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ABSTRACT 

Objective: Stress plays an important role in affecting adrenal gland anatomy and structure which may 

have connection with suicidal behaviour in depressed patients. The increase in adrenal cortical function 

is paralleled by increased adrenal weight and zone specific cortical width. 

Method: Adrenal glands from persons aged 20-85 years who died unexpectedly either from road traffic 

accident or committed suicide and died immediately, were obtained from mortuary of Medical college 

and Hospital, Kolkata, within 48 hours of death and without any gross sign of putrefaction. After 

overnight fixation, the adrenals were carefully cleaned of adherent fat, blotted dry, weighed on 

electronic weighing machine having the accuracy of ± 0.1gram. After proper fixation, paraffin blocks 

were prepared, sectioned and stained with haematoxylin and eosin. Widths of cortical zones were 

measured by means of a calibrated eyepiece micrometer under light microscope. 

Result: The weight of right and left, both adrenal glands are significantly higher for suicide group than 

the control group. The width of zona fasciculata of right and left, both adrenal glands are significantly 

higher for suicide group than the accident group. The total cortical width of right and left, both adrenal 

glands are significantly higher for suicide group than the accident group. 

Conclusion: Increased weight of adrenal glands in suicide victims is mainly due cortical hypertrophy 

with increased width of zona fasciculata.  
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INTRODUCTION 

Suicide has taken lives around the world and 

across the centuries. It is one of the world’s largest 

public health problems and has multiple causes 

among which mood disorders contribute over 90% 

of suicide attempt and 60% of completed suicides 
(15)

. In India, 127151 and 134599 persons ended 

their life by a suicidal act in 2009 and 2010 

respectively. This indicates an increase of 5.9% 

over the previous year's figure. West Bengal 

reported the highest number of suicidal deaths in 

2008, and the second highest number of such 

deaths in 2010 accounting for 11.9%, while 11.4% 

of total such deaths in the country in 2009. 

(Source: National Crime Records Bureau, 

Accidental deaths and suicides in India, Ministry 

of Home Affairs, New Delhi, Government of 

India, 2010). 

Studies have shown that stress plays an important 

role in affecting adrenal gland anatomy and 

structure. In particular, adrenal gland size has been 

shown to be partially regulated by 

adrenocorticotropic hormone (ACTH) stimulation 
(3)

, which is known to regulate stress 

corticosterone levels during the hypothalamo-

pituitary-adrenal (HPA) axis activation due to an 
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acute physical or psychological stressor 
(26)

. 

Elevated plasma cortisol levels and adrenal 

enlargement have been found individuals suffering 

from chronic stress, such as depressed patients 
(1, 

17)
, and increases in adrenal weight have been 

found in individuals who have committed suicide 
(9, 11, 27)

.  During acute stress, the elevated levels of 

corticosteroids induce a negative feedback loop to 

the pituitary gland, where they bind to 

glucocorticoid receptors to regulate the 

responsiveness of the stress system 
(6, 7)

. Chronic 

stress can lead to hypercortisolism or constant 

high levels of circulating glucocorticoids and 

dysregulation of the HPA axis, which can further 

affect the regulation of corticotropin-releasing 

hormone, catecholamines, and serotonin that are 

associated with the precipitation of depression 
(5, 8)

. 

Previous studies showed that many patients with 

depression have increased basal plasma cortisol 

and enlarged adrenals 
(1, 4, 9, 10, 18, 19, 22, 27)

. 

Depression is a chronic stress-related disorder and 

it is one of the most common causes of suicide. 

Many depressed patients have altered HPA axis 

function that is generally characterized by 

increased HPA axis activity 
(4, 19, 22)

 and enlarged 

adrenal glands
 (1, 9, 11, 24, 27) 

. Many studies showed 

that this increase in adrenal weight is associated 

with increased size of the adrenal cortex 
(27, 29)

, and 

many depressed patients have exaggerated cortisol 

responses after ACTH administration 
(1, 13, 14)

. 

Furthermore, increased glucocorticoid levels have 

been linked with the onset and severity of 

depression 
(6, 12)

 , suggesting that alterations in 

peripheral HPA axis structure and function may 

also be clinically relevant. Collectively, these 

works suggest that chronic stress-induced adrenal 

growth produces alterations in adrenal function 

that may have connection with suicidal behaviour 

in depressed patients 
(28)

. The present work 

addresses the hypothesis that adrenal responses to 

ACTH are augmented after chronic stress and that 

this increased responsiveness is associated with 

increased weight and cortical hypertrophy and 

hyperplasia of adrenal glands.  

MATERIAL AND METHOD 

A cross-sectional descriptive type of study was 

designed and done in the Department of Anatomy, 

Kolkata Medical College, Kolkata, from April 

2011 to October 2012, based on collection of 

human adrenal glands from 100 dead bodies that 

were under examination in the Department of 

Forensic Medicine, Kolkata Medical College, 

Kolkata from April 2011 to October 2012. 

