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Abstract:

The study investigates the cytoprotective effect of taurine on ethanol-induced alterations in lipids and enzymes involved in

ion-transport in rat tissues. Male albino rats were divided into 4 groups (n = 8) and maintained for 28 days as follows: control group,

ethanol (6 g/kg/day) group, ethanol plus taurine (10 g/kg diet/day) group and control plus taurine group. Ethanol administration

caused significant increases in the lipids in plasma and tissues, such as liver, kidney and brain, together with reductions in the

activities of ATPases in tissues as compared to control animals. Histological studies revealed lipid accumulation and inflammatory

cell infiltrates in the liver and kidney while edematous changes were observed in the brain. Simultaneous administration of taurine

along with alcohol attenuated the rise in lipid levels and normalized ATPase activities. Histological changes were alleviated on

treatment with taurine. The study suggests a bioprotective effect of taurine in ethanol intoxication.
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Introduction

Chronic alcoholism is associated with degenerative

and inflammatory changes in many organs, including

the liver, brain, kidney, heart, skeletal muscle, stom-

ach and pancreas [4]. The toxic effects have been

shown to be directly due to ethanol and its oxidation

products. One among the various cellular mechanisms

of ethanol toxicity is the alteration in membrane struc-

ture and function. Ethanol interacts with the cellular

constituents causing profound changes in their struc-

ture, organization and functions. Alteration in lipid

components and ion-channels by ethanol can cause

changes in membrane function by altering its fluidity

[34].

Taurine (2-aminoethanesulfonic acid) is a non-

protein amino acid containing a sulfonic acid group. It

is found in many tissues of man and animals. Taurine

conjugates with bile acids, and aids digestion of lip-

ids. Besides this well-known function, taurine has

several important regulatory actions. These include

detoxification, membrane stabilization, osmoregula-

tion and modulation of cellular calcium levels [19].

Taurine has protective properties when administered

therapeutically. For example, supplementation studies

have documented antioxidative [15], hepatoprotective

[8], antihypertensive [7] and antidiabetic [38] proper-

ties of taurine. A few investigators have demonstrated

that this non-protein amino acid has hypolipidemic

and antiatherosclerotic effects in rats [43] and rabbits

[31] fed an atherogenic diet. Recently it has been re-
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ported that the inhibitory amino acid taurine may con-

tribute to an important neuroprotective mechanism

during excitotoxicity and could modulate ethanol-

conditioned stimulus preference [33]. We have previ-

ously shown that co-administration of taurine restores

ethanol-induced depletion of antioxidants and attenu-

ates oxidative stress in rat tissues [32].

In view of the above findings, a study was under-

taken to determine the role of taurine in ethanol-fed

rats. We now report the influence of taurine on the

levels of lipid constituents and activities of ATPases

in the major tissues, namely the liver, kidney, heart

and brain of ethanol-intoxicated rats. The ability of

taurine to prevent ethanol-induced histological changes

in the liver, kidney and brain are also reported.

Materials and Methods

Animals

Adult male albino rats of Wistar strain (170–190 g)

were purchased from the Central Animal House, Ra-

jah Muthiah Medical College, and were fed pellet diet

(Kamadhenu Agencies, Bangalore, India) and water

ad libitum. The animals were housed in polypropylene

cages under controlled conditions of 12 h light/12 h dark

cycle, 50% humidity and 22–25°C. All experimental

procedures were approved by the Institutional Animal

Ethical Committee, Rajah Muthiah Medical College,

Annamalai Nagar.

Experimental design

The animals were divided into four groups (n = 6) and

were maintained as follows:

Group 1 received glucose (5 g/kg) from 40% stock

glucose solution twice daily, which was isocaloric to

ethanol.

Group 2 received ethanol (3 g/kg) from 30% stock so-

lution twice daily.

Group 3 received the same dose of ethanol as group

2 animals and were treated with taurine-supplemented

diet (10 g/kg of diet).

Group 4 received taurine (10 g/kg diet) along with

isocaloric amount of glucose (5 g/kg from 40% stock

solution).

