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ABSTRACT 

A hypercholesterolemia diet has been associated with the hepatic and cardiac abnormalities and the 

pathological changes. The present work was designed to investigate the histological and 

immunohistochemical changes in the liver and heart of rabbits when fed high fat diet and the possible 

protective role of an antioxidant “taurine”. Twenty-four male white New Zealand rabbits were divided 

into four groups, 6 rabbits each. Group 1, served as a control, rabbits fed with a normal diet. Group 2, 

(taurine group), rabbits were given orally taurine (10 mg Kg
−1

 b.w/day) for 8 weeks. Group 3 

(hypercholesterolemic group), rabbits fed (2% cholesterol-enriched diet for 8 weeks. Group 4, rabbits 

fed 2% cholesterol-enriched diet plus taurine (10 mg Kg
−1

 b.w/day) orally for the same period. 

Histopathological examinations revealed that high cholesterol diet caused hepatic and myocardial 

tissue changes compared with rabbits fed with a normal diet. Including fatty degeneration, 

inflammations and necrosis of Hepatocytes and vacuolar degeneration, disorganization of myofibrils 

and necrosis of myocardial cells. Immunohistochemistry for caspase-3 for apoptosis were performed. 

Caspase-3 positive cells in the liver tissue and Caspase-3 positive area in myocardial tissue increased 

in high cholesterol diet group. Taurine markedly attenuate hypercholesterolemia-induced cardiac and 

hepatic histopathological changes in the cholesterol plus taurine group compared to the cholesterol 

group. Thus, the results suggest that taurine could play a beneficial role against hypercholesterolemia-

induced complications in the liver and heart of the rabbits. 
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1. INTRODUCTION 

High-cholesterol dietary is known to play an 

important role in the induction of chronic diseases such 

as cardiovascular disease and hepatic abnormalities 

especially in developing countries (Vinaixa et al., 2010). 

Cardiovascular disease is the leading cause of morbidity 

and mortality mainly in many developing countries 

(O’Donnell and Nabel, 2011; Nabel and Braunwald, 

2012). Total cholesterol and other lipids may have effects 

in the arterial tissues and myocardium (Toda et al., 2012). 

Reducing the intake of saturated fatty acids reduce the 

risk of heart disease, while polyunsaturated fatty acids 

elicit beneficial health effects (Cheema, 2012). 

Hypercholesterolemia has been found to induce 

oxidative stress in various organs such as the liver, heart 

and kidney (Du et al., 2010). Hypercholesterolemia 

results in free radical production and thereby elevates 

lipid peroxides. Experimental hypercholesterolemia is 

associated with an increased production of reactive 

oxygen species and decreased activities of endogenous 

radical scavengers (Napol et al., 1999). Elevated blood 

concentration of cholesterol, especially in LDL, 

constitutes the primary risk factor for atherosclerosis and 

endothelial dysfunction (Bonetti et al., 2003). The 

progression of non-alcoholic fatty liver disease was 
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demonstrated in obese rats by feeding a high-

fat/cholesterol diet (Pan et al., 2006). Lipid peroxidation 

is the process by which unsaturated fatty acids are 

converted to free radicals via the abstraction of 

hydrogen (Young and McEneny, 2001). Due to the 

modern life, people could not successfully control their 

blood cholesterol, thus medication is considered option 

to decrease serious adverse effects, especially liver 

damage. Apoptosis is a process of programmed cell 

death in which defective and harmful cells are 

eliminated from a multicellular population (Wyllie, 

1992). Recent studies stated that apoptosis is induced 

due to oxidative stress and oxidants (Chandra et al., 

2000). Intensive efforts have been done to develop new 

natural and synthetic hypolipidemic and anti-

hypercholesterolemic agents for controlling serum 

lipids, lipoproteins and atherosclerosis. It is reported 

that antioxidants attenuate the atherogenic process in 

animal models, mainly due to their free radical 

scavenging capabilities (Paul et al., 2001). Several 

studies indicated that cardioprotective diet can decrease 

sudden cardiac deaths, total cardiac deaths, non-fatal 

infractions (Singh et al., 2011). Taurine (2-aminoethane 

sulfonic acid), one of the most abundant free amino acids 

in many tissues, is well known to have several beneficial 

physiological actions, including antioxidation, 

detoxification, osmoregulation, cell membrane 

stabilization and neuromodulation (Wright et al., 1986; 

