International Journal of Integrative Biology

1JIB

ISSN 0973-8363

Fish lipid prevents alcohol induced damages in liver and kidney
tissues of mice (Mus musculus)

Manju M Surliker, Ramaballav Roy”
Lipid Biochemistry Laboratory, Department of Zoology, Goa University, Goa, India

Submitted: 31 Aug. 2010; Revised: 16 Dec. 2010; Accepted: 9 Jan. 2011

Abstract

The beneficial effect of dietary lipid is hypothesized to depend upon its type and composition, dose and duration
of intake. The present study has been aimed to evaluate the ameliorative effect of two fish lipid, extracted from
Sardinella longiceps and Rastrelliger kanagurta, in alcohol induced damages in liver and kidney tissue of mice,
Mus musculus. Concentration of various biochemical parameters viz., total protein, albumin, total carbohydrate,
urea, triglyceride, total and conjugated bilirubin, reduced glutathione (GSH) and Thiobarbituric acid reactive
substances (TBARS) along with the activities the of alanine transaminase (ALT), aspartate transaminase (AST),
alkaline phosphates (ALP) and gamma glutamyl transpeptidase (GGT) were monitored in these tissues. Altered
levels of tissue biochemical compositions and the increased activities of the studied enzymes due to alcohol
toxicities were reverted with the supplementation of 10% fish lipids. Lipids from Sardinella longiceps brought
the maximum changes in concentration of albumin, Bilirubin, triglycerides and in the activities of AST and GGT
in comparison with the same of Rastrelliger kanagurta. Histological studies of liver and kidney confirms the
protective effect of dietary fish lipid from alcohol toxicities.
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INTRODUCTION

Ethanol is the most frequently abused drug and is a
preferred fuel once consumed. Ethanol ingestion
produces wide variety of pathological disturbances
affecting a number of organs. Being a small molecule
and soluble both in water and lipids, ethanol permeates
all tissues of the body and affects most vital functions
of virtually all organs including liver, kidney, brain,

heart and pancreas (Lieber, 1995). The increased may also cause acute tubular necrosis (Hirsch et al.,

production of reactive oxygen species (ROS) by the 1994) and renal tubular dysfunction (De Marchi et al.,
heavy intake of ethanol, lead to increase in lipid 1993).

peroxidation and thus results in oxidative stress which
have been extensively studied using human and animal
cells as well as animal models (Lindros, 1995; Zima et
al., 2001). Metabolism of ethanol which takes place in
liver produces specific metabolites that cause toxic

the urine, and its content in the urine is higher than that
of the blood and liver (Das and Vasudevan, 2008).
Kidney seems to be the only vital organ generally
spared in chronic alcoholics without advanced
alcoholic liver diseases or hepato-renal syndrome.
However, due to regular alcohol consumption, the
harmful product of alcohol metabolism passes through
the kidney which per se may be a risk factor for renal
damage (Heidland et al., 1985). Alcohol consumption

Dietary lipids play an important role in various
physiological processes and thus help in maintaining
health. A large number of studies have shown positive
health benefits associated with consumption of omega-

disturbances and lead to severe liver damage (You-Gui
et al., 2008; Luis et al., 2006 and Utu-Baku et al.,
2009). After ethanol administration, ethanol and its
metabolites go through kidneys and are excreted into
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3 polyunsaturated fatty acids (PUFAs) on cancer, infant
development, cardiovascular diseases and various
mental illnesses such as depression, hyperactivity
disorder and dementia (Riediger et al., 2009). However,
studies also have suggested that total dietary fat intake
is linked to an increased risk of obesity, diabetes
(Astrup et al., 2008). Diets containing higher amount of
saturated fatty acids (SFA) or omega-6 PUFAs are
correlated with an  increased incidence of
arthrosclerosis and coronary heart diseases (Hu et al.,
1997). Effects of changing the total fat intake and
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saturated/ unsaturated ratios are still controversial. The
cosmopolitan distribution of omega-6 PUFA in nature
makes it a predominant PUFA in our diet, thereby
making the amount of omega-3 consumed very less.
Fish lipids have been used as most effective means of
correcting the balance between omega-6 and omega-3
fatty acids in terms of improvements of health.
Therefore, we hypothesized that the beneficial effect of
dietary fish lipid depends upon its type (the
composition of fat, relative concentration of saturated
and unsaturated fatty acids, relative concentration of
omega-3 and omega-6 long chain polyunsaturated fatty
acids), its quantity of intake and duration of its intake.
Pujari et al. (2010) have shown that dietary intake of
10% fish oil, enriched with omega-3 polyunsaturated
fatty acids, for a period of 30 days is quite beneficial to
laboratory mice, Mus musculus in maintaining the
sound health.

