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ABSTRACT

Introduction: Stress plays a vital role in alterations in the structure and function of suprarenal glands which may have related
to suicidal behaviour. Suicide is the complex interaction of biological, psychological, socio-economic and environmental factors
in India and all around the world. The adrenal glands are a pair of life-saving endocrine glands of the human body composed of
two parts, the cortex and the medulla. The cortex consists of three zones which are zona glomerulosa, zona fasciculata and zona
reticularis. The secretions of these zones are corticosteroids which are responsible for sustaining life against stress and fear.

Aims and Objectives: The present study aims to analyze the micrometric changes of zone wise proportion of suprarenal glands
such as the zona glomerulosa, zona fasciculata, zona reticularis and medulla in hanging and poison death autopsy cases in
different age groups.

Methodology: Study Design: Analytical -observational Study.

Study setting: The samples were collected from Post mortem centre at Sri Venkateswara hospital, Chittoor district and divided
into three age groups as 20-30, 30-40, 40-50 years. A study was done at Peoples Education Society Institute of Medical Scienc-
es and Research, Kuppam. Chittoor District. The thickness of zona glomerulosa, zona fasciculata, zona reticularis and medulla
of the adrenal samples were measured with stage and ocular micrometre by calibration and results were compared between
hanging(sudden death) and poison death(delayed death) autopsy cases.

Sample Size: 186 adrenals from 93 cases (52 hanging and 41 poison cases).
Sampling Technique: Simple random sampling

Inclusion Criteria: Both genders of hanging and poison death autopsy cases, three age groups 20-30 years, 30-40 years and
40-50 years and time of autopsy in between 12-24 hours after death were included.

Exclusion Criteria: The adrenal abnormalities, burns cases, chronic debilitating iliness, Accident cases, decomposed autopsy
cases, pregnant women, age group less than 20 and more than 50years, commence of autopsy less than 12 hrs and more than
24 hrs were excluded.

Results: In the present study we found that the volume of zona glomerulosa, zona fasciculata, zona reticulars and medulla of
right and left adrenal gland were significantly high in poison suicidal case in the age group of 41-50 years, when compared to
other two groups. There was no significant difference in zona reticular and medullary volume of both right and left adrenal glands
in the age group of 31-40 years. Measurement of zona glomerulosa in the age group 31-40 years right gland show significantly
decreased in poison suicidal cases when compared to hanging case but left gland statistically not significant.

Conclusion: The left and right adrenal gland volume of zona glomerulosa, zona fasciculata, zona reticular and medulla were
significantly high in poison suicidal cases in the age group of 41-50 years and the measurement of zona glomerulosa in the age
group 31-40 years right gland show significantly decreased in poison suicidal cases.
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INTRODUCTION

Suicide is the complex interaction of biological, psychologi-
cal, socio-economic and environmental factors in India and
all around the world. National Crime Records Bureau of In-
dia have reported official suicide rates based on police re-
ports —estimated only 1,35,000 suicides in the year 2017 due
to frustration, sudden emotional outbursts, unemployment,
poverty, failure to cope with stress at times of unexpected
circumstances.> Worldwide, more than 9, 00, 000 deaths are
annually reported of suicide, of which 20% are Indians. Sui-
cide is one of the three leading causes of death among people
aged 15-44 years in some countries and the second-leading
cause of death among those aged 10-24 years; these figures
do not include the suicide attempts, which are up to 20 times
more than complete suicide.?

Stress is common in the people of the united states and one in

ten, age 12 and more and one in four among women in their
age 40 and 50 are using antidepressant drugs due to modern
lifestyle, multitasking and overburden in their work.**> Sui-
cide is a leading cause of death among teenagers and adults
15 to 49 years of age and is graded among the top thirteen
causes of death for human individuals of all ages worldwide
by the World Health Organization (WHO).

