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ABSTRACT

The present study was designed to investigate the effect of fish oil extracted from Sardinella fimbriata against fatty
liver diseases in rat experimental models and regenerative property. Ethanol and Methotrexate were administered
to eight weeks old animals for 4 weeks to induce Alcoholic fatty liver disease and Non Alcoholic fatty liver disease,
respectively. After experimental period, the parameters such as liver weight, food intake, liver histology and liver
markers alanine amino transferase, aspartate amino transferase, alkaline phosphatase, direct hilirubin, total
bilirubin and gamma- glutamyl transpeptidase were studied. Along with liver markers, lipid profile such as blood
glucose, total cholesterol, triglycerides, LDL-cholesterol, VLDL-cholesterol and HDL-cholesterol were also studied.
The results of the experimental groups showed elevation of all above mentioned parameters in ethanol and
methotrexate treated groups, where as significant reduction in liver markers enzymes with decrease in liver weight
were observed in groups which are fed with fish oil along ethanol (Group 5) and MTX (Group 6), suggesting the
possibility on the prevention of eventual increase in the release of lipoproteins from the liver even after prolonged
intoxication with the devel opment of liver dysfunctions. Histopathological studies showed Steatohepatitis in ethanol
(Group 3) and methotrexate (Group 4) intoxicated groups, where as in groups which are fed with fish oil along
ethanol (Group 5) and MTX (Group 6) showed amdliorating effects. The liver damage caused by alcohol
intoxication was easily reversed; however, it was not in the case of NAFLD in the present study.

Keywords: fatty liver, Ethanol, methotrexate, liver markeBsgeatohepatitis, Ameliorating effects

INTRODUCTION

Fatty liver is caused by the build-up of fats ie fiver in the form of triglycerides. In many instaes the effect of
having fat in their liver over a long period magdeto inflammation, causing swelling and tenderr{aspatitis) and
then to scar (fibrosis). There are four stagesittffiver disease; Acute hepatitis (sudden inflation-short term),
chronic (inflammation- long term), Fibrosis (scésstie) and Cirrhosis (Fibrosis spread throughoetliver) to
hepatocellular carcinoma [1, 2]. Deficiency of edi&# fatty acids (EFA) in diet, leads to a cascaflanomaly of
nutrients in mammals, such as poorer cognitive ttand3] and hepatocellular cytoplasmic vacuolatioa. fatty
liver, due to an inability to form the lipoproteinssponsible for transporting lipids out of theeliy4].

Alcoholic Fatty Liver Disease (AFLD) is caused dwecommon consequence of prolonged alcohol consampt
and forms one of the major causes of morbidity amatality worldwide. It is now well accepted thatet
progression of AFLD is due to the multi-factorialopess that involves a number of genetic, nutritioand
environmental factors [5]. Alcohol consumption vam®wn to compromise fatty liver status, either figaing the
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biosynthesis, absorption, or catabolism of fattiggei¢6, 7]. The involvement of oxidative injury gthanol toxicity
has emerged from a number of reports showing ticahal-fed experimental animals as well as in pasiewith
Alcoholic Liver Disease (ALD) have increased lewéllipid peroxidation products in liver and blood][ In this
context, recent evidences indicates that oxidativess induced by ethanol is responsible for promgdtepatic iron
accumulation by down-modulating the liver expressaf hepcidin, a 25 amino acid peptide that regslahe
absorption and distribution of iron inside the bj@y10]. During periods of heavy drinking, alcotuslioften lack
proper diets or consume diets which are not com®anwith nutrients, such as EFAs and vitamins.

Non Alcoholic fatty liver disease (NAFLD) is a cadtidn characterized by the build-up of fat in tlieel cells of
people who do not drink alcohol excessively; NAFt&n be defined as fat accumulation in the livet éxaeeds 5—
10% by wet weight [11]. Excess liver fat is belidvi® be a manifestation of the metabolic syndrodf.[The
pathogenesis of Non Alcoholic Steatohepatitis (NASttludes insulin resistance, increased inflamamatiumor
necrosis factor (TNF; interleukin (IL)-6 and increased oxidative strés3]. Most experimental studies proved
that fatty liver in rodents are also diet-inducjbli&ge that of human diseases driven by diet. Thacgss of the
NAFLD is same as that of AFLD with minor variatioimscross reactions due to different initiativetioése diseases.
In addition, patients with NAFLD are prone to higlprevalence of insulin resistance and cardiovasadisease
[15, 16, 17].