Ethanol and glucose were administered by oral

gavage. Taurine was added to the powdered diet at

a level of 10 g/kg of diet [44]. Groups 1 and 2 rats were

fed with commercial raw chow and water ad libitum,

while groups 3 and 4 rats were fed with taurine-

supplemented diet and water ad libitum. Treatments

were carried out for 28 days. At the end of experimen-

tal period the rats were sacrificed after an overnight

fast by decapitation. The animals were dissected and

tissues (liver, brain, kidney and heart) were removed

and cleared of blood and immediately homogenized

in 0.1 M Tris-HCl buffer, pH 7.4. The tissue ho-

mogenates were centrifuged at 600 × g to remove cell

debris and used for various estimations.

Biochemical analysis

Extraction of lipids from tissues was done by the

method of Folch et al. [13]. The content of cholesterol

was measured by the method of Zlatki et al. [48], tri-

glycerides (TG) were assessed according to Foster

and Dunn [14], phospholipids (PL) were assayed by

the method of Zilversmit and Davis [47] and free fatty

acids (FFA) were evaluated according to Falholt et al.

[12].

Total ATPases activity was determined by the

method of Evans [11], while Ca2+-ATPase activity

was evaluated by the method of Hjertan and Pan [18].

Mg2+-ATPase was assessed according to Ohnishi et

al. [28] and Na+/K+-ATPase was measured by the

method of Bonting [3]. Protein content in tissues was

determined by the method of Lowry et al. [24].

Histopathological analysis

For histopathological study, two animals from each

group were anesthetized using light ether, perfused

with 10% formalin and the liver and brain tissues

were separated and placed in formalin. They were

later sectioned using a microtome, dehydrated in

graded alcohol, embedded in paraffin section and

stained with hematoxylin and eosin [5].

Statistical analysis

Values are given as the means ± SD. The differences

between groups were analyzed using ANOVA fol-

lowed by Duncan’s Multiple Range Test (DMRT).

The level of statistical significance was set at p < 0.05

[9].
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Results

The food intake of animals did not vary between the

experimental groups. Based on the daily food intake,

the average dose of taurine consumed by groups 3 and

4 animals was 200–300 mg/kg/day.

Total cholesterol, TG, FFA and PL levels in plasma

and tissues were significantly lower in rats fed taurine

along with ethanol as compared to those fed ethanol

alone (Tab. 1–4).

Tables 5–8 give the activities of ATPases in tissues

of control and experimental animals. Significant re-

ductions in the activities of total ATPases (by 23% in

the liver, 88% in the brain, 10% in the kidney and

15% in the heart), Na+/K+-ATPase (by 24% in the

liver, 38% in the brain, 14% in the kidney and 12% in

the heart), Ca2+-ATPase (by 18% in the liver, 45% in

the brain, 17% in the kidney and 17% in the heart)

and Mg2+-ATPase (by 20% in the liver, 15% in the

brain, 12% in the kidney and 17% in the heart) were

observed in tissues of rats treated with ethanol.

Taurine supplementation to ethanol-treated rats caused

significant elevations in enzyme activities and the val-

ues were brought to near-normal levels.

Histopathological findings

The results of the histopathological studies are pre-

sented in Figures 1–13. A myriad of histopathological

changes were observed in tissues of ethanol-fed rats

(Group 2) as compared to those of untreated control
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rats (Group 1). The liver samples of ethanol-treated

animals showed sinusoidal dilatation, fatty changes of

micro- and macro-vesicular type and infiltration of in-

flammatory cells along the portal triad (Fig. 2). Simi-

larly, the brain of ethanol-treated rats showed marked

edema and spongiosis (Fig. 6). The kidney samples of

ethanol-treated animals showed fatty infiltration,

cloudy swelling and focal hemorrhage (Fig. 10). On

the other hand, ethanol-fed rats co-administered with

taurine exhibited limited fatty changes in tissues. The

radial disarray and portal inflammation were mini-

mized in the liver. Control rats treated with taurine

showed no histological abnormalities and showed

a normal pattern.

Discussion

The presented data indicate that ethanol intoxication

causes accumulation of lipids in tissues, reductions in

the activities of enzymes involved in ion-transport,

changes in histological characteristics and that taurine

could attenuate ethanol-induced tissue damage. The

deleterious effects of ethanol were uniform in the tis-

sues and can be related to changes that occur at cellu-

lar level.

