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ABSTRACT

Objective: This study aimed to compare the arftaimmatory and antioxidant properties of flaxseed dish oils
as sources of omega-3 fatty acids on lipopolysatdbaLPS) induced brain injury (Bl) in rats. Mett&r sixty
male albino rats were used in this study and cfabiinto six groups including control, flaxseed, dish oil,
lipopolysaccharide, treated flaxseed oil and treafish oil groups. Serum tumour necrosis faatoffNF- o) and
interleukin — & (IL- 1a) were determined by ELISA. Brain malondialdehyd®A), superoxide dismutase (SOD)
activity, reduced glutathione (GSH) and total ari@tant capacity (TAC) were estimated by colorintetriethods.
Brain neurotransmitters were carried out by revergghase HPLC and UV detection was performed at rav0
Immunohistochemistry of cyclooxygenases (COX-1,-200¥as also performed. Results: The data showatd RS
significantly increased brain MDA, neurotransmitemd COX-2 concomitant with a reduction in bra@Cs GSH,
TAC and COX-1. Contrarily, flaxseed and fish oilgpglementation improved these values in treatedugso
Conclusion: Omega-3 fatty acids in the form ofx$leed and fish oils are considered promising agémts
attenuating brain injury and reducing the elevatiohbrain neurotransmitters due to their antioxidand anti-
inflammatory effects.
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INTRODUCTION

Brain injury (BI) educes a local inflammatory resge and the activation of microglia and cytokinedurction in
addition to mobilization and permeation of immurinfammatory cells; this response may participateéuronal
damage and cell death [1].

In particular, IL -1u, IL -1B , IL - 6 and TNF -a have been found to be involved in the acute infleatory response
that results from Bl and may contribute to the selewy damage that results from the Bl induced imffeatory
response [2].

Generation of oxygen free radicals following Bloise of the most confirmed aspects of secondaryyirtju brain
tissues [3].
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Lipopolysaccharide (LPS), the major component & tluter membrane of Gram negative bacteria is knasvn
endotoxins that educe strong immune responsespariexental animals [4]. LPS is used widely in expental
animals to study the effect of inflammatory stimahi brain functions. Systemic administration of LR& been
shown to impair antioxidant mechanisms, inducellipéroxidation, impair mitochondrial redox activ[g, 6] and
increase different pro-inflammatory cytokines [#atling to neuronal damage [8] and hence impairnoént
neurotransmitters production.

Omega-3 fatty acids (n-3) comprise a family of tnssted fatty acids that consists @finolenic acid (ALA),
eicosapentaenoic acid (EPA) and docosahexaenad@EIA); which are essential fatty acids becausy tihust be
obtained from the food due to the inability of maaisto synthesize these fatty acitésnovd9]. These fatty acids
serve as energy substrates and integral membramgooents; therefore they play a fateful role inutation of cell
membrane fluidity, dopaminergic and serotoninetgimsmission, membrane-bound enzymes and celligagals
transduction [10].

Flaxseed oil contains high amount of polyunsaturditty acids [11], especially ALA [12, 13]. Howevyédish oll
contains EPA and DHA that are known to reduce hnoflgmmation and have other health benefits [14].

From this point of view, we planned this study tonpare the role of flaxseed oil and fish oil agedd#nt sources of
omega-3 fatty acids in attenuation of oxidativessrand inflammation induced by LPS and to evaltneeaole of
supplemented oils in preventing the impairmentrairbomonoamines in experimental brain injury indlibg LPS.

MATERIALS AND METHODS

Materials
Norepinephrine, dopamine and serotonin (HPLC staig)aand lipopolysaccharide were purchased frogm&i
Aldrich Chemicals Company (St Louis, Missouri, USA)

Flaxseed and fish oils were purchased from locaketgCairo, Egypt).