The severe liver diseases are associated with lower
percentage of plasma fatty acid of omega-3 and omega-
6 series. Long chain PUFA deficiency is observed in
patients with liver cirrhosis (Okita and Watanabe.,
1998). Habitual fish intake may protect hepatic
encephalopathy (Cabre, 1996). Diets enriched with
omega-3 polyunsaturated fatty acids are associated with
the amelioration of D-galactosime induced hepatitis in
Mus musculus (Pujari and Roy, 2010). The same might
also be associated with amelioration of alcohol induced
tissue damage. However, the route, dosage and safety
of PUFA supplementation need further investigation.
Hence, the objective of the present study is to test the
hypothesis that the quality of the dietary fish lipid is
more important in preventing the alcohol induced tissue
damages in Swiss albino mice, Mus musculus. We have
used two laboratory extracted fish lipid viz., Sardine
fish, Sardinella longiceps and Mackerel fish,
Rastrelliger kanagurta for our present study. These two
fish lipids are having apparently higher amount of
omega-3 PUFA but they do differ in their composition
(Tables 1 [Supplementary data] and Table 2 [Supplementary
data]).

MATERIALS AND METHODS

Prior permission of Animal Ethic Committee, Goa
University was taken to use the Swiss albino mice for
the present study. The animals were maintained
according to the guidelines of CPCSEA (Committee for
the Purpose of Control and Supervision on Experiments
on Animals), Govt. of India.

Extraction of fish lipid

Muscle tissues of fish were sonicated with enough
hexane at temperature 30°C for 1 hr with a stop for 5
minutes after every 15 minutes to avoid the heat
generation due to sonication. The filtrate was collected

under vaccum and stored. The residue was resonicated
once again with fresh hexane. The pull filtrate was
concentrated under Rotatory Vaccum Evaporator to
remove the excess hexane. BHT (butalated hydroxyl
toluene) was added to the oil in order to prevent the
oxidation. The concentration of BHT in the oil was
maintained as ImM. Finally the oil was stored in amber
colored bottle and refrigerated. Lipid analyses of these
fishes were carried out as per our own experiences
(Pujari et al., 2010).

Protocol of experiments

Two months old Swiss albino mice of uniform weight
(22 £ 0.5g) were selected for the present study. After
acclimatization for a period of 2 weeks, the animals
were divided into four different groups each containing
6 mice.

Group |

Served as control group [C] and were maintained with
standard pellet diet and water ad libitum during the
experimental period of 30 days.

Group 11

Served as Alcohol treated group [AL] these group,
mice were maintained with standard pellet diet like the
control group of mice. However, they were supplied
with 20% alcohol as a source of drinking for 30 days.

Group 11

Served as Alcohol treated group with supplementation
of Sardine lipid, [AS] Sardine lipid at a dose of 10%
was freshly blended with the standard pellet diet and
fed to mice ad libitum along with 20% alcohol as a
source of drinking for the period of 30 days.

Group 1V

Served as Alcohol treated group with supplementation
of Mackerel lipid, [AR] Mackerel lipid at a dose of
10% was freshly blended with the standard pellet diet
and fed to mice ad libitum along with 20% alcohol as a
source of drinking for the period of 30 days.

After 30 days of feeding experiment, animals were
starved for 24hr before sacrificing. Animals were
anesthetized to collect the liver, kidney and blood
samples for further analysis.

Biochemical analysis

Protein (using Lowy’s method), Albumin (using
Bromocresol green reagent), Urea (using Diacetyl
monoxime reagent), total Carbohydrate (using
Anthrone reagent) and total and conjugated Bilirubin
(using Diazo reagent) were estimated by following
routine analytical method as mentioned by (Godkar,
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1994).  Thiobarbituric
acid reactive substances

(TBARS) were
estimated by using
TBA-TCA-HCL

reagent following the
method of Niehaus and
Samuelsson,  (1968).
Reduced  glutathione
(GSH) was measured
by using 5, 5’-Dithiobis,

2-nitrobenzoic acid
(Moron et a.l., 1979).
Triglyceride was
estimated by using
Chromotropic acid

reagent (Kates, 1986).