Stress plays a vital role in alterations in the structure and func-
tion of suprarenal glands which may have been related to de-
pression and suicidal behaviour. The human adrenal gland
is composed of two parts, the cortex(87%) and the medul-
1a(13%). Both parts differ from each other by structure, func-
tion and development. The cortex consists of three zones;
Zona Glomerulosa (ZG-15%), Zona Fasiculata ZF-65%) and
Zona Reticularis(ZR-7%).1° Adrenal glands are a pair of en-
docrine glands and target structure of Hypothalamo Pituitary
Adrenal(HPA) axis and stress system. A depression, anxiety,
nervousness and fear plays an important role in affecting the
structure and function of the adrenal gland, which may have
a connection with suicidal behaviour in depressed individuals.

The cortisol level is increased in blood circulation due to
sudden fear and severe pain at the time of sudden death and
failure of long loop negative feedback mechanism leads un-
able to balance the cortisol level by the HPA axis!'®!? and
leads changes takes place in dimensions and volumes of ad-
renal glands.

The effect of trauma through nociceptor pathways, afferents
from Nucleus tractus solitaries(NTS), Emotion via the Lim-
bic system and drive for circadian rhythm are initiatives for
stimulation of the Hypothalamus to release Corticotrophin
Releasing hormone(CRH), which passing through the hypotha-
lamic hypophyseal portal circulation to stimulate the pituitary
gland to secrete and release ACTH in turn which control and
regulate the secretions from the adrenal cortex(only ZF and ZR)
to release the glucocorticoids (Fig-3). The Zona glomerulosa is

controlled by the renin- angiotensin -aldosterone mechanism.
The adrenal medulla is sympathetic in origin, which regulates
increased heart rate, cardiac output by secreting adrenalin and
noradrenalin at the time of stress and fear.!!

This study was carried out to find the Micrometric changes
of human adrenal glands of hanging and poison death cases
in different age groups within a limited period after death.
This study will be useful for forensic surgeons, medical-legal
fraternity, forensic pathologists and entire medical faculty to
determine the alterations in suprarenal glands between hang-
ing and poison death autopsy cases.

AIMS/OBJECTIVES

To analyze the micrometric changes in thickness and zone
wise proportion of adrenal glands in hanging and poison
death autopsy cases in different age groups.

MATERIALS

The analytical study was done in the department of Anatomy
after approval from the institutional human ethical com-
mittee at PES Institute of medical sciences and research,
kuppam(IHEC Number-021). A total of 186 suprarenal
glands was collected from 93 cadavers aged 20 to 50 years
and both genders belong to hanging (52) and poison(41)
death cases with due consent from close blood relatives of
the deceased when undergone postmortem examination at
Sri Venkateswara hospital, Chittoor district, Andhra Pradesh
in the years 2018 and 2019.

Inclusion Criteria:

Both genders of hanging and poison death autopsy cases, three
age groups 20-30 years, 30-40 years and 40-50 years and time
of autopsy in between 12-24 hours after death were included.

Exclusion Criteria:

The adrenal abnormalities, burns cases, chronic debilitating
illness, Accident cases, decomposed autopsy cases, pregnant
women, age group less than 20 and more than 50years, com-
mence of autopsy less than 12 hrs and more than 24 hrs were
excluded.

(Institutional Human Ethical Clearance Number-21)

METHODS

The samples of adrenals were divided into three age groups
as 20-30 yrs (43 cases), 30-40yrs (26cases) and 40-50yrs
(24 cases). The specimens were stored at 10% formalin im-
mediately after collection for the preservation of tissues and
fixation up to 12 to 24 hours to prevent distortion, autolysis
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and to reduce the shrinkage. The dissection kit was used to
clean the adipose tissue and fascia around the glands. The cut
section was made at the level of the hilum of adrenal glands
(fig- 1) to maintain the uniformity then fixed again in 10 %

formal saline up to 12-24 hours duration for infiltration of
the tissue in formalin. The histological slides were prepared
after the processing, embedding, sectioning, staining with
haematoxylin and eosin stains.

