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ABSTRACT
Objective: ~ To  investigate  possible
neuroprotective  effects of  dietary

supplementation of fish oil in brain ischemia-
reperfusion (I/R).

Methods: This investigation took place in the
Experimental Research Unit, Firat University,
Elazig, Turkey, from January-February 2006.
The study was carried out on 12 male Wistar
rats; divided into 2 groups: I/R (control)
and I/R + ®-3 essential fatty acids (EFA)
(experiment). The rats in the I/R group
received only ordinary rat food before middle
cerebral artery (MCA) occlusion. The I/R + o-
3 EFA group received omega-3 fatty acid daily
via intragastric gavage (300 mg/kg Marincap
capsule) with normal food before MCA
occlusion for 30 days. Structural alterations
in the brain tissues were semi-quantitatively
analyzed (0: absent, +: slight, ++: moderate,
+++: severe).

Results: There was evident severe (+++) edema,
vacuolization, and eosinophilic degeneration
in the I/R group, while only slight (+) edema
and eosinophilic degeneration in the I/R +
-3 EFA group in which no vacuolization
was determined. These findings are consistent
with the available studies in this field.

Conclusion: Results from this study
indicate the beneficial effects of ®w-3 EFA
supplementation in prevention of I/R -
induced damage in rats.

Neurosciences 2007; Vol. 12 (3): 198-201

From the Departments of Anatomy (Kavakli, Kose, Kus,
Zararsiz, Sarsilmaz), and Pathology (Akpolat), School of
Medicine, Firat University, Elazig, Turkey.

Received 20th January 2007. Accepted 19th February 2007.

Address correspondence and reprint request ro: Dr. Abmet
Kavakli, Associate Professor, Department of Anatomy, School
of Medicine, Firar University 23119 Elazig, Turkey. Tel.
+90 (424) 2370000. Ext. 4626. Fax. +90 (424) 2379138.
E-mail: kavaklia@gmail.com

198

Cerebral ischemia is one of the leading causes of death in
aged populations. Thromboembolic occlusion of the artery
is the most important cause of ischemia in patients. There is no
proven efficient treatment for this condition. In brain ischemia,
cerebral blood flow is reduced in brain regions that are supplied
with oxygen by the occluded vessels. In addition to the lack
of blood flow and oxygen delivery, the restoration of blood
flow has also been reported to contribute to cell damage due to
the generation of free radicals."” Recent studies show that over
production of free radicals is important in the pathogenesis of
the cerebral damage induced by ischemia-reperfusion (I-R).>*
Eicopentaenoic acid (EPA), docosahexaenoic acid (DHA),
and -linoleic acid (ALA) are known as ®-3 essential fatty
acids (w-3 EFA).'%7 Both EPA and DHA are members of
the polyunsaturated fatty acids (PUFA) family and are found
abundantlyinfishoil, whereasw-linoleicacidisfoundinvegetable
sources such as soybean and linseed oil.'”'* These fatty acids are
important for normal cerebral development and brain function
of vertebrates."”!" Docosahexaenoic acid is involved in memory
formation,'? excitable membrane function,” photoreceptor
cell biogenesis and function,' and neuronal signaling,® and
has been implicated in neuroprotection.'”'” According to the
epidemiologic studies among non-emigrated Greenlanders,
it has been determined that all the 3.5 % deaths took place
because of ischemic heart disease. In western countries, this rate
is 10 times as much as in Greenlanders. Eskimos™ using many
sea products and their inclusion of w-3 attracts the attention of
scientists in this field."® It is also reported that ®-3 PUFA intake
is associated with a decreased risk of cardiovascular disease
and ischemic stroke.”?” Umemura et al*' showed that dietary
DHA produced antithrombotic effects via inhibition of TXB2
formation in whole blood and caused a reduction in the size
of ischemic cerebral lesions in a middle cerebral artery (MCA)
thrombosis rat model. It is reported that chronic administration
of DHA contributes to protection against neuronal damage in
the hippocampal CALl region and reduced cognitive deficits
caused by transient forebrain ischemia.? It is also reported that
these fatty acids decrease cerebral lipid peroxidase and act as
antioxidants in aged rats.>*?* The aim of the current study
was to investigate possible neuroprotective effects of dietary
supplementation of fish oil in brain I/R.
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Methods. Animals and treatments. Twelve adult
male Wistar rats from the Experimental Animal
Center of Firat University, Medical Faculty, weighing
280-320g, comprised the study material. Before the
commencement of the study, necessary ethical approval
was obtained from the local ethics committee, and this
study was conducted from January to February 2006. The
animals were maintained under controlled temperature
(21£1°C) and controlled light conditions (light 07:00-
19:00 hours). Food (standard pellet diet) and tap water
were supplied ad libitum. The investigations were carried
out in 12 male Wistar rats, divided into 2 groups I/R
and I/R+ w-3 EFA. The control group of rats received
only normal food before MCA occlusion. The I/R+
-3 EFA group received omega-3 fatty acid daily via
intragastric gavage (300 mg/kg Marincap capsule) with
normal food before MCA occlusion for 30 days. The
Marincap capsule is made up of by EPA (18%) and
DHA (12%).

