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ABSTRACT

Hyperlipidemia is a known risk factor for the development of cardiovascular disease including
atherosclerosis. This study was designed to evaluate the effect of oral intake ofTaurine (TU) on lipid
profile, glucose, insulin, insulin resistance (HOMA) in serum and anti-oxidant enzyme activities catalase
(CAT), superoxide dismutase (SOD), reduced glutathione(GSH) and L-MDA, in liver of high fat diet
induced hyperlipidemia in male albino rats by feeding high fat diet.One hundredmale albino rats were
divided into four equal groups of 25 rats each Group I :( Control normal group): rats fed normal diet.
Group II: (hyperlipidemic group): rats fed high fat diet (HFD) and administered no drugs. Group III
(HFD +TU): rats fed HFD and administeredtaurine once daily (500 mg/kgb.wt./day, orally) for 8 weeks.
Group IV (control positive): rats received the control normal diet andadministered taurine once daily
(500mg/kg b.wt. Orally) for 8 weeks. Blood samples were collected after 3, 6 and8 weeks from the
onset of taurine administration for determination of serum glucose, insulin, insulin resistance, total
cholesterol(TC), triacylglycerol(TAG), phospholipids, Low density lipoprotein-cholesterol (LDL-c),
Very low density lipoprotein-cholesterol (VLDL-c) and High density lipoprotein-cholesterol (HDL-c)
levels in addition to antioxidant enzymes activities in liver (CAT),(SOD),(GSH) and MDA
concentration in liver tissue .the obtained results revealed that, rats fedHFD exhibited significant
elevation of serum TC, TAG, ( VLDL-C), MDA with marked decreased in serum phospholipids
concentrations compared to rats fed normal diet. Meanwhile, administration of taurine to HFD-fed rats
tended to prevent hyperglycemia, improve dyslipidemia and other changes relevant to high fat diet
mainly through improving activities of anti-oxidant enzyme and scavenging free radical and
enhancement cholesterol metabolism to convert it to bile salts, which consequently reduce lipid profile
in serum and insulin resistance. These results suggest that, taurine is effective in improving the obesity
and coronary heart disease.
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1.INTRODUCTION

ifestyle-related  disorders, namely respectively  (Department of Health,
l]c:besity, diabetes, hyperlipidemia and Executive Yuan, ROC, 2008). The common

ypertension, are threatening human epidemic reason for hyperlipidemia is
health and are regarded as important risks in excessive or improper lipid intake.
the development of cardiovascular disease Hyperlipidemia is a condition associated
(CVD). CVD has been the first cause of with increased level of lipids and
human death in the United States and cholesterol in plasma leading to various
Taiwan.(Lloyd-Jones et al.,, 2009) disorders including coronary artery disease.
Cerebrovascular disease, heart disease, and Hyperlipidemia is a highly predictive risk
hypertensive disease are second, third, and factor for atherosclerosis, Coronary artery
tenth major causes of death in Taiwan, disease and cerebrovascular disease
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(Mohaleet al., 2008). Obese individuals
develop resistance to the cellular actions of
insulin, characterized by an impaired ability
of insulin to inhibit glucose output from the
liver and promote glucose uptake in fat and
muscle (Hribal et al., 2002).
Hyperlipidemia also induces oxidative
stress, and malondialdehyde (MDA) is one
of the products in lipid peroxidation.
Plasma MDA levels increased markedly in
animals with obesity and diabetes
mellitus.This elevation indicatedincrease of
lipid oxidation in tissues (Moussa, 2008).
Humans with apparent increase in
Malondialdehyde- Modified LDL were
shown to be more predisposed to
developing arteriosclerosis. Dietary
cholesterolcan increase the level of serum
cholesterol to levels which can place an

individual at increased risk for the
development  or  exacerbation of
atherosclerosis (Olubaetal., 2008).

Coronary Heart Disease (CHD) increases
dramatically as the plasma concentration of
LDL - cholesterol increases.Consequently,
the development of methods for lowering
LDL cholesterol levels has become a major
focus of medical research. (Oluba et al.,
2008). Antioxidants are known to play a
vital role in preventing many of the health
disorders associated with aging, including
degenerative diseases such as diabetes,
Alzheimer's disease, and cardiovascular
disease. Medical researchers continue to
discover new antioxidant compounds as
well as new applications for these protective
nutrients.Amino  acids  have  been
recognized as  important  signaling
mediators in different cellular functions
(Jim, 2005). Taurine (TA) is a sulphur
containing B-amino acid and an antioxidant
that is present in most animal tissues and it
is essential for the normal functioning of
different organs (Brosnan and Brosnan,
2006). The source of (TA) in the body is
mainly from dietary intake from meat and
especially seafood (Ito et al., 2012).

2.2- MATERIALS AND METHODS
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2.1. Experimental animals:

One hundred white male Albino Wister rats
(8-10 weeks old age), weighing 165-225
gm. were used in the experimental
investigation of this study. Rats were kept
at constant environmental and nutritional
conditions throughout the period of
experiment. Animals were housed in
separate metal cages, fresh and clean
drinking water was supplied ad-libitum. All
rats were acclimatized for minimum period
of two weeks prior to the beginning of
study.

2.2. Ration and additives:

The animals were fed on constant ration
through the course of the experiment in the
form of concentrated diet composed of (7-
10% fat, 68-70% CHO, 18-20% protein, 1-
2% vitamins and minerals; 210 kcal/100
gr/day) normal control diet (NCD).

2.3. Taurine (2-amino ethane sulfonic

acid):

Taurine is supplied by GALL PHARMA,
Austria Pharmaceutical form: taurine 500
mg GPH capsules. Dosage: - taurine was
orally  administration  500mg\kg\day
Taurine was freshly prepared (dissolved in
0.9 % saline) and administered in daily oral
dose of 500 mg/kg body weight using
stomach tube for group III and group IV for
8 weeks.

2.4. Induction of hyperlipidemia :

The experimental induction of
hyperlipidemia inmale rats was induced by
feeding the rats on the prepared high fat diet
(HFD) for 21 days before the beginning of
the experiment. The high fat diet (HFD) was
prepared by adding of (1% cholesterol,
0.5% cholic acid, 5% hydrogenated fat) to
the normal chew. The diet was prepared and
necessary vitamins and minerals were
added. For fatty diet the chow, in powder
form, was mixed fat until become
homogenous in a dough-like consistency.
This dough was shaped with a paste
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injector. Obtained chow blocks were dried
and used for feeding (Altunkaynak, 2005).
21 days after hyperlipidemia induction,
treatment with taurine were given and
continued for eight weeks.

