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Abstract

Hypercholesterolemia is one of the major risk festhat precipitate
coronary heart disease and atherosclerosis. abhépidametabolism is a
main cause of dyslipidemia, which is a major riaktbr for cardiovascular
disease, obesity, cholestasis, and overall moyrtddits well known that diet
plays an important role in the control of cholestdtomeostasis . Many
studies reported that flaxseed may have protedffect against diseases
like cardiovascular diseases CVD, reducing the ofsgancers, reducing the
incident and progress of diabetes .High omega-6dan3e ratio intake
promotes development of many chronic diseaseshkéiovascular disease,
cancer, inflammatory and autoimoune disease, rhmidharthritis, asthma.
Accordingly, the purpose of the present study veasvestigate the effect
of flaxseed and flaxseed oil against high chotestaliet induced
hypercholesterolemia in rats by adjustin® :w3ratio(2.5:1),. Also, to
determine whether flaxseed or flaxseed oil whemiaistered to
hypercholesterolemic induced-rats beneficial for reatment of
hypercholesterolemia complicationsAnimals(40 rats) were divided
randomly into 4 equal groups . G1 fed on basal @N&) , G2 fed on HFD
only(PC) . G3 and G4 fed on HFD with adjus :»3 ratio(2.5:1) by either
flaxseed oil (FSO) or flaxseed( FS) . Blood samplese collected every 3
weeks for lipid parameters monitoring (serum totdolesterol (TC)
triglycerides (TG) .high density lipoprotein chsterol (HDL) whereas
low density lipoprotein cholesterol (LDL) was oalated . All samples
(heart, kidney, spleen, lungs and brain, and liva@r)each animal were
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weighted. liver and kidney were kept in formalinwgmn (10%) for the
histopathological investigation

Results showed that6 :»3 ratio was 1:3.8 in FS and 1:4.2 in FSO ,
while such ratio was 10:1 in grease .

The results showed that adjusti®ng :©3 ratio by FS or FSO led to
significant high decrease of plasma cholestera)ytteride, LDL and to
increase in HDL after 6 weeks . Results also inditdhat the balance ratio
of 6 :»3 led to decrease in weight of rats as such rationportant for
health and in the prevention and management ofitybdsistopathology
examination of the organs tissue was in paralleghwhe biochemical
results, as liver weight was higher in PC with aked deterioration in liver
tissue while treated groups showed alleviated péttwmlogical alterations.
Moreover , kidney tissues in treated group showpgaeently normal
glomeruli and tubular epithelium, similar to thegag&ve control group.
These results suggest that, flaxseed oil may bectw@fe in controlling
cholesterolemic status and improving dyslipidermd &as the potential in
reducing cardiovascular complications due to hyjp@esterolemia.

Key words: Omega6, Omega3, lipid profile, Liver,
Hypercholesterolemia ,high cholesterol diet , natight , Flaxseed oil; ,
Flaxseed

Introduction

Hypercholesterolemia is one of the major risk festhat precipitate
coronary heart disease and atherosclerosis.(Hussaln 2014)

Ruelet al., (2018): Familial hypercholesterolemiBH) is an
autosomal codominant lipoprotein disorder charadr by elevated low-
density lipoprotein cholesterol (LDL-C) and highski of premature
atherosclerotic cardiovascular disease. DefinitifmmsFH rely on complex
algorithms that are on the basis of levels of totdlDL-C, clinical features,
family history, and DNA analysis that are ofterfidiilt to obtain.

Molena-Fernandes et al.,, ( 2010) reported that oswbal lipid
metabolism is a main cause of dyslipidemia, whgh major risk factor for
cardiovascular disease, obesity, cholestasis, aadalb mortality. It is well

C1o0)
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known that diet plays an important role in the cointof cholesterol
homeostasis Cardiovascular diseases (CVD), mainlycluding

atherosclerosis, hypertension, cardiac hypertrophyocardial infarction
and heart failure, are the principal cause of deathidwide.( Ali et al.;

2017) . Although the development of pharmacothespo treat, CVD has
contributed to a decline in cardiac mortality.( WHED15 , Moss et al .,
2016)

Many studies reported that flaxseed may have piveeeffect
against diseases like cardiovascular diseases QG¥f@ycing the risk of
cancers, reducing the incident and progress ofetkgb (Mishra,2016 and
Ali etal 2017) .

