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ABSTRACT

Introduction: It has been demonstrated earlier that exposure to
ethanol and/or arsenic compounds (such as sodium arsenite)
produces toxic effects as shown by both in vitro and in vivo
experiments. Chronic exposure of humans to arsenic through
drinking water, pesticides or consumption of alcoholic beverages
has produced major health problem and concern in recent years.
Water being one of the main ingredients for alcohol formation (beer
fermentation process) can lead to contamination with arsenic.
Thus, people consuming such alcohol are getting continuously
exposed to arsenic compounds as well along with alcohol.

Aim: The present study was undertaken to investigate the effect
of alcohol co-administration on arsenic induced changes in
carbohydrate metabolic status in adult male albino rats.

Materials and Methods: Adult male albino rats of Wistar
strain (weighing~100g) were divided into three groups (n=8
rats/group) including Control or vehicle treated (C), Arsenic
treated (As) and Arsenic treated alcohol co-exposed (As+Alc).
Treatment with Sodium-arsenite included intra-peritoneal
injection consecutively for 14 days at a dose of 5.55 mg/kg
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(equivalent to 35% of LD50) per day. Absolute alcohol (15%
v/v) was fed at a dose of 0.5 ml/100 g body weight per day
for five consecutive days from start of the treatment schedule.
Distilled water (D/W) was used as vehicle. Blood Glucose (BG)
level, levels of glycogen, Pyruvic Acid (PA), Free Amino Acid
Nitrogen (FAAN), total protein, Glutamate Oxalate transaminase
(GOT) and Glutamate Pyruvate Transaminase (GPT) activity,
and glucose-6-phosphatase (G6Pase) activity were measured
in tissues including liver, kidney and muscle.

Results: Treatment with arsenic decreased the levels of BG,
liver glycogen and PA, tissue protein and G6Pase activity, GOT
activity in liver and muscle, and increased free amino acid
content in kidney and muscle, GPT activity in liver and kidney.
Alcohol administration to rats co-exposed to arsenic treatment
reversed these changes.

Conclusion: Thus, it is suggested that combined administration
of alcohol with arsenic can result in the suppression of the
down-regulating action of arsenic on glucose homeostasis
as evidenced by its hypoglycaemic effect and increased
gluconeogenesis and transamination in liver.

Keywords: Alcohol co-administration, Arsenic toxicity, Carbohydrate metabolism

INTRODUCTION

It is a well known fact that water is one of the major constituent
of both traditional and modern beer fermentation process which
may or may not be contaminated with arsenic as a result of poor
quality management. Subsequently, this can cause people to be
exposed to alcohol and arsenic together. Experimentally, it has
been shown earlier that the chemical interaction between sodium
arsenite (an arsenic compound) and ethanol is responsible for the
suppression of sodium arsenite —induced DNA disruption, reduced
anti-acetylcholine esterase activity in the brain, liver damage, and
anemic effects [1].

In the modern time though the use of arsenic as poison or as
fertilizer has been reduced, yet arsenic contamination remains an
environmental problem in some areas of the world. As a common
environmental pollutant, arsenic is found to produce toxic effect
to many mammalian cells. Environmental sources of arsenic arise
from the continued use of its compounds as pesticides, from its
unintended release during mining (in the form of ores such as realgar-
As,S,, orpiment-As,S,, arsenolite-As,O,, etc.,) and as contaminant
from the combustion of coal. Drinking water, mostly ground water,
is @ major source of arsenic [2,3]. However, trace amount of this
element apparently is essential to good human health and probably
act as growth stimulants [4-6].