Experimental Animals

Sixty male albino rats (180-200 g) were obtainemnfrthe animal house of the National Research CerBiza -
Egypt and were allowed a standard rodent chow diet waterad libitum They were housed in standard
environmental conditions. The ambient temperatuss 26 + ZC and the light / dark cycle was 12 / 12 hours. All
animals received human care in compliance with girids of the Ethical Committee of National Reska&entre,
Egypt, and followed the recommendations of Natidnatitutes of Health Guide for Care and Use of dralory
Animals.

Methods

Induction of brain injury

LPS was dissolved in normal saline, pH was adjusted.4 and intraperitoneal (IP) injected in re28Q nug /kg
b.w.); after 4 hours, blood was withdrawn from tle¢ro-orbital venous and brain was removed fromheat to
confirm induction of BI [15].

Experimental design

Sixty male albino rats were divided into six grope rats in each group) as follow:

Group | (control group): healthy rats received higke.

Group Il (flaxseed oil group): healthy rats receivie2 ml flaxseed oil / kg b.w. / day orally for @ays [16].

Group IlI (fish oil group): healthy rats received® Inl fish oil / kg b.w. / day orally for 30 day$€]].

Group IV (LPS group): healthy rats received a glehbefore injection of LPS at the end of the ekpent.

Group V (flaxseed oil- LPS group): healthy ratseiged 1.2 ml flaxseed oil / kg b.w. / day orally 80 days
followed by LPS injection.

Group VI (fish oil — LPS group): healthy rats reaa 1.2 ml fish oil / kg b.w. / day orally for 3@y followed by
LPS injection.

After the experimental period, rats were kept fagfor 12 hours before blood sampling. Blood wathgrawn from
the retro-orbital venous plexus of the eye usirggpillary tube and was collected into tubes to sspaserum by
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centrifugation at 3000 rpm for 15 min using cooliogntrifuge (Laborcentrifuge, 2K15 centrifuge, Sam
Germany), then divided into aliquots and store@tC for biochemical assays.

Brain was removed quickly and washed with ice-cgatine solution (0.9% NaCl) and divided into twatpathe
first part was homogenized and prepared for biodtemestimation and the other part was prepared for
immunohistochemical studies.

Preparation of tissue homogenate

Tissues were cut into small pieces and homogeniz&dml cold buffer (0.5 g of N&IPO, and 0.7 g of NapPO,
per 500 ml deionized water [pH 7.4]) per gram té&ssiinen centrifuged at 4000 rpm for 15 minutes°& dsing.
Supernatant was then separated and used for @stinofitbiochemical parameters [17].

Biochemical assays

Determination of serum tumor necrosis factore. (TNF- a) and interleukin — 1o (IL- 1 )

Serum TNF-o and IL- Jo were measured using enzyme-linked immunosorbesayalELISA) according to the
method of Taylor [18] and Barland et al. [19] respeely. These assays employ a quantitative sartdeizyme
immunoassay technique, which measures serum &NRd IL- 1o levels.

Determination of brain MDA

Lipid peroxidation was assayed by measuring thellef malondialdehyde (MDA).Thiobarbituric acid (AB
reacts with malondialdehyde in acidic medium atgerature of 9% for 30 minutes to form thiobarbituric acid
reactive product. The absorbance of the resultaktgroduct can be measured at 534nm [20].

Determination of brain superoxide dismutase (SOD) etivity

Brain SOD was determined using kinetic kit (fromo@iagnostic, Egypt) according to Nishikimi et &1]. This
assay relies on the ability of the enzyme to inhibe phenazine methosulphate-mediated reductiomitafblue
tetrazolium dye.

Determination of brain reduced glutathione (GSH)

Reduced glutathione (GSH) was determined accorirBeautler et al. [22]; this method is based anréduction

of 5,5 dithiobis ( 2- nitrobenzoic acid ) (DTNB) with GSid produce a yellow compound, its absorbance ean b
measured spectrophotometrically at 405nm.