A number of investigations have demonstrated thaet d
supplemented with flaxseed oil has profound beraficealth effects in
various pathologies. Flaxseed is also the richestce of lignans, which
have been reported to have antioxidant and hypl@ipic effects (Newairy
and Abdou, 2009). Flaxseed in the diet in animadliss has shown inhibit
atherogenesis (Prasad, 2005) and protect duringerfohmlesterolemic
conditions (Dupasquier et al., 2006).

Omega-6 and omega-3 polyunsaturated fatty acidsFABY are
essential fatty acids that must be derived fromdie¢, cannot be made by
humans, and other mammals because of the lack of

endogenous enzymes for omega-3 desaturation .@agribusiness
and modern agriculture western diets contain exoedevels of omega-6
PUFAs but very low levels of omega-3 PUFAs,leadingan unhealthy
omega-6/omega-3 ratio of 20:1, instead of 1:1 wed during evolution in
humans ( Simopoulos , 2016)

High omega-6/omega-3 ratio intake promotes deveéoy
of many chronic diseases like cardiovascular deseeancer, inflammatory
and autoimoune disease, rheumatoid arthritis, asthwimereas increased
intake of omega-3 fatty acids (reduced omega-6/@®atio) suppresses
the effect ( Gupta et al , 2013)
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Omega-3 PUFAs are primarily found in fish, espdgiah twait
shad, salmon, tuna, and anchovies (Whelan & Ru8062 Another
important source of PUFA is flaxseed obtained frioimum usitatissimum
plants (Linaceae family), cropped mainly in Argeati Brazil, Canada,
China, India. and Turkey (SAMMOUR, 1999).

Accordingly, the purpose of the present study weamvestigate the
effect of flaxseed and flaxseed oil against higjolesterol diet induced
hypercholesterolemia in rats by adjustin® :w3ratio(2.5:1),. Also, to
determine whether flaxseed or flaxseed oil whemiaistered to
hypercholesterolemic induced-rats beneficial for reatment of
hypercholesterolemia complications.

Materials & Methods
Experimental design and diet planning:

A total number of 40 adults Albino male normal rateighing 160-
190 g, obtained from Agriculture research institute

All experiments were carried in the Agriculture easch institute.
Composition of experimental diets are shown indébl

Table (1): Composition of Negative(basal diet) tcoin (NC), positive

(high cholesterol)control (PC), Flaxseed oil (FSd Flaxseed( FS) diets (g
/100g):

Ingredient NC PC FSO FS
Skim milk 36.4 36.4 36.40 32.99
Fiber 1 1 1 1

Starch 47.60 34.6 34.63 34.55
Salt mixture 4 4 4 4
Vit. Mixture 1 1 1 1

Corn oil 10 10 7.28 7.46
Flaxseed - - - 6
flaxseed oil - - 2.69 -

Grease - 10.00 10.00 10.00
Cholesterol - 2 2 2

Choline chloride - 1 1 1
NC: Negative control PC: Positive control
FSO :Flaxseed Oil group FBxseed
( 122)
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Diet in NC group contain 12% protein , 4%salt mmety 1% vitamin
mixture and 10%fat.

While diets in PC ,flaxseed( FS) and flaxseed odugs contain
12% protein , 4%salt mixture , 1% vitamin mixtumeda20%fat(10% plant
oil from either corn oil, flaxseed or flaxseed aild 10% grease as animal
fat) 2% cholesterol and 1% choline chloride.

In all diets, skim milk was served as the main seuwf protein.

Both salt and vitamin mixtures were prepared adogrdto
A.0.A.C(2016).

Diets for both FS and FSO groups were designed wdteful
consideration, so thai6 :o3ratio was balanced in both experimental diets
to a ratio of 2.4 and 2.5:1respectively by addirp &flaxseed side to 7.46 ¢
corn oil in flaxseed group and 2.69 % flaxseedsmle to 7.28 g corn oil in
flaxseed oil group .

®6 :w3ratio in PC group was (29.9:1) as fat source lveds corn oil
and grease.