Experimental studies on animal models and humaggestied that dietary factors can affect fatty tirgftion and
lipid peroxidation in various types of liver disedaacluding AFLD and NAFLD [17, 18]. Various studieonducted
by Kraegen [19]; Storlien [20]; Kraegen [21]; Sterl [22] and Oakes [23] concluded that dietarylusion of
unsaturated fatty acids in rats completely preweétiteer and muscle insulin resistance in 3 weelksh Bil prevents
insulin resistance, when substituted for one tbirdhe amount of safflower oil, in a 60% high faetdin rats, by
preventing a decrease in P13 kinase activity inclassand decrease in the GLUT4 level induced byipke fat diet
[24]. The mechanisms relating dietasy8 fatty acid substitution to the protection towsamdsulin resistance remains
hypothetical to a greater extent. Diets which hdgk in olive oil, fish oil and fiber appear to imgve hepatic
steatosis in animal models [25, 26, 27]. Out off916 NASH patients undergone one year of intenstady
intervention, 9 showed profound histological impments [28], where the diet composed of 40-45% of
carbohydrates with an emphasis on complex carbalwslrwith fibre; 35-40% fat with emphasis on moma a
polyunsaturated fatty acids (fish oil); and 15- 2pgétein.

It has been a major challenge to clinicians aneédltesearchers of how one can achieve good conuglien these
fatty liver diseases. Since there are clues andeegies proving that the unsaturated fatty acide biae potential to
stimulate positive liver metabolism (regenerationhich may play a positive role against the fattxel disease,
both in alcoholic and non alcoholic. In this baakuran attempt has been made in the present stugtyravel the
role of fish oil which was extracted fro8ardinella fimbriata against fatty liver diseases in rat experimentatiel®
and regenerative property of the liver in the ilecide of fish oil.

MATERIALSAND METHODS

The crude fish body oil was extracted frd@ardinella fimbriata by adopting the conventional method (Direct
steaming). The crude fish oil composed of total mumsaturated fatty acids 25.25 % w/w of oil, total
polyunsaturated fatty acids 17.617 % w/w of oitatamon essential amino acids 13.2ug/g and essamtizio acids
8.452u49/g, respectively and was used for furthermplacological applications on fatty liver disea&k.analytical
reagents and enzyme test kits required for theeptesvestigation were purchased from Hi-media &gher
Scientific (Mumbai, India).

Animal models

The present study was approved by the Institutiédmaial Ethics Committee (IAEC) for animal experinte of
Annamalai University. Eight weeks old Wistar malkiro rats weighing at 200£10 g were procured fréentral
Animal House of Annamalai University. The rats weaeclimatized to laboratory conditions and fed with
commercial pellet rat chow (Hindustan Lever Limijtéudia) and given watead libitum. Ethanol and Methotrexate
(MTX) was administered to animals to induce AFLRI&AFLD respectively.
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Experimental design

The rats were divided into six groups, each grommprising of six rats. Group 1 received normal didrmal),
Group 2 received 50ml/kg of fish oil alone for 4eke (Positive control) Group 3a received 50% v/eohlol,
50ml/kg for 4 weeks (Negative control-1a), Groupr8beived 50% v/v Alcohol, 50ml/kg for 4 weeks arlyzed
after 8" week (Negative control-1b), Group 4a received MADO mg/kg for 4 weeks (Negative control-2a), Group
4b received MTX 200 mg/kg for 4 weeks and analyatter 8" week (Negative control-2b), Group 5 received 50%
viv Alcohol + 50ml/kg of fish oil for 4 weeks, Gup 6 received MTX 200 mg/kg + 50ml/kg of fish ailrf4 weeks.
Fish oil, alcohol and Methotrexate (MTX) were adistared orally by feeding tubes (enteral feeding).

At the end of the experiment period, the blood wabllected from the retro orbital plexus for theimsttion of
alanine amino transferase (ALT) and aspartate amnarsferase (AST) by Transaminases Colorimetrid Eaint
Method, alkaline phosphatase (ALP) by BioAssay &yst QuantiChrofY' Alkaline Phosphatase Assay Kit, direct
bilirubin (DB) and total bilirubin (TB) by Life Cha™ Kit [29] and gamma- glutamyl transpeptidase (G®Y)
Mindray Gamma Glutamyl transferase Kased on Orlowski method as described by [30].