Middle cerebral artery occlusion. Occlusion of
the right MCA was performed by a nylon filament as
described previously.*” The MCA was occluded for
60 minutes followed by 24 hours perfusion. Briefly,
the right common carotid artery was exposed through
a midline incision and carefully dissected from the
surrounding tissue using a microsurgery technique.
The external carotid artery (ECA) was dissected further
distally and coagulated along with the occipital and
superior thyroid artery branches, which were then
divided. The internal carotid artery (ICA) was isolated
and carefully separated from the adjacent vagus nerve,
and the pterygopalatine artery was ligated close to its
origin with a 7-0 silk suture. Next, a 7-0 silk suture was
tied loosely around the mobilized ECA stump, and a
piece of 4-0 monofilament nylon suture, with its tip
rounded by gentle heating, was inserted into the lumen
of the right ECA stump and gently advanced via the
right ICA to embed into the right anterior cerebral
artery so that the right MCA was occluded at its origin.
Reperfusion was accomplished by pulling the filament.

Histopathological examination of the brain. At
the end of the reperfusion, all rats were sacrificed
and the brains were quickly removed, and perfused
transcardiacally with cold saline followed by 4%
paraformaldehyde in phosphate-buffered saline. The
brains were removed from the skull and placed in
neutral formalin (10%) and then cut into 2 mm thick
coronal slices for routine histopathological examination
by light microscopy. Sections (5 pm-thick) from the
paraffin—blocks were stained with hematoxylin and
eosin. Structural alterations in the brain tissues were
determined as semi-quantitative + sign (0: absent, +:
slight, ++: moderate, +++: severe).

Results. In this light microscopic study, widespread
necrotic areas, red neurons, vacuolization, congestion,

and edema were observed in the cerebral cortex in the
I/R group. In the I/R+ -3 EFA group, findings of
ischemia were not widespread and necrotic areas were
absent. While edema, vacuolization, and eosinophilic
degeneration in the I/R group were severe (+++), in
the I/R+ w-3 EFA group the edema and eosinophilic
degeneration were slight (+) and the vacuolization was
determined as absent (0). The light microscopic results
are shown in Table 1 and Figures 1 & 2.

Table 1 - Light microscopic findings in the brain tissue of group I (I/R)
and group II (I/R+ ®-3 EFA) rats (n=6 in each group).

Light microscopic findings I/R (control) I/R + -3 EFA
Necrotic areas (infarct) ++ 0
Eosinophilic degeneration et +

(red neurons)

Edema ot +
Vacuolization ot 0
Congestion ++ ++

I/R - ischemia-reperfusion, EFA - essential fatty acids, 0 - absent,
+ - slight, ++ - moderate, +++ - severe

Figure 1 - Ischemia-reperfusion group: red neurons (arrows) and infarct
(I) area are seen (Hematoxylin & Eosin x 100).

Figure 2 - Ischemia-reperfusion + ®-3 essential fatty acids (experimental)
group: Neurons with slight edema and moderate congestion are
seen (Hematoxylin & Eosin x 100).
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Discussion. Docosahexaenoic acid is involved in
memory formation,'? excitable membrane function,"
photoreceptor  cell  biogenesis, and function,"
neuronal signaling,® and has been implicated in
neuroprotection.”"” It is also reported that -3
PUFA intake is associated with a decreased risk of
cardiovascular disease and ischemic stroke."”* Kwon
et al’ fed rats with ®-3 (14% menhaden oil ringa)
for 6 weeks and the rats that were implemented with
I/R were observed to have a decrease in infarct volume
when compared with the control group.® Similarly, we
observed that there was a marked decrease in the study
of the brain histopathologic ischemia findings (necrotic
area, cosinophilic degeneration, edema, vacuolization,
congestion) of the rats fed with Marincap capsules (300
mg/kg) in 30 days analogized with the control group.
We found that there was, especially, no infarctarea in the
I/R + w-3 EPA group and there was reduction in edema,
vacuolization, and eosinophilic degeneration that shows
the width of the ischemia finding when compared with
the control group (from +++ to +). We think that this
reduction happens both with the antioxidants effect
of the -3 fatty acids,” and inhibition of the TXB 2
formation.”!