The physiological effects of arsenic in vertebrates are complicated as
it is affected by several variables such as speciation of the element,
the exposure route, and the susceptibility of the particular animal
species. Arsenic causes severe, potentially lethal, health effects,
including cancer, inpeople [7-13]. Arsenicrelatedillnesses arereferred
to as arsenicosis. It is thought that the greater toxicity of As (lll) is
due to its ability to be retained in the body longer, since it becomes
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bound to sulfhydryl groups [14,15]. Exposure to arsenic present in
the environment can cause oxidative burst in the individuals leading
to tissue damage [16,17]. It has been shown earlier that depletion
of glucose is an important factor in arsenic toxicity [18]. This is also
supported by the fact that arsenic intoxication alters the activities of
enzymes involved in cellular glucose uptake, gluconeogenesis, fatty
acid oxidation and production of glutathione [19].

Alcohol abuse effects are a major medical and social problem;
rather it is the growing problem for the modern day society.
Alcohol alters the structure and function of all organ systems in the
body, from the brain to the bone, from the heart to the liver, from
the reproductive organs to the immune system [20-25]. Alcohol
ingestion changes hormone levels and compromises the general
well-being of the organism.

Alcohol is particularly toxic to the brain [20,26]. The pharmacology
and toxicology of alcohol is different in individuals and depends
mostly on the forensic toxicology method used to analyze the
blood alcohol levels. Ethanol is primarily metabolized in the liver.
In the liver, ethanol is broken down to acetaldehyde by alcohol
dehydrogenase. Acetic acid is fed into Kreb’s cycle and is ultimately
broken down into carbon dioxide and water. Several reports are
available on the impact of alcohol on carbohydrate homeostasis
[27]. Previously, it has been reported that alcohol inhibits lactate-
stimulated gluconeogenesis in the in situ perfused liver and isolated
hepatocytes when given acutely in a dose-dependent manner
[28,29]. Alcohol induced alteration of hepatic glycolytic and
gluconeogenic enzyme activities have also been reported [30].

Thus, it becomes clear from the above literature survey that arsenic
exposure has definite role in carbohydrate metabolism and that
alcohol intoxication also affects the carbohydrate homeostasis in
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living organisms. Not much research has been done on the effect
of arsenic co-exposed with alcohol on the carbohydrate metabolic
status of the living beings. It is, therefore, intended to investigate
whether arsenic co-exposed with alcohol has any specific or
modified effect on carbohydrate metabolism.

The present study primarily deals with the effect of alcohol on
arsenic-induced alteration of glucose homeostasis and some rela-
ted enzymes.

MATERIALS AND METHODS

This is a comparative study which was performed between Sept-
ember and October, 2014. According to the treatment protocol, it is
a chronic study carried on albino rats involving fourteen consecutive
days of treatment. The details of the experimental protocol are
described below.

Maintenance of Animals

Twenty four adult male albino rats of Wistar strain (weighing~100 g)
were used throughout the experiment. The animals were maintained
under standard laboratory conditions (22-28°C, 60-70% relative
humidity, 12:12 hours light/dark cycle) with 18% protein diet
(containing 71% carbohydrate, 18% protein, 2% mineral, 7% fat,
1% vitamin and 1% choline chloride) and water ad libitum. Daily food
intake (g/day/rat) and body weights of the rats were recorded and
maintained throughout the experimental period. The experiments
were carried out as per the regulation of the Institutional Animal
Ethical Committee. The experiments were carried out in the Bio-
chemistry Laboratory, Department of Physiology, University of Cal-
cutta, Kolkata, India, with prior permission from the Head of the
Department. The rats were maintained with adequate (18%) protein
diet and sufficient drinking water for three days to get adapted to
cage food and laboratory conditions. The dietary protocol was
maintained throughout the treatment schedule.