Parameters evaluated such as blood glucose (Blgrided by[31], total cholesterol (TC) described by [32],
triglycerides (TG) described by [33], Low densitgdprotein cholesterol (LDL-C) described §34], Very low
density lipoprotein cholesterol (VLDL-C) using ELASKit of Bio Assay Systems (USA) and High density
lipoprotein cholesterol (HDL-C) described by [35] blood serum were tested. The animal was euthdnizth
anaesthetic ether and the liver was excised, wdighed immediately used for histo-chemical studies.
Histopathology studies werearried out [36]. Formalin-fixed portions of orgghiver) were prepared for
histological studies by standard procedures frotmydeation through paraffin infiltration in an autatic tissue
processor. After paraffin embedding, all sectiorsgenvcut at 6pum thickness and routinely stainedeimatoxylin-
eosin dye. Selected frozen sections were madestrethat the vacuolated appearance of the pasdfitions was
due to the presence of lipid droplets. Histopatiglal observation was recorded using Photomicrdgsystem
(Nickon Eclipse-E-200).

RESULTS

Experimental rats intoxicated with ethanol and rogtixate showed significant elevated levels of dkeum as
Alanine amino Transferase (ALT), Aspartate aminanbferase (AST), Alkaline Phosphatase (ALP), Direct
Bilirubin (DB), Total Bilirubin (TB) and Gamma- Glamyl Transpeptidase (GGT) as compared to aninmals i
normal, positive control and fish oil treated grsuphe treatment of fish oil ameliorated alcohall amethotrexate
induced toxic changes in ALT, AST, ALP, TB, DB aG&T levels were shown in figure 7 to 1&imilarly, lipid
profile too showed elevated levels in the ethamal anethotrexate intoxicated groups as comparedheoother
groups. Administration of ethanol and methotrexsitewed a significant increase in liver weight, cangal to the
normal and fish oil treated groups. A significaatversal was observed in all the parameters andeirweight of
liver following the treatment of fish oil (50ml/Kddr 4 weeks.

Lipid Profile

The results of blood glucose are shown in Fig.He Tevels of blood glucose were 8248, 78+4, 918463 87+7,
8615, 83+4 and 81+3mg/dl for group 1, 2, 3a, 3h,438 5 and 6 respectively. The results of Totallesterol are
shown in Fig. 2. The levels of total cholesterotevé3+5, 62+4, 8316, 79+6, 86+5, mg/dl for grou213a, 3b, 4a,
4b, 5 and 6 respectively. The results of HDL cheled are shown in Fig. 3. The levels of HDL chotesl was
2945, 363, 2245, 25+7, 1944, 2448, 29+4 & 3119 didbr group 1, 2, 3a, 3b, 4a, 4b, 5 and 6 respelsti The
results of LDL cholesterol are shown in Fig. 4. Teeels of LDL cholesterol was 3545, 31+3, 4618324916,
4047, 32+4 & 3045 mg/dl for group 1, 2, 3a, 3b, 4h, 5 and 6 respectively. The results of VLDL @stérol are
shown in Fig. 5. The VLDL cholesterol levels werét8, 405, 76+2, 71+7, 6516, 5916, 52+4 & 45+5 nidtt

group 1, 2, 3a, 3b, 4a, 4b, 5 and 6 respectivehg fesults of Triglycerides are shown in Fig. 6eThglycerides
was 4746, 4015, 7612, 71+7, 6516, 5916, 52+4 & 4Bag/dl for group 1, 2, 3a, 3b, 4a, 4b, 5 and 6eespely.
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Figure 1. Variation in Blood Glucose levels between the
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Figure 2. Variation in Total Cholesterol levels between groups
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Figure 3. Variation in HDL cholesterol levelsbetween
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Figure4. Variation in LDL cholesterol levels between the groups
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Figure 5. Variation in VLDL cholesterol levels between
groups

Figure 6. Variation in Triglyceride levels between the groups
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Liver function tests