Huxtable, 1992). Several studies have demonstrated 

that dietary taurine showed a notable cholesterol-

lowering effect in hypercholesterolemic rats fed a 

high cholesterol diet (Masuda and Horisaki, 1986; 

Murakami et al., 1999; Park and Lee, 1998; Hagar, 

2004). It has been shown that taurine improves 

endothelial function and inhibits apoptosis of endothelial 

cell as well as decreases plasma level of LDL, which 

prevents initiation and progression of atherosclerosis 

(Fennessy et al., 2003; Murakami et al., 2002). Taurine 

exhibits antioxidative properties, membrane stabilizing 

effect, regulates intracellular Ca2+ concentration, inhibits 

apoptosis, reduces the levels of pro-inflammatory 

cytokines in various organs and controls blood pressure 

(Das et al., 2008; 2010; 2011; Manna et al., 2008; 2009). 

Additionally, the protective effects of taurine against 

cyclosporine-A-induced oxidative stress and 

hepatotoxicity have been documented previously 

(Hagar et al., 2006). Hsu et al. (2008) reported that 

taurine reduced hepatic apoptosis in NZB/W F1 mice.  

Therefore, the present study aimed to investigate the 
protective role of taurine against liver and heart tissues 
of rabbits fed a hypercholesterolemic diet. 

2. MATERIALS AND METHODS 

2.1. Animals 

Twenty-four male white New Zealand rabbits of 

about 1800-2000 g body weight, were kept in ventilated 

cages at the Animal House, Biology Department, Faculty 

of Science, Taif University. Animals were allowed 7 

days for acclimatization at 24°C with 12 h light-dark 

cycle and fed standared laboratory diet and water ad 

libitum before the experiment. Animal procedures were 

performed in accordance with Guidelines for Ethical 

behavior in the Care and Use of Animals. 

2.2. Experimental Design 

 After one week of acclimation, animals were divided 

randomly into four groups (six rabbit for each group). 

Group1 (control group): Rabbits fed a standard diet. 

Group 2 (Taurine group): Rabbits were given orally 

taurine (10 mg Kg
−1

 b.w) daily by stomach tube for 8 

weeks. Group 3: (hypercholesterolemic group): Rabbits 

fed (2% cholesterol enriched diet) for 8 weeks. Group 4: 

Rabbits were fed 2% cholesterol-enriched diet plus 

taurine (10 mg Kg
−1

 b.w/day) orally for 8 weeks.  

2.3. Histological Evaluation 

2.3.1. Light Microscopic Study  

 At the end of the experimental period, rabbits were 

sacrificed by cervical dislocation and dissected. Small 

pieces from livers and hearts were removed immediately 

and fixed in 10% neutral buffered formalin, then 

dehydrated in ascending grades of alcohol, cleared and 

embedded in paraffin wax. Sectioned at 4-6 µm thick were 

cut and stained with Hematoxylin and Eosin (H and E) for 

general histological structure according to (Carleton et al., 

1980). Monoclonal caspase-3 antibody immunostaining 

reactions were carried out using the avidin biotin 

peroxidase system (Sternberger, 1986). 

2.4. Immunostaining Procedure: (According to 

Sternberger, 1986) 

For the detection of caspase-3 protein, 

immunohistochemical staining was performed. Slides 

were deparaffinized, dehydrated, washed in phosphate 

buffer saline then covered with peroxide block staining 

and incubated at room temperature in humidity chamber 

for 10 min. Monoclonal caspase-3 antibody was applied 

on the tissue sections then incubated horizontally in 

humidity chamber for an hour, at room temperature. 

