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Adrenal hormone insufficiency impact on antioxidant metabolism in the tissues
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Abstract: The effect of adrenelectomy was studied on the antioxidant metabolism in different tissues (Liver, heart,
kidney and muscle) of rat. G-6-PDH was increased significantly in liver and heart and the same was decreased in
kidney with a non significant change in muscle. SOD was significantly increased in heart and muscle. Catalase
was significantly decreased in liver and muscle and was increased significantly in kidney. XOD showed significant
decrease in liver and increase in heart, kidney and muscle. 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

Adrenalectomy is associated with stress, resulting in
marked changes in all physiological activities, including
the production of free radicals. Heart faces high rate of
free radical injury owing to a slow generation of
antioxidant enzymes (AOE) by its cells (Asha Devi et al.,
2003). When the body’s normal defense system against
free radicals are overwhelmed, oxidative stress increases
(Schroder et al., 2001). Increased production of ROS is a
feature of most, if not all, human diseases including
cardiovascular diseases and cancer (Jacob and Burri,
1996). Adrenalectomized rats produce superoxide anion
free radical, and their production are increased by cortisol
therapy, suggesting that their formation may contribute
to some of the harmful effects of corticosteroids when
given in more physiologic amounts (Nelson and
Ruhmann-Wennhold, 1975).
The biological systems are protected from the
hazardous effects of toxic compounds by not only
antioxidants but also by detoxification enzyme systems
(Helmutsies, 1985).
The enzymatic system includes a wide array of
antioxidant quenchers such as glucose-6-phosphate
dehydrogenase (G-6-PDH), superoxide dismutase
(SOD), catalase (CAT) and   xanthine oxidase (XOD).
The present investigation is aimed to study the
alterations in activation of antioxidant metabolism in
selected tissues of rat during adrenelectomy.

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 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 adrenals 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 Bhaskar et al., 1989. 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 (Bhaskar et al., 1989).
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.
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RESULTS

The alterations in selected antioxidant enzymes during
Adx were presented in tables 1 and 2. The activity of
glucose-6-phosphate dehydrogenase showed a
significant increase in the liver of adrenalectomized rat
than sham operated. Similar to liver, heart tissue of
adrenalectomized rat showed significant increase in G-6-
PDH activity compared to sham operated. In contrast to
liver and heart, kidney tissue of adrenalectomized rat
showed reduced activity of G-6-PDH.
The heart and muscle tissues of adrenalectomized rats
showed significant increase in SOD activity over sham
operated. Liver showed a significant decrease in the
catalase activity of adrenalectomized rat than sham
operated. Similar to liver, adrenalectomy imposed
decreased activity of catalase in the muscle tissue
compared to sham operated. Kidney tissue of
adrenalectomized rat showed increase in catalase activity
when compared to sham operated.
Liver showed a significant decrease in the XOD activity
of adrenalectomized rat than sham operated. Heart, kidney
and muscle tissues of adrenalectomized rat showed
significant increase in XOD activity when compared to
sham operated.

DISCUSSION

Adrenalectomized rat liver showed a significant increase
in G-6-PDH activity in both liver and Heart. The HMP
shunt, the only source for direct glucose oxidation
besides TCA cycle provides energy to animal on one
hand and help in detoxification process by producing
NADPH on the other hand. The G-6-PDH activity was
increased in sympathectomized liver of adrenalectomized
rats (Parfenova and Shanygina, 1976). Adrenalectomized

animals had higher G-6-PDH and Malic enzyme (ME)
activities and higher liver lipid levels than the sham-
operated rats (Kaul and Berdanier, 1975).
Kidney showed a significant decrease in G-6-PDH
activity in adrenalectomized rats than sham operated. The
decreased activity of G-6-PDH during adrenalectomy may
suggest decreased conversion of glucose-6-phosphate
to 6-phosphogluconolactone, leading to reduced
formation of NADPH

2
 through HMP shunt. The declined

G-6-PDH activity observed in the present study
subsequently brings about a fall in GSH levels.
Xanthine oxidase is the source of superoxide anion
radicals (O

2
) under in vivo conditions (Skibba et al., 1988).

Xanthine oxidase activity on ADX showed a significant
elevation in heart and muscle tissues as well. The elevated
xanthine oxidase activity observed in the present study
in turn might be responsible for the increased generation
of superoxide radicals in these tissues. Therefore, the
presence of increased free radicals could have induced
production of SOD enzyme in these tissues, resulting in
the elevation of SOD activity. The relatively high
sensitivity of the myocardium towards ROS can be
explained due to low level of antioxidant enzyme activity.
The enhanced SOD activity may be due to compensatory
mechanism to cope with excess O

2 
radicals.

