Available online at www.scholarsresearchlibrary.com

Q\(\a(ma%(
Scholars Research Library dé Py "P»A‘?&
Scholars Research . * t@# -
Der Pharmacia Lettre, 2016, 8 (8):142-150 * Vq <4 .
: (http://scholarsresearchlibrary.com/archive.html) 4
Library

ISSN 0975-5071
USA CODEN: DPLEB4

Flaxseed oil attenuates experimental liver hepat#i

Jihan Husseirt*, Dina Abo Elmatty?, Dalia Medhat', Noha Mesbali, Abdel Razik Farrag’
and Heba Fahmy

'Department of Medical biochemistry, National ResbaEenter, Cairo, Egypt, Affiliation 1.D. 60014618
’Department of Biochemistry, Faculty of PharmacyeSGanal universityDepartment of Pathology, National
Research Centre, Doki, Giza, Egypt

ABSTRACT

D-galactosamine and lipopolysaccharide inducedrlimgury is a documented model of experimentalrlivepatitis.
Omega-3 fatty acids are considered as a potentietapeutic agents for inflammatory and autoimmuiseakes
through their incorporation in the cell membranehis study aimed to investigate the role of flaxsedd
administration in two different doses in lipopolgsharide (LPS) induced hepatitis in D-galactosam{bgalN)
sensitized rats.Sixty healthy male albino rats weéingded into five groups (control, flaxseed oilP%/DGalN,
treated group | and treated group Il). Urinary 8drgxyguanosine (8-OhdG) was determined by HPLQuiSdiver
functions (ALT, AST and ALP) activities were deteedh. Liver malondialdehyde (MDA), superoxide ditase
(SOD) and reduced glutathione (GSH) activities wareasured. Liver tumor necrosis factorfTNF- ) and
Interleukin- Ir (IL- 1a) were done. Liver cyclooxygenases (COX-1, 2) were analyzedriyunohistochemistry.
Results showed that LPS/DGalN administration sigguiftly increased serum liver functions, Ik-1TNF« , MDA,
urinary 8-OhdG concomitant with a reduction in iV@SH and SOD compared to the control group wliléxseed
oil administration attenuated these parametens cdnclusion, flaxseed oil as a rich source of omgdatty acids
has a powerful effect in preventing oxidative stras well as liver inflammation.
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INTRODUCTION

D-galactosamine is a well-known chemical substafaceinducing manifestation of experimental hepstitin
addition to its properties as a transcriptionalbitbr, thus GalN is connected with an insufficigraf UDP-glucose
and UDP-galactose and the loss of intracellulacical homeostasis; these changes affect cell merabrand
organelles and the synthesis of proteins and raakdis [1]. Liver damage induced by this chemsedistance (D-
GalN) is comparable to viral hepatitis in humarath function and morphology [2]. LipopolysaccharidPS), the
major component of gram-negative bacteria’ membramgices liver injury when given at a high dosé. [3
Administration of LPS with D-GalN induces lethalédr failure [4] through a cascade of inflammatioithw
induction of pro-inflammatory cytokines such as FaHL-1, IL-6 and IFN-c [5].

So, it is from interest to find a natural produttthas anti-inflammatory properties to limit thisthway. Omega-3
fatty acids are well-documented supplement thatreu inflammation and inhibit inflammatory pass w§§].
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Flaxseed oil contains a mixture of fatty acidsisltconsidered the richest source of polyunsaturéd#g acids,
particularlya-linolenic acid (ALA) which constitutes 57% of thatal fatty acids in flax. [7].

Thus, in this study we aimed to investigate theeffieral role of flaxseed oil administration in héjtia induced by
lipopolysaccharide and D-galactosamine at senditiats.

MATERIALS AND METHODS

Materials

Chemicals

Lipopolysaccharide, D-galactosamine and 8-hydromygisine standard (HPLC grade) were purchased figmes
Aldrich Company, St. Louis, MO, USA. All other charals were HPLC grade. Flaxseed oil was purchased &
local market.

