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Abstract

This study was undertaken to determine the effect of flaxseed powder and
goat meat products fortified with flaxseed powder on the quantity of liver en-
zymes, lipid fraction and kidney function of rats suffering from hyperlipidemia.
Two main experimental groups used in this experiment. The first group (6 rats)
fed on basal diet as a control negative, while the second one (54 rats) was treated
with cholesterol in cholic acid (2:1 2.1gm/group) to arise hyperlipidemia levels
of experimental animals. Then, the second main group was divided into nine
subgroups. Subgroup (1) (6 rats) fed on basal diet as positive control group. Sub-
groups (2 and 3) fed on diet containing 10% and 20% row goat meat, respec-
tively. Subgroups (4 and 5) fed on diet containing 10% and 20% flaxseed pow-
der, respectively. Subgroups (6 and 7) fed on diet containing 10% and 20% bur-
ger, respectively. Subgroups (8 and 9) fed on diet containing 10% and 20% meat
loaves, respectively.

The positive control group induced defectiveness in all parameters. Feeding
rats with diets containing the two levels from flaxseeds powder, row goat meat
and goat meat products fortified with flaxseed powder led to significant decrease
in serum cholesterol, triglycerides (p<0.001), low density lipoprotein (p<0.01),
uric acid (p<0.001), urea nitrogen (p<0.001), creatinine (p<0.001) and liver en-
zymes ASAT (p<0.001) and ALAT (p<0.001), while high density lipoprotein in-
creased significantly (p< 0.05) as compared to the positive control group.

Keywords: flaxseeds powder, row goat meat, goat meat products fortified with flaxseed
powder, lipid profile, liver function and kidney function.

1. Introduction
American heart association

(TAG) as well as reduced levels of
plasma high density lipoprotein cho-

(AHA) defined hyperlipidemia is a
high level of fats in the blood. These
fats, called lipids include cholesterol
and triglycerides. There are different
types of hyperlipidemia depending on
which lipid levels are high in the
blood (Jain et al., 2007). Elevated
levels of plasma total cholesterol
(TC), low-density lipoprotein choles-
terol (LDL-C) and triacylglycerol

lesterol (HDL-C) are often associated
with an increased risk of coronary
heart disease (Smith et al., 2004).
Hypercholesterolemia is a condition
characterized by very high levels of
cholesterol in the blood. (Adaramoye
et al., 2008). Hypercholesterolemia is
one of the most important risk factors
for atherosclerosis and subsequent
cardiovascular disease (Steinberg,



2002). Feeding animals with choles-
terol has often been used to elevate
serum or tissue cholesterol levels to
study the etiology of hypercholes-
terolemia-related metabolic distur-
bances (Bocan, 1998). Exogenous
hypercholesterolemia  causes  fat
deposition in the liver and depletion
of the hepatocyte population; it can
also cause malfunctioning of the
liver, which apparently follows micro
vesicular stenosis due to the intracel-
lular accumulation of lipids (Assy et
al., 2000). In addition, feeding cho-
lesterol rich diets induces free radical
production (ROS), followed by oxi-
dative stress and hypercholes-
terolemia (Bulur ef al., 1995).

During the past decades many
studies have focused on improving
lipid profiles (as one of the most im-
portant risk factors of chronic dis-
eases) by planning a better diet or in-
troducing herbal treatments. Thus,
many plants were proposed to have
health benefits in reducing blood lipid
profile (Oplinger ef al. 1989).