2.5. Design of the experimental work:

Rats under study were randomly divided
into four main equal groups, 25rats each,
placed in individual cages and classified as
follows: Group 1: Control Normal
group:received no drugs, served as control
non-treated for all experimental groups.
Group IT :( High fat diet): rats received high
fat diet (HFD), served as high fat diet
inducedhyperlipidemicrats group.

Group III: (HFD +taurine): rats were fed
HFD and administered taurine (500 mg/kg
b.wt./day/orally) for 8 weeks. Group IV:
(CND ++taurine): rats were maintained on
CND and received taurine (500mg/kg
b.wt./day/orally)for 8 weeks.

2.6. Sampling:

Blood samples: Blood samples were
collected at the third, sixth and eighth weeks
from the start of treatment with taurine.
Samples were collected from the venous
plexus located at the medial canthus of the
eye by heparinzed capillary tubes. The
collected blood was allowed to clot at room
temperature for an hour; and then
refrigerated for further an hour for clot
retraction. Clear serum were separated by
centrifugation at 3000 p.m. for 10 minutes
and then collected in Eppendrof’s tubes
using automatic micropipettes processed
directly for glucose determination then kept
in deep freezer at -20 °C for subsequent
biochemical analysis. Tissue samples
(Liver): After blood samples collection the
rats were sacrificed. Livers were removed,
rinsed in ice-cold 0.9% sodium chloride
solution, quick frozen in a deep freeze at -
20°C for subsequent biochemical analyses.
All liver samples were analyzed for the
determination of L-malondialdehyde (L-
MDA), antioxidant enzymes (Catalase and
superoxide dismutase) and reduced
Glutathione (GSH).
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2.7. Biochemical analysis:

Serum (TC), (TAG), HDL-c, LDL-c,
VLDL-c and  phospholipids  were
determined according to the method

described by Meiattini et al, (1978);
Buccolo and David, (1973); Lopes-
Virellaet al., (1977); Friedewald et al.,
(1972); Bauer, (1982); Takeyama et al,
(1977); respectively. Moreover, Serum
glucose, insulin and Homeostasis model
assessment for insulin resistance (HOMA-
IR) were determined according to the
method described by Tietz, (1995); Sacks,
(1994) and Haffneret al., (1997);
respectively. In addition to liver antioxidant
enzymes (CAT and SOD), reduced
glutathione (GSH) and L-MDA were
determined according to the method
described by Xu et al., (1997); Paoletti and
Macali, (1990); Beutler, (1963) and
Mesbahet al., (2004); respectively.

2.8. Statistical analysis:

The results were expressed as mean+SE and
statistical significance was evaluated by
two way ANOVA using SPSS (version
10.0) program followed by the post hoc test,
least significant difference (LSD). Values
were considered statistically significant
when p< 0.05.

3.RESULTS

3.1. Effect of treatment with taurine on
serum total cholesterol, triacylglycerol,
HDL-C, LDL-C and VLDL-C
concentrations, phospholipids, Glucose,
insulin and HOMA concentrations in
normal and high fat diet -induced
hyperlipidemia in male rats.

The obtained results in table (1) revealed
that, a significant increase in serum levels
of TC, TAGs,VLDL-c, glucose,insulin and
HOMA.On the other hand, a significant
decrease in serum phospholipids were
observed in high fat diet induced
hyperlipidemia rats groups after three
weeks of the experiment.
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Table (1): Effect of treatment with taurine on serum Glucose insulin and insulin resistance concentrations in normal and HFD —induced

hyperlipidemia in male rats.

Glucose
insulin(pIU/ml) Insulin resistance
(mg/dl)
Experimental
Groups 3 weeks 6 weeks 8 weeks 3 weeks 6 weeks 8 weeks 3 weeks 6 weeks 8 weeks
Group I:
(Control  113.46+ 3.68 90.48+5.33>  94.53+9.08% 2.25+0.25% 11.31£3.57* 16.54+1.49* 0.61+£0.06®® 2.41+0.81% 3.54+0.48°
negative NCD)
Group IT :
(HFD induced 130.76+£5.44* 119.37+9.23* 114.68+6.83? 3.07+£0.54* 15.13+2.65* 19.30+0.74* 1.03+£0.23* 4.79+0.85* 5.71+0.47*
hyperelipidemia)
Group I1II:
(HFD+taurine 91.34£8.80° 88.44+7.15°>  90.98+5.36° 1.71£0.41°  12.4942.78* 13.71+£0.30* 0.35+0.09° 2.64+0.80% 2.98+0.26°
500 mg/kg.b.wt)
Group IV:
( NCD-ttaurine b b b b b b b
109.132+7.83%° 81.37+7.14 95.194+6.532 1.20+0.07 10.93£1.04* 17.33£3.19* 0.31+0.04 2.11+0.37 4.03+£1.0%
500mg/kg.b.wt)

Data are presented as (Mean + S.E).

S.E = Standard error.

Mean values with different superscript letters in the same column are significantly different at (P <0.05).
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Table (2): Effect of treatment with taurine on serum total cholesterol, triacylglycerol and phospholipids concentrations in normal and HFD —

induced hyperlipidemia in male rats.