Experimental animals

Male albino rats (Sprague Dawely Strain) weighirf@P#20 g were obtained from the animal house of o
Research Centre, Giza, Egypt. The animals weredtbiusindividual suspended stainless steel cagasimtrolled
environment, the temperature of the animal house fixed at about 22-25°c. Animals were maintaineddne
week in a controlled room (12 hour light 12 hourljlaand were fed a standard commercial diet (cordiet)
purchased from the Egyptian Company of Oils and)So#&/ater was available ad-libitum for acclimaii@atbefore
starting the experiments. All animals received haomare in compliance with guidelines of the Eth@ammittee
of National Research Centre (NRC), Egypt and fodwhe National Institutes of Health Guide Recomua¢ions
Care and Use of Laboratory Animals. The numbettital committee permission is (13 / 096).

Induction of experimental hepatitis

LPS was dissolved in normal saline, pH was adjuated4 and intraperitonealy injected in rats (3.28y/kg body
weight), after 2 h, D-GalN was dissolved in normealine pH was adjusted at 7.4 and intraperitonigcted in
rats (583.3 mg/ kg body weight); blood samples weithdrawn after 22 h from D-GalN injection to chec
induction of hepatitis [2].

Experimental design

Sixty healthy male albino rats were divided inteefigroups (12 rats in each) as follows: Group h{ca group):
healthy rats received a vehicle. Group Il (flaxsegdyroup): healthy rats received flaxseed oiR(finl/kg b.w./day)
orally [2] for thirty days. Group Il (LPS/DGalN gup): healthy rats received a vehicle for 30 dagfeie induction
of hepatitis. Group IV (treated group |): healtlatsr received flaxseed oil (1.2ml oil/kg b.w./dayalty for thirty
days before induction of hepatitis [8]. Group \eéted group Il): healthy rats received flaxseed2#d ml oil/kg
b.w./day) orally for thirty days before inductiohhepatitis.

At the end of the experimental period and durirgithection of LPS/DGalN period, 24 h urine wasledied from
each animal for estimation of urinary hydroxygudnesthen fasting blood samples were withdrawn fthmretro
orbital venous plexus. Liver was removed quicklynfreach rat and washed with ice-cold saline. Aipordf the
liver was homogenized in 0.1M Tris buffer for biechical estimations. The other portion was used for
immunohistochemical analysis.

Serum alanine amino- transferase (ALT) and asmgadatino- transferase (AST) activities were deteedhif9],
serum alkaline phosphatase (ALP) was determinedrdicyy to [10]. Liver malondialdehyde (MDA) was
determined [11], liver superoxide dismutase (SORjvay was measured [12] and reduced glutathidd8H) was
determined according to the method described pusiyd13]. Quantitative detection of liver tumoranesis factor-
a (TNF- o) and Interleukin —d (IL- 1a) was done by ELISA kits [14-15].

Determination of urinary 8-hydroxy 2'deoxyguanosine (8-OHdG)

8-hydroxyguanosine (8-OHdG) was estimated by HPlyStesn after modification of the method described
previously [16] and according to Hussein et al.120 Briefly, 8-OHdG standard was dissolved inapuire water.
Serial dilutions were prepared and were injectetd 6PLC to draw a standard curve with differentaamtration.
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Sample preparation

8-OHdG was extracted from 1 ml urine using Stral®-€ (55 um, 70A) column. The eluents were driedesin
nitrogen gas stream and were reconstituted in fultrhpure water. 2Ql from each sample were injected onto
HPLC.

HPLC condition

The mobile phase consists of acetonitrile/methaholéphate buffer (25/10/965) v/v. Phosphate buwifes prepared
by dissolving 8.8 g of potassium dihydrogen phospliigH,PQ;) in 1000 ml deionized water and pH was adjusted
at 3.5. The buffer was then filtered 2 times thfoOg45um pore size sterile membrane filter before using fibw
rate of 1 ml/min through HPLC reverse phase col@80 x 4.6, particle size pl) and electrochemical detector
with cell potential of 600 mV. The concentration wfnary 8-OHdG was calculated from the standandewand
divided by the urinary creatinine which was estieddby kinetic method [18].