Flaxseed flour (FF) is ranked
among the very important functional
foods because of its very high content
of alpha-linoloenic acid (ALA), die-
tary fiber, lignin, flavonoids, pheno-
lics and good quality protein (Ber-
glund, 2002). It is unique among oil
seeds due to its high content of muci-
lage and gums in the outer layer of
seeds and contains mainly xylose,
rhamnose, galactose, glucose, arabi-
nose, fucose and galacturonic acid
(Chen et al., 2007). The whole seed
and oil of flax had been used for edi-
ble purposes in some European and
Asian countries. According to Daun
et al. (2003), flaxseed oil usually con-
tains greater than 50% of ALA. There
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is more information on the use of
flaxseed in bakery products (Lipilina
and Ganj, 2009) and meat products
(Valencia et al., 2008). The water
binding and emulsifying properties of
flaxseed mucilage had contributed to
its use in selected food systems (i.e
fish sauce, ice-creams and meat
emulsions) (Singer et al., 2011).

Nutritionally, goat is an impor-
tant source of high quality proteins,
healthy fats, and with low calorie, in-
tramuscular fat, saturated fat, and so-
dium contents. Additionally, goat
meat has high levels of iron, potas-
sium and essential amino acids,
which should range it within the
category of high quality meat (Hor-
cada et al., 2012).Meat from goats
had gained acceptance mainly be-
cause of its lower fat content than
beef and lamb meat. Therefore, it re-
quires low-heat and slow cooking to
preserve tenderness and juiciness
(Madruga et al., 2008). On the other
hand, the appearance, tenderness, fla-
vor, and juiciness properties are im-
portant categories affecting goat meat
acceptability (Dhanda et al., 1999 and
Silva et al., 2011). This study was
undertaken to determine if flaxseed
powder, row goat meat and goat meat
products fortified with flaxseed pow-
der would alter the quantity of liver
enzymes, lipid fraction and kidney
function of rats suffering from hyper-
lipidemia.
2. Materials and Methods

2.1. Materials

- Chevon meat (rib cut and
round cut) was obtained from Assiut
slaughterhouse (1 year old) and
stored at 4 °C until use

- linseed was obtained from ag-
riculture researches center, dried at
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170° then, grinding as powder to for-
tified goat meat products.

- Commercial kits used for de-
termination of TC (total cholesterol),
TG (triglyceride), HDL-C (high den-
sity  lipoprotein-cholesterol), ALT
(alanine aminotransferase) AST (as-
partate aminotransferase), Creatinine,
Urea & Uric Acid were purchased
from AL-GOMHORIA COMPANY
for diagnostic materials.

Table 1. Formulations of meat loaves (g)*.

2.2. Methods

2.2.1. Preparation of meat
products:

Four kilograms of meat was
minced using a meat mincer. Four
different formulations (burger 10%,
burger 20%, meat loaves 10%, and
meat loaves 20%) were prepared (Ta-
bles 1 and 2).

Ingredients Meat loaves 10% Meat loaves 20%
Cheavon Meat 695 595
Salt 5 5
Black Pepper powder 5 5
Nutmeg 5 5
Parsley crunched 15 15
Egg 50 50
Canned Tomatoes 100 100
Bread Crumbs 25 25
Flax seeds powder 100 200
*(Saba, 2010)
Table 2. Formulations of burger (g)*.
Ingredients burger10% Burger 20%
Cheavon Meat 790 690
egg 50 50
Grated potatoes 40 40
salt 5 5
Nutmeg 5 5
Onion powder 5 5
Black Pepper powder 5 5
Flax seeds powder 100 200

*(Saba, 2010)

2.2.2. Biological Methods:

The study included (60) Albino
Rats, their weights range between
(100g — 120g). They were obtained
from the animal house of the faculty
of Medicine, Assiut University. The
animals were housed as groups in
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wire cages under the normal labora-
tory conditions and were fed on basal
diets for two weeks as adaptation pe-
riod. Then the rats were fed for four
weeks on treatment materials. The
rats were divided into (10) groups,
each group consisted of (6) rats.




