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Abstract: Changes in antioxidant metabolism in liver, heart, kidney and muscle tissues were observed on
adrenalectomy. Uric acid levels were increased significantly in liver and kidney and it was depleted in
muscle upon ADX. Ascorbic acid levels were depleted significantly in Liver and muscle and in contrast in
heart and kidney they were significantly increased. Liver, heart and muscle showed a significant increase
of glutathione content whereas in kidney it was significantly decreased. The present finding, in general,
exhibit tissue specific alterations in free radical metabolism in conjunction with antioxidant defence
mechanisms during adrenal hormone deficiency. It is also clear from the results that the mechanisms
involved in selective activation / inhibition of different pathways seems to reflect multifaceted
physiological adaptations as a compensatory measure during induced adrenalectomy.
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INTRODUCTION

Oxidative stress is a condition that is associated
with an increased rate of cellular damage induced by
oxygen and oxygen derived oxidants commonly known
as reactive oxygen species (13). Free radical damage
has been implicated in various disease states, ranging
from arthritis and connective tissue disorders to
carcinogenesis, aging, toxin exposure, physical injury
and infection (5). Nature has evolved several enzymes
and antioxidants which can work in a combined fashion
to protect biological systems against oxidative damage
and prevent disease occurrence.

Adrenal corticosteroid insufficiency due to
adrenalectomy interferes with metabolic (9, 10).
Cardiac  (1,7,14) and Reproduction (3) and
hematopoietic  functions and modulates the
development and maintenance of normal immunitory
status, which in turn influences the inflammatory
response (2). Adrenalectomy diminishes the glucidic
metabolic response on irradiation (4). In the present
study an attempt has been made to understand the
metabolic modulations in liver and muscle tissues of
male albino rat on adrenalectomy (ADX).

MATERIALS AND METHODS
Male, pathogen-free Wistar strain albino rats aged
3 months were obtained from Indian Institute of
Sciences, Bangalore. They were housed and maintained
in clean polypropylene cages, six in each, in a
temperature controlled room (27° C) with photo-period
of 12 hrs light and 12 hrs dark cycles. The rats were fed
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with standard laboratory chow (Hindustan Lever Ltd.,
Mumbai) and water ad libitum.

EXPERIMENTAL DESIGN

Rats were divided into two groups, each group
consists of six individuals. First group of rats were
called as sham operated (SO), the adrenal glands were
kept intact and considered as control. The second
group of rats were bilaterally adrenalectomized (ADX)
by the dorsal approach in a single stage operation as
described by (1).The rats were anaesthetized before
surgery using ether. Adrenalectomized rats were given
0.9 % saline as drinking water and sham operated rats
were given normal tap water.

The control and experimental rats were
maintained for three weeks period. The three week
period was chosen on the basis of preliminary data
showing that three week period of adrenalectomy
produced effects consistent with adrenal hormone
insufficiency. After the three weeks of experimental
period, the rats were sacrificed by cervical dislocation
and the tissues like liver, heart, kidney and muscle were
isolated, chilled immediately.

RESULTS
The data was presented in tables 1, 2, 3 & 4. The
amount of uric acid was significantly increased in liver
and kidney tissues of adrenalectomized rats. In
contrast, muscle tissue showed depletion in uric acid
content of adrenalectomized rat compared to sham
operated. Ascorbic acid was increased in heart and
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kidney tissues in adrenalectomized rats when
compared with sham operated rats. However ascorbic
acid was decreased in liver and muscle tissues. The
glutathione content was increased significantly in liver,
heart and muscle of adrenalectomized rats in
comparison with sham operated, but the same was
depleted in kidney.

Table.1: Alterations in the levels of uric acid, ascorbic
acid and glutathione in liver of both adrenalectomized
and sham operated rats

Parameter Sham Adrenalecto Percent’
operated mized change
Uric acid o . +30.21
umoles [ g wet wt 95 37 t=-5.667
of tissue *074 *1.00 =
p =0.001
Ascorbic acid o 0.8 -13.65
mg | g wet wt of 949 35 t=-2.962
tissue +0.073 +0.06 _
p =0.015
Glutathione +59.00
. 8.
umoles [ g wet wt +50316 . 0523 t=-9.935
of tissue T T p = 0.001

Values are mean + S.D of six individual observations. $ + or - indicate
the percent increase or decrease over sham operated control
respectively. “p” denotes the level of statistical significance.

Table.2: Alterations in the levels of uric acid, ascorbic
acid and glutathione in heart of both adrenalectomized
and sham operated rats

$
Parameter Sham Adrenalectomized Percent
operated change
Uric acid 8.48 9.03 tti4181
mg | g wet wt of tissue +0.75 +0.89 _NS. >
Ascorbic acid 0.520 0.557 ¢ _+_72'11197
mg [ g wet wt of tissue +0.03 +0.03 p=0.05
Glutathione +12.25
5.14 _
umoles /g wet wt of 10.42 5.77 t=-2.541
tissue 0.4 +0.44 p =0.02

Values are mean + S.D of six individual observations. $ + or - indicate
the percent increase or decrease over sham operated control
respectively. “p” denotes the level of statistical significance. “NS”
indicates non-significant change.