Grouping and Treatment

On the day before treatment, adult male albino rats of Wistar strain
(weighing~100 g, n=8 rats/group) were divided into three groups
including Control (C), Arsenic treated (As) and Arsenic treated alcohol
co-exposed (As+Alc) of equal average body weight. The animals of
As and As+Alc group were injected intra-peritoneally with arsenic in
the form of sodium arsenite for a period of 14 days consecutively
at a dose of 5.55 mg/kg (equivalent to 35% of LD50) per day. Rats
from As+Alc group were also fed with 15% (v/v) absolute alcohol
at a dose of 0.5 ml/100 g body weight per day for five consecutive
days of the treatment schedule. The rats of C group were injected
distilled water (vehicle; D/W) intraperitoneally (0.1 ml/100 g) for
14 days consecutively and were also fed with D/W (0.5 ml/100 g
body weight) for five consecutive days from beginning of treatment.
Control group and As+Alc group were pair-fed with their respective
As group. Everyday a measured and equal amount of food was given
to all the groups. It was observed that animals undergoing treatment
with arsenic were rejecting food (about 15 g). Therefore, to avoid
the effect of reduced diet on glucose homeostasis, the other groups
were pair-fed with the reduced amount of food. The doses of arsenic
and alcohol were based on previous studies from the laboratory [19].
Body weight and food intake of all animals were recorded regularly.

Tissue Collection

After the treatment period, the rats were weighed to get the post-
treatment body weight. The overnight fasted rats were sacrificed
by cervical dislocation. Heparinized vials were used to collect blood
samples and kept in frozen condition until analysis. The organs (liver
and kidney) and leg muscle were collected, washed with ice-cold
saline, blotted dry and immediately kept at -20°C until analyzed.

Homogenate Preparation
Known amounts of liver, kidney and muscle tissues were homo-
genized with all-glass homogenizer (approximately at 2000 rpm for
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two minutes) in 0.1 M phosphate buffer (pH 7.4) and 0.1M Tris-HCI
buffer (pH 6.5) separately. A 10% homogenate was prepared to
estimate the following parameters:

Biochemical Estimation

1. Estimation of blood-glucose: Protein free blood filtrate was
used to determine blood glucose level by the method of Nelson-
Somogyi [31].

2. Estimation of liver and muscle glycogen: Liver and muscle
glycogen contents were estimated according to the method
as suggested by Montgomery [32]. An alcoholic extract of
glycogen was used from the tissues and the glycogen level
was determined in terms of glucose.

3. Estimation of liver pyruvic acid: Liver pyruvic acid content
was measured spectrophotometrically using a 10% liver
homogenate in 0.1 M chilled phosphate buffer (pH 7.4) [33].

4. Estimation of free amino acid nitrogen: Free amino acid
nitrogen contents of liver, kidney and muscle tissues were
estimated spectrophotometrically using a 10% homogenate of
the tissues in 0.1 M phosphate buffer (pH 7.4) [34]. Briefly, the
homogenate was diluted with 0.25 M sucrose solution, and
to it 2/3 (N) H,SO, and 10% sodium tungstate was added for
protein precipitation. The protein free filtrate thus obtained was
finally used for estimation of free amino acid nitrogen content
and expressed in terms of microgram of leucine amino acid per
100 mg tissue.

5. Estimation of tissue protein: Tissue protein contents of liver,
kidney and muscle were estimated spectrophotometrically [35].
Bovine serum albumin was used as standard in this method.

6. Estimation of glutamate-oxalate transaminase (GOT) and
glutamate-pyruvate transaminase (GPT) activity: A 10%
tissue homogenate of liver, kidney and muscle respectively was
used to estimate GOT and GPT activity spectrophotometrically
[36]. Briefly, a mixture of 0.1 ml of 10% tissue homogenate and
0.16 M GOT or GPT substrate called incubation mixture was
incubated at 37°C for 30 minutes and the enzyme activity was
expressed as micromoles of pyruvate produced per minute per
100 mg tissue.

7. Estimation of glucose-6-phosphatase activity in liver:
A 10% homogenate of liver tissue was used to estimate
Glucose-6-Phosphatase activity spectrophotometrically [37]. It
was expressed in terms of microgram of phosphate liberated
per minute by 100 mg tissue.

STATISTICAL ANALYSIS

Data so obtained from each experiment were subjected to
statistical analysis using SPSS 16.0 for Windows (SPSS Inc.,
Chicago, USA). The significance level of the observed values from
C, As and As+Alc groups of rats was computed according to two-
tailed Student t-test and the probability of chance of occurrence
(p) was determined accordingly.