Group (1): the negative control
group (feed on basal diet)

Group (2): the positive control
group (feed on fat rich diet)

Group (3): feed on fat rich diet
in addition to 10% powder of goat
meat

Group (4): feed on fat rich diet
in addition to 20% powder of goat
meat

Group (5): feed on fat rich diet
in addition to 10% powder of linseed

Group (6): feed on fat rich diet
in addition to 20% powder of linseed

Group (7): feed on fat rich diet
in addition to 10 % powder of forti-
fied burger with 10% powder of lin-
seed

Group (8): feed on fat rich diet
in addition to 10 % powder of forti-
fied burger with 20% powder of lin-
seed

Group (9): feed on fat rich diet
in addition to 10 % powder of forti-
fied meat loaves with 10% powder of
linseed

Group (10): feed on fat rich diet
in addition to 10 % powder of forti-
fied meat loaves with 20% powder of
linseed
Table 3. Ingredients of basal diet

Ingredients Percentage
Corn starch 67.8 %
Casein 12.5 %
Corn oil 10 %
mixture of vitamins 1 %
mixture of salt 3.5%
Choline Chloride 0.2 %
Cellulose 5%

*(AIN) American Institute of Nutrition.

2.2.3. Preparation of Biotical
Samples

After the end of experiments,
the blood samples were collected into

centrifuge tube. The collected blood
was placed 30-40 min for clot forma-
tion, and then the serum was sepa-
rated by centrifugation at 3000 rpm
for 15 min. Then the serum frozen at
-20C for analysis.

2.2.4. Measurement of Bio-

chemical
Serum total cholesterol level,
serum triglycerides level, serum

HDL-c¢c and serum LDL-cholesterol
level, were determined according to
the method described by Artiss &
Zak (1997), Cole et al. (1997),
Lopes-Virella et al. (1977) and Wie-
land & Seidel (1983) respectively.
While, serum alanine aminotrans-
ferases (ALAT) and aspartate ami-
notransferases  (ASAT) activities
were determined according to the
method described by Schumann and
Klauke, (2003) serum creatinine ac-
tivity, serum urea activity were de-
termined according to the method de-
scribed by Young (2001) and serum
uric acid level were determined ac-
cording to the method described by
Barham and Trinder (1972).

2.2.5. Statistics:

All data were expressed as
Means+SD. Groups of data were
compared with t-test, values of P <
0.05, P <0.01 and P <0.001 were re-
garded as significant.

3. Results and Discussion

3.1. Serum Cholesterol,
Triglyceride, HDL&LDL (mg/dL):

Tables (4&5) and figures (1-4)
shows the mean values of total cho-
lesterol, triglycerides, HDL and LDL-
cholesterol in serum rats. All treat-
ments groups of flaxseed, row goat
meat and goat meat products fortified
with flaxseed powder compared to
the positive control group. The data
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showed significant decrease in total
cholesterol level in treatment groups;
row meat 10%, row meat 20%, flax-
seed 10%, flaxseed 20%, burger 10%,
burger 20%, meat loaves 10% and
meat loaves 20% by 27.1, 19.2, 21.5,
46.5, 36.3, 25.52, 41.2 and 22.4 %
respectively. A similar effect has
been observed in case of triglyc-
erides. The data showed significant
decrease in total triglycerides level in
treatment groups; row meat 10%, row
meat 20%, flaxseed 10%, flaxseed
20%, burger 10%, burger 20%, meat
loaves 10% and meat loaves 20% by
27.2,21.7,18.3,26.3,35.2,31.8,31.6
and 36.8 % respectively. While HDL-
cholesterol showed insignificant in-
crease by all treatments of flaxseed,
row goat meat and goat meat prod-
ucts fortified with flaxseed powder.
Except in the case of 20% burger was
low significant. On the other hand
LDL-cholesterol showed significant
decrease in all treatment groups; row
meat 10%, row meat 20%, flaxseed
10%, flaxseed 20%, burger 10%,
burger 20%, meat loaves 10% and
meat loaves 20% by 8.5, 13.6, 12.6,
11.6,9.2, 8.3, 11.1 and 9.9 % respec-
tively.