After removal of excess buffer, the sections were 
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incubated in preformed strept avidin peroxidase. DAB 

substrate-chromogen (3.3-Diaminobenzidine 

tetrahydrochloride) was applied on slides for 5-15 min 

until the desired brown color was obtained. Sections 

were counterstained Mayer’s hematoxylin. 

2.5. Morphometry and Apoptotic Index 

Histological sections were studies by using a 

research microscope equipped with video camera and 

connected to a PC based image analysis system. Sigma 

Scan Pro (version 4.0, Jendel Scientific, SPSS Inc., 

Chicago, USA) was used for image analysis and 

morphometrical data acquisition. For morphometrical 

study, sex slides from liver and heart of each group (6 

sections per slide) were measured. Cell counts were 

performed using a magnification, 400 in different 

fields. Ten random fields were evaluated per slide. The 

immunostained active caspase-3 cells of the liver were 

counted using a light microscope and calculated 

according to the following formula: 

 

( ) ( )
active caspase 3 immunopositive cells number

Apoptotic index % 100 Duan  .,  2003
total cells numberof the field

et al
−

= ×  

 

The immunostained active caspase-3 areas of the 

heart were measured in ten random fields for each slide. 

The areas of caspase-3 immunoactivity in the fields were 

bordered inside a measuring frame and the areas were 

masked by a different color to be measured. 

3. RESULTS 

3.1. Histopathological Examination of the Liver 

The histological examination of rabbit liver 

sections revealed that control and taurine groups had a 

normal architecture with radially arranged hepatocytes 

around to centrilobular vein (Fig. 1A,B). In high 

cholesterol diet group, there were vacuolization, fatty 

degeneration in the hepatocytes, disintegration of 

hepatic cords. Hemorrhage and necrosis also were 

observed (Fig. 1C). In high cholesterol diet plus 

taurine group, there was less liver injury comparing to 

high cholesterol group. Fatty degenerations, cell 

vacuolization and necrosis were decreased in the 

hepatocytes (Fig. 1D).  

3.2. Immunohistochemistry and Image Analysis 

of the Liver 

The number of active caspase-3 positive cells 

(apoptotic cells) for each group were observed in the 

cytoplasm of liver cells. In control and Taurine treated 

animals, liver sections showed negative immune 

reaction to caspase-3 (no brownish punctuate in the 

cytoplasm, (Fig. 1E,F). Rabbits fed with high -

cholesterol diet demonstrated increased number of 

apoptotic cells (positive immune reaction to caspase-

3) than that of controls and taurine groups (Fig. 1G 

and Fig. 2). The number of cells expressing active 

caspase-3 was decreased in the high-cholesterol diet 

plus taurine group in comparison with high-

cholesterol diet group (Fig. 1H and Fig. 2). 

3.3. Histopathological Examination the Heart 

The histological examination of the heart of 

control and taurine groups showing that the 

myocardium are branching with anastomosing muscle 

fibers connected together by intercalated discs. The 

myocardial cells have oval centrally nuclei and 

homogeneous cytoplasm (Fig. 3A,B). Heart sections 

of a rabbits fed with high -cholesterol diet 

demonstrating vacuolar degeneration and 

disorganization of myofibrils and necrosis of 

myocardial cells. The nuclei appeared irregular in 

shape as well as separation and fragmentation of 

cardiac muscle bundles were observed (Fig. 3C). 

Heart sections of rabbits treated with high -cholesterol 

diet plus taurine showing amelioration of myocardial 

cell morphology. Most of the muscle fibers looked 

normal with normal nuclei and less disorganization of 

myofibrils (Fig. 3D). 