RESULTS

Effect of arsenic co-exposed with alcohol on body weight and
organ weight: In the present investigation arsenic treatment had
no significant effect on the body weight as well as liver and kidney
weight in terms of both absolute and per 100 g body weight of rats
with or without alcohol administration (p>0.10) [Table/Fig-1].

Effect of arsenic co-exposed with alcohol on blood glucose
level: The results revealed that arsenic treatment decreased the
blood glucose level significantly (p<0.02) which was restored after
alcohol administration (p<0.001) [Table/Fig-2].

Effect of arsenic co-exposed with alcohol on glycogen content:
The glycogen content (in terms of total, per 100 g tissue and per 100g
body weight) was reduced significantly following arsenic treatment
and alcohol administration appeared to have significant role in the
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restoration of liver glycogen level. The results also revealed that
arsenic treatment do not have significant effect on muscle glycogen
level of rats with or without alcohol administration [Table/Fig-2].

Effect of arsenic co-exposed with alcohol on liver pyruvic acid
content: The results revealed that arsenic treatment decreased the
liver pyruvate level significantly which was restored after alcohol
administration [Table/Fig-3].

Effect of arsenic co-exposed with alcohol on free amino acid
nitrogen content: Arsenic treatment increased the free amino acid
nitrogen content of liver (p<0.001) by 141% and decreased that of
kidney (p<0.01) by 63% and muscle (p<0.001) by 51% in terms
of mg per g tissue. The levels in kidney and liver were completely
restored to control level by alcohol administration. However, alcohol
administration increased (p<0.001) the muscle free amino acid
nitrogen level to double the control level [Table/Fig-4]. The results
also revealed that arsenic treatment decreased the free amino acid
nitrogen level in liver as well as kidney both in terms of total (mg) and
per 100 g body weight. The levels were however restored to control
level by alcohol administration [Table/Fig-5].

Effect of arsenic co-exposed with alcohol on tissue protein
content: Arsenic treatment decreased the protein content in liver
(p<0.001) by 54% and kidney (p<0.001) by 50%, which were
completely restored to control level after alcohol administration.
However, arsenic treatment increased the protein content in
muscle significantly (p<0.05) which was not restored to control
level after alcohol administration [Table/Fig-6].

Effect of arsenic co-exposed with alcohol on GPT activity:
Arsenic treatment with or without alcohol administration had no effect
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[Table/Fig-4]: Effect of arsenic co-exposed with alcohol on free amino acid nitrogen.

(The values are mean+SEM; n=8/group; pa= compared with control group; pb=
compared with As group).

Groups Free amino acid nitrogen
f animal
ot animals Liver Kidney
Total (mg) (mg/100g Total (mg) (mg/100g
body wt) body wt)
Control group | 208.17+12.48 191.56+7.99 87.62+4.01 75.35+8.31
As group 112.54+6.25 98.08+3.01 53.54+3.33 | 38.47+3.52
pa<0.001 pa<0.001 pa<0.001 pa<0.001
As+Alc 241.22+18.89 214.87+12.06 77.70£6.15 | 69.52+6.59
group pb<0.01 pb<0.001 pb<0.05 pb<0.01

[Table/Fig-5]: Effect of arsenic co-exposed with alcohol on free amino acid nitrogen.
(The values are mean+SEM; n=8/group; pa= compared with control group; pb=

compared with As group).