Total Cholesterol Triacylglycerols o
phospholipids (mg/dl)
(mg/dl) (mg/dl)
3 weeks 6 weeks 8 weeks 3 weeks 6 weeks 8 weeks 3 weeks 6 weeks
Group [:
(Control negative ~ 94.66+1.33%  71.43+£5.05°> 64.93+3.72°  87.49+4.37°  86.45£3.24° 73.70+6.51° 185.89+18.47* 81.98+14.24°
NCD)
Group IT :
(HFD induced ~ 125.32+11.62* 97.93+4.80* 98.27+11.67* 145.72+23.00* 106.65+9.16*° 105.22+4.67* 81.61£10.10° 64.70+6.68*
hyperlipidemia)
Group III:
(HFD+aurine500  99.98+8.69°  65.71+4.74°  73.03£5.79®  97.85£11.60° 69.98+4.58°  81.73+5.92°  89.61+5.77°  101.10+1.84°
mg/kg.b.wt)
Group IV:

(NCD-taurine 73.324£3.65°  71.86+2.95° 75.45+4.85° 109.75+7.96® 69.16+4.08° 78.88+6.46° 129.44+14.16° 76.48+15.37°
500mg/kg.b.wt)

Data are presented as (Mean = S.E). S.E = Standard error.
Mean values with different superscript letters in the same column are significantly different at (P <0.05).
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Table (3): Effect of treatment with taurine on serum high density lipoprotein cholesterol (HDL-c), Low density lipoprotein cholesterol (LDL-c)

and Very low density lipoprotein cholesterol (VLDL-c) concentrations in normal and high fat diet-induced hyperlipidemia in male rats.

Parameters HDL-C (mg/dl) LDL-C (mg/dl)

VLDL-C(mg/dl)

Experimental

3 weeks 6 weeks 8 weeks 3 weeks 6 weeks 8 weeks

groups

3 weeks

6 weeks

8 weeks

Group [:

(Control negative

36.48+128% 28.80+1.012 20.96+0.89°  40.69+2.17*°  25.34+4.25%  29.23+3.62°

(NCD)

Group IT :

(HFD induced 44.80+4.17* 37.1244.59° 26.72+1.38° 51.38+6.45*  39.48+4.29* 50.51+11.14*
hyperlipidemia)
Group III:
(HFD+taurine50
0 mg/kg.b.wt)
Group IV:
(NCD-taurine

500mg/kg.b.wt)

32.64+3.97° 19.36+1.02° 22.7242.05%®  47.77+13.45a  32.36+5.00°  33.97+4.86"

40.75+3.93% 36.56+10.69° 18.72+1.67° 10.99+5.78°  21.47+£13.65*°  40.95+7.36°

17.50+0.87"

29.14+4.60*

19.57+2.32P

21.59+1.21%®

17.29+0.65°

21.33+1.83*

14.00+0.92°

13.83+0.82°

14.74+1.30°

21.04+0.93%

16.35+1.18°

15.78+1.29°

Data are presented as (Mean = S.E).  S.E = Standard error.
Mean values with different superscript letters in the same column are significantly different at (P <0.05).
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Table (4): effect of treatment with taurine on Catalase (CAT), Superoxide dismutase (SOD) and Reduced Glutathione (GSH) activities and L —
Malondialdehyde (L-MDA) concentrations in liver of normal and high fat diet induced hyperlipidemia in male rats.

CAT (mmol/min / gm SOD (U/ gm tissue) GSH (mg/min/ gm tissue) L — MDA (nmol/gm tissue)
Animal - tissue)
Groups weeks 6 weeks 8 weeks 3 weeks 6 weeks 8weeks 3 weeks 6 weeks 8 weeks 3 weeks 6 weeks 8 weeks
Group I 5.63+ 3.46+0. 3.73£0. 0.64+0. 0.39+£0. 0.44+0. 32.06£0. 28.54+2. 24.16x1. 73.46+8. 55.33+3. 53.59+4.
(Control
a a a a a a a b b b b b
negative NCD) 0.29 32 46 07 01 02 98 07 17 10 70 86
Group IT: 1.26+ 1.20+£0. 1.43+0. 0.47+£0. 0.36£0. 0.40+£0. 25.53+1. 24.41+£0. 21.02+1. 108.66+4 82.16£5. 75.76=%6.
(HFD induced
H o 0.13¢ 09b 13b 02° 028 028 06° 96° 17° .802 20a 242
yperlipidemia)
Group I 211+ 1.3440. 1.61+0. 0.36+0. 0.22+0. 0.25+0. 27.11+1. 40.43+1. 46.88+3. 72.80+8. 56.16+4. 38.98+3.
(HFD+taurine50
0 0.19° 09b 11° 04b¢ 02b 02b 71° 852 012 97 23b 82¢
mg/kg.b.wt)
Group IV: 2.14+ 0.97+0. 1.05£0. 0.24+0. 0.38+0. 0.39+0. 34.06=0. 25.86*x1. 42.60+2. 58.62+3. 72.38+1. 65.50+2.
(NCD-taurine
b b b c a a a b a b b ab
500mg/kg.b.wt) 0.24 11 11 03 01 03 64 35 35 38 85 60

Data are presented as (Mean = S.E).

S.E = Standard error.

Mean values with different superscript letters in the same column are significantly different at (P<0.05).
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Treatment of hyperlipidemic rats fed HFD
with taurine significantly decreased serum
TC, TAGs,VLDL-c, glucose, insulin and
HOMA .Meanwhile, the  value of
serumphospholipids non-significantly
increase in compared to HFD non treated
rats group.

3.2. Effect of taurine treatment liver MDA,
GSH, Catalase and superoxide dismutase in
normal and HFD —induced hyperlipidemia
in male rats.

The obtained results presented in table (2)
showed that, a significant increase in the
liver L- Malondialdehyde concentration
were observed in the HFD rats compared to
the control group,Meanwhile, a significant
decrease in GSH, Cat and SOD activity in
HFD non treated group. Treatments with
taurine significantly reduce level MDA. On

the other hand, taurine treatment
significantly elevated GSH level and
Catalaseactivity.
4.DISCUSSION
Hyperlipidemia, including
hypercholesterolemia and