This study was approved by the Ethical Review 

Committee of Kolkata Medical College, Kolkata. 

Both adrenal glands from persons aged 20-85 

years who died unexpectedly either from road 

traffic accident or committed suicide and died 

immediately, were obtained from mortuary of 

Medical college and Hospital, Kolkata. All 

samples were collected within 48 hours of death 

and without any gross sign of putrefaction 
24

. We 

tried our best to exclude the cases of known 

adrenal abnormalities, chronic debilitating illness, 

or recent use of substances that might alter the 

hypothalamic-pituitary-adrenal axis function such 

as corticosteroids, antidepressants, and alcohol. 

After considering the inclusion and exclusion 

criteria, 100 adrenal glands were selected from 

victims of suicide who died immediately after 

hanging (Case) and 100 more adrenal glands were 

collected from victims of road traffic accident, 

died immediately on the spot of accident 

(Control). Among the 50 cases, 35 were males, 

15females and among the 50 controls 36 were 

males and 14 females. 

The adrenal glands were removed and 

immediately placed in 10 % formal saline. After 

overnight fixation, the adrenal glands were 

carefully cleaned of adherent fat, blotted dry, 

weighed on electronic weighing machine having 

the accuracy of ± 0.1gram. Fixed weight does not 

differ significantly from fresh weight 
(2, 17, 23)

. After 

a week fixation, paraffin blocks were prepared. 

Two to four blocks from each adrenal pair were 

selected for light microscopic examination and 

sectioned at 6micron. Sections were stained with 

haematoxylin and eosin (H and E). Widths of 
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cortical zones were measured in each gland by 

means of a calibrated eyepiece micrometer. Ten 

measurements of the width of three cortical zones, 

the zona glomerulosa, the fasciculata, and the zona 

reticularis were made from each gland. The 

criteria by which the zones were defined were that 

the zona glomerulosa lies under the capsule and 

consists of patchy nests of cells with deeply 

staining nuclei, the zona fasciculata consists of 

parallel columns of cells with pale vacuolated 

cytoplasm surrounded by narrow sinusoids, and 

the zona reticularis consists of an irregular pattern 

of groups of deeply stained cells 
16

. Precautions 

observed in the choice of the parts of the sections 

from which the data were obtained were that they 

were always at right angles to the surface of the 

gland, and that infoldings of the gland were 

avoided because it was observed that the cortex 

appeared to be distorted and to be thicker in the 

folds than elsewhere 
16

. The slides having any 

adrenal pathology were also excluded from our 

study after confirmation from pathologists of the 

Department of Pathology, Kolkata Medical 

College, Kolkata. The obtained data was subjected 

to extensive analysis using Microsoft Office and 

S.P.S.S 16.0 version of software. Comparison of 

parameters between cases and controls was done 

by Student –t test.  

 

RESULT 

Among the 50 cases, 35 were males, 15 females 

and among the 50 controls 36 were males and 14 

females. The right adrenal gland mean weight for 

suicide group was 9.57 grams and for control 

group was 6.64 grams, and left adrenal gland mean 

weight for suicide group was 10.06 grams and for 

control group was 7.13 grams. The mean± 

standard deviation (SD) weight of right and left, 

both adrenal glands were significantly higher for 

suicide group than the control group. The width 

mean of zona fasciculata of right adrenal gland for 

suicide group was 0.74 mm. and for control group 

was 0.57 mm. and that of left adrenal gland for 

suicide group was 0.77 mm. and control group was 

0.61 mm. The mean±SD width of zona fasciculata 

of right and left, both adrenal glands were 

significantly higher for suicide group than the 

control group.  

The total cortical width (mean±SD) of right 

adrenal gland for suicide group was 0.98±0.070 

mm. and for control group was 0.80±0.084 mm. 

and that of left adrenal gland for suicide group was 

1.03±0.132 mm. and control group was 

0.86±0.079 mm. The total cortical width 

(mean±SD) of right and left, both adrenal glands 

were significantly higher for suicide group than 

the control group.  There was no significant 

difference in width of zona glomerulosa and zona 

reticularis between suicide group and the control 

group (p value >0.05, t test for unequal variance, 

two-tailed). The enlargement of cortex was mainly 

restricted to the zona fasciculata. [Table-1] 

 

DISCUSSION 

In our study we found that the adrenal weight, 

width of zona fasciculata, total cortical width were 

significantly higher for suicide group than the 

control group. Our findings support the findings of 

the earlier literatures regarding increased adrenal 

gland weight and altered adrenal morphology in 

suicide victims. 

Dorovini-Zis K, Zis AP (1987) had done a study 

on increased adrenal weight in victims of violent 

suicide  among Canadian population, and adrenal 

gland weight was significantly higher in victims of 

violent suicide than who died suddenly from other 

cause. The mean±SD combined weight of both 

adrenal glands was significantly higher for the 

suicide group (9.77±1.74 g) than for the control 

group (7.74±0.82g) [p<.001; t test for unequal 

variance, two-tailed]. There was no significant 

difference in adrenal weight between men and 

women. 

