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ABSTRACT 
 

To investigate the effect of ethanol induced liver toxicity in male Wister albino rats. The liver toxicity was induced 
by the chronic administration of ethanol to the animals at the 20%v/v, 10%v/v respectively for 28 days at daily 
basis. The liver toxicity was assessed by the estimation of liver marker enzymes and liver histopathological studies. 
The chronic induction of ethanol in rats, liver marker enzymes like aspartate aminotransferase (AST), alanine ami- 
notransferase (ALT), alkaline phosphatase (ALP) , lactate dehydrogenase (LDH), total bilirubin (TB), direct bilirubin 
(DB) levels were significantly elevated (P<0.0001) when, compared to the normal animals. Ethanol is one of the 
most widely used and abused drugs and increasing lipid levels in humans and experimental animals. Liver damage 
seen in chronic ethanol consumption appears to be modulated by kupffer cell activation. Chronic ethanol treat- 
ment has been shown to enhance oxidative stress in liver tissues. Ethanol induced oxidative stress is a major role 
in the mechanism of hepatotoxicity. In the present study was revealed that the chronic consumption of ethanol 
treated rats shows significantly increased liver marker enzymes and severe damage to liver tissues. 
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INTRODUCTION 

Ethanol induced hepatotoxicity is one of the major 
problems in worldwide and especially developing 
countries. The spectrum of alcoholic liver disease rang- 
es from fatty liver to alcoholic hepatitis, ultimately fi- 
brosis and cirrhosis (Tuma DJ and Sorrell M, 2004). 
Previous studies showed 80% of heavy drinkers had 
been reported to develop steatosis, 10-35% alcoholic 
hepatitis and approximately 10% liver cirrhosis (Ruth A. 
Roberts et al., 2007). The animal models suggest that 
liver injury in chronic alcoholics is due to oxidative 
stress that leads to fibrosis, impaired liver functions 
and increased apoptosis condition (Juliane I. Beier and 
Craig J. McClain, 2010). Ethanol induced apoptosis sen- 
sitizes rat hepatocytes to lipopolysaccharide-mediated 
cytotoxicity (Sanjoy Roychowdhury et al., 2013). Chron- 
ic alcohol consumption leads in the progressive of al- 
coholic liver disease and characterized by the devel- 
opment of hepatic steatosis and an increase in the 
number of inflammatory mediators, including cyto- 
kines, reactive oxygen species, and nitrogen species 
(Pablo Muriel, 2009). Chronic ethanol increases mac- 

rophage infiltration and inflammatory cytokine expres- 
sion (Resstel LB et al., 2006). Ethanol induced tissue 
injury in both adipose and liver tissue (Yuanyuan Qin et 
al., 2013). 

Long-term use of alcohol leads to the development of 
steatosis, alcoholic hepatitis and cirrhosis resulting in 
weight and volume changes (Radan Bruha et al., 2012). 
Activation of kupffer cells directly or indirectly by toxic 
agents results in the release of an array of inflammato- 
ry mediators, growth factors, and reactive oxygen spe- 
cies (Debra L. Laskin et al., 2011). Chronic ethanol con- 
sumption is associated with cardiovascular dysfunc- 
tions independent of other known risk factors (Katia 
Colombo Marchi et al., 2014). Regular use of ethanol is 
associated with inadequate control of blood pressure 
in treating hypertensive patients (Gulliver SB et al., 
2006; De Biasi M and Salas R, 2008). 

Epidemiological and clinical studies have established a 
positive relationship between long-term ingestion of 
ethanol leads to development of hypertension (Malhi H 
et al., 2010), brain ischemia, and stroke (Nagata K et 
al., 2007; Deaciuc IV et al., 2001; Dey A, Cederbaum AI, 

   2006). Liver damage seen in chronic ethanol consump- 
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tion appears to be modulated by kupffer cell activa- 
tion. More recent evidence has noted a contributory 
role of kupffer cell activation in the process of hepatic 
carcinogenesis. Ethanol dependence is characterized 
by an abstinence syndrome in which withdrawal symp- 
toms resulting from central nervous system (CNS) hy- 
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per excitability emerge in a time dependent fashion 
after cessation of drinking (Xu A et al., 2003). Most 
alcoholics recognize the negative effects of drug abuse 
on health and would prefer to quit, but despite many 
attempts, very few succeed (You M et al., 2005; Song Z 
et al., 2008). Multiple mechanisms of cell death, includ- 
ing apoptosis and necrosis, are activated during the 
progression of alcoholic liver disease (Thakur V et al., 
2006; Chen X et al., 2007). Chronic ethanol exposure 
decreases the serum adiponectin concentration in mice 
and rats (Poirier LA et al., 2001; Kang L et al., 2007; 
Kang L et al., 2007; Xiaocong Chen et al., 2009; Kumar 
V et al., 2003). Chronic ethanol impairs insulin- 
stimulated glucose uptake (Saravanan N and Nalini N, 
2007) and disrupts the hormonal regulation of lipolysis 
(Ronis MJ et al., 2004). 