hypertriglyceridemia, is a major risk factor
for the development of cardiovascular
diseases (Makni et al., 2008). Elevated
levels of plasma total cholesterol (TC), low-
density lipoprotein cholesterol (LDL-C)
and triglyceride (TG) as well as reduced
levels of plasma high density lipoprotein
cholesterol (HDL-C) are often associated
with an increased risk of coronary heart
disease (Smith et al., 2004). In addition,
hyperlipidemia can induce oxidative stress
in liver (Bolkent et al., 2005). Lipids have
been noted to perform important functions
in the body, but may cause various health
problems if present in excess amounts. The
term hyperlipidemia refers to the elevated
lipid levels in the body including high
cholesterol and high triglyceride levels
(Braamskamp et al., 2012). Lipids have
been considered as “fats” in the
bloodstream, which is commonly divided
into cholesterol and triglycerides. However,
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the cholesterol circulates in the bloodstream
and is involved in the structure and function
of cells, whereas, the triglycerides are either
used immediately or stored in the fat cells
(Tughetti et al., 2010). When plasma
cholesterol exceeds the level required, it
results in  the  development of
atherosclerosis and stroke (Inoue et al.,
2002).Atherosclerosis is an emphatically
serious condition where medium and large
arteries become clogged up by fatty
substances results in formation of plaques.
Disorders of lipid and lipoprotein
metabolism i.e. dyslipidemia are traditional
risk factors for atherosclerosis.
Accumulations of cholesterol and LDL are
main cause for formation of atherosclerotic
plaque, which results in strokes, heart attack
and eventually death (Turner, et al., 1998).
The obtained data presented in (Tables 1)
revealed that, a significant increase in
serum  glucose  concentration, non-
significant increase in serum insulin
concentration was observed in High fat diet-
induced hyprlipidemic rats all over the
period of the experiments when compared
with normal control group. In addition, a
significant increase in HOMA was
observed in High fat diet-induced
hyprlipidemic rats after eight weeks of the
experiments when compared with normal
control group. These results are nearly
similar tosung et al.; (2014) who
demonstrated that, Glucose levels in HFD
mice were higher than those of mice fed the
normal diet. High fat diet acts as a source of
saturated fat resulting in increase in body
weight, increase in  blood lipid
concentration and increase in blood glucose
levels(Pascot et al.; 2001) glucose and lipid
metabolism, caused by the changes in
energy expenditure (Tsutsumi et al.;2014).
High fat diet also alters both basal and stress
induced hypothalamic pituitary adrenal
activity to increase adrenal glucocorticoid
production in rats (Tannenbaum et al.,
1997). Elevated glucocorticoids can
subsequently lead to hypertriglyceridemia
by decreasing the level of lipoprotein lipase
(Mantha et al.; 1999). Insulin resistance has
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been shown to be the major contributing
factor to the metabolic syndrome, which
comprises a cluster of risk factors for
conditions such as obesity, dyslipidemia,
hypertension, and hyperglycemia (Kim et
al.; 2010). Our result with in agreement
with results reported previously by (Zhang
et al.; 2007) who has been shown that a
HFD results in significant increase in body
weight, blood glucose and insulin levels.
Release of free fatty acids by lipoprotein
lipase from increased serum triglycerides
cause lipotoxicity, which results in insulin-
receptor dysfunction. Free fatty acids also
produce oxidative stress. The release of
excessive free fatty acids provokes
lipotoxicity, as lipids and their metabolites
create oxidative stress. This affects adipose
as well as non-adipose tissue, accounting
for its pathophysiology in many organs,
such as the liver and pancreas, and resulting
in the metabolic syndrome (Gordon, 1997).

Treatment with Taurine to high fat
diet induced hyperlipidemia in male rats
resulted in significant decrease of serum
glucose of hyperlipidemic treated group all
over the period of the experiment,
significant decrease of serum insulin after
three weeks and significant decrease of
HOMA after three and eight weeks of high
fat diet induced hyperlipidemia treated
group with Taurine. There is evidence
indicating that taurine has hypoglycemic
properties due to the potentiation of the
effects of insulin (Lapsonet al.; 1983).
Finally, taurine antioxidant properties
protect pancreatic beta-cells against
oxidative stress-induced decrease in
function observed in some
pathophysiological conditions (Kaniuket
al.; 2007). These findings indicate that
taurine is involved in distinct central and
peripheral processes necessary for the
control of glucose homeostasis. However,
the exact mechanisms by which the amino
acid affects blood glucose levels are still
unknown (Carneiro et al.; 2009). It was
previously described that taurine modulates
the insulin signal transduction pathways by
inhibiting the cellular protein tyrosine
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phosphatase  activity that negatively
regulates insulin signaling. Thus, taurine
has the potential ability to prolong as well
as increase insulin signaling. It is also
possible that taurine being an antioxidant,
would make the cells less susceptible to the
consequence of stress-induced activation of
serine kinases (Nandhiniet al., 2005).