The results of ALT were shown in Fig. 7. The levefsALT were 54+3.85, 55+2.15, 90+6.07, 88+7.32+86l1,
85+3.11, 67+4.22 and 63+3.67 U/l for group 1, &, 3b, 4a, 4b, 5 and 6 respectively. The presadysin chronic
alcohol and methotrexate intoxication showed sigaift increase in all liver function tests, showthg indices of
liver injury. The results of AST were shown in Fi§. The levels of AST were 113+5.87, 116+1.03, 1769,
167+6.34, 148+9.96, 145+8.65, 140+3.38 and 131+BUBfor group 1, 2, 3a, 3b, 4a, 4b, 5 and 6 retipely. The
results of ALP were shown in Fig. 9. The levelsAlfP were 259+13.34, 246+16.45, 497+23.1, 468+19.87,
461+21.76, 453+£18.11, 380+14.2 and 341+15.7 IWIgmup 1, 2, 3a, 3b, 4a, 4b, 5 and 6 respectividig. results
of DB were shown in Fig. 10. The levels of DB wérd7+0.02, 0.15+0.021, 0.41+0.04, 0.38+0.03, 0.486&0
0.41+0.04, 0.29+0.01 and 0.30+0.04 1U/I for groy2.13a, 3b, 4a, 4b, 5 and 6 respectively. Theltesti TB were
shown in Fig. 11. The levels of TB were 0.69+0.08%3+0.05, 1.06+0.07, 1.01+0.04, 1.12+0.07, 1.0620
0.94£0.05 and 0.9£0.1 1U/I for group 1, 2, 3a, 38, 4b, 5 and 6 respectively. The results of GGTevatrown in Fig.
12. The levels of GGT were 32+3.3, 30+5.6, 49+4953+7.6, 5146.3, 48+5.9, 39+4.6 and 35+6.2 U/l §poup 1,
2, 3a, 3b, 4a, 4b, 5 and 6 respectively.
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Food intake, Body weight and Weight of liver

The mean weight of the liver prior to histochemistldies was recorded, which showed increase irs wagn
compared to the normal group (4.2+0.09g and 4.BeDv®ersus 3.61+0.2 g). The group supplemented figthoil

recorded the least mean value of liver weight ampared to the intoxicated groups (3.53+0.2 vs. @.@4g
respectively). Food intake (g/day for each ratyeased in the ALD and NAFLD induced groups as caeghéo the
normal and fish oil alone treated groups (5.6+008l &.2+0.7 vs. 10.6+1.1 and 10.1+0.9 g/day respelgii.

However the groups intoxicated with alcohol & metkgate and treated with fish oil showed significecrease in
food intake as compared to the intoxicated grolyas supplemented with alcohol + fish oil and methate +
fish oil recorded higher food intake values thaeotintoxicated groups (8.0+0.5 and 7.6+£0.34 g/d@je data is
summarized in table 1.

Table 1. Depictsthe details of Body weight and Weight of liver in experimental rats

Group Group 111 Group IV Group Group
1 a b a b \Y )

100+10 100+10 100+10 100+10Q 100+10 100+1p 100410 0£10

Parameters Group |

Average Body wt. of rats

(Initial) (g)
Average Body wt. of rats

110+15 111412 | 123+#12.% 130+10j5 121+9.0 130+7.0 +h1B | 118+8.5

(Final) (g)
A"eragefoog;;take (dfeach | 106+1.1| 10.1+0.9| 56205 62028 52407  6.9+098.0:05 | 7.6+0.34
WL, of Liver (g/100g) 361202| 35302 4.2¢009 4.1%005 4.1¢008 4.040| 3.820.06] 3.740.1

Histochemical studies

The liver sections of normal and positive contrf@h oil alone) animals showed normal structure ardhitecture
Group 1 showed normal hepatic cells and intact toegtes. Group 2 showed structural and hepaticiteathre
intactness as well as glycogen deposition in thgatoeytes. Group 3 showed macrovesicular and masioular
steatosis, spotty necrosis and mild infiltrationrdfammatory cells, accumulation of fats and dépleof glycogen
stores. Group 4 showed ballooning of hepatocytesalfvacuolated fatty change, vacuolar degeneragiooh
necrosis. Group 5 showed slight steatosis (regéagaraf cells), but no inflammation or necros@ughly coming
back to normal liver histology. Group 6 showing qdete absence of necrosis and slight inflammathmwever
steatosis was still present but tended to decreas@ared with Group 4.
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Histopathology of liver (Magnification at 200X)

Slide 2. Group 2 (Positive control) showing structural and
hepatic ar chitectur e intactness as well as glycogen deposition.