Immunohistochemistry of cyclooxygenases

Samples were embedded in 10% formalim&thin sections were prepared on positive chartjddss The sections
were deparaffinized and treated with 0.2% sapoiiihemo Fisher Scientific, Fremont Blvd, USA) at moo
temperature for 30 minutes. After the sections vierated with methanol containing 3% hydrogen piel@xor 15
minutes to eliminate endogenous peroxidase, th@osscwere reacted with 10% normal rabbit serum Xor
minutes to block nonspecific reactions. As the pnyn antibody, each of anti-cyclooxygenase-1 and
anticyclooxygenase- 2 polyclonal antibodies (Thefisher Scientific, Fremont Blvd, USA) were dilut&@d0 times
and reacted with the sections at 4 °C for 15 ho#fier the streptavidin—biotin complex method (Tiner Fisher
Scientific, Fremont Blvd, USA), biotin-labeled agtbat immunoglobulin G antibody as the secondatipbady 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 waseerved under a microscope.

Statistical analysis
Results in this study were represented in the fofrmean + standard error; the current data weréyzed using
one-way ANOVA, version 16 of SPSS. When P value @505, it was considered a significant difference.

RESULTS

In this study, LPS/DGalN administration significgrnincreased liver enzymes (ALT and AST) compa@ddntrol

group, while flaxseed oil administration signifitgndecreased these values compared to LPS/DGathpgr
Moreover, administration of flaxseed oil in a dage2.4 ml/kg body weight significantly decrease¢kli functions
compared to the dose of 1.2 of flaxseed oil/kg bedight (Table.1).

Data obtained from this study indicated that LPSAINGsignificantly increase hepatic MDA level andcdEased
hepatic GSH and SOD compared to the control gragministration of flaxseed oil in two different dss
significantly increase hepatic antioxidant contemmpared to LPS/DGalN group (Table.2).

Chromatograms of urinary (8-OHdG) detected by HHb@icated that LPS/DGalN administration signifidgnt
increased content of 8-OHdG as a DNA damage mad@ipared to the control group. Administration @fx8eed
oil in two different doses significantly decrease®®HdG compared to LPS/DGalN group, although flaxseil
administration in a dose of 2.4 ml/kg body weighte@ated 1) significantly decreased 8-OHdG contmrpared to
a dose of 1.2 ml /kg body weight(Treated 1) (TaBleFig. 3).

Our data revealed that LPS/DGalN significantly aaged hepatic inflammatory markers (Tdand IL 1 -a),
while administration of flaxseed oil attenuatedsinéevels (Fig 1, 2).

Our results were confirmed by immunohistochemiedédtion of both COX-1 (Fig. 4) and COX-2(Fig.5).
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Table (1): liver functions in different studied groups

Parameters ALT AST ALP
Groups (UL) (UL) (UL)
Control MeanzSE 9.4+0.5 33.5+0.8 77.5+2.1
Flaxseed oil | Mean+SE 9.4+0.2 31.2+0.6 82.3+1.4
LPS/DGalN | Mean+SE 55:1.1 5F+0.8 286+1.9
Treated | Mean+SE| 19.2+1.1 | 45.6%+3.2 | 155'+4.1
Treated II Mean+SE| 133'+1.3 | 40.3+0.7 | 133°+1.1

Significant P value< 0.05
a=significant difference compared to control group
b=significant difference compared to LPS/DGalN
¢ =significant difference compared to treated lbgp.