Chemical analysis

Chemical analysis of flaxseed, flaxseed oil anelge (moisture ,
protein, fiber ,ash and fat), were analyzed acogrdo A.O.AC. (2016).
ow3and m6content were also determined using gas chromaibgra
according to 1ISO(1999).

Animal studies

Rats were fed on basal diet for two weeks as aptaasaperiod.

Rats were housed under controlled light (12: 1Btldark),

temperature were maintained at 25 °C and humidity6@%
respectively with unlimited access to food andewatRats weights were
monitored daily for one week and then twice a wieekhe next 6 weeks .

All efforts were made to minimize pain and distressing animal
husbandry and experiments assessments .

Protocol is approved by the institutional Animalr€aand Use
Committee. Cairo University.
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High fat high cholesterol diet:

High fat diets consists of 20%fat (10% grease + Jéft oil), 2%
cholesterol and 1% choline chloride were mixed \elitt.

40 rats were divided into 4 groups (10rats eaclumrpositive
control group (PC) , flaxseed oil group (FSO) fladseed group (FS),ten
normal rats were fed basal diet and served as imegatntrol group(NC)
.Blood samples were collected every 3 weeks foid liparameters
monitoring (serum total cholesterol (TC) ,triglyckss (TG) .high density
lipoprotein cholesterol (HDL) whereas low dengipoprotein cholesterol
(LDL) was calculated. At the end of the experimexts were sacrificed in a
matched way so that the average length of the rigeokeriod was the same
in each group.

Biochemical assay:
Blood samples were obtained at intervals as meatitrefore.

Before blood sampling ,rats were fasted for 16 &outl blood
samples were collected by capillary tube from y@gascus in the eye and
centrifuged at 3000 r.p.m. to obtain serum that stased at -2%C until
assayed for the determination of triglyceride altatholesterol and high
density lipoprotein (HDL).

Lipid profile;

Total cholesterol, triglycerides (TG), and high sién lipoprotein-
cholesterol (HDL-c) were determined as described Timpmas (1992),
Fossati and Principle (1982), and Albers et al.88)9 respectively. Low
density lipoprotein-cholesterol (LDL-c) and Verywadensity lipoprotein-
cholesterol (VLDL-c) were calculated as mentiongd Llee and Nieman
(1996).

Rat’s and organs weight:

Initial and final rat's weight were monitored , \gbht gain was
calculated using the following formulas:

Body weight gain (BWG) (g) = Final weight - Initiaeight
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After sacrifying, organs(pancreas, kidney, hedner, spleen and

brain) were weighted.

Histopathological examination:

Tissue samples of liver and kidney were removeckfady, and
fixed in neutral buffered formalin 10%, dehydratedascending grade of
alcohol, cleared and embedded in paraffin, seati@epum thickness and
stained by H & E and examined microscopically (Baftaet al. (1996).

Statistical analysis:

Results were statistically analyzed by the L.Sdagt significant
differences ) according to Snedecor & Cochran (1.980

Results and discussion
Table (2):Chemical composition of Flaxseed , Flaxseil and grease (g/100g)

Items Flaxseed Flaxseed oil Grease
Moisture 7
Protein 18.3
Fat 42.2 100 99.5
Carbohydrate 1.3 - 0.5
Ash 3.1
Total fiber 27.3
®6 5.91 12.70 10.15
o3 22.81 53.30 0.99
®6 :®3 1:3.8 1:4.2 10:1

Table (2) demonstrated the chemical compositionflakseed,
Flaxseed oil and grease of lamb, from the tabtmitild be noticed that the
moisture content of Flaxseed was found to be 7% tbsult was in
agreement with those obtained by Gallo (2013), evpilotein content was
18.3% this results was slightly lower than thostawmied by Gallo (2013),
fat content was found to be 42.2%. This result imaagreement with those
obtained by Morrisgt al (2003), we could noticed that Flaxseed had high
content of total fiber being (27.3%) such resultswagher than those
obtained by Morriset al (2003) who found that total fiber was 22.8%. with

1)
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regard to fat content of Flaxseed oil and greasg tiere 100% and 99.5%
respectively as grease of lamb had 0.5%g/100glof as

Regarding Omega3 »@) results showed that flaxseed oil had the
highest content being 53.3g/100g and then camesdk (22.8%) while
grease had the lowest amount being 0.9 %. withrdegaOmega 6«{6) ,
flaxseed oil had the highest content followed byeage then
Flaxseed(12.7%,10.15 and 5.9 g/100g).