Enzymatic
analysis

Alanine transaminase
(ALT) [EC 2.6.1.2] and
Aspartate transaminase
(AST) [EC 2.6.1.1]
activities were assayed
by using dinitrophenyl
hydrazine reagent
(Reitman, 1957).
Alkaline  phosphates
(ALP) [EC 2.6.1.2]
activity was assayed by

using p-nitro phenol ©
reagent (King, 1934).
Gammaglutamyl

(d)

Figure 5: Effect of dietary fish lipid supplementation on the liver architecture of mice Mus musculus. a: control
group mice; b: alcohol treated group mice: c: alcohol treated mice with 10% Sardine lipid supplementation;

tranpeptidase (GGT) d:alcohol treated mice with 10% Mackerel lipid; CV- Central Vein; H-Hepatocytes; FD- Fatty Degeneration;

[EC 2.3.2.2] activity MFD Mild Fatty Degeneration.
was measured by using
glacial acetic reagent (Fiala et al., 1972).

Histopathological analysis

Routine laboratory method was followed for
histological studies. Liver and kidney tissues were per
fused with phosphate buffer saline (pH 7.0) and fixed
in 10% formalin. The paraffin block was cut into
uniform sections of 10um thickness using a microtome
and tissue sections were stained with hematoxylin and
eosin for Histopathological examination (40 X) under a
polarizing microscope (Olympus BX41).

Statistical analysis

Analyses were performed using the Statistical Package
for the Social Sciences, Version 7.5 (SPSS Inc,
Chicago III). Difference between the groups was
analyzed by independent samples student t test. The
level of significance was set to p<0.05. The results
were represented as mean + standard error.

RESULTS

It is revealed from Table 3 [Supplementary data] that
alcohol consumption for a period of 30 days led to
elevation of total protein (15-45%, p<0.001), albumin
fractions of protein (2-fold, p<0.001), Bilirubin (70% -
6 fold, p<0.001) along with reduction in globulin
fraction of protein (20-50%, p<0.05-0.01), total
carbohydrate (20-60%, p<0.01-0.001) in different
tissues of mice, Mus musculus. Augmentation of
albumin fraction and reduction of globulin fractions of
protein due to alcohol intoxication led to significant
elevation in A/G ratio almost by 3 fold. The elevated
level of protein was brought down by (10-20%, p<0.01-
0.001) more prominently in liver and serum of mice
when alcohol consumption was done along with the
dietary intake of fish lipid. This was clearly reflected in
albumin fractions of protein. Intake of Mackerel lipid
along with alcohol consumption did not elevate the
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Figure 6: Effect of dietary fish lipid supplementation on the kidney architecture of mice Mus musculus. a: control
group mice; b: alcohol treated group mice: C: alcohol treated mice with 10% Sardine lipid supplementation;
d:alcohol treated mice with 10% Mackerel lipid; RT-Renal Tubules; G- Glomerulus; FD- Fatty Degeneration; I-

Inflammation.

reduced level of globulin fractions; as a result A/G ratio
was brought back almost to the normal level only with
Sardine lipid intake along with alcohol consumption.
Intake of fish lipid along with alcohol consumption
elevated the reduced level of total carbohydrate. It is
interesting to note that intake of Sardine lipid elevated
the total carbohydrate level more than the normal
values. The elevated level of bilirubin was significantly
reduced by (10-70%, p<0.01-0.001) with dietary intake
of fish lipid along with alcohol consumption. However,
the level of bilirubin still remained higher than the
same of control group of mice. The bilirubin level was
much reduced in Sardine lipid treated group than the
Mackerel lipid treated group of mice.

