromboembolism of large blood vessels, decreased cardiac output. The cerebral ischemia leads to brain cell
necrosis i.e. damage to brain cells due to lack of oxygen and blood2.It has been postulated that, there are complex as
well as multifactorial mechanisms of ischemic stroke like atherosclerosis, thromboembolism, cardiac or
vasculopathic disorders etc; among this atherogenic thrombosis is the common cause for occlusion of blood vessels
which leads to ischemic stroke3. Acute ischemic stroke is caused by thrombotic or embolic blockade of a cerebral
artery and is more common than hemorrhagic stroke4.

Ischemia reperfusion injury is rare but significant pathological condition requires proper clinical care, it occurs due
to cerebral hyper perfusion or reperfusion, the hyperperfusion implies excessive flow, while the reperfusion suggests
normalization of flow5, 6 both are leading to cerebral injury. Therefore, some authors prefer to address this subject as
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reperfusion syndrome6. The studies have shown that reperfusion injury is involved directly in the potentiation of
stroke damage. Markers of the inflammatory response, including cytokine release and leukocyte adhesion, has
shown important role in these harmful effects. The blood-brain barrier (BBB) is damaged in ischemia reperfusion
injury 7-9.

The neutrophils, macrophages, cytokines and chemokines are inflammatory mediators that act to dilate blood vessels,
increase vascular permeability, increase blood flow, and destroy invading damaged cells. However, the
inflammatory response can cause more damage to the cerebral cells rather than imparting good favorable response to
it in case of cerebral ischemia and reperfusion10. As neutrophils firmly adhered to vascular endothelium, they
migrate from the vasculature into the surrounding brain tissue. Neutrophil products (reactive oxygen species (ROS),
proteases, and cytokines) accelerate the damage to the blood brain barrier, vascular endothelium, and eventually
brain parenchyma11. Myeloperoxidase (MPO) expression in neutrophils and macrophages/microglia, which has
often been used as a histopathological marker for inflammation, generates ROS such as hypochloride and super
oxide anion radical (O2) and causing further tissue damage12.

Owing to low oxygen supply during ischemia, moderate levels of ROS generation may occur, most probably from a
mitochondrial source. The depletion of energy and decreased pH during ischemia leads to failure of electron
transport chain (ETC), resulting in the generation of ROS, creating an oxidation state, which worsen with
intracellular Ca++ overload upon reperfusion, causes massive generation of ROS13. The generation of ROS during
reperfusion may occur from a different cellular sources including; mitochondrial dysfunction, arachidonic acid
metabolism, catecholamine oxidation, neutrophil activity, activation of nitric oxide synthase, xanthine oxidase
activity14. It has been assumed that ROS induced oxidative stress is a major part in the pathogenesis of reperfusion
injury. ROS is responsible for cell death by inducing peroxidative damage of lipids, proteins and nucleic acids. It has
been suggested that ROS are involved in ever fundamental physiological step that contributes to neuronal death and
thus are regarded as an important target in getting an effective stroke therapy15.

The most important cytokines associated with inflammation in ischemia/reperfusion are tumor necrosis factor-α
(TNF-α), the interleukins (IL); IL-1β, IL-6, IL-20, IL-10 and transforming growth factor (TGF)-β. Among these
TNF-α, IL-1β and IL-6 are potent inflammatory cytokines, found to have a central role in ischemia-reperfusion
induced inflammation16. All three cytokines have been demonstrated to enhance brain damage in an experimental
model of ischemia-reperfusion in rodents and also their levels have been found to be increased in cerebro spinal
fluid (CSF) and blood after ischemic stroke in humans17, supporting their role in ischemia-reperfusion injury.
Accumulating evidence is available, proving oxidative stress as the important mediator of cerebral ischemia-
reperfusion injury. Significant levels of superoxide anion and hydroxy1 radicals have been detected after
reperfusion18, 19 and a substantial decline in catalase activity and SOD activity has been observed at the reperfusion
onset20. Oxidative stress results in numerous pathological consequents, including membrane damage by lipid
peroxidation, induction of inflammatory responses, mitochondrial dysfunction, induces apoptotic pathway leading to
cell death18, 21. Therefore, down regulating the oxidative stress can minimize reperfusion injury and potentiate the
effectiveness of reperfusion therapy.