With regard ton6: »3 ratio results showed that the ratio was 1 : 3.8
and 1 : 4.2 in flaxseed and flaxseed oil respelstiwile this ratio was 10:1
in grease.

In this respect Simopoulos & Cleland (2003) repbiteat a higho6:
®3 ratio promotes pathogenesis of many chronic desa like
cardiovascular disease, cancer, inflammatory antiramune disease,
rheumatoid ,arthritis, asthma, whereas increastakenof Omega -3 fatty
acids (reduced Omega6/Omega3 ratio ) suppressesffibct. Secondary
treatment studies have demonstrated a decline Seage progression or
reversal of symptoms with decline in ratio.

Flaxseed and flaxseed oil contain high amount ofe@m3 (3)
Alpha linolenic acid (ALA) and also contain Omega(66) with an
Omega6: Omega3 ratio of 1:3.8 for flaxseed and1fet. flaxseed oil.

The high content ob3 in Flaxseed and Flaxseed oil can affect daily
meal balance im6 andw3 ratio.

The high content ofv3 as well as the balance ratio have anti-
inflammatory factor and have an effect on reduend treatment the risk of
many chronic diseases like atherosclerosis, caadmyar disease, cancer
and hyperlipidemia. A balance in6: ©3 intake has always been advocated
for optimal health. A part from increase @8 intake, there is a need of
reduction in absolute6 fatty acid intake, in this study we administrated
high fat diet (10%animal fat, I0% plant fat) and 2%olesterol to rats.

Effect of balancen6 : ®3 ratio by flaxseed oil (G3) or flaxseed(G4)
on triglyceride level (mg/dl) are shown in tablé (3
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Table (3): Effect of balanae6 : ©3 ratio by flaxseed oil (G3) or 3 flaxseed(G4) on
triglyceride level (mg/dl)

. Treatments
Time
NC PC FSO FS
Zero 68.4+2.4h 199.8+5.1a 197.0+x3.F a 19336 a
3 weeks 69.8 +2.9 gh 157.2+33b 141.0+34c 36.2+3.6d
6 weeks 73.4+21¢g 115.0+25e 85.0+2.5f 6812.1f
NC: Negative control PC: Positive control
FSO :Flaxseed Oil group Flxseed

Regarding data illustrated in table (3) mentionbeé effect of
treatments on hypercholesterolemic rats with flagseoil (G3) or
flaxseed(G4) at zero time., there were a high isagmt increase of TG in
hypercholesterolemic rats (control + ve group) asgared to healthy
group control (— ve) which were (199.8 + 5.1) a®8.4 + 2.4) (mg/dl),
respectively. All rats fed on flaxseed oil (G3) ditaxseed(G4) showed
insignificant decreases in TG as compared to cbiftree) group. It is
evident that the best treatment was of groups édivan flaxseed recorded
195.4 + 3.6 mg\dl.

The blood lipid profile of rats feeding high fatetlifor 6 weeks
revealed a great increase in TG for PC group soctease reached about 2
fold (115.0+ 2.5) (mg/dl) that of zero time. RegagdG3 and G4 which fed
HFD supplemented with FSO and FS it could be oleskthat a significant
decrease of TG occurred in such groups which were 8 2.5 (mg/dl) for
G 3 (FSO) and 81.6 + 2.1for G4 (FS). We could regticsignificant
difference in triglyceride (TG) of rats in both &3l and those of PC group.
These results suggest that balance ratie®andw3 with either fflaxseed
or fflaxseed oil had effect in treatment TG valaed improving
dyslipidemia.

In this respect , Mishra, (2016) found that theobl lipid profile of
hypercholestremic patients before and after intdkelaxseed oil revealed a
decrease in total cholesterol (TC), triacylglycef®G) and change were
observed only in TC and TG level with ingestion36f ml of Flaxseed oil
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for a period of 3 months. He also added that tieees evidence that whole
Flaxseed may lower serum cholesterol in both noramal hyperlipidemic
subjects.