Consumption of alcohol over a period of 30 days led to
elevation in the levels of urea concentration (25 to 2.4
fold, p<0.001), triglyceride (47%- 2.3 fold, p<0.001),
TBARS (44%-3 fold, p<0.001), along with reduction in
the levels of GSH (10-30%, p<0.02-0.001). Intake of
fish lipid along with alcohol consumption reduced the

elevated levels of
urea by  10-40%

(p<0.01-0.001),
triglycerides by 10-
50% (p<0.01-0.001),
TBARS by 20-40%
(p<0.001). However,
the reduction of
serum urea  and
TBARS in kidney
was  more  with
Sardine lipid
supplementation  in
compare with
Mackerel lipid

supplementation
(Table 4 [Supplementary
data]). Dietary lipid
intake brought the
GSH  concentration
back to the almost
normal level in all the
three tissues of mice,
namely liver, kidney
and serum.

The biochemical
changes are also
reflected in  the
activity of  some
cellular enzymes like
] &b ALT, AST, ALP and
@ GGT. Alcohol intake
for the period of 30
days elevated the
activity of all the
enzymes tested by
25% to 3 fold (p<
0.01). The increased activity of ALT (Fig. 1
[Supplementary data]), AST (Fig. 2 [Supplementary data]),
ALP (Fig. 3 [Supplementary data]) and GGT (Fig. 4
[Supplementary data]) were significantly reduced when
alcohol consumption was along with dietary
supplementation of Sardine or Mackerel lipid. This
reduction effect was more with intake of Sardine lipid
than the Mackerel lipid.

The control group of mice showed normal architecture
of liver with normal hepatocytes (Fig. 5a) and of
kidney with renal tubules and glomerulus’s (Fig. 6a).
Alcohol intoxication caused complete distortion of
normal architecture of liver and kidney due to
accumulation of fatty vacuoles leading to destruction of
arrangement of granulocytes and certain degree of
inflammation (Fig. 5b and Fig. 6b).While dietary intake
of Sardine lipid along with alcohol consumption for 30
days restored the normal architecture of liver and
kidney (Fig. 5c¢ and Fig. 6¢), fatty vacuoles and mild
degenerative changes in the architecture of liver and
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kidney were still prevailed with the dietary
supplementation of Mackerel lipid (Fig. 5d and Fig. 6d).

DISCUSSION

Fish lipid contains long-chain n-3 (omega-3) PUFA,
particularly EPA (C20:5 n-3) and DHA (C22:6 n-3).
Consumptions of these PUFAs have been perceived to
be important in human nutrition, health and disease
prevention. Due to cosmopolitan distribution of omega-
6 fatty acids and restricted distribution of omega-3 fatty
acid, fish oil and fish meal have been used as the most
effective means of correcting the balance between
omega-6 and omega-3 in order to increase the intake of
omega-3 PUFA in terms of improvement seen in health.
However, from the Table 1 it is very clear that
Mackerel lipid contains lesser amount of cholesterol,
phospholipids, glycolipid and triglycerides (per unit of
lipid) in compare with same of Sardine lipid and thus
maintain phospholipids to triglycerides ratio lower than
1.0. Although both of these lipids contained 17% of n3
PUFA but they differed in the amount of total saturated,
total unsaturated and total n6 fatty acids (Table 2).

Alcohol is a fat-soluble non-electrolyte, which is
readily absorbed from the gastrointestinal tract, diffuses
rapidly into circulation and is distributed uniformly
throughout the body. Metabolites of alcohol
metabolism might reach to all the vital organs (like,
liver and kidney) of Mus musculus due to the
consumption of alcohol (20%) ad libitum for 30 days
and cause some degree of tissue damage. These
damages might lead to changes in the tissue
biochemical composition. In the present study we
observed that alcohol intoxication lead to 15-45%
elevation in total protein (p<0.001). This elevation
might be due to dramatic augmentation of albumin
fraction protein and 20-50% reduction in the globulin
fraction of the protein (Table 3). Increased level of
tissue protein could result either from increased
synthesis or from decreased export into the plasma or
both. Investigators have reported that chronic ethanol
administration increases the protein synthesis in
ribosomes and microsomes (Renis et al., 1975),
whereas acute administration produces opposite effects.
25% to 2.4 fold increase in urea concentration along
with 20-60% reduction in total carbohydrate suggest
the utilization of protein along with carbohydrate to
meet the extra demand for the energy supply due to
alcohol intoxication. Further experimental support is
required to determine the degree of increased level of
protein synthesis in mice upon alcohol intoxication.
70% to 6 fold augmentation in the level of Bilirubin
concentration in liver, kidney and serum of mice due to
alcohol consumption as observed supports the earlier
reports. Available reports indicated that the alcohol
intake led to more augmentation of Bilirubin which
along with the increased activities of liver function