Flaxseed has approximately
57% ALA in 100g of oil (Barcelo-
Coblijn & Murphy, 2009) and is one
of the richest sources of ALA. Ei-
cosapentaenoic acid (EPA) and doco-
sahexaenoic acid (DHA), which are
converted from ALA in the body,
have anti-inflammatory factor and
have effect on reducing the risk of
many chronic diseases like athero-
sclerosis, cardiovascular  disease
(CVD), cancer and hyperlipidemia
(Zhang, et al. 2008; Simopoulos,
2002). Although in literature the con-
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version efficacy of ALA to EPA and
DHA is mentioned to be below 0.6%
in animal models (Su, et al. 2001),
many literatures have related the hy-
pocholesterolemic effect of flaxseed
to high ALA content of flaxseed oil
(Vijaimohan, et al. 2006; Riediger et
al. 2008). Flaxseed is also the richest
source of Secoisolariciresinoldigluco-
side (SDG), approximately 1% of
flaxseed dry weight is SDG (Meagher
& Beecher, 2000). Literatures also
suggest that flaxseed lignans have
blood lipid profiles improving effects
(Zhang, et al. 2007). Lignans are es-
trogen like components which also
have antioxidant activity in reducing
the oxidative damage in many dis-
eases like heart disease, cancer and
diabetes (Vanharanta, et al. 2003;
Prasad, 2000; Prasad, 2001). Besides,
the high fiber content of flaxseed
(approximately 27 g fiber per 100 g)
can also contribute to the hypocholes-
terolemic effect of flaxseed. Two
mechanisms for the effect of dietary
fiber are proposed. First that dietary
fiber can reduce oxidation of glucose
and lipids, besides it can provide a
healthy intestinal environment. An-
other mechanism is that dietary fiber
can reduce inflammation by changing
adipocytokines in adipose tissue and
reducing blood cholesterol by inter-
rupting enterohepatic circulation of
cholesterol or by fat binding proper-
ties (King, 2005). Many studies
unanimously  addressed  different
sources of fiber as cholesterol lower-
ing and lipid profile improving factor
(L1, et al. 2003). Therefore the lipid
profile improving effect of flaxseed
can be mostly due to the existence of
high level of ALA, lignans and fiber
in flaxseed. Thus by increasing the



dosage of flaxseed in diet the blood
lipid profile improving effect of flax-
seed increases. Prasad (1997) con-
cluded that the reduction in hypercho-
lesterolemic atherosclerosis by flax-
seed is due to a decrease in serum to-
tal cholesterol and LDL cholesterol.
Also, they indicated that the anti-
atherogenic activity of flaxseed is in-
dependent of its a-linolenic acid con-
tent. Mandasescu et al. (2005) inves-

tigated the effect of daily consump-
tion of dietary flaxseed (as a source
of linolenic acid, LNA) on plasma
lipid concentrations in mildly hyper-
lipidemic patients, and reported that
flaxseed supplementation was associ-
ated with significant reductions in TC
(-17.2%), LDL-C (-3.9%), TG
(36.3%) and TC/HDL-C ratio (-
33.5%).

Table 4. Mean values of serum Cholesterol, Triglycerides, HDL&LDL of normal
diet, high fat diet and high fat diet animal groups treated with flaxseed, row
goat meat and goat meat products.

Parameters
G Cholesterol HDL LDL Triglyceride
roups
Gp 1 M=£SD 96.3+4.6 30.3+2.00 50.3+£2.00 112.946.1
Gp2 M=£SD 166.9+£7.7 25.4+1.9 58.8+£2.3 180.00+2.3
Gp3 M+SD 121.6+5 27.6x1.1 53.8+1.00 131.1+£6.6
Gp 4 M+£SD 134.9+£10.8 27.6+1.7 50.8+£2.3 140.9+6.00
Gp 5 M+SD 131£15.2 26.9+1.9 51.4+3.7 147+11.3
Gp 6 M+SD 89.3+8.9 28.1£2.5 52.00£2.3 132.6+7.5
Gp7 M+SD 106.4+8.8 27.00£2.2 53.44+2.5 116.6£5.2
Gp 8 M+SD 124.3£11.8 28.4+1.4 53.94+0.6 122.7+6.3
Gp9 M=+SD 98.1+10.6 27.1+0.4 52.3+1.9 123.2+5.8
Gp 10 M+SD 129.5+6.8 27.00£1.3 53.00+2.7 113.8£7.7