Slide 3. Group 3 (Negative control 1) showing macrovesicular and Slide 4. Group 4 (Negative control 2) showing allooning of
microvesicular, spotty necrosis and mild infiltration of epatocytes, focal vacuolated fatty change, vacuolar degeneration
inflammatory cells, accumulation of fatsand depletion of glycogen and necrosis.
stores.

Slide 5. Group 5 (ALD rats+ with fish oil) showing slight steatosis Slide 6. Group 6 (NALD rats+ with fish oil) showing complete
(regeneration of cells), but no inflammation or necrosisroughly absence of necrosisand dlight inflammation, however steatosis
coming back to normal histology. was still present but tended to decrease.

236
Scholar Research Library



S. Shanker et al Der Pharmacia Lettre, 2016, 8 (15):230-240

DISCUSSION

In recent times, fish oil rich in unsaturated fa#tgids has attracted attention due to its abilityemluction of
accumulation of fats in the liver [37]. [38] and9]3suggested that polyunsaturated fatty acids fiith oil has the
potential to reduce Alcoholic FLD (AFLD) and Nonadholic FLD (NAFLD), prevent insulin resistance esisted
with type Il diabetes and obesity, up regulates imereacted genes, etc. The present study is &rfdictg mission
to unravel the importance of fish oil and its cangence on fatty liver diseases. In the presentysteithanol and
methotrexate along with feed were used to induceDA&Nnd NAFLD in experimental rats.

Ethanol or any drug mediated liver damage progsesis®ugh the course of fatty liver, hepatitis,rdikis and
cirrhosis*’. The severity and prognosis of ethanol-mediatesf lfliseases mainly depend on the amount, frequency
and duration of alcohol intake, coupled with otfertors such as the presence of inflammation, diettritional
status and genetic makeup of the host. The inciieasall size could be the basis for ballooningha hepatocytes.
Present observations in ethanol intoxicated animval® in concurrence with the earlier findings4if pnd 42].

The liver weight increased in the intoxicated gmupmpared to normal and positive control groupee group 5
and 6 which were intoxicated and supplemented figth oil normalized the liver weight, while it navdecreased
in the other groups 3 and 4 (intoxicated alone)cWwhivas supported by the works of [43]. The serumledterol
levels were also in elevated levels in the intobddagroups 3 and 4 (8316 and 8615 mg/dl, respdgiverhere as
in fish oil supplemented groups 5 and 6 (74+4 a6#37mg/dl, respectively), the serum cholesteroklg\ies in
between the positive (6214 mg/dl) and negative rbmiroups. Chronic intoxications showed significarcrease in
serum transaminases, ALP and Bilirubin levels, Whiace the indices of liver injury. The elevateddevare
primarily due to the leakage of cellular enzymes ihe blood stream, leading to their increaseemim [44]. In the
present study, AST of intoxicated groups was alnBofimes greater than ALT, which is in agreemenrnthwhe
results of [45, 46, 47, 48 and 49]. It could beiged that the rats of both negative control grostpewed significant
elevation in the levels of AST and ALT, comparedhose of positive control and normal group. Irsthspect, [50]
reported that a drug induced hepatotoxicity pavey to significant elevation of parameters such &3,AAST,
ALP, TB and DB.

Methotrexate is hepatotoxic, induces scare initrez,Ifollowed by the occurrence of fibrosis/cirgi® occurs; pave
way for NAFLD [51], which is more potent in obesenditions [52]. The fish oil supplemented groupsafl 6)
showed positive results against the ethanol andhatreixate intoxication, providing an evidence foeit efficacy
against the fatty liver disease. The following nmeegkm was likely to be implicated: the decreaseseénum
triglyceride content (insulin sensitivity is reldtéo serum triglycerides) due to fish oil supplema¢ion [53, 54].
When fish oil is substituted as diet, which areigred in saturated or polyunsaturated fatty adigsr insulin
resistance does not occus-3 Long Chain PUFA -3 LC-PUFA) decreases the activity and the expoessif
glucose-6-phosphatase, the last enzyme resporfsibléser glucose output and-3 PUFA stimulate fatty acid
oxidation in the liver via the activation of persame proliferator activated recepw(PPARe) [55, 56]. Such an
inhibiting effect ofw-3 Long Chain Poly Unsaturated Fatty Acids (LC-PUeA 6-ATPase activity could overcome
it's over activity and help to restore normal extidn of hepatic glucose productiofb4 and 57] opined that
substitution of fish oil in the diet reduces liveglyceride contento-3 LC-PUFA exert their effects by coordinately
suppressing lipogenesis and upregulating fatty exidation.