Table (2): liver oxidants and antioxidants in diffeent studied groups

Rarameters MDA GSH SOD 8-hydroxy guanosine
Groups (nmol/g tissue) | (mg/g tissue) | (U/g tissue) (pmol/ml)
Control Mean+SE 6+0.9 7.2+0.9 265+2.2 5.8+2.1
Flaxseed oi | Mean+SE 5.6+0.5 7.3+0.2 262+2 5.740.1
LPS/DGalN | Mean+St 28°+0.5 5°+0.4 2031 13.2%40.€
Treated | | Mean+SE 19.%41.3 6.5+0.1 216+2.2 8.7+0.16
Treated Il | Mean+SE 16.7+1.5 7.310.2 244+9 7.7740.2
Data presented as mean +SE
Significant P value < 0.05
a = significant difference compared to control gpou
b = significant difference compared to LPS/DGalldgjp.
¢ =significant difference compared to treated lbgp.
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Fig. (1): Liver TNF-a levels in different studied groups
a= significant difference compared to control grob significant difference compared to LPS/DGakdgp.
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Fig. (2): Liver IL-1 « levels in different studied groups

a= significant difference compared to control groty significant difference compared to LPS/DGaldgp.
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Fig.(3): HPLC chromatogram showing urinary 8-hydroxyguanosine in :A) control group; B) Flaxseed oil gpup; C) LPS/DGalN group;
D) Treated | group(1.2 ml flaxseed oil’kg b.w./day) E) Treated Il group (2.4 ml flaxseed oil/kgbh.w day)
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Fig.(4): A micrograph of section in liver of: A)cortrol rat showing positive reaction of Cox-1 as indiated by brown color, B)rats
administrated flaxseed oil (1.2 mg/kg/day for 30 dgs) showing positive reaction of Cox-1 as indicatealy brown color, C)D-GaIN/LPS
group showing a negative reaction of Cox-1 as indited by the absence of the brown color, D)D-GalN/L® group treated with 1.2ml
flaxseed oil showing a positive reaction of Cox-Isandicated by brown color, E): D-GalN/LPS grouptreated with 2.4 ml flaxseed oil

showing a positive reaction of Cox-1 as indicatedylbrown color.(Cox-limmunostaining, Scale bar 20 pin
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Fig.(5): A micrograph of section in liver of: A)cortrol rat showing negative reaction of Cox-2 as indiated by the absence of the brown
color, B) rats administrated Flaxseed oil (1.2 mgiigday for 30 days) showing negative reaction of CeX as indicated by the absence
brown color, C)D-GalN/LPS group showing a positiveeaction of Cox-2 as indicated by the presence tife brown color, D)D-GaIN/LPS
group treated with 1.2ml flaxseed oil showing atiile amount of brown color, positive reaction of Ca-2, E): D-GalN/LPS group treated
with 2.4 ml flaxseed oil showing a negative reactioof Cox-2 as indicated by the absence of brown @vl(Cox-2 immunostaining, Scale
bar 20 pm)

DISCUSSION

D-GalN/LPS administration induced hepatic apoptasid necrosis that followed by fulminate hepafdis Liver
damage induced by these chemicals most like thegasathat are noticed in human hepatitis so itesgts an
important regulation in the treatment of the digeaisd investigating drugs interaction [19].

The current data indicated a significant increassdrum ALT, AST and ALP levels as well as dimimigHiver
GSH and SOD content and raised hepatic MDA coritebPS/D-GalN group as mentioned previously [20].

Increased activities of these enzymes indicatechgdm in the membrane functions and permeabilitgihgato a
destruction of hepatic cells and cellular leakagdidating the powerful effect of D-GalN/LPS to ircdu
hepatocellular toxicity as reported previously [2ih]addition to a release of pro-inflammatory d&ytes which in
turn lead to elevation of reactive oxygen specied axidative stress resulting in hepatocytes danaagk death
[22].
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D-GalN suppresses the hepatic glucuronidation ataghes hepatic uridyl diphosphateglucuronic @didP-GA)
while extrahepatic diphosphateglucuronic acid &slaffected, thus the uridylate nucleotides' sysisheesults in
injury of the organelle is riven. When these nutitles are depleted, it results in impairment ofcglyrotein and
protein synthesis which leads to a cumulative danwfghe cell membrane and a change in its pertitydiiding
to leakage of the enzymes from the cells [23].