Table 5. Students t-test values for cholesterol, triglyceride, LDL and HDL in the
serum of male Albino rats.

Parameters
Groups Cholesterol HDL LDL Triglyceride
Gp2& Gp3 9.754%** 1.824 NS 4.575%* 21.007%**
Gp2& Gp4 5.403%* 2.228 NS 4.922%* 15.266***
Gp2& Gps 5.191%%* 1.029 NS 4.231** 6.432%**
Gp2& Gpb 22.775%** 2.478 NS 3.874%* 15.196%***
Gp2& Gp7 23.844%** 1.840 NS 3.181%* 29.651%**
Gp2& Gp8 10.385%*** 3.281%* 5.881%* 23.091%**
Gp2& Gp9 10.129%*** 2.160 NS 4.468** 23.851%**
Gp2& Gpl0 11.294%*%* 1.396 NS 5.320%* 18.233 %%

*: low significance (P<0.05).**: highly significance (P<0.01).

*#%: highly highly significance (P<0.001).N.S: non significance (P>0.05).
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Figure 1. Mean values of serum cholesterol of herbal treated and high fat diet

groups comparing with control groups.
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Figure 2. Mean values of serum Triglyceride of herbal treated and high fat diet animal
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Figure 3. Mean values of serum LDL-Cholesterol of herbal treated and high fat diet

animal groups comparing with control groups.
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Figure 4. Mean values of serum HDL-Cholesterol of herbal treated and high fat diet
animal groups comparing with control groups.

3.2. Serum Creatinine, Urea &
Uric Acid (mg/dl):

Tables (6&7) and figures (5, 6 and
7) shows the mean values of creatinine,
urea, and uric acid in serum of male
Wistar albino rats (Rattus norvegicus).
All treatments groups of flaxseed, row
goat meat and goat meat products forti-
fied with flaxseed powder compared to
the positive control group. The data
showed highly highly significant de-
crease in creatinine level in treatment
groups; row meat 10%, row meat 20%,
flaxseed 10%, flaxseed 20%, burger
10%, burger 20%, meat loaves 10% and
meat loaves 20% by 31.8, 22.7, 31.8,
40.9, 36.4, 36.4,27.3 and 27.3% respec-
tively. A similar effect has been ob-
served in case of urea. The data showed
highly highly significant decrease in urea
level in treatment groups; row meat
10%, row meat 20%, flaxseed 10%, flax-
seed 20%, burger 10%, burger 20%,
meat loaves 10% and meat loaves 20%
by 40.9, 37.8,47.4, 55.5, 46.8, 34.3, 38.5
and 34.2 % respectively. Also, a similar
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effect has been observed in case of uric
acid. The data showed highly highly sig-
nificant decrease in uric acid level in
treatment groups; row meat 10%, row
meat 20%, flaxseed 10%, flaxseed 20%,
burger 10%, burger 20%, meat loaves
10% and meat loaves 20% by 31, 33.8,
45.1, 32.4, 33.8, 28.2, 31 and 26.8 % re-
spectively.