Immune reaction-related genes, antioxidant gerege(al glutathione transferases, uncoupling prageiand Mn-
superoxide dismutase) and lipid catabolism-relajedes were upregulated in rats fed with fish oihereas
cholesterol and fatty acid synthesis-related gefd&salpha hydroxylase and sulfotransferase gersatéd to
production of endogenous PPARgands and Reactive Oxygen Species (ROS)) wevendegulated markedly
when supplemented with fish oil. These resultsdat# that dietary intake of fish oil down regult#te endogenous
PPARu activation system and increase antioxidant gemeessions to protect against ROS, if in excesseiaév
long term feeding studies proved that, fish oityfatcids have been shown to divert fatty acids festerification
with glycerol to form triglycerides through betaidation [58-61]. Detailedn vitro studies are needed to clearly
elucidate the molecular mechanisms by which fidhfaity acids inhibit triglyceride secretion. [62hdorsed our
results, in which they mentioned that monounsagdréatty acids are responsible for the decreasegbfcerides in
the liver of rats with NAFLD, but do not provideetigreatest antioxidant activity.
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PUFA may restore the expression of the PRARwhose expression is down regulated by ethanol. [63
Alternatively, PUFAs facilitate the uptake of fatigids by directly activating the carnitine-palmitéransferase-1
for efficient fat oxidation [64]. Though not measdrin this study, our results demonstrates thatAakd MUFA
rich fish oil blocked the ethanol mediated acetglACcarboxylase (ACC) activation and thus protechiast
oxidative inactivation of 3- ketoacyl-CoA thiolagmvolves in fat oxidation). Based on these resuits; study
provides a new mechanism of regulating fatty libgrdietary manipulation through inhibition of CYPREsources
of ROS. Our current results are reliable with pette roles of PUFA against alcoholic liver fibregr cirrhosis in
non-human primatel§5 and 66]. Therefore, the results of the presaudy and from other investigators emphasize
the Importance of the fatty acids in preventingphtd and methotrexate induced liver steatosis.oimclusion, our
results strongly indicate the beneficial effectsRtdFAs on the incidence of fatty liver in animal dets, which
might be due to prevention against increased RO@Aimg alcohol and methotrexate exposure.

Histopathological evaluation in the liver of intoated groups showed the presence of an alimentay of

triglycerides, which is in corroboration with stedidone by [67, 68 and 69]. These observationsested that the
results of the present study which exhibited caldisorder, lipid accumulation, vacuolar degenenatnecrosis
and prominent vacuolated Ito cells in the hepaexgf both ethanol and methotrexate intoxicatedigsaonfirms
the Steatohepatitis stages. It is clearly appdrentr study that the effect of ethanol and metiate on the liver
concurrently increased with intestinal absorptidtriglyceride. [70] described ultra structural dges in liver cells
of rats, which are acutely intoxicated with ethawbich were apparently not absorbing fat from titestine. They
described mitochondrial swelling and the gradualiawulation of “hollow lipid spherules” which gradlyabecame

“solid lipid droplets” during the development ofgdatic steatosis. Histopathological studies showedtshepatitis
in both ethanol and methotrexate intoxicated growggere as in groups which are fed with fish odre ethanol
and MTX showed ameliorating effects. These findiagggest that the fish oil prevents the eventuaiei@se in the
release of lipoproteins from the liver even afteslpnged intoxication with the development of livaysfunctions.
The results of our findings were similar with tldif71], were the liver damage caused by alcohtxication was
easily reversed; however, it was not reversiblehim case of NAFLD in the present study, which stlinains

unknown. This situation warrants the need of rati@nd more in-depth studies pertain to this aspect

CONCLUSION

The present investigation reveals that the fishegttacted under Direct from the tissuesSafdinella fimbriata

showed better results both in quantity and qualitye. The crude fish body oil showed positive hssin the
reduction of the fatty liver disease, thereby eithi hepatoprotective property against both aldichand non
alcoholic fatty liver diseases. However, more daitrials are required in molecular levels so tmfem the

hepatoprotective property of the fish oil extrachenin these low valued fishes. Hence the study leoles with the
recommendation for the consumption of fish bodyatitained fromSardinella fimbriata which are very vital for
human consumption.
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