DMF the investigational drug in the present study is useful for the treatment of multiple sclerosis22, 23, for the therapy
of severe psoriasisin Germany, furthermore the clinical efficacy of DMF to reduce inflammation in multiple
sclerosis has been demonstrated by Kappos L et al24. DMF is the methyl ester of fumaric acid, has been shown to
have beneficial effects in preclinical models of neuroinflammation, neurodegeneration, and toxic oxidative stress,
which appear to be mediated predominately through activation of the nuclear 1 factor (erythroid- derived 2)–like 2
(Nrf2) antioxidant response pathway, the primary cellular defense against the cytotoxic effects of oxidative stress22,
25. Our findings in the previous research work proved that the DMF is relatively safe drug and having
cerebroprotective activity against ischemia and reperfusion induced cerebral injury in BCCA ligation model in
Wistar rats26. The present study is the extension of the previous findings for the establishment of its probable

http://www.ijmprsjournal.com/


Open Access Journal

International Journal of Medical Research and Pharmaceutical Sciences
Volume 4 (Issue 5): May 2017 ISSN: 2394-9414
DOI- 10.5281/zenodo.582772 Impact Factor- 3.109

©International Journal of Medical Research and Pharmaceutical Sciences http://www.ijmprsjournal.com/
72

mechanism for its cerebroprotective activity by evaluating the anti-inflammatory and anti-oxidant activities in the
same experimental model.

Materials and Methods

Animals
In the present study healthy adult male Albino Wistar strain rats (250 g to 300 g) were procured from Albino
research center, Hyderabad. Animals were housed in clean and transparent polypropylene cages with three animals
in each cage and maintained at 25-27 0C with 12:12 h light-dark cycle for a period of 7 days prior to the study. They
were fed ad libitum regular grain chow (Rayan’s Biotechnologies Pvt. Ltd, Hyderabad). The experimental protocol
has been approved by Institutional Animal Ethics Committee (IAEC). Maintenance and handling of animals were
done as per CPCSCA guidelines; the prior permission for the study was obtained from IAEC (Regd. No.
516/01/A/CPCSEA).

Drugs and Chemicals
Dimethyl fumarate (Sigma Aldrich, USA.), 2, 3, 5- triphenyl-tetrazolium chloride (TTC): (Sigma Aldrich, USA).
ELISA kit for TNF-α (DIACLONE, France.), Interleukin-6 and Interleukin-10(BIOSPES, China.), C - reactive
protein estimation kit(AGAPPE Diagnostics Ltd., India.), diagnostic kits for SOD, catalase and MDA (Biodignostics,
Egypt).

Instruments Used
Semiautoanalyzer (MISPA UNO), centrifuge (REMI), incubator (REMI), ELISA reader (MediBiotronics), etc.

Evaluation of cerebroprotective potential of DMF against ischemia and reperfusion induced cerebral injury
in Wistar rats
The present study was carried out to evaluate, cerebroprotective potential of DMF against 1 h BCCA occlusion
induced ischemia followed by 5 h reperfusion induced cerebral injury in Wistar rats. The effects of two months
pretreatment of DMF at the dose of 10 mg/kg and 20 mg/kg (per oral), were observed against ischemia reperfusion
induced cerebral injury. The extent of infarction was assessed by measuring the percentage cerebral infarction using
freshly prepared 1% TTC solution staining.

Experimental Protocol
The rats were selected randomly and divided into five groups each group consists of six rats.

Group I : Normal
Group II : Sham control
Group III : I/R control
Group IV : Treated with 10 mg/kg DMF
Group V : Treated with 20 mg/kg DMF

Group I served as normal group without surgery, i.e. BCCA occlusion and drug treatment. Group II served as sham
control received only surgery without BCCA occlusion and drug treatment. Group III served as disease control
received BCCA occlusion for 1 h and 5 hreperfusion without drug treatment. Group IV and Group V were served as
test groups received drug treatment with DMF at doses 10 mg/kg and 20 mg/kg respectively for two months (30 min
before reperfusion on last day of the treatment of two months) and BCCA occlusion for 1 hour and 5 hours
reperfusion. The percentage of infarction was measured in all the groups as described below. Similarly the same
experimental protocol was followed for other parameters estimations in the study like inflammatory parameters
(TNF-α, IL-6, IL-10 and CRP), antioxidant (SOD, CAT and MDA) as well as histopathological changes in the
Wistar rats.