Table.3: Alterations in the levels of uric acid, ascorbic
acid and glutathione in kidney of both adrenalectomized
and sham operated rats
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Table. 4: Alterations in the levels of uric acid, ascorbic

acid and glutathione in  muscle of both
adrenalectomized and sham operated rats
$
Parameter Sham Adrenalectomized Percent
operated change
Uric acid 22.31 18.95 ~15.06
mg | g wet wt of tissue +0.92 +0.59 t=06.845
o o p =0.001
Ascorbic acid 0.461 0.352 t__zi'ggs
mg | g wet wt of tissue £0.035 £0.026 D= 0.013
mo(l:lell;t/atr\‘/lv(:ert]e:/vt of 2:66 545 t+—1-04'89
K . g £0.21 £0.48 =-5:977
tissue p =0.002

$
Parameter Sham operated  Adrenalectomized F::::;:
Uric acid 2.37 9.36 +27.00
mg | g wet wt of +(')53 +(')75 t=-5.287
tissue o o p =0.002
Ascorbic acid 0.507 0.699 +17.08
mg | g wet wt of +'oo6 +('3053 t=-3.283
tissue o o p=0.008
Glutathione -12.07
umoles [ g wet wt +60'2A:5 ff; t=2.667
of tissue - - p =0.024

Values are mean + S.D of six individual observations. $ + or - indicate
the percent increase or decrease over sham operated control
respectively. “p” denotes the level of statistical significance.
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Values are mean + S.D of six individual observations. $ + or - indicate
the percent increase or decrease over sham operated control
respectively. “p” denotes the level of statistical significance.

DISCUSSION

The level of wuric acid recorded considerable
elevation in liver tissue of ADX rat when compared to
the SO. This suggests that the formation of uric acid is
more than its disposal in the liver tissue. The
breakdown of nucleic acids is the main source of uric
acid in tissues (17,11) and the same might have
happened in the liver, thus causing elevation in uric
acid levels. The level of ascorbic acid was lowered in
the liver of ADX rat when compared to SO. Kipp and
Rivers (6) also showed similar decrease in the liver of
adrenalectomized animals. Adrenal gland i s the major
source of ascorbate efflux into the circulation during
oxygen deprivation, which supports for the depletion
in liver.

Glutathione levels were elevated significantly in
liver on adrenalectomy. In support to the present
study, the elevated glutathione levels were observed in
liver on adrenalectomy and treatment with 6-
Hydroxydopamine (6-OH) combination (16).

In contrast to liver tissue, heart tissue showed
significant elevation in ascorbic acid levels of ADX rat
than SO. Adrenalectomy affects the degradation of
ascorbic acid and its concentration in selected tissues,
with a profound effect on the heart. Heart tissue also
showed a significant increase in glutathione content of
ADX rat over SO. Toleikis and Godin (16) reported
similar increase upon adrenalectomy.

The level of uric acid was also raised in the kidney
of ADX rat when compared to SO indicating the
structural derangement in the kidney which might be
responsible for the deposition of uric acid. Similar to
this Devendra Naidu (3) reported atrophy and
abnormality of seminiferous tubules in ADX rat. The
concentration of ascorbic acid was significantly higher
in the kidney of ADX rat. Changes in glutathione (GSH)
metabolism might produce significant effects on
kidney MT (metallothionein) levels.
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The uric acid content was lowered in the muscle of
ADX rat when compared to SO suggesting the
impairment of nitrogenous wastes elimination. The
reduced muscle RNA content (8) and reduced
expression of retinoic acid receptors in the rat liver (12)
are in support with the elevated metabolism of purines
and pyrimidines which are main sources for the
formation of uric acid (17,11).

Muscle tissue showed a significant increase in
glutathione content of adrenalectomized rat than SO.
Muscle contains thioltransferase which catalyzes the
formation of glutathione-protein mixed disulfides. It is
proposed that increased formation of oxidized
glutathione and its interaction with muscle proteins
may act as a signal for the initiation of proteolysis (15).
The present study revealed the relationship exists
between antioxidant status and adrenal hormone
insufficiency in albino rats.

CONCLUSIONS
Uric acid showed an elevation in all the tissues
studied except for muscle which indicates the potential
role of uric acid in preventing the free radical injury.

The decrease of ascorbic acid in liver and
muscle tissues are indicative of its utilization in
countering the ascorbate radical production. Its

increase in heart and kidney tissues shows a recovery
of the impaired oxidative status and energy
metabolism.

Elevation of glutathione content in in liver, heart
and muscle tissues indicates the tissue capability of
synthesizing more GSH upon ADX and the reduction in
kidney indicate an increased susceptibility to
oxidative damage.
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