Figure 1: The level of section to prepare the microscopic slides of Right adrenal & Left adrenal glands.

Level tor Micrometr

Figure 2: The cut section right adrenal gland

Level for Micrometry
Adrenal Cortex
Adrenal Medulla
Adrenal Vein

Figure 3: The cut section left adrenal gland

Micrometric Analysis

The term micrometry means the measurement of macroscop-
ic objects. The standard unit of measurement of structures
as accepted in the histological study is called a micron or
micrometry.

The Micrometric changes in the thickness of Zona Glomeru-
losa (ZQ), zona fasciculata (ZF), Zona Reticularis (ZR) and
adrenal medulla were measured with the use of stage micro-
metre (SM) and ocular micrometre (OM) after preparing the
histological slides.

Calibration under 4x objective

The thickness of zone wise adrenal cortex was measured (as
in Fig-4) after calibration with stage and ocular micrometre
under the 4 x objective. The scale in stage micrometre (SM)
is 1 mm and divided into 100 units which are equal to 1000
micron.

The scale in ocular Micrometer(OM) is divided into 100
equal units(Fig-4). The SM was placed in the stage of the
microscope and the OM was placed in the diaphragm of the
eyepiece. The units of SM overlapped by units of OM were
counted under the 4 x objective. The 100 units of SM were
equal to 40 units of OM in the count.'? The distance between
the two units of OM was 25 micrometres in calculation by
using the formula

40 ocular units =1000 micron
1 ocular unit = 25 micron.

The SM was removed from the stage and a measurable his-
tological slide was placed. The thickness of each layer of the
adrenal cortex was measured by OM (Fig-3), multiplied by 25
and divided by 1000 to convert into millimetres. All the 186
slides belong to hanging and suicidal cases were measured in
the same method.!3-1*
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Zona Glomerulosa

Zona Fasciculata

Zona Reticularis

Medulla

Figure 4: Microscopic image of Adrenal gland and its divisions.

The thickness in mm was converted into percentage by cal-
culating the thickness of the individual zone divided by the
total thickness of the medulla and 3 zones of cortex multi-
plied by 100.

Statistical Analysis
The data was analysed by an Independent t-test using the
Statistical Package for Social Sciences (SPSS) and Window

. Hanging
Age limit in years
Male Female %
20-30 12 17 29(31%)
31-40 12 3 15(16%)
41-50 4 8(9%)
Grand Total 28 24 52(56%)

Table 1: Age and sex-wise distribution of hanging and poison suicidal cases

version 21.0 software. Values of p <0.05 was considered to
be significant.

RESULTS

Data depicted in Table-1 represent the age and gender distri-
bution of hanging and poisoning cases. Among the 93 cases,
in the age of 20-30 years 29 were hanging (male-12 & fe-
male-17) and 14 were poison (male-5 & female-9) account-
ing for 46% total. In the age group 31-40 ,15 were hanging
(male-12 & female-3) and 11 were poison (male-8 & fe-
male-3) accounting for 28% total. in the age of 41-50 years
8 were hanging (male-4 & female-4) and 16 were poison
(male-11 & female-5) accounting for 26% total.

Poison
Total Percentage
Male Female %
5 9 14(15%) 43(46%)
8 3 11(12%) 26(28%)
u 5 16(17%) 24(26%)
24 17 41(44%) 93(100%)

Table 2 shows, the measurements of right zonaglomerulosa
(ZG) volume significantly reduced in poison suicidal cases
when compared to hanging cases but no significant differ-
ence in left zonaglomerulosa (ZG) volume. The volume of

zona fasciculate (ZF) and zonareticularis (Z) in both right
and left glands significantly decreased in poison suicidal cas-
es when compared to hanging cases. there is no significant
difference in the right and left medulla in both cases.