MATERIALS AND METHODS 

Chemicals: Ethanol was obtained from Sigma-Aldrich, 
Chemical, U.S.A, and Enzyme kits were obtained from 
Span Diagnostics Ltd. Surat, India. All other chemicals 
were of analytical grade procured from reputed Indian 
manufacturers 

Experimental animals 

Male Wister rats, weighing 135-160 g were selected 
from an inbred group maintained under standard con- 
dition of temperature (25 ± 5°C) and humidity. Animals 
were provided with food and water ad libitum. All ex- 
periments in this study were carried out with the prior 
approval of the Institutional Animal Ethics Committee 
(IAEC) and were conducted strictly adhering to the 
guidelines of the Committee for the Purpose of Control 
and Supervision of Experiments on Animals (CPCSEA). 

Experimental induction of hepatotoxicity 

Experimental hepatotoxicity was developed by the 
chronic administration of ethanol. A total of eighteen 
animals were equally divided into 3 groups of 6 each. 
Group I served as normal control without any treat- 
ment. Animals of groups II and III were administered 
with ethanol treatment for 20% v/v and 10% v/v re- 
spectively by oral route on a daily basis and continu- 
ously for 28 days. After the end of the study, all the 
rats were sacrificed by cervical dislocation after over- 
night fasting and before sacrifice, rats blood was col- 
lected from the retro-orbital sinus plexus under mild 
ether anesthesia and blood sample collected in hepa- 
rinized tubes and serum was separated. Tissue was 
separated for the histopathology investigations. All the 
experimental activity conducted as per the animal eth- 
ical committee’s recommendations. 

Histopathological studies 

Liver slices were fixed in 10% formalin and embedded 
in paraffin wax. Sections of 5 micron thickness were 
made using a microtome and stained with haematoxy- 
lin- eosin and observed under microscope. Photo- 

graphs of each of the slides were taken at 40× magnifi- 
cation. 

Statistical analysis: All the data were expressed as 
means ± standard error mean (SEM). The measure- 
ment data of multiple groups were compared with 
one-way ANOVA, the comparison between normal 
control versus other groups, and a value of P < 0.05 
was considered significant. 

RESULTS AND DISCUSSION 

Chronic alcohol consumption produces a variety of 
pathological conditions varying from simple intoxica- 
tion to severe life-threatening pathological states (Ra- 
jagopal SK et al., 2003; Bin Gao and Ramon Bataller, 
2011; Jacob M. Kneeman et al., 2012; Suprakash 
Chaudhury, 2010). Liver injury transport function of the 
hepatocytes gets disturbed, resulting in the leakage of 
plasma membrane and thereby causing an increased 
enzyme level in serum (Lieber CS, 2003). The elevated 
activity of AST and ALT indicates cellular leakage and 
the functional integrity of the cell membranes in the 
liver. AST and ALP were found to be in higher concen- 
trations in cytoplasm, and AST exists in mitochondria. 
ALP is excreted by the liver via bile in the liver injury 
due to hepatotoxins, which results in a defective excre- 
tion of bile from the liver and is reflected in their in- 
creased levels in serum. In ethanol-induced liver toxici- 
ty, the level of lactate dehydrogenase (LDH), total bili- 
rubin (TB) and DB get elevated. The present study was 
found ethanol induced changes of serum marker en- 
zymes. The histological observations supported the 
results obtained on induction of hepatotoxicity by eth- 
anol. 

As shown in table1, decrease in the rat body weight is a 
sensitive parameter for chronic administration of etha- 
nol toxicity. These results expressed different percent- 
age (20%v/v and 10%v/v) of chronic ethanol admin- 
istration that affects the intake of normal food and 
relatively body weights were significantly different 
(190.16±1.70 and 197.16±1.42; group-II and group-II) 
from normal control (224.33±2.17). 