3.4. Immunohistochemistry and Image Analysis 

of the Heart 

In control and taurine treated animals, myocardial 

sections showed negative immune reaction to caspase-3 

(Fig. 3D, E,F). High-cholesterol diet treated animals 

showed an increase in the mean area % of caspase-3 

immunoreacitivity (apoptosis) in the myocardium as 

compared with controls (Fig. 3G and Fig. 4). 

Myocardial sections of rabbits fed with high-cholesterol 

diet plus taurine, showed few areas% of positive immune 

reaction to caspase-3 (Fig. 3H and Fig. 4).
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Fig. 1. A Photomicrograph of the liver sections stained with Hematoxylin and eosin (A-D). (A): Control rabbit showing normal 

hepatocytes around the central vien (CV). (B): Liver of rabbit treated with taurine showing normal hepatocytes architecture. 

(C): Liver section of rabbit fed with high-cholesterol diet demonstrating  degeneration fat vacuoles (arrows), necrosis of 

hepatocytes and hemorrhage (arrow head. (D): Liver of a rabbit treated with cholesterol plus taurine showing less injury of 

central vein and less fat vacuole comparing to high cholesterol diet rabbits, (H and E, X 400).Immunolocalization of caspase-

3 in the liver of all groups (E-H). (E) Control and (F) taurine group showing no reaction; (G) cholesterol group showing 

increased active caspase-3 immunopositive liver cells. (H): Cholesterol plus taurine group demonstrating a few 

immunopositive cells. (Caspase-3 Immunoreactivity, Counterstaining: Hematoxylin X, 400. 

 

 
 

Fig. 2. The comparison of the active caspase-3 positive cell number (%) in all groups 
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Fig. 3. A photomicrograph of a longitudinal section of the myocardium stained with Hematoxylin and eosin (A-D). (A): Control 

rabbit showing that myocardial cells are normal with centrally located oval nuclei and homogeneous cytoplasm. (B): Heart 

sections of rabbit treated with taurine demonstarating  that heart section  as seen in control. (C): Heart sections of a rabbit fed 

with high–cholesterol diet demonstrating histopathological changes including separation of cardiac muscle bundles, areas of 

myocytolysis, focal vacuolar degeneration and necrosis of myocardial cells. (E): Heart of a rabbit treated with cholesterol  

plus taurine showing better- preserved appearance of myocardial cell morphology (H and E, X 400). Immunolocalization of 

caspase-3 in the liver of all groups (E-H). (E): Control rabbit showing negative immune reaction to caspase-3. (F): Taurine 

group as a control one. (G): High-cholesterol diet group demonstrating areas of positive immune reaction to caspase-3. (H): 

High-cholesterol diet plus taurine group illustrating a few areas of immune reaction to caspase-3(Caspase-3 

Immunoreactivity, Counterstaining: Hematoxylin X, 400) 

 

 

 

Fig. 4. Mean area % of caspase-3 immunoreactivity in the myocardium of different groups 
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4. DISCUSSION 

The consumption of high cholesterol diet leads to 

hypercholesterolemia for human and animals. 

Hypercholesterolemia induces oxidative stress and 

induce reactive oxygen species generation in different 

tissues such as liver, brain and kidney, which is 

known to cause damage of the cells (Park and Lee, 

1998; Montilla et al., 2006; Prasad, 2008; Stapleton et al., 

2010). The current study was designed to assess the 

possible protective role of taurine against 

hypercholesterolemia-induced hepatic and cardic 

changes by histological and immunohistochemical 

studies. Ingestion of high-fat diet may lead to fatty acid 

accumulation and hepatic cell damage and inflammation 

(Araya et al., 2004). High fat diet have effects on cell 

death and steatosis (Mei et al., 2011). Heart and liver are 

primary organs at risk from hypercholesterolemia. In 

hypercholesterolemic diets. The liver as the first organ to 

metabolize the ingested cholesterol and it is affected by 

oxidative stress that results from an imbalance between 

the production of free radicals and effectiveness of 

antioxidant defense systems (Lum and Roebuck, 2001). 

