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ABSTRACT 

  The effects of naringenin on liver damage induced on exposure to ethanol in rats. Rats 

were divided into four groups, groups 1 and 2 received isocaloric glucose and 0.5% 

carboxymethyl cellulose (CMC); groups 3 and 4 received 20% ethanol equivalent to 6g/kg body 

weight everyday for the total experimental period of 60 days. In addition, groups 2 and 4 were 

supplemented with naringenin (50mg/kg p.o) everyday for the last 30 days of the experiment. The 

results showed significantly elevated levels of serum bilirubin, total protein, albumin, urea, uric 

acid and creatinine  in ethanol fed rats as compared to those of the control. Supplementation 

with naringenin for the last 30 days of the experiment to ethanol-fed rats, significantly decreased 

the levels of bilirubin, total protein, albumin, urea, uric acid and creatinine in the serum  as 

compared to the control rats. Ethanol fed rats also exhibited increased staining for the presence 

of transforming growth factor-β (TGF-β) protein adducts in liver. Supplementation with 

naringenin for the last 30 days of the experiment to ethanol-fed rats, significantly decreased 

staining for the presence of transforming growth factor (TGF-β) protein adducts in the liver as 

compared to the control rats. These findings suggest that naringenin has protective effect on 

liver injury and can inhibit liver disease induced by ethanol in rats.  
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INTRODUCTION 

Alcoholic liver disease (ALD) is a major cause of morbidity and mortality. An alcoholic 

is a person who consumes an amount of alcohol capable of producing pathological changes 

(Criteria committee, 1972).The word alcohol is derived from Arabic term ‘al-khawl’ or ‘al-

ghawl’, meaning ‘finely divided spirit’, as vapours of fermented products are removed in an 

invisible form. In general usage, alcohol refers almost always to ethanol or grain alcohol. 

Alcohol is a small molecule that is both water and lipid soluble. Therefore, it readily permeates 

all organs of the body and affects many of their vital functions (Lieber, 1992). Prolonged alcohol 

consumption is estimated to be the third leading cause of all preventable deaths in the United 

States, with up to 12,000 deaths each year specifically due to alcohol induced liver disease.  

One of the largest developing countries in the world is India: with a population exceeding 

one billion people, India already bears a large proportion of the world’s disease burden and 

additional information on the prevalence of alcohol use in this country has both national and 

global importance (Peters et al., 2002). Recent studies have suggested that India has similar 

patterns of health risk associated with regular use of these substances as reported in other 

countries (Gajalakshmi et al., 2003).  

ALD, which is characterized by fatty liver, hepatitis, fibrosis, cirrhosis, and 

hepatocellular carcinoma, is a major cause of illness and death worldwide. Increasing evidence 

supports the suggestion that oxidative stress plays a pivotal role in the pathogenesis of ALD 

(Arteel, 2003; Kaplowitz and Tsukamoto, 1996).Alcoholic hepatitis is a subacute inflammatory 

condition. It is  characterized histologically by centrilobular polymorphonuclear infiltrates, 

ballooning degeneration of hepatocytes, mega mitochondria, and Mallory’s hyaline (cytosolic 

inclusion composed of precipitates of cytoskeletal intermediate filaments) (French and Burbige, 

1979). 

Alcoholic cirrhosis, the end stage of ALD, is characterized by extensive liver fibrosis, 

micro nodular regeneration, impaired liver function, portal hypertension, predisposition to 

hepatocellular carcinoma. Although usually insidious in onset, cirrhosis may develop rapidly 

following florid alcoholic hepatitis. Most deaths from ALD are attributable to complications of 
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cirrhosis, such as ascites, spontaneous bacterial peritonitis, hepatorenal syndrome, 

encephalopathy, and variceal hemorrhage (Morgan, 1994). 

Lipid peroxidation is defined as the oxidative deterioration of polyunsaturated fatty acids 

to form free radical intermediates and peroxides, which damage cellular constituents. Lipid 

peroxidation is initiated by the abstraction of hydrogen atom from polyunsaturated fatty acids in 

the membrane lipids. It is a chain reaction providing a continuous supply of free radicals that 

initiate further peroxidation (Rice-Evans and Burdon, 1993; Halliwell and Gutteridge, 1999) 

Control of oxidative stress and fibrosis are the potential mechanisms for the development 

of new treatments for alcoholic fibrosis and cirrhosis. Recently, there is growing interest in 

understanding the role and mechanisms of the phytochemicals: polyphenolics, flavonoids and 

phenyl propanoids as inhibitors of oxidative stress (Hertog et al., 1993; Anderson et al., 2001). 