Induction of ischemia reperfusion injury in rat brain
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The cerebral ischemia reperfusion injury was induced by following modified method of Jingtaoet al.27. The test
animals were anaesthetized with thiopentone sodium at a dose 40 mg/kg intraperitoneally. The carotid arteries were
exposed over by giving midline incision and dissection was made between the sternocleidomastoid and the
sternobyoid muscle parallel to the trachea. Each carotid artery was made free from its adventitial sheath and vagus
nerve, which was carefully separated and maintained. A silk thread was passed from each carotid artery. The
induction of ischemia was done by occluding BCCA occlusion for 1 h. After 1 h occlusion the knots of both the
carotid arteries were released and blood flow was allowed i.e. reperfusion, for 5 h27.

The measurement of percentage infarction after cerebral ischemia reperfusion injury
After 1 h occlusion and 5 h reperfusion, animals were sacrificed by cervical dislocation method and brain was
isolated immediately. The removed brain was washed carefully with ice cold saline solution. The brain was wrapped
in aluminum foil and kept at -40C for 5 minutes. The frozen brain was sliced into uniform sections of 0.1 cm
thickness. The slices were incubated in 1 % TTC solution dissolved in phosphate buffered saline having pH 7.4 at
370C for 30 min. TTC is converted to red formazone pigment by nicotinamide adenine dinucleotide (NAD) and
dehydrogenase present in living cells. Hence viable cells were stained deep red. As infarcted cells deficient to these
enzymes, thus remained unstained28. Pale necrotic infarcted tissue was separated, weighed and percentage infarction
was calculated.

Evaluation of anti-inflammatory activity of DMF by estimating inflammatory biomarkers in ischemia and
reperfusion induced cerebral injury in Wistar rats
In the present study, same experimental protocol mentioned above (2.4 and 2.4.1) was used for evaluation of pro-
inflammatory biomarkers like TNF-α, Interleukin 6 and C- reactive protein as well as anti-inflammatory biomarker
like Interleukin 10. At the end of study blood sample was collected from retro-orbital plexus of rat, after 1 h
occlusion and 5 h reperfusion to cerebral cells. Serum was separated from the blood by centrifugation for 10 min at
4000 rpm. All mention parameters were estimated according to the procedure given in the respective diagnostic kit.

Evaluation of antioxidant activity of DMF in ischemia and reperfusion induced cerebral injury in Wistar rats
The same experimental protocol mentioned above (2.4 and 2.4.1) was used for evaluation of antioxidant role of
DMF by estimating the antioxidant enzymes like superoxide dismutase (SOD), catalase (CAT) and end product of
lipid peroxidation i.e. malondialdehyde (MDA) levels in the rat brain tissue. These oxidative parameters were
estimated according to the procedure mentioned in their respective diagnostic kits.

Preparation of brain tissue Sample for assessment of antioxidant parameters
All samples were prepared before the reconstitution of reagents given in the estimation kit.The tissue was perfused
with a PBS (phosphate buffered saline) solution, pH 7.4, containing 0.16 mg/ml heparin, before dissection to remove
any red blood cells.The tissue was homogenized in 5 – 10 ml cold buffer (i.e. 100 mM potassium phosphate, pH 7.0,
containing 2 mM EDTA) per gram tissue.Then kept for centrifugation at 4,000 rpm for 15 minutes at 4 0C.The
supernatant was collected.0.5 ml of ice-cold extraction reagent was added to 1.0 ml of supernatant in glass test
tube.Mixed for at least 30 seconds.Kept for centrifugation at 4000 rpm and 4 0C for 10 minutes.The aqueous upper
layer was collected and kept at 0-4 0C for immediate assay.

Statistical Analysis
The results were expressed as mean ± standard error mean (mean ± SEM). Differences in infarct size, TNF-α, IL6,
IL10, CRP, SOD, Catalase, and MDA were determined by One Way ANOVA. Individual groups were compared by
Dunnett’s test of significance. Differences with P<0.05 were considered statistically significant. The statistical
analysis was performed by using Graphpad Prism Software (Version 5.02).
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Results

Evaluation of cerebroprotective potential of Dimethyl Fumarate (DMF) against ischemia and reperfusion
induced cerebral injury in Wistar rats
In the present study evaluation of the protective effect of Dimethyl Fumarate (DMF) was carried out against
ischemia reperfusion injury induced by bilateral common carotid artery occlusion (1 hour) and reperfusion (5 hours)
in Wistar rats at doses 10 mg/kg and 20 mg/kg (Orally) by measuring the extent of cerebral cell infarction. The
extent of infarction was assessed by using 2, 3, 5- triphenyl-tetrazolium chloride (TTC) as a staining agent. The
results are given below,
Formula for calculations of % protection of cerebral cells infarction after ischemia reperfusion injury in rats is as
follows,

% Protection in cerebral infarction =(Control – Sample) / Control x100

Table No. 1: Effect of daily treatment for two months of DMF (at doses of 10 mg/kg as well as 20 mg/kg) on ischemia and
reperfusion induced cerebral injury in Wistar rats.