These results agree with Hussein, et al (2014) ioesd that
treatment with Flaxseed oil to high cholesterol t(@eluced
hypercholesterolemia) to rats lowered serum totaholesterol,
triacylglycerol, LDL.C, VLDL.C phospholipid, endathn and
homocysteine concentration in addition to incregqstiDL. These result
suggest that, flaxseed oil may be effective in adlimg cholesterolemic
status and improving dyslipidemia and has the piatlenn reducing
cardiovascular complications due to hyperchole&tera.

With regard to Total Cholesterol (mg/dl) in ratsl fen the tested
diets were illustrated in Table (4).

Table (4): Total Cholesterol (mg/dl) in rats fedtbe tested diets

Treatments
NC PC FSO FS

Time

Zero 117.4+4.2 € 225.8 £ 16.2]a 225.8+16.2a 58216.2a
3weeks| 118.8+3.9¢ 210.0+x17.4b 173.0£8.Tc 179.8+79¢c

6 weeks| 121.8+24e 2024%40p 1204 +3.0e 34.2+19d

NC: Negative control PC: Positive control
FSO :Flaxseed Oil group Faxseed

Data recorded in table (4) show the effect of Fdaxk Oil &
Flaxseed on total cholesterol ((TC) of hyperchaedemic Rate. Control
(+ve) groups showed significant increase in totallesterol as compared to
healthy rats which were 225.8 + 16.2 mg /dl and.40%2.00 mg/dl,
respectively. Rats of Flaxseed Oil & Flaxseed tresatts reversed the
change occurring in control (+ve) rats leading tecrdase TC show
significant high decrease and Maximum decrease otdl tcholesterol
recorded for group 3 which fed on Flaxseed Oil.

Our results are in agreement with those obtaineAli®Aldin et al,
(2015) who found that positive control rats had

C 1)
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higher triglyceride and total lipids values thargaive control rats
and rats fed different replacement levels of fladseil.

Effect of balance6 : ®3 ratio by Flaxseed and Flaxseed oil on serum
HDL on rats fed HFD are shown in table (5)

Table (5): Effect of balance6 : »3 ratio by Flaxseed and Flaxseed oil on serum
HDL on rats fed HFD

. Treatments
Time
NC PC FSO FS
Zero 27.8+23e 348+25b 26.4+1.1¢g 27161+e
3 weeks 30.4+3.0d 32.2+2.3cd 30.8+0.8d 328+1.9¢
6 weeks 35.0+25b 304+1.1d 40.0+1.0a 384114

HFD: high fat high cholesterol diet HDL: higlensity lipoprotein

PC: Positive control
Ffaxseed

The obtained results in table (5) revealed a sigamt decrease in
serum HDL-c on rats fed on hypercholesteroletiet control (+ve group)
. All rats of hypercholesterolemia, and fed on Bked Oil group &
Flaxseed showed a significant increase in HDL-ofeeero time till 6 weeks
as compared to control (+ve) positive group

In this respect , Aly-Aldiret al (2015) mentioned that Flaxseed oil
at different replacement levels resulted in a $iggut (P<0.05) increased in
HDL values as compared with positive control rafBhese results similar to
Khalesiet al (2011) who found that there was a significantease in blood
HDL- C in rats after treatment with 20% raw flaxdegroup (3.6%
increased) and they found also that in 30% flaxsgedp both raw and
heated flaxseed group also showed a significaméase in HDL 4.81% and
6% respectively when compared to control groupoAl©ur results are in
agreement of those obtained by Mohamed & Afifi (B0Who found that
normal rats fed on flaxseed oil have higher sigaiit HDL than control
group.

NC: Negative control

FSO :Flaxseed Oil group

1000
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Effect of FS and FSO on serum LDL of rats fed Hry/dl) are

shown in table (6)

Table (6): Effect of FS and FSO on serum LDL o$ffad HFD (mg/dl)

. Treatments
Time
NC PC FSO FS
Zero 131.6+4.2f 2184 +145a 2128 +15.4a 4.2%15.7a
3 weeks 135.0 £+ 4.8 ef 212.8 +18.1a 175.6 +9.6/c 185.4+9.2b
6 weeks 142.0+32¢e 209.6 +4.3a 143.4+4.0e 6.8151.3d

HFD: high fat high cholesterol diet LDL: ladensity lipoprotein
NC: Negative control PC: Positive control
FSO :Flaxseed Oil group Flxseed

The data detected in Table (6) represent the effe&SO and FS
supplementation on serum LDL in rats fed on HF[@raBtand 6 weeks.