Clark et al, (1995) demonstrated
that flaxseed consumption decline sig-
nificantly serum creatinine with 30 and
45 g. There was a concomitant increase
in creatinine clearance with increasing
flaxseed dose. Proteinuria was reduced
with 30 g and to a lesser extent with 45 g
of flaxseed. In conclusion, 30 g flax-
seed/day was well tolerated and con-
ferred benefit in terms of renal function
as well as inflammatory and atherogenic
mechanisms important in the pathogene-
sis of lupus nephritis. Abdel-Moneim et
al. (2011) suggested that administration
of flaxseed oil decreased the levels of
serum creatinine, blood urea nitrogen
and uric acid.
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Table 6. Mean values of serum creatinine, urea & uric acid of normal diet, high fat
diet and high fat diet animal groups treated with flaxseed and goat meat

products.

Groups Parameters Creatinine Urea Uric Acid
Gp 1 M=SD 1.2+0.07 41.3£1.9 4.6+0.3
Gp2 M=SD 2.2+0.09 106.3+4.5 7.1+0.3
Gp3 M=SD 1.5£0.1 62.8+£5.9 4.9+0.4
Gp4 M=SD 1.7+0.09 66.1£5.9 4.7+0.3
Gps M=SD 1.5+0.1 55.945.2 3.9+0.3
Gp 6 M=SD 1.3+0.07 47.3+£3.9 4.840.8
Gp7 M+SD 1.4+0.1 56.5+8.2 4.7+0.7
Gp 8 M+SD 1.4+0.1 68.84+2.1 5.1+0.5
Gp9 M=SD 1.6£0.07 65.4+8.1 4.9+0.4
Gp 10 M=SD 1.6+0.09 69.9+£5.8 5.240.5

Table 7. Students t-test values for creatinine, urea and uric acid in the serum of
male Albino rats.

Parameters
Groups Creatinine Urea Uric Acid
Gp2& Gp3 14.128**x 16.270%*** 10.185***
Gp2& Gp4 7.196*** 12.369*** 11.319*%x*
Gp2& Gp5 12.384**x* 18.060*** 20.154***
Gp2& Gp6 16.453**x 26.166%** 7.106%**
Gp2& Gp7 12.374*xx 13.080*** 8.601***
Gp2& Gp8 8.909**=* 22.115%** 8.814**x*
Gp2& Gp9 15.209**x* 11.507*** 13.054**x*
Gp2& Gpl0 9.209**x* 8.978**x 8. 21 1#**

*: low significance (P<0.05).**: highly significance (P<0.01).
*#%: highly highly significance (P<0.001).N.S: non significance (P>0.05).
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Figure 5. Mean values of serum Creatinin of herbal treated and high fat diet animal
groups comparing with positive control groups.
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Figure 6. Mean values of serum Urea of herbal treated and high fat diet animal groups
comparing with positive control groups.
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Figure 7. Mean values of serum Uric Acid of herbal treated and high fat diet animal
groups comparing with positive control groups.

3.3. Serum alanine aminotrans-
ferase (ALAT) and Aspartate ami-
notransferases  (ASAT) activities
aunm:

Tables (8 and 9) and figures (8&9)
shows the mean values of ALAT and
ASAT activities in serum of male Wistar
albino rats (Rattus norvegicus). All
treatments groups of flaxseed, row goat
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meat and goat meat products fortified
with flaxseed powder compared to the
positive control group. The data showed
highly highly significant decrease in
ALAT level in treatment groups; row
meat 10%, row meat 20%, flaxseed 10%,
flaxseed 20%, burger 10%, burger 20%,
meat loaves10% and meat loaves20% by
35.8, 31.3, 32.7, 28.8, 22.3, 32.5, 36.8
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and 29.8% respectively. A similar effect
has been observed in case of ASAT. The
data showed highly highly significant
decrease in ASAT level in treatment
groups; row meat 10%, row meat 20%,
flaxseed 10%, flaxseed 20%, burger
10%, burger 20%,meat loaves10%and
meat loaves 20% by 32.3, 34.2, 34.5,
32.8, 26.4, 32.3, 38 and 32.9 % respec-
tively.