Flavonoids, important constituents of the human diet, are found in fruits (in citrus fruit they may 

represent upto 1% of fresh material) and vegetables. Beverages like red wine, tea, coffee and 

beer also contain large amounts of flavonoids: on an average, the daily diet contains 

approximately 1 g of flavonoids per day (Kuhnau, 1976). Flavonoids are also found in several 

medicinal plants, and herbal remedies which have been used in folk medicine around the world. 

(Hertog et al., 1993). They are currently used as therapeutic agents due to their antioxidant 

capacity, which protects the organisms against oxidative stress. This antioxidant capacity has 

been related to their ability to function as free radical acceptors (Jovanovich et al., 1998).  

 

TGF- is also considered to be the main inducer of the myofibroblastic phenotype: it up-

regulates -smooth muscle actin (-SMA) as well as ECM protein expression in fibroblasts (Xu 

et al., 2001). [10] Following cholestatic injury the liver undergoes tissue modeling process that 

combines regeneration and fibrogenesis. During this repair process, the ECM contains large 

number of alpha-smoothmuscle actin (-SMA) immuno reactive cells known as myofibroblasts: 

however their origin still remains enigamitic. Cassiman et al.,2002 and Ramm et al.,2000 

demonstrated that the a-SMA immuno positive cells mainly reside in the portal ducts and fibrous 

septa and their location corresponds to the distribution of collagen. 
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Naringenin (4',5,7-trihydroxyflavanone) (Fig. 1) is a predominant flavonone  abundant in 

fruits such as grapes, tangelo, blood orange, lemons, pummelo and tangerines (Holden et al., 

2002). Naringenin is the main metabolite of naringin which is the important flavonoid in 

Exocarpium citri grandis. Naringenin is used as a traditional medicine in China (Fang et al, 

2006). It has been reported to have several biological effects such as anticancer (Takahashi et al., 

1998), antimutagenic (Choi et al., 1994), antiinflammatory (Raso et al., 2001) antiatherogenic 

(Lee et al., 2001) and antifibrogenic (Lee et al., 2004) properties. Daily intake of citrus 

flavonoids has been estimated to be approximately 68g on an average in the USA, mainly 

ingested via fruit juices (Scholz et al., 2006).  

Thus our present investigation was carried out to study the effects of naringenin on 

ethanol induced alterations in the liver and kidney markers in male wistar rats.  

 

 

                                   Figure 1.  Structure of naringenin 
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MATERIALS AND METHODS 

Chemicals and reagents 

                          Naringenin was purchased from Sigma Chemical Co (St. Louis, MO, USA). 

Ethanol was obtained from E.I.D Parry India Ltd. (Nellikuppam, Cuddalore District, South 

India). All other chemicals used were of analytical grade and were obtained from Central Drug 

House Private, Ltd, Mumbai.                          Anti-TGF-β antibody (Mouse monoclonal Ab, 

Code no. NCL-TGF-) was from Novacastra, UK. Peroxidase-polymer kit was from Biogenix 

Life Science Ltd, USA.  

 

Animals 

          Adult male albino Wistar rats (150-170g) were assayed from the Central Animal House, 

Rajah Muthiah Medical College and Hospital, (RMMC&H), Annamalai University. The rats 

were housed in plastic cages under controlled conditions of 12-h light-dark cycle, 50% humidity 

and temperature of 28°C. They were all fed standard pellet diet (Lipton Lever Mumbai, India) 

and water ad libitum. Animal handling and experimental procedures were approved by the 

Institutional Animal Ethics Committee, Annamalai University (registration no: 

160/1999/CPCSEA/557) and animals were cared for in accordance with the Indian National Law 

on animal care and use.  

Study design 

                    Animals were divided into four groups of 8 rats each and all were fed the standard 

pellet diet. Rats in groups 1 and 2 received isocaloric glucose from a 40% glucose solution and 

0.5% CMC. Animals in groups 3 and 4 received 20% ethanol (equivalent to 6g/kg bodyweight) 

as an aqueous solution by intragastric intubation for 60 days as described previously (scholz et 

al., 2006). At the end of this period, the dietary protocol of group1 and 3 animals were unaltered. 