Groups (n=6) % Infarction
(Mean±SEM)

% Protection

Normal 0 -

Sham Control 10.07±1.60 -

I/R Control 62.09±2.14 -

Treated with 10mg/kg DMF 37.32±1.81** 39.89±2.91

Treated with 20mg/kg DMF 16.79±1.34** 72.96±2.16

** P<0.05 (Significant) compared treated groups with I/R control group using one way ANOVA followed by
Dunnett’s test at 95% confidence interval.

Figure No. 1: Effect of daily treatment for two months of DMF (at doses of 10 mg/kg and 20 mg/kg) on ischemia and
reperfusion induced cerebral injury in Wistar rats.

http://www.ijmprsjournal.com/


Open Access Journal

International Journal of Medical Research and Pharmaceutical Sciences
Volume 4 (Issue 5): May 2017 ISSN: 2394-9414
DOI- 10.5281/zenodo.582772 Impact Factor- 3.109

©International Journal of Medical Research and Pharmaceutical Sciences http://www.ijmprsjournal.com/
75

The percentage cerebral cell infarction was calculated in all the groups mentioned above as per the protocol which is
discussed earlier. In the present study the Group-III (I/R Control) has shown significant cerebral infarction when
compared to all other groups. The percentage infarction observed in Group-I (Normal) and Group-II (Sham Control)
was almost equal and negligible. Similarly in both the treated groupsi.e. in Group-IV and Group-V percentage
cerebral infarction was significantlydecreased as compared to I/R control Group-III. The results are shown in Table
No. 1.

Evaluation of anti-inflammatory activity of DMF by estimating inflammatory biomarkers in ischemia and
reperfusion induced cerebral injury in Wistar rats
The levels of TNF-α, IL-6, IL-10 and CRP were estimated in serum samples of various groups. Group III was served
as I/R control group has shown significant increase in the levels of TNF-α, IL-6 and CRP (pro-inflammatory
biomarkers) when compared to Normal and Sham Control Groups. Whereas in test groups i.e. Group IV and Group
V pretreated for two months with DMF at doses 10 mg/kg and 20 mg/kg respectively has shown significant
reduction in TNF-α, IL-6 and CRP level as compared to Group III (I/R control group). Whereas anti-inflammatory
biomarkers IL-10 levels are decreased in Group IIIwhen compared to Group I and Group II. At the same time in
group IV and Group V IL-10 levels were increased significantly. The results are given in Table No. 2.

Table No. 2: The measurement of TNF-α, IL-6, IL-10 and CRP in ischemia and reperfusion induced cerebral injury in Wistar
rats, after two months treatment of DMF at dose 10 mg/kg and 20 mg/kg.

** P<0.05 (Significant) compared treated groups with I/R control group using one way ANOVA followed by
Dunnett’s test at 95% confidence interval.

Evaluation of antioxidant activity of DMF in ischemia and reperfusion induced cerebral injury in Wistar rats
The antioxidant activity of DMF was evaluated by estimation of SOD, CAT and MDA in brain tissue. In the present
study SOD and CAT levels were decreased significantly while MDA levels increased significantly in I/R control
group i.e. Group III when compared to sham control group i.e. Group II. The levels of SOD and CAT were
increased and levels of MDA were decreased significantly in pretreated groups i.e. Group IV and Group V with
DMF for two months at doses 10m/kg and 20mg/kg respectively. The antioxidant activity of DMF in this study was
observed. Results are given in Table No. 3.
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Table No. 3: The levels of SOD, CAT and MDA estimation in ischemia and reperfusion induced cerebral injury in Wistar rats,
after two months treatment of DMF at doses of 10 mg/kg and 20 mg/kg.

Groups (n=6) SOD
U/g tissue

Catalase
U/g tissue

MDA
nM/g tissue

Group I 27.85±1.35 29.40±0.98 1.06±0.08

Group II 21.24±1.76 20.72±1.01 1.24±0.14

Group III 7.87±0.42 9.88±0.41 7.89±0.61

Group IV 15.42±1.12** 17.15±1.01** 4.74±0.34**

Group V 20.44±1.03** 24.72±1.30** 3.06±0.16**

** P<0.05 (Significant) compared treated groups with I/R control group using one way ANOVA followed by
Dunnett’s test at 95% confidence interval.