From the result it could be noticed that feedirtg cm HFD (PC) for
6 weeks, resulting in  significant increase in l-DLas compared to normal
healthy rats (NC) at zero time. Meanwhile, Coaadstration of FSO and
FS with the high fat diet for the same period ledsignificant decrease in
LDL level after 6 weeks. On the other hand LDL & Montrol showed a
little bit of increase in LDL after 6 weeks. Thessults are in agreement
with that's obtained by Mishra (2016) who foundtthéhole Flaxseed
powder had profound effect on lowering the bloqadiiprofile as whole
flaxseed powder significantly reduces LDL and TC h$6% and 9.7%
respectively.

Flaxseeds have received attention for their patentie in treatment
lipid disorders. However many people are still uasavof the potential
health benefits of Flaxseed and the importance djfising the ratio
betweer®0: w3,

These results are in agreement with those obtained\li et al
(2017) who found that Feeding rats on high chotettdiet for 12 weeks,
resulting in a significant @ 0.001) increase in serum TG, T.C, LDL and
VLDL levels by 3.2, 1.9, 3.0 and 3.2- fold, respesly above the normal

C 1200
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levels, a combined with significant<m®.001) decrease in HDL by 24.9% as
compared to control groups. Meanwhile Co-adminigtnaof Flaxseed oil
at low dose with HCD for the same period had sigaiftly decreased
serum TG, TC, LDL and vLDL levels by 31.0%, 15.698,0% and 31.0%
respectively and a combined with a significant &ase in HDL by 3.8%
versus HCD fed group. Furthermore, Co- adminisirabf flaxseed oil at
double dose cause significantly decreased serum TG, LDL- C and
vLDL levels by 57.5%, 37.3%, 47.6% and 57.5% retipely and a
combined with a significant increase in HDL by ¥&.%ersus HCD fed
group .

Effect of balance®®: @3 ratio with FS and FSO on weight gain
after 6 weeks are shown in table (7).

Table (7): Effect of balanceﬂ& @3 ratio with FS and FSO on weight gain after
6 weeks.

Treatments Initial weight final weight % weight gai
NC 176.2+47.6 a 205.2+46.0a 29+135b
PC 206.4+32.0a 240.0+44.6 a 336+7.1a
FSO 219.8+40.4a 249.2+419a 29.4 +19.4b
FS 2326+142a 251.0+139a 184+20¢c

NC: Negative control PC: Positive control

FBxseed

Result in table (7) showed the initial, final dmadly weight gain for
both negative control fed basal diet(NC) and pesittontrol fed high fat
high cholesterol diet (PC) and treated groups figtt fat high cholesterol
diet while have adjusting ratio of Omega 6:0Omega3 dalding either
flaxseed oil (FSO) or flaxseed(FS) .

FSO :Flaxseed Oil group

From the results we could noticed that PC groupndsd the
highest percentage of gain in body weight (33.6&%) there was a
significant difference between such group and therogroups. On the other
hand no significant differences were noticed betwi#e group of rats fed
basal diet (NC) and each of FSO and FS groups wdrigly administrated

130
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with adjusting ratio ofo6: ®3 by Flaxseed oil and Flaxseed which recorded
weight gain of 29.4 % and 18.4 % respectively ,sgobups had gain in

body weight approxomilty similar to NC group altlyh they were fed high
fat diet.

These results agree well with those reported by-Adm et al
(2015) who showed that hypercholesterolemic ra&d $tandard diet
(positive control rats) had higher<{®.05) body weight gain than normal
rats fed standard diet (negative control rats) laygercholesterolemic rats
fed different replacement levels of flaxseed odtdli

In this respect Mohamed and Afifi (2011) in theiudy about the
effect of FSO on plasma lipid profiles as well aly and organs weight
found that there is a significant decrease for badight gain in group fed
Flaxseed in comparison with control group.