Table 1 showed the results of AST and ALT when, the 
liver cell is damaged, AST and ALT in the liver will be 
released into serum. Therefore, levels of GOT and GPT 
are the most commonly used biochemical indexes for 
evaluating the damage of liver (Molina P et al., 2002). 
As the previous evidence, the present experimental 
study was found that the ethanol is a confirmative 
agent for damage of liver tissues and changes in liver 
function (Ki Tae Suk et al., 2014). 

According to the biochemical indexes (Table 1), the 
administration of ethanol caused the AST by liver- 
damaged group (Group II and III) 190.16±1.70 and 
197.16±1.42 (p < 0.0001) respectively. In chronic ad- 
ministration of ethanol caused the ALT liver-damaged 
group (Group II and III) 190.16±1.70 and 197.16±1.42 
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Table 1: Effect of ethanol induced changes in body weight and serum SGOT, SGPT, LDH for assessing hepato- 

toxicity in albino Wistar rats 

Groups Body weight changes (gm) SGOT (IU/L) SGPT (IU/L) 

Normal control 224.33±2.17 61.28±1.06 27.36±0.88 

Treated 20%v/v of ethanol 190.16±1.70🞻🞻🞻 155.61±2.76🞻🞻🞻 71.22±3.98🞻🞻🞻 

Treated 10%v/v of ethanol 197.16±1.42🞻🞻🞻 135.07±3.62🞻🞻🞻 60.56±3.83🞻🞻🞻 

Values are expressed as mean ± SEM (n = 6). Data were analyzed using One-way analysis of variance followed 
by Dunnett’s multiple comparison tests. P values: 🞻🞻🞻˂ 0.0001; P value: 🞻 < 0.05 considered as significant; all 
groups are compared with normal control 

Table 2: Effect of ethanol induced changes in serum ALP, TB and DB for assessing hepatotoxicity in albino 
Wistar rats 

Groups LDH (IU/L) ALP (IU/L) TB (IU/L) DB (IU/L) 

Normal control 1128±16.53 171.28±1.29 0.121±0.002 0.089±0.004 

Treated 20%v/v of ethanol 2114.83±12.21🞻🞻🞻 275.89±2.76🞻🞻🞻 0.451±0.012🞻🞻🞻 0.291±0.004🞻🞻🞻 

Treated 10%v/v of ethanol 1950.16±19.70🞻🞻🞻 262.16±2.66🞻🞻🞻 0.361±0.006🞻🞻🞻 0.227±0.005🞻🞻🞻 

Values are expressed as mean ± SEM (n = 6). Data were analyzed using One-way analysis of variance followed 
by Dunnett’s multiple comparison tests. P values: 🞻🞻🞻˂ 0.0001; P value: 🞻 < 0.05 considered as significant; all 
groups are compared with normal control 

 

Figure 1: Histopathological analysis of liver tissue of rats treated with different percentage of ethanol 

20%v/v and 10%v/v respectively. Group-I served as normal control, Group-II and III treated with ethanol 

 

(p < 0.0001) respectively as higher than control group 
(Group I). 

However, there was a significant difference among 
group II and III as compared to normal control (group- 
I), this result was indicating that the ethanol is highly 
toxic to the liver. 

As shown in table 2 assessment of liver function is 
made by estimating the activity of serum ALP and bili- 
rubin which are present higher concentration in cyto- 
plasm. When there is hepatopathy, these molecules 
leak into the blood stream in compliance with the ex- 
tent of liver damage (R Nagalekshmi et al., 2011). 

The present study reflected different percentage 
(20%v/v and 10%v/v) of chronic administration of eth- 
anol significantly increased alkaline phosphatase 
(275.89±2.76 and 262.16±2.66) , total bilirubin 
(0.451±0.012 and 0.361±0.006), direct bilirubin 
(0.291±0.004 and 0.227±0.005 ) as compared to the 
normal control (171.28±1.29, 0.121±0.002 and 
0.089±0.004) respectively. This result was significantly 
higher than the normal control (group-I). 

