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Abstract Apoptosis plays an important role in cellular

homeostasis. In this study we have investigated whether

apoptosis is a contributory factor to alcohol induced liver

damage. Long term ethanol (1.6 g/kg body weight/day)

exposure augmented liver apoptosis as reflected by high

frequency of positive TUNEL staining nuclei and by an

increased activity of caspase-3 and -8. Our study provides

evidence that long-term ethanol consumption triggers

apoptotic process in the liver.
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Introduction

Apoptosis plays an important role in cellular homeostasis.

Apoptosis maintains the T cell repertoire and in deleting

autoreactive lymphocytes, thus regulating the immune

response [1–3]. Ethanol-associated endotoxaemia and

subsequent release of inflammatory mediators may cause

hepatic injury via oxyradical-dependent or -independent

mechanisms [4]. In one study, ethanol-containing liquid

diet feeding for 6 months caused oxidative stress, upregu-

lated the mRNA levels of tumor necrosis factor (TNF)-a
and caspase-3 activity in the liver of male adult 129S6

mice and developed hepatitis [5]. Other study has shown

that TNF-a addition to ethanol-pretreated hepatocyte

culture provokes the mitochondrial permeability transition,

cytochrome c release, procaspase 3 activation, and apop-

tosis [6]. We have already shown that long-term ethanol

induced liver damage is associated with oxidative chal-

lenges, immunomodulatory activity and angiogenesis pro-

cesses [7–10]. In this study we have investigated the effects

of long-term ethanol exposure on apoptosis in liver.

Materials and Methods

Chemicals

TUNEL assay kit from Calbiochem, Nottingham, UK;

Caspase-3 (CPP32; Cat. K 106) and caspase-8 (Cat. K 113)

kits from BioVision Research Products, Mountain View,

CA, USA were used.

Animal Selection

Twenty-four male albino Wistar strain rats (16–18 weeks-

old, 200–220 g) were housed in plastic cages inside a well-

ventilated room. The room was maintained under standard

husbandry condition. All animals had free access of stan-

dard diet [7–9] and water ad libitum. The animals were

weighed daily and its general condition was recorded

including their daily intake of liquid. A dose of 1.6 g

ethanol/kg body weight/day was selected for administra-

tion to animals based on our previous dose-dependent study

in male Wistar rats [7, 9, 11]. The rats were randomly

divided into three ethanol treatment groups along with

appropriate control. Ethanol was diluted with distilled

water to get desired concentration and administered intra-

gastrically for 4, 12 or 36 weeks. Control rats were fed

isocaloric glucose solution instead of ethanol (1.6 g/kg

S. K. Das (&) � S. Mukherjee � D. M. Vasudevan

Department of Biochemistry, ESI-PGIMSR,

Joka, Kolkata 700 104, India

e-mail: drsubirkdas@yahoo.co.in

S. K. Das � S. Mukherjee � D. M. Vasudevan

Amrita Institute of Medical Sciences, Cochin 682026,

Kerala, India

123

Ind J Clin Biochem (Jan-Mar 2011) 26(1):84–87

DOI 10.1007/s12291-010-0094-y



body wt) per day. The Animal Ethics Committee of the

Institution approved the procedures in accordance with the

CPCSEA guideline.

Experimental Procedures

The rats were sacrificed after over-night fast at the end of

each experimental schedule by administration of intra-

peritoneal Na-pentobarbital (Nembutal, 60 mg/kg body

weight) (euthanasia) [12]. The liver tissues were collected,

cleaned with ice-cold saline, blotted dry, and immediately

preserved for further analysis.

Caspase activity—Fresh liver tissues were homogenized

in chilled tissue homogenizer at 4�C with ice-cold extrac-

tion buffer [25 mM HEPES buffer, pH 7.4, containing

5 mM ethylenediaminetetraacetic acid (EDTA), 2 mM

dithiothreitol and 0.1% CHAPS]. The homogenate was

cold centrifuged at 20,0009g for 30 min. The supernatant

was diluted with the assay buffer (50 mM HEPES, pH 7.2,

50 mM NaCl, 0.1% CHAPS, 10 mM EDTA, 5% glycerol

and 10 mM dithiothreitol) and incubated at 37�C with

200 lM caspase-3 (Asp-Glu-Val-Asp-p-nitroanilide or

Ac-DEVD-pNA) or caspase-8 (Ile-Glu-Thr-Asp-pNA or

IETD-pNA) substrate. Release of p-nitroanilide from

labelled substrates was monitored at 405 nm. Fold increase

in activities was determined by comparing the results of

treated samples with the level of the uninduced control.