Cao et al' found that the neuron damage of the
hippocampus CA1 region of the animals they gave E-
DHA (ethyl all cis-4,7,10,13,16,19-docosahexaenoic
acid; 98% pure, 200 mg/kg day) for 10 weeks was less
than the control group and the locomotor hyperactivity
declined. They said that this effect was due to the
speciality of the E-DHA’s antioxidants. In our study,
we similarly determined that the findings showing the
neuron damage reduced in the I/R + w-3 EFA group
compared with control group. Okada et al** reported
that chronic administration of DHA contributes to
protection against neuronal damage in the hippocampal
CA1 region and reduced cognitive deficit caused by
transient forebrain ischemia. They suggested that
administration of DHA decreased the brain AA content,
which might be attributed to the protective effect of
DHA treatment on neuronal damage.

In our study, we determined that the w-3 EFA showed
a protective feature against transient brain ischemia and
the brain histopathologic ischemia findings decreased
when they are compared with the control group. These
findings show a similarity with the other studies realized
in this field.

In conclusion, our results show the beneficial effects
of w-3 EFA in the prevention of I/R-induced damage
in rats, and suggest testing w-3 EFA in further studies
for prevention of possible I/R-induced damage. We
are of the belief that by using biochemical analyses in
new studies, the brain I/R damage’s exploration will be
suitable.

200 Neurosciences 2007; Vol. 12 (3)

References

10.

11.

12.

13.

14.

15.

16.

17.

. Cao DH, Xu JE Xue RH, Zheng WEF, Liu ZL. Protective effect

of chronic ethyl docosahexaenoate administration on brain
injury in ischemic gerbils. Pharmacol Biochem Behav 2004; 79:
651-659.

. Kavakli A, Sahna E, Parlakpinar H, Yahsi S, Ogeturk M, Acet A.

The effects of melatonin on focal cerebral ischemia-reperfusion

model. Saudi Med ] 2004; 25: 1751-1752.

. Choi-Kwon S, Park KA, Lee HJ, Park MS, Lee JH, Jeon SE, et

al. Temporal changes in cerebral antioxidant enzyme activities
after ischemia and reperfusion in a rat focal brain ischemia
model: effect of dietary fish oil. Brain Res Dev Brain Res 2004;
152: 11-18.

. Fujimura M, Morita-Fujimura Y, Noshita N, Sugawara T,

Kawase M, Chan PH. The cytosolic antioxidant copper/zinc-
superoxide dismutase prevents the early release of mitochondrial
cytochrome c in ischemic brain after transient focal cerebral
ischemia in mice. J Neurosci 2000; 20: 2817-2824.

. Sugawara T, Noshita N, Lewen A, Gasche Y, Ferrand-Drake M,

Fujimura M, et al. Overexpression of copper/zinc superoxide
dismutase in transgenic rats protects vulnerable neurons against
ischemic damage by blocking the mitochondrial pathway of
caspase activation. J Neurosci 2002; 22: 209-217.

. Yilmaz HR, Songur A, Ozyurt B, Zararsiz I, Sarsilmaz M. The

effects of n-3 polyunsaturated fatty acids by gavage on some
metabolic enzymes of rat liver. Prostaglandins Leukot Essent

Farty Acids 2004; 71: 131-135.

. Zararsiz I, Kus I, Akpolat N, Songur A, Ogeturk M, Sarsilmaz

M. Protective effects of omega-3 essential fatty acids against
formaldehyde-induced neuronal damage in prefrontal cortex of
rats. Cell Biochem Funct 2006; 24: 237-244.

. Storlien LH, Higgins JA, Thomas TC, Brown MA, Wang HQ,

Huang XF, et al. Diet composition and insulin action in animal

models. Br J Nutr 2000; 83: 85-90.

. Mirnikjoo B, Brown SE, Kim HE Marangell LB, Sweatt JD,

Weeber EJ. Protein kinase inhibition by omega-3 fatty acids. J
Biol Chem 2001; 276: 10888-10896.