Determination of brain total antioxidant capacity (TAC)

TAC was determined according to Koracevic et &].[Phis method is performed by the reaction of @itlants in
the sample with a defined amount of exogenouslyigeohydrogen peroxide g8,). The antioxidants in the sample
eliminate a certain amount of the provided hydrogeroxide; the residual J, is determined colorimetrically by
an enzymatic reaction which involves the conversibi3, 5, dichloro-2- hydroxyl benzensulphonateateolored
product.

Determination of brain neurotransmitters by HPLC
Determination of brain norepinephrine, dopamine setonin was carried out as described previdmgliiussein
et al. [24] using high performance liquid chromatghy (HPLC) system, Agilent technologies 1100 eseri
equipped with a quaternary pump (G131A model).

HPLC condition

Separation was achieved on ODS-reversed phase ed@fi8, 25 x 0.46 cm i.d. pm).The mobile phase consists
of potassium phosphate buffer/methanol 97/3 (Wig) was delivered at a flow rate of 1.5 ml/min. Ustettion was
performed at 270 nm, and the injection volume wasuRfrom different dilutions of standards and fromckea
sample.

Calculation

The concentration of norepinephrine, dopamine amdtsnin in samples were determined using standairge of
each standard.
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Immunohistochemistry of cyclooxygenases

From 10% formalin fixed paraffin embedded sampgsn-thin sections were prepared on positive chargjddss
The sections were deparaffinized and treated w2BtOsaponin (Thermo Fisher Scientific, Fremont BM&A) at
room temperature for 30 minutes. After the sectiese treated with methanol containing 3% hydrogeroxide
for 15 minutes to eliminate endogenous peroxiddmesections were reacted with 10% normal rabbitrsefor 10
minutes to block nonspecific reactions. As the prnyn antibody, each of anti-cyclooxygenase-1 and
anticyclooxygenase-2 polyclonal antibodies (Theffisher Scientific, Fremont Blvd, USA) were dilut&@O times
and reacted with the sections at 4 °C for 15 hoéfier the streptavidin—biotin complex method (Tiner Fisher
Scientific, Fremont Blvd, USA), biotin-labeled agthat immunoglobulin G antibody as the secondatipady was
reacted with the sections at room temperature Samihutes, and the peroxidase-labeled streptavidis reacted at
room temperature for 10 minutes, followed by callevelopment using diaminobenzidine (DAB) reagerfteiA
counterstaining with hematoxylin, the sections wayeerved under a microscope.

Statistical analysis

All data were expressed as mean + standard ereda Were analyzed using one-way ANOVA using SPS8dn
16). Duncan's new multiple-range test was usedsess differences between means. A significangrdifice was
considered at the level of P < 0.05.

RESULTS

In this study, the mean values of brain GSH, SOB BAC were significantly decreased in LPS group rehs a
significant increase in brain malondialdehyde wiseoved in the same group compared to control Xy

Flaxseed and fish oils supplementation, signifigamcreased brain GSH, SOD and TAC in treated grou
compared to LPS group (Fig 1-3). In addition, theam value levels of SOD were significantly increbisetreated
fish oil compared to treated flaxseed oil groug(E). On the other hand, administration of flaxsaed fish oils in
this study significantly decreased brain malondihigte in treated groups compared to LPS group4Jig.

As shown in figure (5), serum TNFe was significantly increased in LPS group compai@aontrol while it
significantly decreased by supplemented oils iattd groups compared to LPS group.
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Figure (1): Mean value levels of brain GSH in diffeent studied groups
P? Significant difference compared to control group.
P°: Significant difference compared to LPS group.
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Figure (2): Mean value levels of brain SOD in diffeent studied groups
P? :Significant difference compared to control group.
P": Significant difference compared to LPS group.
P® Significant difference between treated fish oitldreated flaxseed oil group.