Ethanol permeates all tissues of the body and af-

fects most vital functions of virtually all organs in-

cluding the liver, kidney, heart, brain and pancreas

[23]. Several investigators [2, 20, 21] have shown that

administration of ethanol to rats results in hyperlipi-

demia and accumulation of lipids in liver and other

tissues. Elevation in cholesterol level has been attrib-

uted to the increased hydroxymethylglutaryl CoA

(HMG CoA) reductase activity in tissues [35], while

elevation in TG levels during ethanol consumption
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could be due to the increased availability of FFA,

glycerophosphate, decreased lipase activity and de-

creased fatty acid oxidation [21, 22]. Reduction in the

activities of lipolytic enzymes, namely plasma lipo-

protein lipase and hepatic TG lipase in ethanol-treated

rats may lead to the decreased removal of TG from

circulation and accumulation of TG in tissues [29].

PL levels are also significantly altered by ethanol

treatment. Elevated levels of FFA may promote the

synthesis of PL in the liver. The increase in FFA levels

in ethanol-fed group may be attributed to the in-

creased synthesis from acetate since the increased

NADH/NAD+ ratio during ethanol oxidation favors

FFA synthesis.

Taurine supplementation lowered TG, FFA, choles-

terol and PL levels in ethanol-fed rats to normal lev-
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Fig. 11. Kidney of alcoholic rats treated with taurine. H & E x 20. Focal
fatty changes in the parenchyma but cloudy swelling is markedly re-
duced
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Tab. 1. *����� �	 ���������� �� ������ 2��3��4 ��� ������� 2��35�� �4 �	 ������� ��� �.���������� ������� 2������ ��� �� ����� 6 ��7 � 8 �4

Parameters Control Alcohol Alcohol + taurine Control + taurine

Plasma 87.49 ± 6.38 170.10 ± 3.01* 85.92 ± 7.65� 87.50 ± 5.51

Liver 355.73 ± 16.36 501.46 ± 10.79* 347.49 ± 28.37� 336.53 ± 16.49

Brain 1160 ± 17.38 1652 ± 34.50* 1191.50 ± 43.95� 1186.10 ± 18.81

Kidney 398.40 ± 27.87 652.36 ± 17.01* 404.56 ± 7.04� 404.80 ± 18.74

Heart 212.80 ± 19.80 330.66 ± 19.05* 218.87 ± 10.18� 206.40 ± 14.83

9 �����	����� �� �������� �� ������� 2��:" � ; �)�<47 = �����	����� �� �������� �� ������&������� ���� 2��:" � ; �)�<4

Tab. 2. *����� �	 ������������� �� ������ 2��3��4 ��� ������� 2��35�� �4 �	 ������� ��� �.���������� ������� 2������ ��� �� ����� 6 ��7 � 8 �4

Parameters Control Alcohol Alcohol + taurine Control + taurine

Plasma 76.53 ± 3.71 114.36 ± 3.87* 80.28 ± 4.78� 76.43 ± 5.52

Liver 355.53 ± 18.24 554.97 ± 28.20* 355.20 ± 21.72� 331.93 ± 14.05

Brain 341.32 ± 15.47 453.51 ± 23.13* 372.60 ± 15.74� 355.52 ± 12.50

Kidney 437.78 ± 13.01 687.92 ± 19.31* 447.42 ± 20.81� 430.77 ± 13.62

Heart 348.55 ± 11.54 469.69 ± 18.55* 353.60 ± 25.68� 355.87 ± 10.49

9 �����	����� �� �������� �� ������� 2��:" � ; �)�<47 = �����	����� �� �������� �� ������&������� ���� 2��:" � ; �)�<4

Tab. 3. *����� �	 	��� 	���� ����� �� ������ 2��3��4 ��� ������� 2��35�� �4 �	 ������� ��� �.���������� ������� 2������ ��� ������� 6 ��7 � 8 �4

Parameters Control Alcohol Alcohol + taurine Control + taurine

Plasma 76.64 ± 6.12 109.94 ± 10.83* 85.35 ± 2.66� 77.50 ± 7.06

Liver 667.77 ± 22.55 1006.92 ± 43.90* 687.36 ± 59.84� 676.97 ± 40.16

Brain 19.14 ± 1.92 27.32 ± 3.66* 19.93 ± 0.70� 17.81 ± 1.72

Kidney 404.97 ± 35.65 699.93 ± 55.76* 417.98 ± 13.75� 397.71 ± 33.52

Heart 430.35 ± 45.56 592.35 ± 52.43* 434.34 ± 15.39� 421.89 ± 22.20

9 �����	����� �� �������� �� ������� 2��:" � ; �)�<47 = �����	����� �� �������� �� ������&������� ���� 2��:" � ; �)�<4