Catalase activity was significantly decreased in liver and
muscle of ADX rats over SO. Evidences suggest that O

2

itself affect directly the CAT activity (Kono and Fridovich,
1982). It has also been reported that CAT is inactivated
by hydroxyl radical (Piegeolet and Corbisier, 1990). It was
observed that increased production of reactive oxygen
metabolites results in an increase in the level of
antioxidants. Further more, iron is an essential co-factor
for the activity of catalase enzyme. An Iron deficiency

Table 1. Alterations in the levels of glucose-6-phosphate dehydrogenase, superoxide dismutase, catalase and xanthine oxidase in
Liver and  Heart of both adrenalectomized and sham operated rats (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).

S. 
No 

Parameter 

Liver Heart 
Sham 

operated 
Adrena- 

lectomized 
Percent $ 

change 
Sham 

operated 
Adrena- 

lectomized 
Percent $ 

change 

1 
G-6-PDH 
μ moles /mg 
protein /hr 

0.020 
± 0.001 

0.028 
± 0.001 

+ 40 
t = - 9.84 
p = 0.004 

0.014 
± 0.001 

0.019 
± 0.001 

+ 35.71 
t = - 7.27 
p = 0.001 

2 
SOD 
units / mg  
protein / min 

9.14 
± 0.56 

9.33 
± 0.46 

+ 2.07 
t = - 0.641 

NS 

12.40 
±1.04 

20.89 
± 2.07 

+ 68.46 
t = - 8.98 
p = 0.001 

3 
Catalase 
μ moles /mg 
protein / min 

0.077 
± 0.005 

0.054 
± 0.004 

- 29.87 
t = 8.13 

p = 0.001 

0.271 
± 0.018 

0.286 
± 0.019 

+ 5.53 
t = -1.44 

NS 

4 
Xanthine oxidase 
μ moles /mg 
protein / hr 

0.175 
±0.003 

0.160 
± 0.005 

- 8.57 
t = 6.05 

p = 0.001 

0.042 
± 0.003 

0.048 
± 0.004 

+ 14.28 
t = - 3.0 

p = 0.013 

 

.
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would not only impair oxygen transport in the body, but
also compromise the body’s antioxidant capacity by
lowering catalase activity in the cell (Halliwell and
Gutteridge 1989; Powers et al., 2004).
In contrast to liver and muscle a significant increase in
the catalase activity was observed in kidney on ADX.
The organisms exposed to oxidative stress are known to
undergo adaptational changes in antioxidant defense
systems (Somani et al., 1995). Increased catalase activity
in the present study suggests its active involvement in
decomposition of hydrogen peroxide during ADX.
Increased catalase activity is in consonance with
increased SOD activity under stress. The catalase
activity has been reported to be increased in liver, heart,
skeletal muscle, brain and plasma of rat subjected to
exercise training (Husain, 2002; Husain and Hazelrigg,
2002; Husain, 2003).
Heart tissue showed an elevation in xanthine oxidase
activity in ADX rats than SO. The elevated enzyme
activity also indicates the nitrogen balance of the tissue
where XOD is produced when the native form of XDH is
altered by sulfhydral oxidation or by limited proteolysis
(Dellacorte and Stnipe, 1972).
A significant increase in the xanthine oxidase activity
was observed in kidney of adrenalectomized rats than
Sham operated. Conversion of xanthine dehydrogenase
to xanthine oxidase under adrenalectomy may be one of
the reasons for elevated XOD activity.
In the present work the increased activity of XOD with
reference to ADX was observed in muscle. The elevated
levels of XOD might result in generation of free radicals
of O

2
 and OH species and there by resulting in increased

uric acid production. During the time of stress caused by
adrenalectomy the tissues suffering temporary ATP

imbalance leading to the failure of ion Pump’s operation
and thus increase the intracellular calcium. Protiens
becomes activated with the result of increased calcium
levels which in turn converts xanthine dehydrogenases
to xanthine oxidase. This is supported by enhanced
uptake of oxygen leading to the increased oxidative
metabolism which in turn increases the production of
free radicals and uric acid.
The induction of xanthine oxidase coupled with lipid
peroxidation indicates not only the generation of free
radicals but also disposal of ammonia as less toxic uric
acid which contributes to the aetiology of adrenalectomy.
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