Also D-GalN supresses the synthesis of proteinmRMA thus it causes uridine triphosphate pool' eliemh [24].
A positive correlation was found between serum Adrid the 8-hydroxyguanosine content in liver showtimaf
tissue inflammation may directly cause DNA damage.

Acute hepatitis caused by autoimmune, toxic orlvyir@hogenesis is distinguished by T cells and pyEltages
activation and an increase in cytokines produdgaing to liver damage and also dysfunction. Biewsof TNF-

in this study is considered one of the early stagethe liver inflammation, it takes place in livelamage in
alcoholic hepatitis and steatohepatitis. TilRas an important role in hepatic failure inducgd3alN/LPS [25] and
it can cause an inflammatory cascade which indotlesr pro-inflammatory cytokines (IL-1, IL-6 andNFy) that
are responsible for inflammation and liver damdgje [

The result of increased SOD activity in treatedugrin this study suggested that flaxseed oil, tbleer source of
omega-3 fatty acids contains a free radical scamgngctivity, which could exert a beneficial effeagainst
pathological alterations caused by the presenc®2f and OH . The increased activity of SOD accelerates
dismutation of O2 to hydrogen peroxide, which is removed by catal@SAT). This action could involve
mechanisms related to scavenging activity of flagsail [26].

The reduction of TNFe level in this study in the treated group may be ttua decrease in the nuclear factor kappa
B (NF-k B) which is lipopolysaccharide (LPS) depent In addition, omega-3 fatty acids that foundlanxseed oil
may be decreased TNF-n this study through its mediators, the protextend resolvins that have anti -
inflammatory effect [27].

These observations suggest that omega-3 fatty awgsn general decrease inflammation susceptibiience, the
inflammatory response in liver tissue could alsabereased most probably by suppressing cytokiogugtion and
regulating Kupffer cell activation, also by supmiaeg IL-1 mRNA [28].

High content of unsaturated fatty acids especiatiyega-3 found in flaxseed oil upregulates geneslved in
antioxidant enzymes expression and downregulatessgessociated with reactive oxygen species priotu@9].
Many tissues constitutively expressed cyclooxygerlagCOX-1) which responsible for many physiologica
functions such as stomach cytoprotection, kidneysoddatation, and production of thromboxane A2,
proaggregatory, prostanoid by platelets.

Denkert et al [30] indicated that cyclooxygenas€€0X-2) is an inducible enzyme and is involved in
prostaglandins production during inflammation.

In contrast, anti-inflammatory drugs decrease COaression [31] as was found in our experiments thmega-3
fatty acids in both treated groups decreased C@xXkHecome more or less near the control group.

In agreement with our results, flaxseed shown hibibh markers associated with prostate cancerhéurtflaxseed
oil is effective against intestinal colon canced ammorogenesis by downregulating the expressioG@X-2 [32]
and up regulating expression of COX-1 which arepoesible for metabolism of arachidonic acid into
prostaglandins (PGE) the main factor leading tamfnation and increasing tumor cells apoptosis.

We suggested that flaxseed oil supplementatiore&serd cell membrane contents of omega-3 fatty amidsin
contrast decreased the content of omega-6 fattjsdending to a reduction of arachidonic acid Ebien and in
turn reduction of prostaglandins and pro-inflammgatytokines and also free oxygen species , theitapt factors
in liver inflammation and hepatitis. Increasing teapplemented dose of flaxseed oil (in treated rd)
significantly increased the anti-inflammatory anati-@xidant effect due to more reduction of arachid acid
liberation and more reduction of pro-inflammatorgnkers as was found in our experiment.
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CONCLUSION

We concluded that flaxseed oil confirms our idbaud its powerful effect in protecting against livejury through
inhibition of inflammation as well as oxidative es$is and this effect is dose dependent.
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