In the present study, the mean value level of ietdéin — k. in lipopolysaccharide group was increased (p=0.06)
compared to control group but this elevation watsstatistically significant. Flaxseed and fish d@lgpplementation
decreased these values in treated groups althtiege teduction was statistically insignificant (58and p=0.31)
respectively compared to lipopolysaccharide grdtig 6).
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Figure (3): Mean value levels of TAC in different tudied groups
P? Significant difference compared to control group
P": Significant difference compared to LPS group
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Figure (4): Mean value levels of MDA in different sudied groups
P?: Significant difference compared to control group
P° : Significant difference compared to LPS group.
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Figure (5): Mean value levels of tumor necrosis fdor-a in different studied groups

P?: Significant difference compared to control group
P° : Significant difference compared to LPS group.
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Figure (6): Mean value levels of interleukin-& in different studied groups

P°: Significant difference compared to LPS group.
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Brain monoamines (dopamine, norepinephrine andt@a@rg levels were significantly increased in LP&®up
compared to control, however, flaxseed and fisk silpplementation significantly decreased thesgegaP<0.05)
compared to LPS group (table 1).

Table (1): Brain neurotransmitters in different studied groups

Parameters
G Norepinephrine  (ug/g.tissu¢) Dopamine ditigsue)| Serotonin (ng/g.tissye)
roups
Control Mean+SE 4.31 +0.06 3.38 £0.03 3.55+0.17
Mean+SE 4.37 £0.03 3.15+0.02 2.65+0.17
Flaxseed ol P?Value 0.472 0.000* 0.00*
P®Vvalue 0.000* 0.000* 0.00*
% changé 1.2% -6.8% -25%
Mean+ SE 4.47 £0.08 3.21+£0.03 3.03+0.06
Fish oil P ?Value 0.144 0.002* 0.01*
P’ Value 0.000* 0.000* 0.00*
% changé@ 3.6% -5.0% -15%
Mean+SE 6.63+0.10 5.26 +0.11 4.58 +0.08
LPS P?Value 0.000* 0.000* 0.00*
% changé 53.8% 55.7% 29%
Mean+SE 5.45+0.10 423+0.12 3.79+0.10
P?Value 0.000* 0.000* 0.20
Treated flaxseed oi| P® Value 0.000* 0.000* 0.00*
% changé 26.3% 25.4% 7%
% chang@ -17.9% -19.5% -17%
Mean+SE 5.27 +0.06 427+0.13 3.84£0.15
P ?Value 0.000* 0.000* 0.12
Treated fish oil | b value 0.000* 0.000* 0.00*
P ¢Value 0.150 0.838 0.79
% chang@ 22.2% 26.5% 8%
% changé -20.5% -18.8% -16%

P? Significant difference compared to control group.
P": Significant difference compared to LPS group.
P® Significant difference between treated fish oitldreated flaxseed oil group.
% changé: % of change from control group.
% changé&: % of change from LPS group.

In this study, examination of sections in braineteum of control, flaxseed oil group and fish aibgp showed
positive reaction of Cox-1 as indicated by the eneg of the brown color (Figures 10(A), (B) and (€pectively),
while the brain cerebrum of rats of LPS group shibwegative reaction of Cox- 1 represent by absefidegown
color (Figure 10 (D)). On the other hand, brainebeam of rats of treated groups (flaxseed andditd) followed
by intraperitoneal (i.p.) injection of lipopolysdwride showed positive reaction of Cox-1 as indidaby the
presence of the brown color (Figures 10(E), (Fpeetvely).
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Figure (10): A micrograph of section in brain cereloum of (A) control group, (B) flaxseed oil group, C) fish oil group,(D) LPS group,
(E) treated flaxseed oil and (F) treated fish oil (A), (B) and (C) show positive reaction of Cox-as indicated by the presence of the
brown color (arrows), however (D) shows negative extion of Cox -1 as indicated by the absence of tieeown color. (E) and (F) show
positive reaction of Cox-1 as indicated by the presice of the brown color (arrows). (Cox-1 immunostaing, Scale bar 20 pm)
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Figure (11): A micrograph of section in brain cerelbum of (A) control group, (B) flaxseed oil group, C) fish oil group, (D) LPS group
and (E) treated flaxseed oil group and (F) treatedish oil group. (A), (B) and (C) show negative redon of Cox-2 as indicated by the
absence of the brown color. (D) shows positive re@an of Cox-2 as indicated by the presence of thedwn color (arrows). (E) shows
negative reaction of Cox-2 as indicated by abserxef brown color except in some neurons (arrowsand (F) shows negative reaction of
Cox-2 as indicated by the absence of the brown coldCox-2 immunostaining, Scale bar 20 um).