Table 1 shows the serum and hepatic activities of LDH 
in treated and non- treated rats. Ethanol treated rats 
showed a significant (P<0.0001) rise in serum activities 
comparable to non- treated rats. Increase and de- 
crease in the serum and hepatic activities of these en- 
zymes may be attributed to the damaged structural 
integrity of the liver, which results in the leakage of 
these enzymes from the cytosol into the blood stream 
(Wu D and Cederbaum AI, 2007). In this study proven 
different percentage of chronic administration of etha- 
nol markedly increased lactate dehydrogenase level 
(2114.83±12.21 and1950.16±19.70) when, compared 
to the group-I (1128±16.53). 

Long-term alcohol consumption does not only activate 
free radical generation and also alters the levels of 
both enzymatic and non-enzymatic endogenous anti- 
oxidant systems. This results in oxidative stress (Lien Ai 
Pham-Huy et al., 2008; R John Aitken and Shaun D Ro- 
man, 2008) with cascade of effects leads to affecting 
both functional and structural integrity of cell and or- 
ganelle membranes (Salvador Manzo-Avalos and Alfre- 
do Saavedra-Molina, 2010). 
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As shown in Figure 1, the hepatic cell plate from the 
control group (group- I) have intact structure and the 
boundary between cells is clear. The cell structures are 
clean without impurities and droplets. This result con- 
firmed the both cell plate and sinusoid are centripetal 
from the central vein and does not see in infiltration of 
inflammatory cells in the central venous area. Howev- 
er, the different percentage of ethanol treated groups 
(II and III) has shown obvious pathological structure 
changes. The cells near the central venous area are full 
of ballooning degeneration and fatty droplets, and look 
like shiny droplet. Previous study also reported these 
findings (Puja Sakhuja, 2014). 

The most boundaries between cells are blurred and 
some even disappeared to become homogenized. The 
inflammatory reaction of lymphoid infiltration was ob- 
served in the central venous area. The condition of 
hyperplasia of kupffer cells, metaplasia of hepatic tis- 
sue structures and discontinuity of sinusoid structures 
are also observed. 

The nuclei of some liver cells are inflamed. The experi- 
mental study showed multiple nuclei and over-stains 
are also observed and few cells are necrotic condition. 
Ethanol-treated group revealed that the intense distor- 
tion of the hepatic architecture. The hepatic cells, in- 
tralobular veins and the endothelium were found to be 
damaged in the ethanol treated rats. So, this report has 
been evidenced as ethanol influence normal defense 
mechanism. The group treated with a higher percent- 
age of ethanol (20%v/v) showed a highly significant 
difference when, compare with normal group as well 
as a low percentage of ethanol treated group (10% v/v) 
also expressed significant result. However, from the 
histological results showed fatty degeneration, necro- 
sis and changes of the normal hepatic cell structure. 

CONCLUSION 

The results of serum AST, ALT, ALP, LDH, TB, DB and 
histopathological examination illustrated that chronic 
ethanol administration leading to severe cause of liver- 
toxic. Further research related to the effects of ethanol 
induced liver damage will be continued. On the basis of 
the available data in this report, it can be suggested 
that chronic ethanol consumption induced hepatic and 
oxidative damage in rats. Histopathological examina- 
tion reflected that the ethanol treated rats showed 
massive fatty changes, necrosis, and broad infiltration 
of the lymphocytes. So, the present work analyzed the 
chronic administration of ethanol induced liver dam- 
age. 

REFERENCES 

Bin Gao, and Ramon Bataller, (2011). Alcoholic Liver 
Disease: Pathogenesis and New Therapeutic Targets. 
Gastroenterology. 141(5): 1572–1585. 

Chen X, Sebastian BM, and Nagy LE, (2007). Chronic 
ethanol feeding to rats decreases adiponectin secre- 

tion by subcutaneous adipocytes. Am J Physiol Endo- 
crinol Metab. 292:E621-E628. 

De Biasi M, and Salas R, (2008). Influence of neuronal 
nicotinic receptors over nicotine addiction and with- 
drawal. Exp Biol Med. 233: 917–929. 

Deaciuc IV, D souza NB, de Villiers WJ, Burikhanov R, 
Sarphie TG, and Hill DB, (2001). Inhibition of caspa- 
ses in vivo protects the rat liver against alcohol- 
induced sensitization to bacterial lipopolysaccharide. 
Alcohol Clin Exp Res. 25:935-943. 

Debra L. Laskin, Vasanthi R. Sunil, Carol R. Gardner, and 
Jeffrey D. Laskin, (2011). Macrophages and Tissue In- 
jury: Agents of Defense or Destruction? Annu Rev 
Pharmacol Toxicol. 51: 267–288. 

