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ABSTRACT 
 

Aims: To evaluate the protective role of L-arginine (L-arg) on the morphology of adrenal cortex of 
streptozotocin (STZ) treated adrenal glands of albino rats. Serum adrenocorticotropin (ACTH) and 
corticosterone levels were also determined as stress markers. 
Study design: Prospective experimental study. 
Place and duration of study: This study was conducted in the Department of Anatomy, Basic Medical 
Sciences Institute (BMSI), JPMC, Karachi, from February to March, 2011. 
Material & methods: In a 6 weeks study, 30 male albino rats were divided into 3 groups, containing 
10 animals each. Gp-A was treated as control. Gps-B received STZ 37mg/kg intraperitoneally (I/P) 
only once at the start of experiment. Gps-C received L-arg orally in a dose of 0.3 mg/100GB.W/day a 
week before STZ treatment.Serum ACTH and corticosterone levels were also measured. 
Results: Haematoxylin and Eosin (H&E) stained sections of cortex of adrenal glands of STZ treated 
Gp-B showed marked pathology and dis-arrangement of cells in all the three zones of adrenal cortex. 
Atrophy of zona glomerulosa (Z.G.) and hypertrophy of zona fasciculata (Z.F.) was observed in Gp-B 
along with enhanced secretions of serum ACTH and cortisol. L-arg had moderately reduced the 
severity of damage to the adrenal cortex in Gps-C there was also a moderate increase observed in the 
serum levels of ACTH and decreased corticosterone.  
Conclusions: L-arg as a nitric oxide (NO) donor and as an antioxidant, plays a significant role in 
preserving adrenal morphology and functions in cancer patients who are treated with 
chemotherapeutic drugs like STZ.  
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INTRODUCTION 
 

The adrenal gland is an essential stress responsive 
organ that is part of both HPA axis and 
sympathoadrenomedullary system.

1
 It is chiefly 

responsible for releasing hormones in response to 
stress. Factors affecting adrenal gland and causing 
adrenal insufficiency are either genetic, physical 
stress induced or induced by chemotherapeutic drugs 
like mitotane, tanol, cisplatin or STZ. 

STZ is a naturally occurring nitrosurea used in 
cancer chemotherapy

2
. It is used in metastatic 

carcinoid tumours, Hodgkin’s disease and treatment 
of advanced islet cell carcinoma

3
. The effect of STZ 

on different organs has been extensively studied. It is 
diabetogenic, hepatotoxic, nephrotoxic, and also 
causes gastric ulceration

4,3
. 
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STZ is a pancreatic β-cell toxin which induces 
rapid and irreversible necrosis of these cells. The 
mechanism of STZ induced β-cell injury involves 
excessive reactive oxygen species (ROS) production, 
lipid peroxidation, protein oxidation and DNA damage 
leading to β-cell death

5
. Formation of ROS is thought 

to be a mediator of cytotoxic actions of STZ, leading 
to oxidative stress

6
. Oxidative stress may be one of 

the stresses influencing the regulation of HPA axis
7
. 

A number of research laboratories have 
demonstrated that hyper-activation of HPA axis 
occurs in several animal models of STZ-induced 
hyperglycemia

8
 when a threat to homeostasis is 

perceived, HPA axis is activated as an important 
regulatory mechanism of the stress response. HPA 
axis activity is initiated by the secretion of ACTH from 
the pituitary, which then stimulates the secretion of 
glucocorticoids from the adrenal glands. 

Most previous studies have shown that in 
rodents, STZ-induced hyperglycemia results in a 
reduced response to insulin, despite increased 
numbers of insulin receptors.

9
 It has been 

hypothesized that hyperactivity of HPA axis may play 
a central role in the pathogenesis of insulin 
resistance

10
. Studies in animal models of STZ-

induced hyperglycemia indicate that antioxidants 
improve insulin sensitivity

11
. 

mailto:yasmeenmemon1@hotmail.com


Yasmeen Mahar, Amir Ali Shoro, Anjum Naqvi 

 

 

P J M H S  VOL .6  NO.4  OCT – DEC  2012   844 

L-arg is the substrate for the synthesis of NO 
and it has direct anti-oxidant activity

12
. It is an 

essential amino-acid which participates in many 
important biochemical reactions associated with 
normal physiology of the organism. Exogenous L-arg 
increases NO production in a variety of cells. It is 
both a NO precursor and donor

13
. Previous studies 

have demonstrated that endogenously generated NO 
is involved in the modulation of corticosterone 
production and that adrenal NO synthase activity is 
dependent on extracellular L-arg

14
. 