Discussion and Conclusion
The cerebral ischemia reperfusion induced infarction has been developed in many animal models. In the present
study, partial global cerebral ischemia was achieved by BCCA occlusion for 1 h followed by 5 h reperfusion.
Induction of partial ischemia without affecting the collateral circulation reflects the event occurs during transient
ischemic attacks and clinical cerebral infarction27. In this study, the extent of ischemia reperfusion induced cerebral
injury was measured in terms of percentage cerebral infarction using TTC as a staining agent to differentiate
infarcted tissue from non-necrotic normal tissue29. Results of the present study shown that there is significant
variation in all the groups i.e. Group I and Group II has shown uniform and dark stained cerebral tissue indicating
non-necrotic and live tissues. However, Group- I was completely normal when compared to Group II which is sham
control. Whereas I/R control Group III has shown significant increase in destruction and partial staining indicating
necrosis in cerebral tissue, due to ischemia and reperfusion injury. Thus, here it was confirmed that, BCCA
occlusion (1 h) and reperfusion (5 h) model established successfully. From the results it has been demonstrated that
two months pretreatment of DMF has imparted protection against ischemia reperfusion induced cerebral infarction.
The findings of this study shown correlation with the earlier work carried out on natural herbal plant extract or
compounds have been demonstrated their protective effect against ischemia reperfusion injury induced cerebral
infarction30, 31. However the results of the present study are in accordance with the previous research work done by
Gaur et al. and Raghavendra et al.; in the similar experimental models32, 33. The cerebroprotective effect of DMF in
the present study was supporting the previous studies on neuroprotective effect of DMF in the treatment of multiple
sclerosis, It has been reported that DMF controls inflammation and oxidative stress are central pathologic factors in
multiple sclerosis 22, 23. As DMF has reduced the percentage infarction in ischemia reperfusion induced cerebral
infarction, the present study propose that Dimethyl Fumarate having significant cerebroprotective effect.

It has been proved that the TNF-α, IL-6 and CRP levels are increasing in ischemia and reperfusion induced cerebral
injury. The experimental model in the present study has shown significant elevation in the concentration of TNF-α,
IL-6 and CRP in I/R control group (Group III) when compared to sham control group (Group II). This was
demonstrating the role of TNF-α, IL-6 and CRP induced inflammation in cerebral ischemia reperfusion injury. The
results of this study are in accordance with previous findings of Clausen et al., that the expression of TNF-α and IL-
1β alters after ischemic stroke in mice34 and Lentsch et al. 1999 i.e. increased proinflammatory cytokine (TNF-α, IL-
1β and IL-6) have been observed in ischemic cortex, 1 h after middle cerebral artery (MCA) occlusion in
experimental models of brain ischemia35. At the same time Grau AJ and, Rost NS et al. suggested that the elevated
plasma levels of CRP are not disease specific but are sensitive markers produced in response to the tissue injury,
infectious agents, immunologic stimuli, and inflammation36, 37. It has been proved that during cerebral ischemia
reperfusion injury the levels of pro-inflammatory biomarkers are increasing while anti-inflammatory biomarkers like
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IL-10 are decreasing. The experimental model in present study has shown significant decrease in the concentration
of interleukin-10 (IL-10) in I/R control group (Group III) when compared to sham control group (Group II). The
results have been indicating the correlation of anti-inflammatory IL-10 and inflammation in cerebral ischemia
reperfusion injury. In Group I and Group II the concentration of IL-10 was more, in these groups there were no
inflammation and ischemia reperfusion induced injury. Thus the results of this study are in accordance with previous
findings of Ahmed M. A. et al. has been reported that Pomegranate extract protects against cerebral ischemia and
reperfusion induced injury by increasing the levels of Interleukin-10 and cerebral ATP production in brain38. Spera
et al. proved that both central and systemic administration of IL-10 to rats reduced infarct size in ischemia-
reperfusion model39. Though IL-10 is having anti-inflammatory and neuroprotective potential, the mechanism of
action is still unclear. The current hypothesis of the pharmacodynamic effect of fumaric acid esters (FAEs) is based
on the concept that DMF and monomethyl fumarate (MMF) influences pro-inflammatory signal transduction
pathways through modulation of the intracellular redox system40, 41 and suppression of not only the production of T
helper type-1and pro-inflammatory mediators such as TNF-α and IFN-γ but enhancement of the formation of
cytokines with anti-inflammatory properties such as IL-10 and IL-1RA42, 43. Wilms H. et al. stated that pretreatment
with DMF decreased synthesis of the proinflammatory mediators like TNF-α, IL-1β and IL-6 at the RNA level in
activated microglia and astrocyte in vitro44.