According to the study done by Dumser Thomas et 

al. (1998) on adrenal gland weight of suicide 

victim a relative combined adrenal weight >6 

g/m2 may be a morphologic sign of a depressive 
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disorder prior to death if no other disease with a 

known effect on the adrenals is present.  

A study done at University of Duesseldorf, 

Germany by Willenberg et al. (1998), on 

morphological changes in adrenals from victims of 

suicide. They found a significant enlargement of 

the adrenal cortex to 158.8% (SD = 29.8%, p < 

0.01) that was restricted to the two inner zones 

only (zona reticularis, 161.6 +/- 35.3%; zona 

fasciculata, 186.4 +/- 34.4%). 

Szigethy E et al. (1994)  had done a study on 

‘Adrenal weight and morphology in victims of 

completed suicide’ and their results showed a 

positive correlation between adrenal weight and 

total cortical thickness in both left and right 

glands, providing direct evidence that increased 

adrenal weight in suicide victims is due to cortical 

hypertrophy. 

A study done at University of Duesseldorf, 

Germany by Willenberg et al. (1998), on 

morphological changes in adrenals from victims of 

suicide. They found a significant enlargement of 

the adrenal cortex to 158.8% (SD = 29.8%, p < 

0.01) that was restricted to the two inner zones 

only (zona reticularis, 161.6 +/- 35.3%; zona 

fasciculata, 186.4 +/- 34.4%). 

A Computed Tomographic study on adrenal gland 

enlargement in major depression done by 

Nemeroff et al.(1994), showed that adrenal 

volumes in the depressed patients were 

significantly increased when compared with those 

of normal controls. 

Rubin et al. done a study on Adrenal gland volume 

in major depression: relationship to basal and 

stimulated pituitary-adrenal cortical axis function. 

Their study revealed that mean adrenal volume in 

the depressives was significantly larger, by about 

38%, than the adrenal volume of their matched 

controls 
21

. 

According to us it was very difficult to obtain an 

intact whole adrenal gland from post-mortem 

subjects. Many samples were rejected due to 

putrefactive changes as adrenal gland is one of the 

organs which undergo putrefaction very early. We 

tried our best to collect the samples within 48 

hours of death and without any gross sign of 

putrefaction.  We also tried to collect the past 

history of any depression or other mental diseases, 

any other chronic systemic diseases, history of 

prolonged intake of steroids or alcohol which 

might alter the hypothalamic-pituitary-adrenal axis 

function. But the information in many cases was 

not complete or reliable enough to warrant a 

statement regarding the presence and duration of 

specific psychiatric syndromes before the suicide. 

Considering that none of our subjects was 

suffering from a severe, protracted, or debilitating 

physical ailment at the time of death, we also 

assume that the observed increase in adrenal 

weight in our suicide group is largely accounted 

for by the pre-existing psychiatric disorders. 

 

CONCLUSION  

From above discussion we can conclude that 

depressed patients, who had committed suicide, 

have increased size of adrenal glands and this 

increased weight is due to hypertrophy of adrenal 

cortex which is evident by increased width of zona 

fasciculata.  
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Table 1: Statistical comparison of parameters between cases and controls (Independent 

sample t-test) 

Parameters Study group Mean 
Standard 

deviation 
p-value Comments 

Right adrenal gland 

weight (gm) 

Case 9.57 1.545 

<0.001 Significant 

Control 6.64 1.146 

Left adrenal gland 

weight (gm) 

Case 10.06 1.570 

<0.001 Significant 

Control 7.13 1.134 

Width of zona 

glomerulosa of right 

adrenal gland (mm) 

Case 0.05 0.017 

0.786 Not Significant 

Control 0.05 0.015 

Width of zona 

glomerulosa of left 

adrenal gland (mm) 

Case 0.06 0.095 

0.653 Not Significant 

Control 0.06 0.017 

Width of zona 

fasciculata of right 

adrenal gland (mm) 

Case 0.74 0.063 

<0.001 Significant 

Control 0.57 0.074 

Width of zona 

fasciculata of left 

adrenal gland (mm) 

Case 0.77 0.063 

<0.001 Significant 

Control 0.61 0.071 

Width of zona 

reticularis of right 

adrenal gland (mm) 

Case 0.20 0.046 

0.057 Not Significant 

Control 0.18 0.049 

Width of zona 

reticularis of left 

adrenal gland (mm) 

Case 0.20 0.048 

0.519 Not Significant 

Control 0.20 0.054 

Total cortical width of 

right adrenal gland 

(mm) 

Case 0.98 0.070 

<0.001 Significant 

Control 0.80 0.084 

Total cortical width of 

left adrenal gland (mm) 

Case 1.03 0.132 

<0.005 Significant 

Control 0.86 0.079 

 