Groups Body Organ weight
of weight R n
Animals © Liver Kidney
((¢)] (9/100g ((¢)] (9/100g
body body
weight) weight)
Control | 11667+ | 5 /5,015 | 2.96:009 | 0810.06 | 0.69+0.05
group 3.78
As M733+ | 354,006 | 3.08:011 | 0.79:004 | 0.68+0.06
group 487 pa>0.1 pa>0.1 pa>0.1 pa>0.1
pa>0.1 ! ) ! :
Asr;:\'c ! 15'3?* 3.5620.17 | 3.10:0.08 | 0.74:0.04 | 0.65:0.03
group 0bo0.1 pb>0.1 pb>0.1 pb>0.1 pb>0.1

[Table/Fig-1]: Effect of arsenic co-exposed with alcohol on body weight and organ

weight. (The values are mean+SEM; n=8/group; pa= compared with control group;
pb= compared with As group).

Groups Blood glucose Glycogen (mg/100g tissue)
f Animal /100 ml
of Animals (mg m) Liver Muscle
Control group 106.556+7.95 41.6+£5.58 24.80+1.40
As grou 76.92+3.32 22.2+1.23 24.27+3.71
group pa<0.02 pa<0.02 pa>0.1
As+Alc grou 150.00+5.69 127.4+6.42 22.36+0.88
group pb<0.001 pb<0.001 pb>0.1

[Table/Fig-2]: Effect of arsenic co-exposed with alcohol on blood glucose level and

tissue glycogen content. (The values are mean+SEM; n=8/group; pa= compared with
control group; pb= compared with As group).

Groups Liver pyruvate content
f Animal

or Ammals Total (mg) (mg/g tissue) (mg/100g body wt)

Control group 82.13+5.16 23.88+2.15 72.44+5.64

As arou 35.49+2.19 9.78+1.24 29.62+3.35
group pa<0.001 pa<0.01 pa<0.01

As+AIC drou 70.22+4.32 23.47+2.14 68.22+5.47

group pb<0.001 pb<0.01 pb<0.01

[Table/Fig-3]: Effect of arsenic co-exposed with alcohol on liver pyruvate level.

(The values are mean+SEM; n=8/group; pa= compared with control group; pb=
compared with As group).
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[Table/Fig-6]: Effect of arsenic co-exposed with alcohol on tissue protein content.

(The values are mean+SEM; n=8/group; pa= compared with control group; pb=
compared with As group).

on GPT activity in liver, kidney and muscle in terms of per 100 mg
tissue. But, in terms of per 100 mg tissue protein, arsenic treatment
increased the GPT activity in both liver (p<0.01) and kidney (p<0.01),
which was restored to control level on alcohol administration.
However, there was no significant change in GPT activity in muscle
in terms of 100 mg tissue protein after arsenic treatment both with
and without alcohol administration [Table/Fig-7].

Effect of arsenic co-exposed with alcohol on GOT activity:
Arsenic treatment decreased the GOT activity in liver (p<0.001)
and muscle (p<0.001) in terms of per 100 mg tissue, which were
restored to control level after alcohol administration. There was
no significant change in GOT activity in kidney in terms of per 100
mg tissue after arsenic treatment both with and without alcohol
administration. However, arsenic treatment increased the GOT
activity in kidney (p<0.01) and decreased in muscle (p<0.01) in
terms of per 100 mg tissue protein, both of which were restored to
control level on alcohol administration. Arsenic treatment had no
effect on GOT activity in liver in terms of per 100 mg tissue protein
both with and without alcohol administration [Table/Fig-8].
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pb= compared with As group).

Liver Kidney Muscle
Groups of Animals ug pyruvate/min/ ug pyruvate/min/ ug pyruvate/min/ ug pyruvate/min/ ug pyruvate/min/ ug pyruvate/min/
100 mg tissue 100 mg tissue protein 100 mg tissue 100 mg tissue protein 100 mg tissue 100 mg tissue protein

Control group 28.91+1.34 0.33+0.02 12.45+0.70 0.16+0.01 18.71+1.71 0.27+0.03

As group 28.74+0.61 0.64+0.07 11.45+0.77 0.29+0.08 19.63+1.22 0.24+0.04
pa>0.1 pa<0.01 pa>0.1 pa<0.01 pa>0.1 pa>0.1

As+Alc group 29.89+1.69 0.34+0.02 13.60+0.86 0.17+0.01 18.55+1.53 0.24+0.02
pb>0.1 pb<0.01 pb>0.1 pb<0.02 pb>0.1 pb>0.01

[Table/Fig-7]: Effect of arsenic co-exposed with alcohol on glutamate pyruvate transaminase activity. (The values are mean+SEM; n=8/group; pa= compared with control group;

pb= compared with As group).