 

MATERIAL AND METHODS 
 

This study was conducted in the Department of 
Anatomy, BMSI, JPMC, Karachi, for a period of 6 
weeks. In this study, 30 healthy male albino rats, 90-
120 days old, weighing around 250-300 G, were 
obtained from the Animal House of BMSI and divided 
into 3 groups, each containing 10 animals. All the 
animals were kept under observation for one week 
prior to the commencement of study, for the 
assessment of their health status. All the animals 
were marked by ear punching and weighed. They 
were kept in propylene cages, equipped with drinking 
water bottle and wood chip floor bedding under 
natural environment. Food and water were supplied 
ad libitum.  

Group-A was taken as control. Groups-B and C 
animals were fasted overnight and administered STZ 
I/P in a dose of 37mg/kg

15
 dissolved in freshly 

prepared 1ml of Citrate buffer at 4 pH only on the first 
day of the experiment. Group-C received L-arg orally 
in a dose of 0.3 mg/100 G B.W/day

16 
dissolved in 5cc 

of distilled water, one week before administering 
STZ. The serum glucose of the rats was measured at 
the start of the experiment and then twice weekly by 
glucose oxidase method from the tail vein by using a 
glucometer. 

The animals were weighed and sacrificed at the 
end of their respective treatment by using ether 
anaesthesia. Their abdomen was opened by midline 
incision and blood was withdrawn by intra-cardiac 
puncture into polypropylene tubes for ACTH and 

corticosterone levels determination by ELISA kits. 
The adrenal glands were exposed and carefully 
dissected and were then fixed in buffered neutral 
formalin for 24 hours. They were later kept in 70% 
alcohol overnight. Dehydration was done with 
ascending strengths of alcohol, they were then 
cleared in xylene and infiltrated with paraffin at 59 
degrees. Paraffin blocks of tissue were made and 5 
micron thick longitudinal sections were cut by a 
rotatory microtome. Sections were mounted on 
labeled glass slides and stained with H&E

17
 for a 

detailed morphological examination of the adrenal 
cortex. 
 

RESULTS 
 

In group A control is given in (fig 1) with normal 
morphology of adrenal cortex. Serum ACTH was 130 
±  2.10 pg/ml and corticosterone was 17.0 ±  0.70 
which were normal along with the normal glucose 
levels 121.3 ± 4.4 mg/dl. (Table 1)  

In group-B, the Z.F. of STZ treated group under 
the light microscope was roughly twice the size of the 
control group (Fig 2), whereas the Z.G. showed 
shrinkage in size. Moreover, in group-B, there was a 
severe distortion and dis-arrangement of cells in all 
the three zones in the form of cytoplasmic 
vacuolation, pyknotic nuclei, hypertrophy of cells and 
apparent increase in lipid droplets (Fig. 2). 

Serum ACTH was increased to 310±1.28** 
which is highly significant and corticosterone was 
significantly increased to 20.8±1.06* with blood 
glucose of 434±10.21mg/dl significantly increased. 
(Table 1) 

In group C, L-arginine treated examination of 
H&E stained slides revealed a moderate decrease in 
cortical thickness and a significant decline in 
cytoplasmic vacuolation (Fig 3). The dilatation of 
blood vessels had also markedly decreased (Fig. 3). 
Serum ACTH was 138±1.9 and corticosterone 
18.5±0.80 along with glucose 250±24.73* 
significantly high. The serum glucose levels were 
reduced. The serum ACTH and corticosterone levels 
were near to those of control group-A (Table-1). 

 
Table 1: Change in mean serum ACTH and corticosterone concentration in all 3 groups of Rats  

Groups Treatment Received  Serum ACTH(Pg/ml)  Serum corticosterone(mg/ml) Glucose (mg/dl) 

Group A Citrate buffer  130 ± 2.10  17.0 ± 0.70  121.3 ± 4.1 

Group B STZ  310 ± 1.28**  20.8 ± 1.06* 434.0 ± 10.21*  

Group C  STZ + Larginine  138 ± 1.9 18.5 ± 0.80 250 ± 24.73* 

Values are expressed as mean ± SEM of 15 rats in each group.  
*Significant P < 0.01      
**Highly Significant P < 0.05 
Compared to control.  
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Fig. 1: Photomicrography of 5 microns thick H and E 
stained section from cortex of adrenal gland in group A 
control showing capsule (C), zona glomerulosa (ZG), zona 
faciculate (ZF) and zona reticularis (ZR) 

 

 
Fig 2: Photomicrography of 5 micron thick H and E stained 
section from Cortex of adrenal gland in group B (STZ) 
treated rat showing zona fasiculate roughly twice the size 
of control group with cytoplasmic vacuolation FV and 
increased lipid droplet nuclei (NU) closely packed pyknotic.  