The present results revealed that rabbits fed high 

cholesterol diet leads to several abnormalities in liver 

sections such as degree of fat accumulation, 

inflammatory infiltration and necrosis of hepatocytes. 

This is in accordance with several studies which stated 

that high cholesterol diet causes hepatotoxicity and fatty 

liver (Hirako et al., 2011; Wang et al., 2011). 

Experimental hypercholesterolemia was found to induce 

damage of cardiovascular organs started earlier in the 

myocardium and clarified by disrupting of its structural 

pattern including degeneration of muscle fibers, cell 

death of cardiomyocytes and leukocytic infiltration 

(Caligiuri et al., 1999). The present results also showed 

that rabbits fed cholesterol-enriched diet produced heart 

injury and markedly pathological changes of cardiac 

muscle including vacuolar degeneration, loss of 

myofibrils and myocytolysis, necrosis of myocardial 

cells and separation of cardiac muscle bundles. 

Apoptosis, or programmed cell death, is a cellular 

process that important for many biological processes 

including tissue growth, embryonic development, 

response of tumors to cancer chemotherapy and the 

pathogenesis of neurodegenerative diseases. Apoptosis 

has been observed to play a role in a number of liver 

diseases such as Non-alcoholic steatohepatitis (Elmore, 

2007). Caspases are a family of cysteine proteases that 

are present in the cytosol as inactive proenzymes 

(Wyllie, 1992). They become activated when apoptosis 

is initiated and play an essential role in various stages of 

apoptosis. The present study indicated that 

hypercholesterolemia increased apoptotic hepatocyte 

numbers and myocardial cells apoptosis. These results 

are in agreed with Jiang et al. (2011) who demonstrated 

that the numbers of apoptotic cells increased in the rats 

that were fed a high-fat diet for 12 and 16 weeks. The 

present work, reported that hypercholesterolemi induces 

apoptosis in cardiomyocytes through the activation of 

caspase-3. This was in agreement with the previous 

findings of Wang et al. (2002) who reported that 

experimental hyperlipidemia induced by a high 

cholesterol diet (10%) increased infarct size and 

apoptotic cell death. The present results confirmed this 

report and demonstrated that a moderate 

hypercholesterolemia (2% cholesterol diet for 8 weeks) 

also increased myocardial apoptosis. Several studies stated 

that inhibition of apoptosis by a variety of 

pharmacological and genetic approaches results in smaller 

infarction (Brocheriou et al., 2000; Mocanu et al., 2001) 

and improved cardiac function (Abbate et al., 2002; 

Chatterjee et al., 2003). Taurine, is known as to protect 

various disorders and has been demonstrated to have 

beneficial effects in nephropathy, cardiomyopathy and 

neuropathy, (Szymanski and Winiarska, 2008). Taurine 

is known to be beneficial on lipid metabolism and 

hepatic abnormality (Hagar, 2004). Histopathological 

observations in the present study revealed that the degree 

of high cholesterol diet-induced hepatic degeneration, 

inflammation, regeneration and necrosis were decreased 

in high cholesterol diet plus taurine treated group 

compared to high cholesterol diet group. Taurine also 

decreased apoptotic hepatocyte numbers and protects 

cardiac tissue against apoptosis induced by 

hypercholesterolemia. This beneficial effect of taurine 

may be directly related to its antioxidative effect, it 

possesses anti-inflammatory and cytoprotective 

properties which is in agreement with the previous 

findings (Das et al., 2010; 2011). 

5. CONCLUSION 

In conclusion, the results of the present study 

revealed that high cholesterol diet causes hepatic and 

cardiac damage as well as, apoptosis in the liver cells 

and cardiomyocytes of the rabbits. Co-administration of 

taurine protects hepatic and cardiac tissues against 

histopathological changes and apoptosis induced by 

hypercholesterolemia.  
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