Dey A, and Cederbaum AI, (2006). Alcohol and oxida- 
tive liver injury. Hepatology. 43(2): S63-S74. 

Gulliver SB, Kamholz BW, and Helstrom AW, (2006). 
Smoking cessation and alcohol abstinence: what do 
the data tell us? Alcohol Res Health. 29: 208–212. 

Jacob M. Kneeman, Joseph Misdraji, and Kathleen E. 
Corey, (2012). Secondary causes of nonalcoholic fat- 
ty liver disease. Therap Adv Gastroenterol. 5(3): 199– 
207. 

John Aitken R, and Shaun D Roman, (2008). Antioxidant 
systems and oxidative stress in the testes. Oxid Med 
Cell Longev. 1(1): 15–24. 

Juliane I. Beier, and Craig J. McClain, (2010). Mecha- 
nisms and cell signaling in alcoholic liver disease. Biol 
Chem. 391(11): 1249–1264. 

Kang L, Chen X, Sebastian BM, Pratt BT, Bederman IR, 
and Alexander JC, (2007). Chronic ethanol and tri- 
glyceride turnover in white adipose tissue in rats: in- 
hibition of the anti-lipolytic action of insulin after 
chronic ethanol contributes to increased triglyceride 
degradation. J Biol Chem. 282: 28465-28473. 

Kang L, Sebastian BM, Pritchard MT, Pratt BT, Previs SF, 
and Nagy LE, (2007). Chronic ethanol-induced insulin 
resistance is associated with macrophage infiltration 
into adipose tissue and altered expression of adipo- 
cytokines. Alcohol Clin Exp Res. 31:1581-1588. 

Katia Colombo Marchi, Jaqueline Jóice Muniz, and Car- 
los Renato Tirapelli (2014). Hypertension and chronic 
ethanol consumption: What do we know after a cen- 
tury of study? World J Cardiol. 26; 6(5): 283–294. 

Ki Tae Suk, Moon Young Kim, and Soon Koo Baik, 
(2014). Alcoholic liver disease: Treatment. World J 
Gastroenterol. 20(36): 12934–12944. 

Kumar V, Cotran R, and Robbins S (2003). Robbins basic 
pathology. 7th ed. Philadephlia: W.B. Saunders. 

Lieber CS, (2003). Relationships between Nutrition, 
Alcohol Use, and Liver disease. Alcohol Health & Re- 
search World. 27 (3): 220-231. 



161 ©JK Welfare & Pharmascope Foundation | International Journal of Research in Pharmaceutical Sciences 

Vetriselvan Subramaniyan et al., (2015) Int. J. Res. Pharm. Sci., 6(2), 157-161 
 

 

 

Lien Ai Pham-Huy, Hua He, and Chuong Pham-Huy, 
(2008). Free Radicals, Antioxidants in Disease and 
Health. Int J Biomed Sci. 4(2): 89–96. 

Malhi H, Guicciardi ME, and Gores GJ, (2010). Hepato- 
cyte death: a clear and present danger. Physiol Rev. 
90:1165-1194. 

Molina P, Mclain C, and Villa D, (2002). Molecular pa- 
thology and Clinical aspects of alcohol-induced tissue 
injury. Alcoholism: Clin.Exp. Res. 26 (1): 120-128. 

Nagalekshmi R, Aditya Menon, Dhanya KC, and Krish- 
nan Nair, (2011). Hepatoprotective activity of An- 
drographis Paniculata and Swertia Chirayita. Food 
and Chemical Toxicology. 49(12):3367-73. 

Nagata K, Suzuki H, and Sakaguchi S, (2007). Common 
pathogenic mechanism in development progression 
of liver injury caused by non-alcoholic or alcoholic 
steatohepatitis. J Toxicol Sci. 32:453-468. 

Pablo Muriel, (2009). Role of free radicals in liver dis- 
eases. Hepatol Int. 3(4): 526–536. 

Poirier LA, Rachdaoui N, and Nagy LE, (2001). GLUT4 
vesicle trafficking in rat adipocytes after ethanol 
feeding: regulation by heterotrimeric G-proteins. Bi- 
ochem J. 354(2):323-330. 

Puja Sakhuja, (2014). Pathology of alcoholic liver dis- 
ease, can it be differentiated from nonalcoholic stea- 
tohepatitis? World J Gastroenterol. 28; 20(44): 
16474–16479. 