Liver Kidney Muscle
Groups of Animals ug pyruvate/min/100 | pg pyruvate/min/100 | pug pyruvate/min/100 | pug pyruvate/min/100 | pg pyruvate/min/100 | ug pyruvate/min/100

mg tissue mg tissue protein mg tissue mg tissue protein mg tissue mg tissue protein

Control group 156.4+0.58 0.18+0.01 5.88+0.51 0.07+0.006 8.03+0.48 0.12+0.010

As group 9.8+0.84 0.22+0.03 5.72+0.47 0.14+0.013 4.87+0.48 0.06+0.006
pa<0.001 pa>0.1 pa>0.1 pa<0.01 pa<0.001 pa<0.01

As+Alc group 156.93+1.07 0.18+0.01 4.74+0.47 0.06+0.008 8.6+0.63 0.11+£0.015
pb<0.001 pb>0.1 pb>0.1 pb<0.01 pb<0.01 pb<0.05

[Table/Fig-8]: Effect of arsenic co-exposed with alcohol on glutamate oxalate transaminase activity. (The values are mean+SEM; n=8/group; pa= compared with control group;

Groups of animals mpug/100 mg liver tissue | mug/100 mg tissue protein

Control group 34.43+2.018 532.92+59.11

As group 23.83+0.445 392.60+22.13
pa<0.01 pa<0.01

As+Alc group 54.12+2.486 620.09+48.02

pb<0.001 pb<0.001

[Table/Fig-9]: Effect of arsenic co-exposed with alcohol on glucose-6-phosphatase
activity in liver. (The values are mean+SEM; n=8/group; pa=compared with control

group; pb=compared with As group).

Effect of arsenic co-exposed with alcohol on glucose-6-phospha-
tase activity: Arsenic treatment decreased (p<0.01) the liver glucose-
B6-phosphatase activity, which was restored completely to control
level following alcohol administration (p<0.001) both in terms of per
100 mg tissue and per 100 mg tissue protein [Table/Fig-9].

DISCUSSION

In the present investigation, we have evaluated the effect of alcohol
co-exposure on arsenic —induced changes in carbohydrate status
in adult albino rats [Table/Fig-10]. We have observed that arsenic
treatment both without and with alcohol administration had
no significant effect on the body weight as well as the liver and
kidney weights. These findings suggest that the changes in the
organ weight in relation to body weight are independent of arsenic
treatment without or with alcohol administration at the present
dose and duration [38]. This is in contrast to an earlier finding
which showed that arsenic treatment reduced the body weight in
a concentration dependent manner and that significantly increased
with alcohol and arsenic treatment together [1], however, similar to
the results in this study there was no effect on organ weight.

Arsenic treatment at the present dose and duration produced
hypoglycaemic effect as evident by marked decrease in blood
glucose level. This is in coherence with another study which
showed that administration of arsenic in mice decreases glucose
and glycogen contents in liver significantly [39]. In the present
investigation, the decreased blood glucose level following arsenic
treatment was also found to be accompanied with diminished liver
glycogen content. It has been reported previously that glucose
supplementation improves survival and symptoms in mice
poisoned with arsenic and thus supporting the assumption that
carbohydrate depletion is an important factor in arsenic toxicity
[18]. The marked decrease in blood glucose level in arsenic treated
rats, as observed in the present investigation, may also result from
impairment of renal reabsorption of glucose leading to glycosuria.
This contention is supported by the fact that most of the heavy
metals including arsenic are found to be nephrotoxic and the usual
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[Table/Fig-10]: Representative picture showing the beneficial effect of alcohol

administration on carbohydrate metabolism in rats altered by arsenic toxicity.

site of damage is the renal tubule [40,41]. Another mechanism
for reduced blood glucose level following arsenic exposure may
be increased uptake of glucose by the cells. This appears likely
as arsenic treatment like other cellular stress causes shifting of
glucose transporter from intracellular site to the plasma membrane,
and the degree of such translocation correlates approximately
with the increase in glucose uptake. However, arsenic treatment in
the present dose and duration has no significant effect on muscle
glycogen store.