enzymes led to fibrosis of liver in the patients suffering
from the hepatitis virus or chemical induced hepatitis
(Pessione et al., 1998 and Schmidt et al., 2002). The
observed distortion in the architecture of liver and
kidney tissues in terms of accumulation of fatty
vacuoles (Fig. 4b and Fig. 5b) clearly indicates the
beginning of necrosis in theses tissues. Continued
oxidation of ethanol resulted in shifting of the
intracellular NAD+ to NADH as a consequence the
redox state of the membrane changes that led to hinder
the fatty acid oxidation. This led to excess
accumulation of triglycerides in liver cells (Lieber and
Savolainen, 1984).

GSH is endogenous antioxidants which counter balance
free radical mediated damage. Insufficiency in non-
enzymatic antioxidant status in tissues of ethanol
intoxicated mice could be the consequence of increased
utilization for trapping free radicals. Acetaldehyde
promotes peroxidation reaction by binding to cysteine
and/ or glutathione, which causes depletion of GSH. In
our present observation we noticed about 10-30%
reduction in the GSH level along with 50% to 2 fold
elevation in TBARS level in liver, kidney and serum of
mice (Table 4) due to alcohol administration.
Reduction of GSH also might be due to the increased
utilization of GSH by antioxidant enzymes (per
oxidase), which scavenge H,O, (Anand et al., 1996).

The enzyme ALT is located in the cytoplasm and the
soluble enzyme AST is located mainly in the organelles
such as mitochondria (Senthil et al., 2003), increased
levels of AST and ALT suggested damage of both
hepatic cellular and mitochondrial membranes in
alcohol treated mice. Increased activity of ALP can be
due to the disturbance in secretary activity or the
transport of metabolites (Sharma et al., 1995). Gamma
glutamyl transpeptidase enzyme is most sensitive
indicator of liver damage and a number of chemicals
are known to increase its activity by the induction of
microsomal enzyme (Trivedi et al., 2001). This may be
due to the fact that depletion of GSH may induce
hepatic GGT activity through an increased synthesis of
its mRNA (Chikhi et al., 1999). A marked increase
(40%- 2 fold, p<0.02-0.001) in liver function test and
GGT activity in the alcohol treated group confirmed the
tissue damages.

Dietary intake of fish oil brought down the total
protein level by 10-40% (p<0.01-0.0001) and enhanced
GSH, TBARS levels were also brought down. Similar
results were seen by (Pushpakiran et al., 2004) were
Fish oil supplementation reduced lipid peroxidation in
serum, liver and kidney tissues of ethanol treated mice
as evidenced by reduction in TBARS. Recent studies in
our lab (Pujari and Roy 2010) also showed the similar
results with fish oil and D-gain administration. The
higher triglyceride level was also reduced by 10-45%
(p<0.01-0.0001) after dietary fish oil supplementation.
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The enzyme activity of all the 4 enzymes ie. ALT,
AST, ALP and GGT was reduced with fish oil
supplementation. Dietary fatty acid modifies the lipid
metabolism. Alcohol intoxication might alter the post
primordial gene expression by up regulation or down
regulation of some mRNA which are yet to be verified.
The changes in the gene expression also might
reprogram the tissue lipid profiles. PUFA present in the
fish oil try to ameliorate the above mentioned abnormal
changes. We observed that Sardine lipid offered better
protection against alcohol induced damage which once
again confirmed the protective effect of omega-3 PUFA
in experimental animals (Sachan et al., 2002). Thus
Consumption of fish oil does the betterment of
pathological damage caused by alcohol intoxication.
Nandini et al. (1993) reported that the higher content of
omega-3 fatty acid in contrast to omega-6 has a better
protective effect on alcohol induced liver damage in rat.
In the present study, the fish lipids used are having 17%
fatty as n3PUFA and 6% fatty acid as n6PUFA (as in
case of Sardine lipid) 8% fatty acid as n6PUFA (as in
case of Mackerel lipid). This small difference may not
be sufficient to give a better protective status with
dietary intake of Sardine lipid. It perhaps might be due
to the differences in their lipid composition (Table 1) or
some other factors present in the fish lipid.
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