However, group 2 animals received naringenin (50mg/kg bodyweight/day) suspended in 0.5% 

CMC for the next 30 days, and group 4 animals continued to receive ethanol every day along 
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with naringenin as in group 2 for the next 30 days. The total experimental duration was 60 days. 

The study design is shown in Figure 2. 

Study design 

                     

 Figure 2  Diagrammatical representation of the experimental protocol 

 

 

 

 

 

 

 

 

 

 

 

 

Animals were then fasted overnight, anaesthetized with an intramuscular injection of 

ketamine hydrochloride (30mg/kg) and blood samples were collected by retro-orbital puncture. 

Blood samples were collected in heparinized tubes and centrifuged for the separation of plasma.  

 

 

Isocaloric glucose from a 40% glucose solution with 0.5% CMC 

Naringenin (50mg/kg body weight in 0.5% CMC, p.o.)  

Ethanol (6g/kg body weight p.o.) every day 

Figure: 2  
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Biochemical estimations 

Serum AST (EC 2.6.1.1) and ALT (EC 2.6.1.2) were assayed using a diagnostic kits 

based on the method of Reitman and Frankel., (1957) . Serum urea was estimated by using the 

diagnostic kit based on the method of Fawcett and Scott (1960).Serum uric acid was estimated 

by using the diagnostic kit based on the enzymic method described by Caraway (1955).Seum 

creatinine was estimated using the diagnostic kit based on the method of Tietz (1987) using 

Jaffe’s (1886) colour reaction.  

Immunohistochemistry 

For immunohistochemistry, 4 μm tissue sections were deparaffinized and incubated with 

peroxide blocking reagent, power block solution for 10 min. Non-specific adsorption was 

minimized by leaving the sections in 3% bovine serum albumin in PBS for 30 min. Sections 

were incubated overnight with a 1:50 dilution of anti-TGF antibody (Mouse monoclonal 

antibody, Novacastra,UK). The sections were then rinsed well with phosphate buffer and 

incubated with super enhancer reagent for 30 min. After rinsing with phosphate buffer, 

incubation was done with peroxidase polymer kit for 30 min. After washing thoroughly with 

phosphate buffer, the sections were incubated with diaminobenzidine (DAB) substrate solution 

for 5 min. Sections were counterstained with hematoxylin and observed under light microscopy. 

All the sections from the various groups were incubated under the same conditions with similar 

antibody concentrations, and run simultaneously, in order to make the immunostaining 

comparable among the different experimental groups. 

Statistical analysis 

Data were analysed by one way analysis of variance followed by Duncan’s multiple 

range test using SPSS for Windows (v. 11.0; SPSS Inc., Chicago, IL, USA). Results are 

presented as means ± SD of eight rats in each group. Values of P < 0.05 were regarded as 

statistically significant and the data are represented as mean ± SD for the absolute values or 

percent of controls as indicated in the vertical axis legends of figures. The statistical significance 

of differential findings between the experimental groups and control was determined.  
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RESULTS 

Table 1. Effect of naringenin and ethanol on plasma aspartate transaminase (AST), alanine 

transaminase (ALT) and gamma glutamyl transpeptidase (GGT) of control and 

experimental rats 

 

GROUPS 
Aspartate 

transaminase  (IU/L) 
Alanine 

transaminase  (IU/L) 

Gamma glutamyl 

transpeptidase 

(IU/L) 

Control 79.84±7.68a 28.86±2.77a 2.32±0.22a 

Control + 
Naringenin 

82.13±7.90a 30.81±2.96a 
3.18±0.30b 

Ethanol 112.40±10.81b 60.38±5.81b 8.03±0.77d 

Ethanol + 
Naringenin 

87.27±8.40a 32.76±3.15a 
4.18±0.40c 

 

Values are means ± S.D. of eight rats in each group. Values not sharing a common superscript 
letter differ significantly at p< 0.05 (Duncan's multiple range test). For AST and ALT 1 IU is 
defined as µmoles of pyruvate formed per minute under experimental conditions. For GGT 1 IU 
is defined as µmoles of p-nitro  aniline formed per minute under experimental conditions. 
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Table 2.   Effect of naringenin and ethanol on serum total proteins, albumin and total 

bilirubin, of control and experimental  rats. 