The obtained data presentedin
(Tables 2, 3) revealed that, a significant
increase in serum total cholesterol
concentration,  Triacylglycerol, = LDL-
cholesterol, VLDLwas observed in High fat
diet-induced hyprlipidemic rats allover the
period. A large body of evidence has been
presented showing that high-fat diet rich in
saturated  fatty  acid  results in
hyperlipidemia the pronounced increase in
Plasma cholesterol, TG and LDL levels in
hyperlipidemic rats is in agreement with
results reported previously by Xu etal.,
(2012) who demonstrated that, Plasma
lipids were significantly increase in rats Fed
a high-fat diet.The increased blood levels of
total cholesterol, Low Density Lipoprotein
Cholesterol (LDL-C) and Very Low
Density Lipoprotein Cholesterol (VLDL-C)
as well as lowered levels of High Density
Lipoprotein Cholesterol (HDLC) has been
identified in development of
hypercholesterolemia (Ross, 1999).
Excessive dietary intake of fat cause serum
cholesterol to rise by down regulating LDL
receptor synthesis as a result of which the
uptake of LDL-C via LDL receptor is
reduced which result in an increase of
bloodcholesterol level (Dietschy et al.,
1993).Therefore, the increased serum levels
in the lipid rich lipoproteins (LDL-C and
VLDL-C) indicate that more cholesterol
and triglyceride are been transported from
the liver to the extra-hepatic tissues to be
taken up by those tissues. The increase in
the serum HDL concentration may be due
to the boost of HDL- C biosynthesis
majorly in the liver and partly in the small
intestine. HDL- C particles are formed
basically from ApoAl and apoAll Apo
lipoproteins, whose expression were shown
to be influenced by  nutritional
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interventions, such as a switch from high-
carbohydrate to a high-fat diet to lipid rich
diet that was reported to increase the
production rate of apoA-I rather than its
clearance (Jiang et al., 2006). Treatment
with Taurine to high fat diet induced
hyperlipidemia in male rats significantly
decrease serum cholesterol,
Triacylglycerol, HDL, LDL and VLDL all
over the period of the experiment .These
results are nearly similar to those reported
by Militantea and Lombardini (2004) who
demonstrated that, The supplementation of
the diet with taurine is known to have many
cardiovascular benefits.Increased levels of
lipid substances were induced in
experimental animals through the use of
high-fat diets, or were associated with
genetic abnormalities or diabetes. Taurine
was found to have significant effects in
terms of alleviating dyslipidemic lesions.
Examples of the lesions that are reversed to
a certain degree by taurine are increased
serum total cholesterol and triglyceride
levels. Taurine can up regulate 7-a-
hydroxylase, the rate-limiting enzyme in
bile acids production (Yamori etal.; 2004).
The obtained result in table (2) showed a
significant decrease in serum phospholipids
concentration was observed in high fat diet
— induced hyperlipidemic rats after three
week of experiment. This decrease is non-
significant after six week of the experiment
when compared with normal control group.
Treatment with taurine non-significantly
increase serum phospholipids level in high
fat diet -induced hyperlipidemic rats after
three weeks of the experiment, this increase
is significant after six weeks of the
experiment  when  compared  with
hyperlipidemic non-treated group.
Administration of taurine to normal rats
significantly decreases serum
phospholipids concentration after three
weeks of the experiment. Meanwhile non-
significant decrease after six weeks when
compared with normal control group. That
disagreed ~ with  Hussein et  al.
2004.Suggested that the marked increase in
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serum phospholipids concentration in rats
fed on hyperlipidemic diet may be due to
increased activity of choline
phosphotransferase enzymes involved in
phospholipid synthesis. And also dis agreed
withMorisakiet al.(1983)who reported that,
in rats fed on high cholesterol diet, the
activities of all enzymes involved in lipid
synthesis were significantly increased
(acyl-coAsynthetase, acyl-coA : cholesterol
acyltransferase and choline
phosphotransferase ). The obtained data
presented in (Table 4) revealed that
significant increase liver MDA. on the other
hand, a significant decrease in GSH,
Catalase (CAT) and super oxide dismutase
(SOD) were observed in high fat diet
induced hyperlipidemia. Oxidative stress
has emerged as an important pathogenic
factor in the development of hypertension
and also most of the complications related
to hypertension are associated with
oxidative stress, induced by the generation
of free radicals (Soanker, 2012). Our result
provides a perfect correlation between lipid
peroxidation products and decreased
activities of CAT and SOD, which play an
important role in scavenging the toxic
intermediate products of incomplete lipid
peroxidation. A decrease in the activity of
these enzymes, as seen in liver of high fat
diet induced hyperlipidemia in rats, can lead
to the excessive availability of superoxide
and peroxyl radicals, which in turn generate
hydroxyl radicals, resulting in the initiation
and propagation of more lipid peroxidation
products  (Sacks et al; 1978).
Hypercholesterolemia disturbed  the
oxidant-pro-oxidant balance in favor of pro-
oxidation as observed in several studies
(Balkan et al.; 2004).The efficiency of this
defense system is apparently weakened in
hypercholesterolemia, resulting in
ineffective scavenging of free radicals
which  lead to  tissue damage
(Halliwell,1994). Treatment with Taurine to
high fat diet induced hyperlipidemia in male
rats resulted in significant decrease of liver
L-MDA concentration in high fat diet
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induced hyperlipidemic treated group,
significantly increased liver GSH and
catalase activity after three weeks of the
experiment. These results are nearly similar
to those reported by Yildirim et al. (2007)
reported that, taurine effective in decreasing
liver MDA levels and increasing GSH
content and GSH-Px activity when given to
13-14 month old rats at a dose of 200
mg/kg/day ip for a week. Taurine is known
to attenuate tissue lipid peroxidation either
by scavenging or quenching oxygen-
derived free radicals, hydrogen peroxide or
hypochlorous acid directly, or by binding
free metal ion species like Fe2+ or Cu2+ by
its  sulfonic acid group (Schaffer
etal.;2003).Taurine administration has also
been suggested to decrease enhanced
oxidative damage by decreasing carbonyl
group production Franconi et al. ( 2004).
The normalization of the activities of
enzymes such as SOD, CAT, GPx and GR
by taurine is implicated in the reduced
levels of lipid peroxidation .The present
finding suggests that taurine controls lipid
peroxidation by up regulating the
antioxidant enzymes (Nandhini etal.; 2002).
Taurine has beendemonstrated to act as a
direct  antioxidant  that  scavenges
oxygenfree radicals, thus inhibiting lipid
peroxidation and also as an
indirectantioxidant  that controls the
increase in membrane permeabilityresulting
from oxidative stress in liver (Koch et al.,

2004).there was improvement in the
activities of the hepatic and renal
antioxidant enzymes in the taurine

antioxidant and taurine antioxidant +
chlorpyrifos + lead acetate groups (Ganiyat
et al., 2014). It has been shown that taurine
antioxidant exhibits its antioxidant capacity
by enhancing the antioxidant system,
forming chloramines with hypochlorous
acid and replacing glutathione (GSH) in
biological systems during oxidative stress
(Devi and Anuradha, 2010).

CONCLUSION: From the obtained results
it could be concluded that, administration
of taurine to HFD-induced hyperlipidemia
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ameliorate serum biochemical parameters,
enzymatic and non-enzymatic antioxidant
defense system in high fat diet induced
hyperlipidemia. We recommended that,
administration of diet rich in taurine as a
natural dietary product is very important
and suitable attenuate the metabolic
disorders of different body tissue and
protection of vital organs against
hyperlipidemia complications.

Acknowledgements

The authors are particularly grateful to the
central lab, faculty of veterinary medicine,
Benha University, Egypt, for assistance in
laboratory tests.

5.REFERENCES

Altunkaynak, B.Z., Ozbek, E. 2005.
Histological assessment of obesity
inducedNAFLD in female obese rats.
Eur J Gen Med; 2(3):100-109.

Balkan, J., Oztezcan, S., Hatipoglu, A.,
Cevikbas, U., Aykac-Toker, G., and
Uysal, M. 2004. Effect of a taurine
treatment on the regression of existing
atherosclerotic lesions in rabbits fed
on a high-cholesterol diet. Biosci.
Biotechnol. Biochem; 68: 1035-1039.