Detection of apoptosis-induced DNA strand breaks

using terminal deoxynucleotidyl transferase (TdT)-medi-

ated dUTP nick end labeling (TUNEL)—The Fragment

End Labeling (FragEL) DNA fragmentation detection kit

was used to detect apoptotic nuclei in paraffin-embedded

tissue sections according to the manufacture’s instructions.

Briefly, paraffin embedded tissue sections were deparaffi-

nized, rehydrated with ethanol, washed with Tris buffered

saline (TBS; 20 mM Tris, pH 7.6 with 140 mM NaCl),

pretreated with proteinase K and H2O2, and incubated with

the reaction mixture containing terminal deoxynucleotidyl

transferase (TdT) and biotin-labeled or unlabeled deoxy-

nucleotides (dUTP) in TdT buffer (1 M sodium cacodylate,

0.15 M Tris, 1.5 mg/ml BSA, 3.75 mM CoCl2, pH 6.6) for

1 h at 37�C. The reaction was terminated by using 0.5 M

EDTA, pH 8.0; and blocked with 4% BSA in PBS. TdT

binds with exposed 3P-OH ends of DNA fragments, which

are generated in response to apoptotic signals and catalyze

the addition of biotin-labeled and unlabeled deoxynucleo-

tides. Biotinylated nucleotides are detected using a strep-

tavidin horseradish peroxidase (HRP) conjugate with

diaminobenzidine as chromogen. Methyl green counter-

stain aids in the morphological evaluation and character-

ization of normal and apoptotic cells. A mixture of HL60

cells incubated with actinomycin D to induce apoptosis and

uninduced HL60 cells were used as control.

Statistical Analysis

All data were analyzed using the statistical package SPSS

(version 11.0, SPSS Inc., Chicago, IL). Results were

expressed as mean ± SD (standard deviation). The sources

of variation for multiple comparisons were assessed by the

analysis of variance (ANOVA), followed by Post-Hoc test

with Bonferroni’s and Tukey’s multiple comparisons test.

The difference were considered significant at P \ 0.05.

Results

TUNEL analysis demonstrated an increase in apoptotic cell

death following ethanol treatment. In comparison to the

control rats (Fig. 1a), the staining intensity was different

among the positive cells. Apoptotic bodies and cells

appeared brown. Ethanol-treated rats showed positive

staining in the liver (Fig. 1b–d) under light microscopy.

These changes were accompanied with elevation of cas-

pase-3 (Fig. 2a) and caspase-8 activities (Fig. 2b). Ethanol

treatment for 4, 12, and 36 weeks increased caspase-3

activity by 1.71-, 3.36- and 5.2-fold, respectively (Fig. 2a),

and caspase-8 activity by 0.38-, 2.12- and 3.43-fold,

respectively (Fig. 2b).

Discussion

The caspases are a family of more than a dozen cysteine-

aspartic acid proteases [13, 14]. These are synthesized as

zymogens, and are themselves activated by cleavage at the

carboxyl side of aspartate residues [15]. Initiator caspases

(caspase-2, -8, -9, -and -10) cleave inactive pro-forms of

effector caspases (apoptosis executioner) (caspase-3, -6,

and -7), which in turn cleave other protein substrates

within the cell to trigger the apoptotic process [16]. In our

study, the progressive elevation of cell death was detected

in the chronic ethanol-exposed rat livers by TUNEL assay

(Fig. 1), and was confirmed by the increased expression of

caspase-3 (Fig. 2a) and caspase-8 (Fig. 2b) activities with

duration. These findings were in agreement with other

reports [5, 17]. In other study, the amount of fragmented

DNA and the number of apoptotic hepatocytes increased

in vivo and in vitro, when hepatocytes from male

Wistar rats were cultured in presence of 100 mM ethanol

[16]. The caspases participate in cytokine maturation,

apoptosis, necrosis and inflammation [13, 15]. Activation

of caspase-3 and -8 are responsible for alcohol-induced

liver apoptosis [14]. Our study thus provides evidence that

long-term ethanol consumption triggers apoptotic process

in the liver.
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Fig. 2 Effect of increasing duration of ethanol exposure on a Caspase-3, and b Caspase-8 activities in liver tissues

Fig. 1 TUNEL expression in

liver tissues for a control group

of rats, b 4 weeks, c 12 weeks,

and d 36 weeks of ethanol

exposed rats
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