Radan Bruha, Karel Dvorak, and Jaromir Petrtyl, (2012). 
Alcoholic liver disease. World J Hepatol. 27; 4(3): 81– 
90. 

Rajagopal SK, Manickam P, Periyasamy V, and Na- 
masivayam N, (2003). Activity of Cassia auriculata 
leaf extract in rats with alcoholic liver injury. J Nutr 
Biochem. 14:452–458. 

Resstel LB, Tirapelli CR, Lanchote VL, Uyemura SA, de 
Oliveira AM, and Correa FMA, (2006). Chronic etha- 
nol consumption alters cardiovascular functions in 
conscious rats. Life Sci. 78:2179–2187. 

Ronis MJ, Hakkak R, Korourian S, Albano E, Yoon S, and 
Ingelman- Sundberg M, (2004). Alcoholic liver dis- 
ease in rat fed ethanol as part of oral or intragastric 
low-carbohydrate liquid diets. Exp Biol Med. 
229:351-60 

Ruth A. Roberts, Patricia E. Ganey, Cynthia Ju, Lisa M. 
Kamendulis, Ivan Rusyn, and James E. Klaunig, 
(2007). Role of the Kupffer Cell in Mediating Hepatic 
Toxicity and Carcinogenesis. Tox Sci. 96(1): 2–15. 

Salvador Manzo-Avalos and Alfredo Saavedra-Molina, 
(2010). Cellular and Mitochondrial Effects of Alcohol 
Consumption. Int J Environ Res Public Health. 7(12): 
4281–4304. 

Sanjoy Roychowdhury, Megan R. McMullen, Sorana G. 
Pisano, Xiuli Liu, and Laura E. Nagy, (2013). Absence 
of receptor interacting protein kinase 3 prevents 
ethanol-induced liver injury. Hepatology. 57(5): 
1773–1783. 

Saravanan N, and Nalini N, (2007). Antioxidant effect of 
Hemidesmus indicus on ethanol induced hepatotoxi- 
city in rats. J Med Food. 10:675-82. 

Song Z, Zhou Z, Deaciuc I, Chen T, and McClain CJ, 
(2008). Inhibition of adiponectin production by ho- 
mocysteine: a potential mechanism for alcoholic liver 
disease. Hepatology. 47:867-879. 

Suprakash Chaudhury, (2010). Hallucinations: Clinical 
aspects and management. Ind Psychiatry J. 19(1): 5– 
12. 

Thakur V, Pritchard MT, McMullen MR, and Nagy LE, 
(2006). Adiponectin normalizes LPS-stimulated TNF 
{alpha} production by rat Kupffer cells after chronic 
ethanol feeding. Am J Physiol Gastrointest Liver Phys- 
iol. 290:998-1007. 

Tuma DJ, and Sorrell M, (2004). Alcohol and alcoholic 
liver disease. Semin Liver Dis. 24: 215. 

Wu D, and Cederbaum AI, (2003). Alcohol oxidative 
stress and Free Radical Damage. Alcohol Res. Health. 
27 (4): 277-284. 

Xiaocong Chen, Becky M. Sebastian, Hui Tang, Megan 
M. McMullen, Armend Axhemi, Donald W. Jacobsen, 
and Laura E. Nagy, (2009). Taurine Supplementation 
Prevents Ethanol-Induced Decrease in Serum Adi- 
ponectin and Reduces Hepatic Steatosis in Rats. 
Hepatology. 49(5): 1554–1562. 

Xu A, Wang Y, Keshaw H, Xu LY, Lam KS, and Cooper GJ, 
(2003). The fat-derived hormone adiponectin allevi- 
ates alcoholic and nonalcoholic fatty liver diseases in 
mice. J Clin Invest. 112:91-100. 

You M, Considine RV, Leone TC, Kelly DP, and Crabb 
DW, (2005). Role of adiponectin in the protective ac- 
tion of dietary saturated fat against alcoholic fatty 
liver in mice. Hepatology. 42:568-577. 

Yuanyuan Qin MS, Jillian Hamilton BS, Melanie D. Bird, 
Michael M. Chen BS, Luis Ramirez, Anita Zahs, Eliza- 
beth J. Kovacs, and Liza Makowski, (2014). Adipose 
inflammation and macrophage infiltration after 
binge ethanol and burn injury. Alcohol Clin Exp Res. 
38(1): 204–213. 