Bauer, J. D. 1982. "Clinical laboratory
methods" 9" Ed, the C.V. Company
Waistline Industrial Missouri 63116
Chapter 33, p.555.

Belfield, A., GoldBerg,
1971.Enzyme; 12:561.

Beutler, E., Duron, O., Kelly, B.M.1963.
Improved method for the
determination of blood glutathione. J
Lab Clin Med. 61:882-888.

Bolkent, S., Yanardag, R., Bulan, O. K.,
Yesilyaprak, B.2005. Protective role
of Melissa officinalis L. extract on
liver of hyperlipidemic rats: A
morphological and biochemic al
study. J Ethnopharmacol 99:391-398.

Braamskamp, M.J., Wijburg, F.A,
Wiegman, A. 2012. Drug therapy of
hypercholesterolaemia in children
and adolescents. Drugs; 72: 759-72.

D.M.



Metabolic effects of taurine on experimentally induced hyperlipidemia in rats

Brosnan, J.T., Brosnan, M.E. 2006. The
sulphur-containing amino acids: an
overview. J. Nutr; 136(6):1636-1640.

Buccolo, G., Daivids. 1973. Quantitative
determination of serum triglycerides
by use of enzymes'. Clin Chem; 19

(5): 476-482.
Carneiro, E.M., Latorraca, M.Q., Araujo,
E., Beltra, M., Oliveras, M.J.,

Navarro, M., Berna, G., Bedoya, F.J.,
Velloso, L.A., Soria, B., Martin, F.
2009. Taurine  supplementation
modulates glucose homeostasis and
islet function. J Nutr Biochem;
20:503-511.

Department of Health, Executive Yuan,
ROC. 2008.

Devi, S.L., Anuradha, C.V.2010. Oxidative
and nitrosative stress in experimental
rat liver fibrosis: protective effect of
taurine. Environ. Toxicol. Pharmacol;
29(2):104-110.

Dietschy, J.M., Turley, S.D., Spady,
D.K.1993. Role of liver in the
maintenance of cholesterol and low
density lipoprotein homeostasis in
different animal species including
humans. J. Lipid Res; 34: 1637-1659.

Eastham, R.D.1985.Biochemical values in

Clinical Medicine.7th Ed.
Bristol.England; John Wright &Sons,
Ltd.

Farrel, E.C., Pesce, A.J.Kaplan, L.A.,
(Hrsg). 1987. Method in clinical
chemistry .CV Mosby: 865- 869.

Franconi, F., Mauro A. S., Di Leo,
Bennardini, F., Ghirlanda, G.2004. Is
Taurine Beneficial in Reducing Risk
Factors for Diabetes Mellitus.
Neurochemical Research; 29(1):
143-150.

Friedewald, W.T., Levy, R.1., Frederickson,
D.S.1972 Estimation of the
concentration of low  density
lipoprotein cholesterol in plasma
without use of the preparative
ultracentrifuge. Clin  Chem.18
(6):499-502.

87

Ganiyat, A.M., Otaru, A.Y., Folorunsho,
A.S., and Olusegun, A.J. 2014.
Taurine  alleviated  biochemical
alterations in male Wistar rats co-
exposed to chlorpyrifos and lead..
6(2), pp: 13-25.

Gordon, D.A. 1997. Recent advances in
elucidating the role of the microsomal
triglyceride transfer protein in
apolipo-protein B lipoprotein
assembly. Curr Opin Lipidol; 8: 131-

137.
Halliwell,B. 1994 .Free radical, Antioxidant
and human disease:

Curiosity,Cause,Or
consequence;344:721-724.

Hribal, M.L.,Oriente, F., Accili, D. 2002.
Mouse models of insulin resistance.
Am. J. Physiol. Endocrinol. Metab;
doi:10.1152/ajpendo.00561.2001.

Hussein, S.A, Abd EL- Maksoud , H., Azab,
M.E .2004. Effects of garlic oil on
certain physiological and biochemical
aspects in normal and experimentally
induced hyperlipidemia in male
albino rats. Egypt.J. Basic and Appl.
Physiol; 3 (2):255-272.

Inoue, T., Hayashi, M., Takayanagi, K.,
Morooka, S. 2002. Lipid —lowering
therapy with fluvastatin inhibits
oxidative modification of low density
lipoprotein and improves vascular
endothelial function in
hypercholesterolemic patients.
Atherosclerosis; 160:369-376.

Ito, T., Schaffer, SSW., Azuma, J. 2012.The
potential usefulness of taurine on
diabetes mellitus and its
complications.Amino. Acids;
42(5):1529-1539.

Iughetti, L., Bruzzi, P., Predieri, B. 2010.

Evaluation and management of
hyperlipidemia in children and
adolescents.CurrOpinPediatr; 22:

485-93.
Jiang, J., Nilsson-Ehle, P., Xu, N.2006.
Influence of liver cancer on lipid and

lipoprotein metabolism. Lipids in
Health and Disease; 5(4), 186.



Hussein et al. (2014)

Kaniuk,N. A.,Kiraly, M., Bates, H., Vranic,

M., Volchuck, A. ,Brumell, J. H. 2007

Ubiquitinated-protein aggregates

form in pancreatic beta-cells during

diabetes-induced oxidative stress and

are regulated by autophagy. Diabetes;
56:930-939.

Kim, S.J., Choi, Y., Jun, H.S., Kim, B.M.,
Na, H.K., Surh, Y.J., Park, T. 2010.
High-fat diet stimulates IL-1 type I
receptor-mediated inflammatory
signaling in the skeletal muscle of
mice. MolNutr Food Res; 54:1014-

1020.
Koch, O.R., Pani,G., Borrello, S.,
Colavitti,R., Cravero,A., Farre

,.S.,Galeotti, T. 2004. Oxidative stress
and antioxidant defenses in ethanol
induced cell injury. Mol. Asp. Med;
25:191-198.

Lapson, W.G., Kramer, J.H., Schaffer, S.W.
1983. Potentiation of the actions of
insulin by taurine. Can J Physiol
Pharmacol; 61:457-463.

Lloyd-Jones , D., Adams, R., Carnethon,
M., De Simone, G., Ferguson, T.B., et
al. 2009. Heart disecase and stroke
statistics--2009 update: a report from
the American Heart Association
Statistics Committee and Stroke
Statistics Subcommittee. Circulation;
119(3):¢182.