The results of the present study supports the hypothesis mentioned above regarding mechanism of action of
Dimethyl Fumarate. It has been demonstrated that pretreated groups i.e. Group IV and Group V with DMF at doses
of 10 mg/kg and 20 mg/kg respectively has significantly reduced the levels of TNF-α, IL-6, and CRP while anti-
inflammatory IL-10 levels were significantly increased when compared to Group III (I/R control group). The results
from Group V pretreated with higher dose of DMF were similar to the results of Group I which served as normal.
Thus anti-inflammatory action of DMF has been proved through inhibition of TNF-α, IL-6, CRP and enhancement
of anti-inflammatory IL-10 levels.

In a normal/healthy state, persistently produced reactive oxygen species (ROS) are detoxified by endogenous
antioxidant systems. Among these SOD and CAT provides primary defense against ROS. SOD and CAT together
involved in the defense mechanism against ROS induced damage to the tissue. The excessive consumption of
antioxidants occurs due to increased production of ROS, inactivation of detoxification systems and failure to
adequately replenish antioxidants in the ischemic brain tissue. These events are leading to the depletion of cellular
antioxidant enzymes during ischemia-reperfusion. Therefore, the measurement of the endogenous antioxidant
enzymes i.e. SOD and CAT has been used indirectly to estimate the amount of oxidative stress 45. Many
experimental studies have demonstrated decreased SOD and CAT levels in cerebral ischemia-reperfusion injury as
indirect evidence of oxidative stress. It has been demonstrated that lower serum SOD levels correlate negatively
with infract volume in stroke patients 46. Exogenous administration of different forms of SOD and catalase has been
proved to reduce brain injury by ischemia-reperfusion in experimental animal models47-49. Further evidence for the
important role of SOD in the defense of ROS damage in reperfusion injury came from transgenic animal
experiments. Mice over expressing SOD were highly resistant to reperfusion injury50. PrabhakarOrsu et al. stated
that the Resveratrol produced significant dose-dependent reduction in percent cerebral infarct volume. The
Resveratrol has shown a significant reduction in oxidative stress marker like malondialdehyde, and in contrast there
was a significant increase in anti-oxidants markers like superoxide dismutase and catalase levels. Resveratrol
showed significant cerebroprotective action mediated by anti-oxidant mechanism51.

Malondialdehyde, a stable product of lipid peroxidation, is used as indirect marker in the evaluation of oxidative
damage. Higher levels of MDA indicate higher amounts of free radicals. Sakamoto et al. demonstrated that, there is
a positive correlation between the free radicals production and lipid peroxidation during ischemia reperfusion injury
in the rat brain52. There is a clinical evidence of the higher levels of MDA in stroke patient53. MDA levels were
found to be increased significantly in the brain in parallel to significant increase in infarct size in I/R control group
i.e. Group III when compared to sham control group i.e. Group II. This was indicating the induction of oxidative
stress and subsequent lipid peroxidation successfully in the present rat model of ischemia and reperfusion induced
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cerebral injury in Wistar rats. This has been supported by Gaur et al., 2009, that the levels of MDA were elevated in
similar experimental model32. In the present study SOD and CAT levels were decreased significantly while MDA
levels were increased significantly in I/R control group i.e. Group III when compared to sham control group i.e.
Group II. The levels of SOD and CAT were increased and levels of MDA were decreased significantly in pretreated
groups i.e. Group IV and Group V with Dimethyl Fumarate for two months at doses 10 mg/kg and 20 mg/kg
respectively. The antioxidant activity of DMFwas proved in this study.DMF is an antioxidant agent has already
shown therapeutic potential by activating nuclear factor (erythroid derived 2)-like 2 (Nrf2) and thus induced a
cascade of cytoprotective effect and antioxidant pathways in previous studies23, 25, 54-57. In the present study
antioxidant property of DMF has been proved by further mechanism by estimating SOD, Catalase and MDA levels
in rats against ischemia reperfusion induced cerebral infarction.The observations of the present study concluded that
the DMF has significant cerebroprotective potential with probable mechanisms may include its anti-inflammatory
and anti-oxidant activities.Histopathological evaluations is required after ischemia reperfusion induced cerebral
injury for further confirmation of cerebroprotective potential of DMF.
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