Tab. 4. *����� �	 ����������� �� ������ 2��3��4 ��� ������� 2��35�� �4 �	 ������� ��� �.���������� ������� 2������ ��� ������� 6 ��7 � 8 �4

Parameters Control Alcohol Alcohol + taurine Control + taurine

Plasma 80.25 ± 7.97 144.16 ± 9.92* 84.01 ± 8.16� 74.75 ± 6.53

Liver 1886.89 ± 48.25 2367 ± 76.24* 1962.57 ± 94.41� 1883.50 ± 101.97

Brain 1507.83 ± 76.81 2738.33 ± 100.84* 1872.90 ± 74.66� 1818 ± 77.67

Kidney 1484.16 ± 49.39 2058 ± 100.04* 1575 ± 45.64� 1486 ± 76

Heart 1116 ± 82.58 1640 ± 107.24* 1236 ± 82.73� 1216 ± 77.64

9 �����	����� �� �������� �� ������� 2��:" � ; �)�<47 = �����	����� �� �������� �� ������&������� ���� 2��:" � ; �)�<4
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Tab. 5. "���� �"���� ���������� 2>����� �	 �������� ��/������3�� �	 �������34 �� ������� �	 ������� ��� �.���������� ������� 2������ ��� ��
����� 6 ��7 � 8 �4

Parameters Control Alcohol Alcohol + taurine Control + taurine

Liver 1.91 ± 0.01 1.47 ± 0.02* 1.87 ± 0.02� 1.91 ± 0.018

Brain 1.25 ± 0.01 0.15 ± 0.01* 1.21 ± 0.01� 1.24 ± 0.013

Kidney 1.50 ± 0.01 1.36 ± 0.01* 1.18 ± 0.01� 1.50 ± 0.14

Heart 1.42 ± 0.15 1.23 ± 0.12* 1.43 ± 0.13� 1.44 ± 0.13

9 �����	����� �� �������� �� ������� 2��:" � ; �)�<47 = �����	����� �� �������� �� ������&������� ���� 2��:" � ; �)�<4

Tab. 6. ���������� �	 ?�
��

�"���� 2>����� �	 �������� ��/������3�� �	 �������34 �� ������� �	 ������� ��� �.���������� �������
2������ ��� �� ����� 6 ��7 � 8 �4

Parameters Control Alcohol Alcohol + taurine Control + taurine

Liver 0.32 ± 0.03 0.26 ± 0.02* 0.31 ± 0.02� 0.31 ± 0.016

Brain 0.18 ± 0.01 0.098 ± 0.01* 0.17 ± 0.02� 0.19 ± 0.01

Kidney 0.34 ± 0.02 0.28 ± 0.02* 0.33 ± 0.03� 0.33 ± 0.025

Heart 0.28 ± 0.02 0.23 ± 0.02* 0.28 ± 0.02� 0.29 ± 0.028

9 �����	����� �� �������� �� ������� 2��:" � ; �)�<47 = �����	����� �� �������� �� ������&������� ���� 2��:" � ; �)�<4

Tab. 7. ���������� �	 ��
�
31

�
�"���� 2>����� �	 �������� ��/������3�� �	 �������34 �� ������� �	 ������� ��� �.���������� ������� 2������ ���

�� ����� 6 ��7 � 8 �4

Parameters Control Alcohol Alcohol + taurine Control + taurine

Liver 0.50 ± 0.03 0.38 ± 0.02* 0.49 ± 0.01� 0.50 ± 0.02

Brain 0.34 ± 0.03 0.21 ± 0.02* 0.31 ± 0.02� 0.34 ± 0.032

Kidney 0.49 ± 0.03 0.42 ± 0.03* 0.49 ± 0.03� 0.50 ± 0.02

Heart 0.39 ± 0.02 0.34 ± 0.03* 0.39 ± 0.02� 0.42 ± 0.019

9 �����	����� �� �������� �� ������� 2��:" � ; �)�<47 = �����	����� �� �������� �� ������&������� ���� 2��:" � ; �)�<4

Tab. 8. ���������� �	 ��
��

�"���� 2>����� �	 �������� ��/������3�� �	 �������34 �� ������� �	 ������� ��� �.���������� ������� 2������ ���
�� ����� 6 ��7 � 8 �4