Makni, M., Fetoui, H., Gargouri, N.K.,
Garoui el, M., Jaber, H., Makni, J.,
Boudawara, T. Zeghal, N. 2008.
Hypolipidemic and hepatoprotective
effects of flax and pumpkin seed
mixture rich in omega-3 and omega-6
fatty acids in hypercholesterolemic
rats. Food Chem Toxicol 46: 3714—

3720.
Mantha, L., Palacios, E., Deshaies, Y. 1999.
Modulation of triglyceride

metabolism by glucocorticoids in
diet-induced obesity. Am J Physiol;
277(2 Pt 2):R455-R464.

Meiattini, F. 1978. The 4-
hydroxybenzoate/4-aminophenazone
chromogenicsystem. Clin.Chem;
24(12):2161-2165.

88

Mesbah, L., Soraya, B., Narimane, S., Jean,
P.F. 2004.Protective effect of
flavonides against the toxicity of
vinblastine cyclophosphamide and
paracetamol by inhibition of lipid —
peroxydation and increase of liver
glutathione. Haematol.7 (1): 59-67.

Militantea, J.D., Lombardini, J.B.
2004.Dietary taurine
supplementation: hypolipidemic and
antiatherogenic  effects. Nutrition
Research;24:787-801

Mohale, D.S., Dewani, A.P., Saoji,
A.N.,Khadse, C.D.2008.
Antihyperlidemic activity of isolate
constituents from the fruits of

Lagenariasiceraia in albino rats.Int J
Green Pharmacy; 2:104.

Morisaki, N., Shinomiya, M., Matsuoka, N.,
Saito, Y., Kumagai, A. 1983. In vivo
effects of cis-5, 8, 11, 14, 17-20:5 (n-
3) and cis-4, 7, 10, 13, 16, 19-22:6(n-
3) on serum lipoproteins, platelet
aggregation, and lipid metabolism in
the aorta of rats. Tohoku J Exp Med;
141(4):397-405.

Moussa, S.A. 2008. Oxidative stress in
diabetes mellitus. Rom J Biophys;

18:225-236.
Naito, H.K., Kaplan, A. 1984.High
Densitylipoprotein ~ (HDL).  Clin

Chem; 1207-1213 and 437.
Nandhini, A. T. A., Thirunavukkarasu, V.,
Anuradha, C. V.2005. Taurine
modifies insulin signaling enzymes in
the fructose-fed insulin resistant rats.
Diabetes Metab; 31: 337-44.
Nandhini,A.AT., Balakrishnan ,S.D.,
Anuradha,C.V.2002. Response of
liver antioxidant system to taurine in
rats fed high fructose diet. Vol.40 pp:

1016-1019.
Oluba, O.M., Adeyemi, O., Ojich, G.C.,
Adebisi, K.E., Isiosio, IO,

Aboluwoye, C.O. 2008. Effect of
dietary cholesterol on some serum
enzymes. J. Med. Sci; 8(4): 390-394.
Paoletti, F., Macali, A.1990.Determination
of superoxide dismutase activity by
purely chemical system based on



Metabolic effects of taurine on experimentally induced hyperlipidemia in rats

NAD (P) H oxidation. Methods
Enzymol 186: 209-220.

Pascot, A., Lemieux, I., Tremblay, A.,
Nadeau, A., Couillard, C., Despres,
J.P. 2001. Reduced HDL particle size
as an additional feature of the

atherogenic dyslipidemia of
abdominal obesity. J Lipid Res; 42:
2007-2014.

Ross, R. 1999. Atherosclerosis-An

inflammatory disease. N. Eng. J.
Med; 340: 115-126. PMID: 9887164.
Sacks, T., Moldow, F., Craddock, P. R.,
Bowes, T. K., Jacob, H. S. 1978.].
Clin. Invest; 61: 1161-1167.

Satoh, K.1978.Clinica Chimica
90:37.

Schaffer, S., Azuma, J., Takahashi, K.,
Mozaffari, M.2003. Why is taurine
cytoprotective. Adv Exp Med Biol;
526: 307-321.

Smith, J.S.C, Jackson, R., Pearson, T.A.
2004. Principles for national and
regional guidelines on cardiovascular
disease prevention: a scientific
tatement from the World Heart and
Stroke Forum.  Circulation 109:
3112-3121.

Soanker, R., Naidu, M., Raju, S.B., Prasad,
AK., Rao, T.RK. 2012.Effect of
beta-1-blocker, nebivolol, on central
aortic pressure and arterial stiffness in
patients with essential hypertension.
Indian Journal of Pharmacology; 44:
407-411.

Sung, Y., Kim, D., Choi, G., Kim, S., and
Kim, H.K.2014. Dohaekseunggi-tang
extract inhibits obesity
hyperlipidemia, and hypertension in
high-fat diet-induced obese mice.

Acta;

BMC Complementary and
Alternative Medicine; 14:372
Tannenbaum, B.M.,Brindley, D.N,,

Tannenbaum, G.S., Dallman, M.F.,
McArthur, M.D., Meaney, M.J.1997.
High-fat feeding alters both basal and
stress-induced hypothalamic-

pituitary-adrenal activity in the rat.
Am J Physiol; 273(6 Pt 1):E1168-77.

89

Tietz, N.W. 1995.Clinical guide to

laboratory tests. 3rd ed.

Philadeiphia. WB Saunders; 268-273.

Tsutsumi, R., Yoshida, T., Yoshitaka, Nii.,
Okahisa,N., Iwata, S., Tsukayama,
M., Hashimoto, R., Taniguchi, Y.,
Sakaue,H.,Hosaka,T.,Shuto,E.,Sakai,
T.2014. Sudachitin, a
polymethoxylated flavone, improves
glucose and lipid metabolism by
increasing mitochondrial biogenesis
in skeletal muscle. Nutrition &
Metabolism; 11:32.

Turner, R.C, Millns, H., Neil , HA.W.,
Stratton, [.M., Manley, S.E.,
Matthews, D.R., Holman, R.R. 1998.
Risk factors for coronary artery
disease in non-insulin dependent
diabetes mellitus: United Kingdom
Prospective Diabetes Study (UKPDS
23). BMJ; 316:823-828.