Arsenic is a trivalent element having higher affinity to bind with
protein thiols, thereby suppressing Kreb’s cycle by inhibiting the
actions of pyruvate and a-ketoglutarate dehydrogenase [42,43].
This reduces the production of energy rich phosphates and
also causes depletion of liver glycogen and hypoglycaemia [44].
Current study revealed that liver pyruvic acid level decreased
markedly following arsenic treatment and this may be due to
immediate release of liver glucose produced by glycogenolysis
to replenish the loss of glucose resulting from arsenic treatment
causing diminutions in the accumulation of pyruvic acid in liver by
retarding glycolytic reaction. The reduced glycolytic activity in liver
may be due to hypoglycaemia induced by arsenic treatment. This
is in coherence with earlier study showing that arsenic treatment
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impairs hepatic glycolysis as evident by reduced formation of
glycolytic intermediates [45].

The enzymes GPT or GOT are presently known as Alanine Transa-
minase (ALT) [46]. These enzymes catalyze reversible transamination
reactions to form pyruvate and glutamate by transferring an
amino group from alanine (amino acid) to a-ketoglutarate (keto
acid). Thus, ALT converts amino acid to a keto acid and requires
pyridoxal phosphate for this. The evaluation of ALT (GOT or GPT)
in liver is considered as a marker for hepatocellular injury [47,48].
In the present study, arsenic treatment significantly decreased the
tissue protein content and increased the free amino acid nitrogen
content of liver with significant rise in GPT activity and decreased
GOT activity in liver, suggesting that there has been an overall small
increase in the rate of transamination from amino acids to produce
the intermediates of the gluconeogenic pathway. Arsenic induced
decrease in tissue protein content and free amino acid nitrogen
content and increase in transaminase (GPT and GOT) activity in
kidney may result from the mobilization of amino acid nitrogen from
kidney to liver to provide substrate for gluconeogenesis to release
glucose to blood. In spite of increased free amino acid nitrogen and
tissue protein content in muscle, GPT activity remains unaltered and
GOT activity are diminished significantly following arsenic treatment.
This diminished transaminase activity in muscle may be attributed
to the inhibitory effects of the accumulated intermediate products of
TCA cycle. It is also possible that arsenic induced hypoglycaemia
causes increased secretion of adrenal corticoids, resulting in
mobilization of free amino acids from peripheral tissues including
kidney and muscle to liver [49].

The enzyme G6Pase is considered as a key enzyme in the homeo-
static regulation of blood glucose levels as it regulates the first step
in gluconeogenesis and glycogenolysis [50]. G6Pase hydrolyzes glu-
cose-6-phospahte to free glucose with the release of a phosphate
group. Arsenic treatment at the present dose and duration caused a
marked decrease in glucose-6-phosphatase activity in the liver that
may be due to decreased accumulation of glucose-6-phosphate and
other glycolytic intermediates [39,45]. This arsenic induced effect on
G6Pase may be due to alteration of its synthesis at transcriptional
(DNA) or translational (MRNA) level [51].