Contrarily, examination of sections in brain cerghrof control, flaxseed oil and fish oil groups aleal negative
reaction of Cox-2 as indicated by the absenceebtbwn color (Figures 11(A), (B) and (C) respesttyy, while the
brain cerebrum of rats of LPS group showed posite@&ction of Cox-2 represented by brown color (jFég
11(D)).On the other hand, brain cerebrum of ratgedted groups showed negative reaction of Cog-dicated
by absence of the brown color (Figures 11(E),(Bpeetively).

DISCUSSION

Brain injury (Bl) is a big health problem, includira major cause of death and disability all over torld.

Biochemical cascades are considered importantriathat lead to primary and secondary injury; theeehanisms
result in imbalance between oxidant and antioxideygnts lead to elevation of oxidative stress, aladysfunction
and death [25].

Lipopolysaccharide is a chemical agent and it irdue well-documented model of experimental Bl [26].

In the present study, intraperitoneal injectiorLBfS significantly increased MDA concomitant wittreduction in

GSH, SOD and TAC levels compared to control graefiecting an oxidative stress status. These resudtre in

agreement with Abdel-Salam et al. [27] who indidatieat LPS induced oxidative stress in the brasulting in a
marked increase in lipid peroxidation, that caulsgdree radicals and reactive oxygen species (R@gased due
to impairment of the balance between the varioti®édant mechanisms occurring after Bl. This effieads to an
increase in the MDA concentration and decreas®ih BOD and GSH [28]. The increase in ROS prododgads

to a depletion of antioxidant parameters appearedsignificant reduction in TAC [29].

Our study appeared a significant increase in NE,dbA SE levels in LPS group compared to controligrd his
result was in agreement with Dunn [30] who indidateat administration of endotoxin (LPS) stimulate
secretion of proinflammatory cytokines which inddceypothalamus (HPA) activation leading to elevatiof
norepinephrine (NE) and serotonin (5-HT) leveleaskd in the brain.

Thus, LPS stimulates the biosynthesis of norepiriepland dopamine in all brain regions [31] andéases brain
oxidative stress which is well associated withdlegelopment of neurodegenerative diseases [32].

Other important result in our study is the sig@ift increase in cytokines (Ileland TNFe ) levels in
lipopolysaccharide group compared to control ,¢h@sults were in agreement with Choi et al. [88d indicated
that LPS stimulated activation of microglial thateased pro-inflammatory and neurotoxic factorsluiding TNF-
a, IL-1, IL-6, and NO to cause neuronal damage.

LPS binds to immune cells and initiates the inflasbony cytokines including tissue TNEwhich stimulates the
production of reactive oxygen species (ROS) bwatitin of macrophages leading to brain injury [34]addition,
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LPS can affect monocytes, macrophages and fibrisbtasulting in the production of pro-inflammatarytokines
[35].

Cyclooxygenase is an enzyme which is capable towarbrarachidonic acid (the abundant fatty acidha tell
membrane) to prostaglandin (PG) G2 and PGH2 undererous physiological conditions. COX is resporesiiolr
inflammatory phenomena. The two isoforms of COX §eDand COX-2) are almost identical in their sturet but
they have important differences in their intradaltdocations and inhibitor selectivity [36].

In our results, the immunohistochemical techniqppeared a negative reaction of COX-1 in LPS grchgt t
appears as absence of brown color while contralvedgositive reaction that appears as brown coldicating the
increase of COX-1 reaction; these results wergieement with Teeling et al. [37] who reported tGa&tX-1 is not
responsible for the induction of brain IL-6, [I3-Jand TNFe synthesis, so COX-1 has a role in regulating brain
inflammatory responses.