 

GROUPS 
Total proteins 

(mg/dL) 
Albumin (g/dL) 

Total bilirubin 

(mg/dL) 

Control 5.30±0.51b 4.08±0.39a 0.49±0.04a 

Control + 
Naringenin 

6.46±0.62c 3.57±0.34b 
0.45±0.04a 

Ethanol 3.18±0.30a 2.22±0.214c 0.86±0.083b 

Ethanol + 
Naringenin 

5.98±0.30c 4.02±0.38a,b 
0.58±0.17a 

 

Values are means ± S.D. of eight rats in each group. Values not sharing a common superscript 

letter differ significantly at   p< 0.05 (Duncan's multiple range test). 
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Table 3.   Effect of naringenin and ethanol on serum plasma alkaline phosphatase ( ALP ) 

and lactate dehydrogenase  (LDH) of control and experimental  rats. 

 

GROUPS 
Alkaline phosphatase (ALP )  

(IU/L) 

Lactate dehydrogenase (LDH) 

(IU/L) 

Control 107.22±10.32a 127.05±12.2a 

Control + 
Naringenin 

112.99±10.87a 132.83±12.78a 

Ethanol 162.63±15.65b 306.23±29.47b 

Ethanol + 
Naringenin 

117.75±11.33a 135.32±13.02a 

Values are means ± S.D. of eight rats in each group. Values not sharing a common superscript 
letter differ significantly at   p< 0.05 (Duncan's multiple range test). For ALP 1 IU is defined as 
µmoles of inorganic phosphorus liberated per minute under experimental conditions.  For LDH 1 
IU is defined as µmoles of NADH utilized per minute under experimental conditions. 
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Table 4.   Effect of naringenin and ethanol on the serum levels of urea, uric acid and 

creatinine of control and experimental rats. 

 

GROUPS Urea (mg/dL) Uric acid (g/dL) Creatinine (mg/dL) 

Control 23.35±2.24a 1.47±0.14a 0.96±0.09b 

Control + 
Naringenin 

21.42±2.06a 1.75±0.16b 
0.86±0.08a,b 

Ethanol 42.95±4.13b 3.06±0.29c 1.78±0.17c 

Ethanol + 
Naringenin 

20.29±1.95a 1.98±0.67 a,b 
0.81±0.07a 

 

Values are means ± S.D. of eight rats in each group. Values not sharing a common superscript 

letter differ significantly at  p< 0.05 (Duncan's multiple range test). 
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 Effect of naringenin and ethanol on liver marker enzymes and substances 

Table 1 shows the activities of serum AST, ALT and GGT. Activities of both the 

enzymes were significantly increased in ethanol fed rats as compared to the control rats. 

Supplementation with naringenin to ethanol-fed rats (group 4) significantly decreased the liver 

marker enzymes as compared to the unsupplemented ethanol fed rats (group 3; P < 0.05). 

Table 2 shows the level of serum total protein, albumin  and total bilirubin. Level of 

bilirubin was significantly increased in ethanol fed rats as compared to the control rats. 

Supplementation with naringenin to ethanol-fed rats (group 4) significantly decreased the liver 

marker substances as compared to the unsupplemented ethanol fed rats (group 3; P < 0.05).Level 

of protein and albumin were significantly increased in ethanol fed rats as compared to the control 

rats. Supplementation with naringenin to ethanol-fed rats (group 4) significantly decreased the 

level of  protein and albumin as compared to the unsupplemented ethanol fed rats (group 3; P < 

0.05). 

Table 3 shows the activities of serum ALP and LDH. Activities of both the enzymes 

were significantly increased in ethanol fed rats as compared to the control rats. Supplementation 

with naringenin to ethanol-fed rats (group 4) significantly decreased the liver marker enzymes as 

compared to the unsupplemented ethanol fed rats (group 3; P < 0.05). 

Effect of naringenin and ethanol on kidney function 

Table 4 shows the levels of serum urea, uric acid and creatinine of control and 

experimental rats. Serum levels of urea, uric acid and creatinine were significantly increased in 

the ethanol fed rats (group 3) as compared to the control rats (group 1). Supplementation with 

naringenin to ethanol fed rats (group 4) significantly decreased the levels of urea, uric acid and 

creatinine as compared to the unsupplemented ethanol fed rats (group 3; p < 0.05). Naringenin 

supplementation alone (group 2) did not produce any significant change in the levels of urea, uric 

acid and creatinine as compared to the control rats. 
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Effect of naringenin and ethanol on TGF- 

 Figure 3, illustrates the immunohistochemistry of TGF- was localized in the cytoplasm. 