Xu, J., Yang, W., Deng, Q., Huang, Q.,

Yang, J., and Huang, F.2012.

Flaxseed oil and o-lipoic acid

combination reduces atherosclerosis

risk factors in rats fed a high-fat diet.

Lipids in Health and Disease; 11:148.

J.B,, Yuan, X.F., Lang,

P.Z.1997.Determination of catalase

activity and catalase inhibition by

Xu,

ultraviolet spectrophotometry.
Chinese Environ. Chem. 16: pp. 73-
76.

Yamori, Y., Murakami, S., Ikeda, K., Nara,
Y. 2004. Fish and lifestyle-related
disease prevention: experimental and
epidemiological evidence for
antiatherogenic potential of taurine.
Clin Exp Pharmacol Physiol Suppl;
31:20-23.

Yildirim, Z., Kilig, N., Ozer, C. Babul, A.,
Take, G., Erdodan, D. 2007. Effects
of taurine in cellular responses to
oxidative stress in young and middle-
aged rat liver. Ann NY Acad Sci;
1100: 553- 561.

Zhang, Y., Guo, K., Robert, E., LeBlanc,
Loh, D., Gary, J., Schwartz and Yu,
Y.H.2007. Increasing Dietary



Hussein et al. (2014)

Leucine Intake Reduces Diet-Induced Multi mechanisms. Diabetes; vol. 56
Obesity and Improves Glucose and no. 6 1647-1654.
Cholesterol Metabolism in Mice via

Liaaat adl) ¢ 988 5345 L Caaaal) @) b oy il Apai) e il
@M\g&@?ﬂh cdaad) Le 3 gana Auial ‘Q,y..ag.b g.ALut
Lo Aol jediay (5 okl lall IS4 gall LSl

ol pailal)

S I SON B G [ WA NP [V PR [ [ VHON [ | PR W U W ) W PP PP X
Bl ) g il ol da il e d i a8 il A pall A plel ol il e sl adlal)
5= La laed el )55l 55 €3 0 o 100 Al 2l o3 a ol 2 a2at w3 85130 8 Lo jaiar Ul o5 an
e sene J Sl 3140 e e gene (o) B 2 By (o 12225-165) G L 35l 5 & sl 10-8 s
a— L825 o el al (Aalall Ao gendll) IV Ao penall : VLS U gryygiady L8250 o Lo
G aall e ganall) A gl e ganally 5 AV Gl e ganall il ad o genaS Craddi ul g4 gl 5l taed
aide aglsl i Gyl ge pa ) o d gaan W damasaly ot L8025 e i S (Law pad pal g saasaly ) Lgd
de sena) Al Ao senall (Rr—die 95— %5 + 2l L K04 54 J5 il S 91) Gl alle
e e il 3k e Gl Lgidael o 825 e oS5 (G s+ a2 ) (g paa Baly 5 Lgad Gar sl
e saaall ggaa Balle 4 alall J5lii i el i psall 05 s pl b s IS J Sl a ALe500 Wl e
O sl Lgallae ) ad oy an 3 A e A adal) J i 3y yha (ie Lgy dia ) Cila sl o L8025 calai ) i el )l
Aflall Ll ) i) g psaall 05 0 pl s s IS ISl s (b SO0L IS0 e s o dll 35k
) ey e pnlsl 8-6-3 2y il 8 e an W Cle peaia a8y A jaille )b Jsh g a4 e
prdl dan Jada S0 85 A dimayddlagdadai i)l A Wl Dl al e La s ] e b Gy sl
Oy (SN Jg id Sl g ol sV A gli s el s uiWl g2 Il S 5 S il il s Sle aadd il g
por—l&ll g wanll Gl o Jlgdn)oewsdll ysan 1) g4 SUKH A adlia oax N ga QA A e ean 1134 SO
P S OV PR [ S “ON PV W A PN | PR POV R PRIV B PRIV [P - ISP LR WDV PPN Rt R
Oy (U Jg il Sl Gl iVl g a0 Wl S e S (BB ) 2 5a g e 4ibaS sl J il 3L
JS Gl il ag WMSI ol (sl a (sla J) (s siana g &SI A Jlle g4 SUSI 4 midia G san )y AU
T BN ) US| e g | T =0 ) PR C WV ) R WDV 6 S e S e O | ¥ I | R S| R SOV | N
o 55— o) eldae) G il gl LaS 5 aal) (g S lall 5 3 ey 2 S el
S A e ¢y san s A ¢y pan g IS g 5t oIyl s il g an W S e S bl e
el ol a s J g i el 830 g a e WlIKI g la a4 BUKH 4 addie g4 UKH 4 addia ygax
2y (o (53l s eldae ) o) il il Can ) 5 Ly S pa W (g eal 5 Lgd S sl )yl oy
Caaglyardl geaved gy Lgd Gnadl Gl )l o o (o8 (g2 clBll Gili bl gadle gl oan Il (5 6 wua
o J i) ) B glall g 5l I ey 3 el (5 e eal ) W (53] Gy sl el dae) o) Lyl 4l )
a3y Lgd i sall )y i) ay I 8 Gisae S5 gl 3 Bl Gl il 1) o) Laiy o S
Goald g a ) st ool ) Lgad Caaall g aadlan Hall ) il 4 e ) sl el e (il 5 a2l () 5a0
RURPE R S PSS R - PNV pSPRVON. PP | I VRS SOOI F G JERY M PO QT | S R\ |
ol 35 ol 8l Al iy W (ol ol b Bl g aa ) G eas el gy cliel e e a sl (e B a3
I Azl LAl g sl e g )Smll (e G gaa (e b G 2y 5 (i) 5 Ol s il A Y A slie
aallay seY) sl gy S e an 1 s aneal gl aml adl o o all 550 &l ¥ e saly ) HLuall il
b oS S o il A el g a5 an sl ) e O silry (el oy sl mai @l Ty o wall LAl
SR P PPV SRS AP TV PN U PO PEIER PSSR TP P . DN TG PO TR . [ '

2L U g i &I Ve (m8S d agas Laa 43 5) jiaa 25l

(2014 jsacwss , 90-76:(2)27 330 :dhd) dudall aglall Lgis Alaa)

90