Effect of adjustingnw6 : ®3 ratio flaxseed and flaxseed oil on organs
weight of rat fed high fat diet are shown in ta#)

Table (8):Effect of adjusting6 : ® 3 ratio flaxseed and flaxseed oil on organs
weight of rat fed high fat diet

Treatments liver relative spleen relative pancreas relative
NC 4.7+0.76 2.4+0.43 0.8 +0.08 0.4 +0.0f HRO4 0.2 £0.04
PC 6.5+0.51 2.7+0.30 0.9 £ 0.01 0.4 +£0.05 HR04 0.1+0.01

FSO 55%0.40 2.2+0.28 0.7+0.18 0.3+0.03 #0803 0.1 +0.02
FS 5.8+0.14 2.3x0.12 0.8+0.11 0.3+x0.03 @03 0.1+0.01

NC: Negative control

FSO :Flaxseed Oil group

C:HPositive control
FBxseed
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FOllow Table (8):Effect of adjusting6 : ® 3 ratio flaxseed and flaxseed oil on
organs weight of rat fed high fat diet

Treatments kidney relative heart relative brain atiek
NC 1.4+0.20 0.7+0.31 0.7 £0.10 0.4 +£0.05 A0112 0.7+0.12
PC 1.6+0.18 0.7 £0.05 0.7 £0.1d 0.3+0.04 HA®04 0.5+0.08

FSO 15+0.15 0.6 £0.13 0.7 £ 0.07 0.3+0.03 #M05 0.6 £0.09
FS 1.5+0.22 0.6 £0.07 0.7 £0.04 0.3+0.02 HAMO03 0.6 £0.02
NC: Negative control PC: Positive control
FSO :Flaxseed Oil group Flxseed

The obtained data in table (8) illustrated thateh&as a decrease in
liver weight in G and G (FSO and FS) compared with PC. The decrease in
liver weight may be due to enhanced of cataboliocgsses such as
glycogenolysis, Lipolysis and proteolysis, thessuls are in agreement
with those obtained by Yadast al., (2004). Results in the same table
showed that there were no significant differencetsvben NC and each of
FS and FSO in liver weight, on the other hand thees a significant
difference between such groups and PC.

In the same table there were no significant diffees among
relative weight of each of pancreas and heartligralips.

However, there were no significant differences agndime mean

values of relative weights for spleen and kidney*80 compared with the
negative control.

Regarding brain relative weight of FSO and FS, Reslhowed no
significant difference between such groups, whilsignificant difference
was found among FS and each of the negative antiveosontrol.

Histopathology
Liver of control rats showed normal hepatic pargmca with

normally arranged hepatic cords (fig. 1a) and nbkithney tissue (fig. 2a).
Whereas Liver of control +ve group showed diffwaeuolar degeneration
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of hepatocytes (fig. 1b) and sinusoidal leukocyog$tortal area showed
marked congestion of portal blood vessels assatiatth extensive portal
edema, hyperplasia of biliary epithelium and markekatkening of the

arteriolar lumen (fig. 1c).

Kidney showed variable histopathological alterasiorarying from
glomerular congestion ( fig. 2b), mesangial expamsith vacuolar
degeneration of the surrounding renal tubules ( #g ) and focal
glomerulosclerosis (fig. 2d) . Renal tubules regdagranular degeneration
of their epithelial lining with nuclear pyknosis danintracytoplasmic
aggregation of hyaline droplets (fig. 2e), tubuddatation and intraluminal
aggregation of protein cast (fig. 2f) as well amgestion of intertubular
blood capillaries and mild focal interstitial monmtear cell infiltration
associated with perivascular edema.

Group 5 showed alleviated histopathological alterst compared to
the control positive group. Liver showed mild valewodegeneration of
hepatocytes with mild sinusoidal leukocytosis (figl) and mild portal
edema (fig. 1e). Kideney revealed necrosis of iidia cells lining renal
tubules (fig. 29).

Group 10 showed less improved histopathologicakradtons
compared to group 5 as liver showed focal hepagatgsis (fig. 1f) and
sinusoidal leukocytosis and extensive portal eddfidney showed mild
vacuolar degeneration of some epithelial cellswnenal tubules associated
with tubular dilatation (fig. 2h). .
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Fig (1):Liver of the control and treated groups
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Fig (2):kidney of the control and treated groups
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