The control rats exhibited mild TGF-β protein in the liver. Control rats treated with naringenin 

showed similar pattern of TGF- as seen in control. Ethanol treated rat liver increased TGF-β 

positive staining around the central vein area. Supplementation with naringenin to ethanol treated 

rats showed reduced TGF-β protein and reduction in fibrosis.  

DISCUSSION 

Alcohol is toxic for both humans and animals, and exerts important negative effects upon 

the liver, brain, heart, skeletal muscle, pancreas, hematological and immune systems, 

gastrointestinal tract and the endocrine system (Rodes et al., 1990; Bujanda et al., 1999). It has 

become commonly accepted that immune mechanisms are partially responsible for the onset and/ 

or progression of alcoholic liver disease (ALD). This is demonstrated by alcohol abuse 

increasing the immune deficiency in numerous diseases including: pneumonia, tuberculosis, 

human immunodeficiency virus (HIV), hepatitis C virus (HCV), hepatitis B virus (HBV), and 

many other less common infections (Cook, 1998). This observation is often overlooked because 

of the many other complications of alcohol abuse such as: malnutrition, ingestion of high 

saturated fats, vitamin deficiency, drug abuse, and smoking (Thiele et al., 2004). The immune 

system has been suggested as playing a role in ALD because of the many clinical manifestations 

that have been observed and are thought to contribute to the damage of liver tissue (Zetterman 

and Sorrell, 1981). However, the combination of immune function, metabolism, genetics, 

nutrition, and environmental factors most likely together play a role in the development of ALD. 

Chronic consumption of ethanol is known to cause injury to hepatocytes. The elevated 

activities of the serum enzymes such as AST and ALT observed in alcohol-fed rats may indicate 

increased permeability, damage or necrosis of hepatocytes (Reitman and Frankel, 1957) . In our 

study, chronic ethanol consumption caused a significant increase in the activities of AST and 

ALT, which could be due to severe damage to the liver cell membrane. The reduced activities of 

these serum enzymes on naringenin supplementation to ethanol-fed rats indicates the 

hepatoprotective potential of naringenin. 
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In our study we have observed increased levels/activities of bilirubin and enzymes such 

as ALP, AST, ALT, GGT and LDH and decreased levels of albumin in the circulation of ethanol 

fed rats. Increased levels/activities of bilirubin and the above enzymes observed in the ethanol 

fed rats may indicate increased permeability, damage and/or necrosis of the hepatocytes 

(Saravanan et al., 2007; Soliman et al., 2006). Hepatic alcohol metabolism results in the 

formation of the active metabolite, acetaldehyde, which covalently binds to hepatocellular 

macromolecules altering hepatocellular structure and function, ultimately resulting in liver cell 

damage (Lieber et al., 1984). Due to functional diversity of hepatocytes, alterations in the 

activities of specific enzymes are used as an index of intoxication of cell populations (Kapil et 

al., 1995). Free radicals formed on alcohol consumption affects the permeability of hepatocytes, 

leading to leakage of enzymes such as serum transaminases (AST, ALT), alkaline phosphatase 

(ALP), and ال-glutamyl transpeptidase (GGT) (Jeyasekar et al., 1997). An elevation in the 

activities of these serum enzymes is generally regarded as one of the most sensitive markers of 

liver damage (Dwivedi et al., 1991). Lactate dehydrogenase is an intracellular enzyme, increased 

activity of which in serum is an indicator of cell damage (Kim et al., 2001).  

The reduced serum albumin level in ethanol fed rats could be due the decreased synthesis 

of proteins by the liver. Moreover, the observed decrease in the plasma bilirubin and serum 

activities of liver marker enzymes and increase in the levels of albumin after naringenin 

supplementation to ethanol fed rats shows that naringenin preserves the structural integrity of the 

liver from the toxic effects of ethanol. Our findings coincide with those of an earlier study in 

which naringenin has been reported to restore circulatory levels/activities of bilirubin and 

enzymes such as ALP, AST and ALT and also the albumin levels in dimethyl nitrosamine-

induced hepatotoxicity (Lee et al., 2004). These results indicate that naringenin protects the 

hepatocyte from necrosis due to ethanol administration. 