 

 
Fig. 3: Photomicrography of 5 micron thick, H and E stand 
section from the cortex of adrenal gland in group C STZ 
plus larginine treated rat showing scanty fat vacuoles and 
less closely packed nuclei in zona fasiculate showing 
restored cortex.  

 

DISCUSSION 
 

The adrenal gland is reported to be the most 
common endocrine organ associated with chemically 
induced lesions

18
. Adrenal cortical cells contain large 

stores of lipids used as substrate for steroidogenesis. 
Many compounds that are toxic for the adrenal cortex 
are lipophilic and accumulate in these lipid rich cells. 
Impaired steroidogenesis is a common toxin-induced 
change that can result in excess steroid precursors 
and cytoplasmic vacuolation

19
. 

Many studies have addressed the long term 
consequences of high glucose levels on the 
morphology and function of different cell types

20
. In 

particular, adrenal cells subjected to long term 
glucose treatment exhibit altered oxidative stress 
parameters, including increased reactive oxygen 
species (ROS) generation.

21
 Increased activity of the 

HPA axis, resulting in enhanced ACTH and serum 
glucocorticoid levels has been described in animal 
models of STZ induced hyperglycaemia

22
. 

Many reports demonstrate the inhibitory effect of 
exogenous NO on the steroidogenic pathway. L-arg 
significantly decreased corticosterone biosynthesis in 
rat adrenal Z.F. cells. In our study hypertrophy of Z.F. 
was observed along with an increase in plasma 
ACTH and corticosterone secretion in STZ treated 
group. This observation is in agreement with the 
study conducted by Rebuffat et al in 1988

24
 who 

reported that with an intact HPA axis, STZ causes 
hypertrophy of cells of Z.F and a rise in plasma 
corticosterone concentration. 

Enlargement of the adrenal cortex has been 
reported after several types of chronic stress. Both 
adrenal hypertrophy and hyperplasia have been 
reported during STZ induced diabetes. Repeated 
exposure to elevated plasma ACTH during chemical 
stress may stimulate Z.F. growth and cause Z.G. 
atrophy.

 
It has been reported that STZ induced 

hyperglycemia leads to progressive insulin resistance 
of the peripheral tissues. When glucose and free fatty 
acids increase, they cause oxidative stress along with 
activation of stress sensitive signaling pathways. 
Activation of these pathways, in turn, worsens both 
insulin secretion and action, leading to insulin 
resistance

25
. 

Several studies have shown that NO plays a key 
role in mediating metabolic effects of insulin, 
including muscle glucose uptake. Long term L-arg 
treatment as an antioxidant improved peripheral and 
hepatic insulin sensitivity in type-2 diabetic patients

26
 

and NO derived from NO donors inhibited 
aldosterone synthesis in adrenal Z.G. cells in bovine, 
rat and human adrenal glands. This mechanism of 
inhibition occurred primarily via direct interaction of 
NO with cytochrome P450 enzymes of steroidogenic 
pathways. L-arg administration significantly 
decreased corticosteroid biosynthesis in rat adrenal 
Z.F. cells

27.
 

Diabetogenic effects of STZ produces diabetic 
stress which is characterized by decreased body 
weight and parallel increase in organ weight

28
. 

Adrenal size and width of the adrenal cortex 
increases with chronic activation of HPA axis. 
Increased adrenal weight, detected in our diabetic 
rats, could also reflect a prolonged exposure to 
ACTH concentration. In a study conducted by Kohli R 
in 2003, treatment of albino rats with L-arg reduced 
the body weight loss in STZ treated rats. This is in 
agreement with our study. He further demonstrated 
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that untreated diabetic rats exhibited low levels of 
plasma insulin and L-arginine which was restored 
with L-arg supplementation

29
.
 

An important finding of our study was that L-arg 
supplementation ameliorated weight loss in STZ 
treated rats. The ability of L-arg to reduce weight loss 
may result from increase in skeletal muscle protein 
synthesis or reduction in skeletal muscle protein 
degradation.  
 

CONCLUSION 
 

L-arg as a nitric oxide donor and as a antioxidant, 
plays a significant role along with Ins in preserving 
adrenal morphology and functions in cancer patients 
who are treated with chemotherapeutic drugs like STZ. 
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