Parameters Control Alcohol Alcohol + taurine Control + taurine

Liver 0.63 ± 0.032 0.50 ± 0.03* 0.59 ± 0.02� 0.61 ± 0.03

Brain 0.39 ± 0.02 0.33 ± 0.03* 0.38 ± 0.02� 0.39 ± 0.02

Kidney 0.55 ± 0.03 0.48 ± 0.05* 0.54 ± 0.03� 0.58 ± 0.014

Heart 0.47 ± 0.03 0.39 ± 0.02* 0.47 ± 0.03� 0.47 ± 0.03

9 �����	����� �� �������� �� ������� 2��:" � ; �)�<47 = �����	����� �� �������� �� ������&������� ���� 2��:" � ; �)�<4



els. The hypocholesterolemic effect of taurine in ex-

perimental animals was first demonstrated about

20 years ago by Tsuji et al. [39]. A number of studies

have been carried out since then to demonstrate

hypolipidemic and antiatherosclerotic effects of

taurine in experimental animals including rats, mice

guinea pigs and rabbits [31, 37, 42, 43]. The hyper-

cholesterolemic action of taurine in rats fed ethanol

has been attributed to its ability to increase bile acid

synthesis and also to its ability to increase cholesterol

absorption [27]. Kerai et al. [22] reported that treat-

ment with taurine reversed hepatic steatosis raised by

ethanol in rats and suggested that the reduced hepatic

TG level is due to the increased secretory rate stimu-

lated by taurine.

The functions of many membrane-associated pro-

teins are dependent on their immediate lipid environ-

ment. Thus, perturbation of the lipid environment in

the vicinity of ion pumps by ethanol could result in

significant alterations in their activities. Excessive al-

cohol can have profound negative effect on tissues

and their functions in maintaining the electrolyte bal-

ance. Ethanol has been shown to reduce ionic transfer

through alterations in the monovalent cation pump

and the antiport system [16]. Ethanol particularly af-

fects the concentrations of intracellular cations and

ATPase activities [1, 41, 45]. Acute ethanol exposure

causes a loss in the lens calcium homeostasis by in-

creasing calcium permeability and by inhibiting cal-

cium pump [45].

Taurine administration may contribute to protec-

tion of cell structures by avoiding ion overloading and

the subsequent water accumulation [30]. Taurine sup-

plementation resulted in normalization of ATPase

activities in tissues of ethanol-fed rats (Group 3).

Taurine has been reported to stimulate Na+/K+-

ATPase activity in the hamster brain [17]. Taurine

modulates many Ca2+-dependent processes and it af-

fords protection against the Ca2+ overload. The Ca2+

modulatory actions of taurine involve either a modifi-

cation of Ca2+ availability to systems sensitive to Ca2+

or a modification of the affinity of Ca2+ binding sites

of Ca2+-dependent ATPases or both [6]. Taurine

stimulates the pumping rate of Ca2+-activated ATPase

pump possibly by increasing the turnover rate of the

pump secondary to a membrane modification [19].

Taurine directly affects the hydrophilic site on the

channel and modifies the kinetics of channel opening

or closing [36]. These data indicate that taurine has

the capacity to normalize ATPase activities and thus

may prevent deleterious consequences due to ion

overloading.

Fatty changes are the commonest single feature of

alcoholic liver disease. Moreover, the ingestion of

ethanol induces cytochrome and causes severe dam-

age to the liver. The toxic effects of ethanol and its

metabolites on the central nervous system during con-

sumption have been reported [26]. Taurine treatment

reversed fatty changes and portal inflammation in the

liver, swelling and hemorrhage in the kidney and

cerebral edema and spongiosis in the brain. These ob-

servations indicate that taurine confers protection

against ethanol toxicity. It is also evidenced that

taurine exerts a restorative effect on hepatic lipids and

attenuates oxidative stress by replenishing antioxi-

dants [2], reverses fatty liver, hepatic lipid peroxida-

tion [22] and completely inactivates the alcohol me-

tabolizing cytochrome P450 2E1 of the liver in

ethanol-fed rats [21].

It is of interest to note that taurine counteracts the

deleterious effects of other toxic chemicals such as

ammonia [46], acetaminophen [40], gentamicin [10]

and acrylonitrile [25].

The protective effect of taurine in various tissues

against the effects of ethanol demonstrated in this

study, encourages future efforts to elucidate the inter-

actions between ethanol and taurine and to evaluate

the possible applications of taurine in ethanol abuse.
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