A number of reports support the hypothesis that habitual consumption of large amounts 

of alcohol has a variety of deleterious effects on the kidney (Cecchin and De Marchi, 1996; 

Morazzoni and Bombardelli, 1995). Ethanol may cause functional abnormalities in the kidney 

depending on the quantity ingested and the duration of drinking. Thus, consumption of more than 

two standard drinks per day (24g ethanol/day) is associated with an increased risk of kidney 

failure in the general population (Parekh and Klag, 2001). Kidney function markers such as urea, 
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creatinine and uric acid were used to determine the effect of naringenin on the functional status 

of kidney in alcoholic rats. The results from the present study showed that ethanol administration 

significantly increased the levels of urea, creatinine and uric acid in serum, which are considered 

as significant markers of renal dysfunction. Kidney is vulnerable to alcohol induced damage 

because of larger perfusion and the increased concentration of excreted compounds that occur in 

renal tubular cells (Parekh and Klag, 2001). Urea is the major nitrogen-containing metabolic 

product of protein metabolism (Davies, 1991). Serum levels of urea and creatinine were used as 

indicators of renal function. Elevated blood urea is known to be correlated with an increased 

protein catabolism in mammals and/or the conversion of ammonia to urea as a result of increased 

synthesis of arginase enzyme involved in urea production. Hyperuricemia is used as a renal 

prognostic index. In this sense, the finding of elevated serum uric acid concentrations may reflect 

the bodily response to an increased production of endogenous oxygen species because uric acid 

is a potent scavenger of peroxynitrite (Hooper et al., 1998). Alcohol abuse may result in a range 

of serious disorders in different organs, including liver and kidney (Lieber, 1988). In kidney, 

ethanol oxidation by alcohol dehydrogenase is significantly higher than that found in other 

extrahepatic tissues (Orellana, 1998). Also, ethanol exposure may stimulate its metabolism in the 

kidney, as in the case of liver. Ethanol oxidation causes increased production of reactive oxygen 

species, which are mediators of tissue damage following ethanol intoxication (Scott et al., 2000). 

 The levels of these renal function markers were much lower in the case of ethanol-fed 

rats treated with naringenin than those given ethanol alone indicating that the degree of renal 

toxicity due to ethanol was of a lesser magnitude in the naringenin-treated group. It shows that 

naringenin, to an extent, preserves the functional capacity of the kidney from the adverse effects 

of ethanol. In this context, naringenin is well documented to attenuate the oxidant mediated renal 

damage induced by various xenobiotics (Lee et al., 2001; Badary et al., 2005). 

Activated Kupffer cells produce various mediators, including cytokines, eicosanoids, 

proteases, and oxygen radicals, that participate in inflammation, immune responses, and 

modulation of hepatocyte metabolism (Goldberg DM, Watts C., 1965). In our study, increased 

TGF- expression was noted in the liver of ethanol fed rats. Transforming growth factor  (TGF-

) is a critical cytokine important in fibrogenes than in inflammation ( laskin, 1990). Increased 

levels of TGF-β was reported in isolated rat Kupffer cells after 10 weeks of treatment with 
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ethanol and high-fat diet (Matsuoka et al., 1989). Kamimura  and Tsukamoto, 1995[26] also 

reported that the mRNA expression TNF-, IL-6, and TGF-1 in-creases after 17 weeks of 

treatment with ethanol and high-fat diet in isolated Kupffer cells. Increased TGF- expression 

may be due to inflammation , necrosis and oxidative stress. 

Supplementation with naringenin effectively decrease the TGF- expression in the liver 

of ethanol fed rats. Further, Liu et al., (2006) showed that naringenin could reduce the TGF-1-

induced accumulation of ECM in cultured HSC-T6 cells. Decreased TGF- expression may be 

due to attenuated inflammation, necrosis and reduced oxidative stress 

 

The results of the study demonstrate the potential beneficial effects of naringenin on 

alcoholic liver damage.  Effect of Naringenin against ethanol induced toxicity by modulating the 

expression of transforming growth factor- (TGF-) and liver and kidney marker  changes . 
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