The present study further reveals that alcohol administration
appreciably counteracts the arsenic induced reduction of blood
glucose level, liver glycogen and pyruvic acid level. In contrast, it
has been shown that continued consumption of alcohol can be a
risk factor for hypoglycaemia in individuals with Type 1-diabetes
[62]. Thus, it appears that carbohydrate-depleting effect of arsenic
may be prevented by alcohol administration. This is supported by
the fact that there is increase in the protein expression of enzymes
involved in liver gluconeogenesis (G6Pase) and glycogen synthesis
in rats exposed to alcohol [53]. It has also been suggested that
ethanol induces decrease in lactate/pyruvate excretion and
decreases the glycolytic activity in liver [54]. However, acute
alcohol administration under hypoxia dramatically accelerates the
intracellular acidosis and the simultaneous ATP decrease [55].

In the present investigation, alcohol administration reversed the
arsenic induced changes in free amino acid nitrogen concentration
in liver, kidney and muscle. Alcohol administration also counteracts
the arsenic induced decreased tissue protein content in liver and
kidney and it seems to have no effect on muscles, suggesting
reduced gluconeogenesis. This is in contrast to another study
which reported that ethanol consumption directly inhibits gluconeo-
genesis [56]. Thus, this study supports the contention that a
chemical interaction between alcohol and arsenic is producing
a reversed effect. It has been shown earlier that alcohol causes
hepatomegaly and hepatic protein accumulation due to ethanol-
elicited deceleration of protein catabolism [57]. This suggests
that free amino acids are mobilized from kidney to liver to provide
substrate for increased gluconeogenesis due to arsenic treatment
is counteracted by alcohol administration.

Journal of Clinical and Diagnostic Research. 2017 Jan, Vol-11(1): BFO1-BF06

Purnima Singh et al., Alcohol Co-administration Alters Arsenic Toxicity

It has been shown earlier that exposure to sodium arsenite caused
an increase in ALP activity in serum, thus clearly indicating an
induction of hepatotoxicity and oxidative stress in the hepatocytes,
and that the co-administration of alcohol reduced such activity of
ALP in a concentration dependent manner [1,58]. In coherence,
our study also shows that alcohol administration decreased the
arsenic induced increased GPT activity in liver and kidney and
decreased GOT activity in kidney. This may be ascribed to the
restoration of free amino acid nitrogen concentration in the liver
and kidney of arsenic treated animals by alcohol administration.
The increased GOT activity in liver and muscle following alcohol
administration in spite of increased free amino acid nitrogen
content in arsenic treated animals may be attributed to the cellular
toxicity caused by alcohol administration, as has been reported
earlier that chronic alcohol abuse causes cellular toxicity [59],
increases liver enzymes and causes pancreatitis (elevated serum
lipase and amylase).

Alcohol administration has been found to be effective in the
restoration of glucose-6-phosphatase in liver. Alcohol opposes
the carbohydrate depleting effect of arsenic in liver and leads
to enhanced accumulation of glycogen and pyruvic acid, thus
contributing to the accumulation of glycolytic intermediates in
liver and increasing the glucose-6-phosphatase activity to provide
more glucose to the blood in order to replenish the lost blood
glucose due to arsenic treatment.

LIMITATION

In this study we evaluated the effect of arsenic and alcohol
together on carbohydrate status. However, further studies in this
field are needed to identify the complete relationship of arsenic and
alcohol with the gluconeogenic, glycolytic and other enzymes of
carbohydrate metabolism, and the involvement of other probable
factors, and their mechanism of action.

CONCLUSION

Thus it may be possible to sum up the total process by saying
that an excess arsenic intake has significant impact on glucose
homeostasis and that can be reverted back with alcohol
administration. Accordingly, it is suggested that alcohol exerts
protective effect against arsenic-induced alteration of glucose
homeostasis and other related metabolic changes. Arsenic in
spite of being toxic to the body has insulin like action leading
to hypoglycaemia but further studies are required to ascertain
whether hypoglycaemic effect of arsenic is still maintained after
withdrawal of arsenic. Alcohol can be administered to recover from
this hypoglycaemic condition. Alcohol triggers the glycogenolytic
activity to increase the supply of glucose following increased
demand by the body. It also affects gluconeogenetic as well as
glycolytic pathways.
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