Hemmings and Song (2005) men-
tioned that flaxseed consumption con-
ferred greated protection against liver
injury in the males than in the females
which suggests an involvement of the
estrogenic lignan component of flaxseed.
This hepatoprotection is through a flax
lignan-induced increase in reduced glu-
tathione related to a flax effect on the
activity of liver gamma GT in the resting
state and the maintenance of its activity
in response to injury. Abdel-Wahab and
Aly (2005) observed that treatment with
clove and cardamom effectively de-
creased liver enzyme levels in the serum.
This can be attributed to the presence of
antioxidant in clove and cardamom
which contain phenolic compounds that
can act by scavenging free radicals.
Faseehuddin Shakir and Madhusudhan
(2007) Suggested that, the activities of
serum marker enzymes glutamate ox-

aloacetate transminase (GOT), glutamate
pyruvate transaminase (GPT) and alka-
line phosphatase (ALP) were elevated
significantly in carbon tetrachloride -
duced rats. Administration of flaxseed
chutney (15%, w/ w) resulted in deple-
tion of serum marker enzymes and ex-
hibited recoupment thus showing sig-
nificant hepatoprotective effect. It was
observed that flaxseed chutney supple-
mented diet could lower the serum cho-
lesterol and as a potential source of anti-
oxidants it could exert protectionagainst
hepatotoxic damage induced by carbon
tetrachloride (CCH4) in rats. Sadeek and
Abd El-Razek (2010) reported that se-
rum AST, ALT, ALP, total bilirubin
were significantly lower (p < 0.05) after
five weeks intake of 2% clove and 2%
cardamom in iron overloaded rats.
Conclusion

Flaxseed powder resulted in im-
provement of shelf-life of industrial meat
products because it contains antioxidants
and polyphenols. In addition to, im-
provement of organic and sensor peculi-
arities for meat products and consumer
acceptance, flaxseed has an effective
role in reducing cholesterol levels and its
fractions.

Table 8. Mean values of serum ALAT and ASAT activity of normal diet, high fatty
diet and high fatty diet animal groups treated with flaxseed and goat meat

products.
Parameters ALAT IU/L ASAT IU/L
Groups
Gp | M=SD 33.6£3.6 38.9+1.9
Gp 2 M=SD 60.00+2.7 70.8+3.2
Gp 3 M=SD 38.542.5 47.9+12
Gp 4 M=SD 41.242.9 46.6+51
Gp s M=SD 40.4+3.7 46.4+49
Gp 6 M=SD 427523 47.6+35
Gp 7 M=SD 46.654.1 52.1%5.1
Gp 8 M=SD 40.551.2 47.9+5.9
Gp 9 M=SD 37.941.5 43.9+3.4
Gp 10 M=SD 42.1+2.4 47.5£3.9
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Table 9. Students t-test values for ALAT and ALST in the serum of male Albino

rats.
Parameters
ALAT IU/L ASAT IU/LL
Groups
Gp2& Gp3 15.755*** 18.311***
Gp2& Gp4 12.763%** 9.079%**
Gp2& Gp5 11.456*** 18.203***
Gp2& Gp6 9.842%*x* 19.669***
Gp2& Gp7 7.262%** 17.388***
Gp2& Gp8 23.296*** 7.842%**
Gp2& Gp9 16.264%** 11.612%%*
Gp2& Gpl0 8.665%** 9.183**x*
*: low significance (P<0.05). **: highly significance (P<0.01).
***: highly highly significance (P<0.001).  N.S: non significance (P>0.05).
70
e 60
T | 50
L [ 40
30
20
10
0
GP1 GP2 GP3 GP4 GPS GP6 GP7 GP8 GP9 GP10O

Figure 8. Mean values of serum ALAT activity of herbal treated and high fatty diet
animal groups comparing with positive control groups.
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Figure 9. Mean values of serum ALST activity of herbal treated and high fatty diet
animal groups comparing with positive control groups.
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