Contrarily, LPS group showed a positive reactionC@X-2 that appeared as a brown color while congroup
showed negative reaction that appears as abserewi color indicating the reduction of COX-2 réan. These
results were in agreement with Zendehdel et all {@® indicated that LPS injection increased cyglgenase-2
(COX-2) expression in all brain regions.

Several studies confirmed that, long chain polyturséed fatty acids (LC-PUFASs) have anti-inflammgtcanti-
excitotoxic and anti-apoptotic properties [39]. B&JFAs may help when administered prior to or felloy BI.

In the current study, MDA was significantly decredavhile SOD, TAC and GSH were significantly inced in
treated flaxseed and fish oils groups comparedR8 group; these results were in agreement witheSaidl. [40]
who indicated that, the administration of fish (@PA+DHA) inhibited oxidative stress , decreasedDMand
increased both superoxide dismutase (SOD) actaity GSH level ; thus, n-3 fatty acids increasel tamntioxidant
capacity (TAC) level and prevent the enhancem&okidative stress [41].

The reduction of the ROS (superoxide and hydrogemxide) production by supplementation of n-3 faityds
may be attributed to the stimulation of neutropfi2].

Attenuating of NE, SE and DA levels in treated grein this study may be attributed to the effecbimega-3 fatty
acids in improving brain functions, amendment aine@al membrane fluidity, receptors' affinity anefwve growth
factor [43].

Omega-3 fatty acids act by two ways, directly bglaeing arachidonic acid (omega-6) and eicosandidtsate and
indirectly by inhibiting its metabolism via altéi@n of inflammatory genes expression through tcepsion factor
activation [42,44]. In agreement, cytokines (Iie-And TNFe) levels were decreased in treated groups compared
LPS group in our study.

Calder [45] explained the reduction of lk-laBnd TNFe by n3-PUFAS administration; he indicated that figh
decreased IL-1 production by monocytes and dectdeseseim TNFex concentration in addition to the inhibition of
the expression of ILdand TNFe messenger RNA.

N-3 fatty acids showed their anti-inflammatory actiby inhibiting NKkB activity that has a crucial role in
inflammatory signaling pathways and plays a ke iial regulating the immune response to infectioiit sontrols
several cytokines. Other mechanism included tHafEA-attenuates the conversion of arachidonic @&#g to pro-
inflammatory eicosanoids, inhibits the formation mfo-inflammatory cytokines and promotes levels aoti-
inflammatory decosanoids [46].

In the present study, the brain cerebrum of tregtedp showed positive result of COX-1 that appears: brown
color compared to a negative result of COX-1 whagipear as absence of brown color in LPS group.h@rother
hand the brain cerebrum of treated groups showgdtive result of COX- 2 that appears as absenbteasin color
compared to a positive result of COX- 2 which appess a brown color in LPS group, these resultsevier
agreement with Lee et al. [47] who found that ER® ®HA can suppress COX- 2 activity. One of the miti-
inflammatory mechanisms is that EPA and DHA act asmpetitive inhibitor for proinflammatory arachidc acid
(AA) on cyclooxygenase (COX), which produces prizinfmatory eicosanoids. When EPA and DHA are subject
to oxygenation by COX the less inflammatory proktadin E3 (PGE3) is generated instead of highly- pro
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inflammatory prostaglandin E2 (PGE2) which produdsdAA [48]. Also Liu et al. [49] found that omeda-
intervention suppressed the LPS-induced up regulatif COX-2. The beneficial effects of omega-3 nimy
associated with the suppression of TLR4 signaling.

In conclusion, the current results suggest thasiad and fish oils effectively attenuated the atiewn of oxidative
stress during brain injury due to their antioxidaamid anti-inflammatory effects. There was no diatily
significance difference between the effect of fésid flaxseed oils in improvement of brain injurydaoxidative
stress.
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