Cao D, Li M, Xue R, Zheng W, Liu Z, Wang X. Chronic
administration of ethyl docosahexaenoate decreases mortality
and cerebral edema in ischemic gerbils. Life Sci 2005; 78: 74-
81.

Menon NK, Dhopeshwarkar GA. Essential fatty acid deficiency
and brain development. Prog Lipid Res 1983; 21: 309-326.
Gamoh S, Hashimoto M, Sugioka K, Shahdat Hossain M, Hata
N, Misawa Y, et al. Chronic administration of docosahexaenoic
acid improves reference memory-related learning ability in
young rats. Neuroscience 1999; 93: 237-241.

McGahon BM, Martin DS, Horrobin DE, Lynch MA. Age-
related changes in synaptic function: analysis of the effect of
dietary supplementation with omega-3 fatty acids. Neuroscience
1999; 94: 305-314.

Gordon WC, Bazan NG. Docosahexaenoic acid utilization
during rod photoreceptor cell renewal. J Neurosci 1990; 10:
2190-2202.

Kim HY, Akbar M, Lau A, Edsall L. Inhibition of neuronal
apoptosis by docosahexaenoic acid (22:6n-3). Role of
phosphatidylserine in antiapoptotic effect. J Biol Chem 2000;
275:35215-35223.

Lauritzen I, Blondeau N, Heurteaux C, Widmann C, Romey
G, Lazdunski M. Polyunsaturated fatty acids are potent
neuroprotectors. EMBO J 2000; 19: 1784-1793.

Rodriguez de Turco EB, Belayev L, Liu Y, Busto R, Parkins N,
Bazan NG, et al. Systemic fatty acid responses to transient focal
cerebral ischemia: influence of neuroprotectant therapy with
human albumin. J Neurochem 2002; 83: 515-524.



18.

19.

20.

21.

-3 and brain ischemia-reperfusion ... Kavakli et al

Dyerberg ], Bang HO. A hypothesis on the development of
acute myocardial infarction in Greenlanders. Scand J Clin Lab
Invest Suppl 1982; 161: 7-13.

Clarke J, Herzberg G, Peeling J, Buist R, Corbett D. Dietary
supplementation of omega-3 polyunsaturated fatty acids
worsens forelimb motor function after intracerebral hemorrhage
in rats. Exp Neurol 2005; 191: 119-127.

Iso H, Rexrode KM, Stampfer MJ, Manson JE, Colditz GA,
Speizer FE, et al. Intake of fish and omega-3 fatty acids and risk
of stroke in women. JAMA 2001; 285: 304-312.

Umemura K, Toshima Y, Asai F Nakashima M. Effect of
dietary docosahexaenoic acid in the rat middle cerebral artery

thrombosis model. 7hromb Res 1995; 78: 379-387.

22.

23.

24.

25.

Okada M, Amamoto T, Tomonaga M, Kawachi A, Yazawa K,
Mine K, et al. The chronic administration of docosahexaenoic
acid reduces the spatial cognitive deficit following transient
forebrain ischemia in rats. Neuroscience 1996; 71: 17-25.
Hossain MS, Hashimoto M, Masumura S. Influence of
docosahexaenoic acid on cerebral lipid peroxide level in aged
rats with and without hypercholesterolemia. Neurosci Lett
1998; 244: 157-160.

Hossain MS, Hashimoto M, Gamoh S, Masumura S.
Antioxidative effects of docosahexaenoic acid in the cerebrum
versus cerebellum and brainstem of aged hypercholesterolemic
rats. J Neurochem 1999; 72: 1133-1138.

Longa EZ, Weinstein PR, Carlson S, Cummins R. Reversible
middle cerebral artery occlusion without craniectomy in rats.

Stroke 1989; 20: 84-91.

conditions 1, 2, and 3.

group, alone, does not justify authorship.

Authorship entitlement

Excerpts from the Uniform Requirements for Manuscripts Submitted to Biomedical
Journals updated November 2003.

Available from www.icmje.org

The international Committee of Medical Journal Editors has recommended the
following criteria for authorship; these criteria are still appropriate for those journals
that distinguish authors from other contributors.

Authorship credit should be based on 1) substantial contributions to conception
and design, or acquisition of data, or analysis and interpretation of data; 2) intellectual
content; and 3) final approval of the version to be published. Authors should meet

Acquisition of funding, collection of data, or general supervision of the research

An author should be prepared to explain the order in which authors are listed.

Neurosciences 2007; Vol. 12 (3) 201