Table 2: Percentage volume of ZG, ZF, ZR and medulla of right and left adrenal glands of hanging and poison
suicidal cases in 20-50 years and 12-24hours after death, values are expressed as Mean+SD

Parameter Type N
Hangin 2
ZG Right .g 8 >
Poison 41
Hangin 2
ZG Left .g 8 >
Poison 41
. Hanging 52

ZF Right .
Poison 41
Hangin 2
ZF Left .g 8 >
Poison 41
Hangin 2
ZR Right .g 8 >
Poison 41
Hangin 2
ZR Left .g 8 >
Poison 41
Hangin 2
Medulla Right 8ins >
Poison 41

Mean + SD t-value, P-value
7-93 £ 3.05 t-3.14,
5.8 £3.79 P<o0.002
7.2 %248 t- 1.41,
6.2 + 4.57 p>0.16
40.93 £10.97 t-3.16,
31.54 +18.35 p<0.002
41.0 £9.98 t-3.67,
30.5 +18.1 p<0.002
23.76 +6.86 t_2_44’
19.0 +12.1 p<o0.01
258+ 7.5 t-4.46,
17.8 +10.4 p<0.002
27.35+13.9 t-1.65,
22.43 £16.4 p>o0.10
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Table 2: (Continued)

Parameter Type N
Hangin 2

Medulla Left .g 8 >
Poison 41

Mean + SD t-value, P-value
25.78 £13.2 t-0.53,
2418 +17.1 p>0.59

The volume of ZG in the age group 20-30 years of right and
left gland significantly reduced (P<0.001) in poison suicidal
cases when compared to hanging cases. Measurement of ZG
in the age group 31-40 years right gland shows significantly
decreased (P<0.01) in poison suicidal cases when compared

to hanging case but left gland statistically not significant.
In the age group 41-50 years volume of ZG in both right
and left gland was significantly high (right P<0.03 & left
P<0.001) in poison suicidal cases when compared to hanging
cases. (Table3)

Table 3: Percentage volume of ZG right and left adrenal gland in the different age group

Age Group Parameter Type
Hangin,
ZG Right .g &
Poison
20-30 Hanei
angin
ZG Left .g 8
Poison
Hangin
ZG Right .g &
Poison
31-40 Hangi
angin
ZG Left 'g 8
Poison
Hangin
ZG Right 'g &
Poison
41-50 Hangi
angin
ZG Left 'g 8
Poison

I\ Mean + SD t-value, P-value
29 8.0 £3.09 t=3.75,
14 4.1+ 4.67 p<o0.001
29 733%2.4 t=4.95,
14 317 +3.8 p<o0.001
15 7.55 = 2.87 t-2.48,
1 4.56 £3.6 p<o0.01
15 7-34 £3.07 t=0.32,
1 6.75 £ 6.29 p>0.7
8 416 £ 4.9 t=-2.21
16 71+213 p<0.03
8 333%3.5 t=-4.43,
16 81+23 p<o0.001

Table 4 shows, the measurement of ZF in the age group 20-
30 years and 31-40 years of right and left gland significantly
reduced in poison suicidal cases when compared to hanging
cases. But in the age group 41-50 years volume of ZF in both

right and left gland was significantly high (right P<0.001
& left P<0.02) in poison suicidal cases when compared to
hanging cases.

Table 4: Percentage volume of ZF right and left adrenal gland in different age group

Age Group Parameter Type
Hangin
ZF Right ging
20-30 Poison
Hangin
ZFLeft 'g &
Poison
Hangin
ZF Right 'g &
Poison
31-40 Hanei
angin;
ZFLeft 'g &
Poison
Hangin
ZF Right 'g &
Poison
41-50 Hanei
angin;
ZFLeft 'g &
Poison

N Mean + SD t-value, P-value
29 41.57 £11.48 t=4.95,
p<o0.001
14 19.3 * 21.2
29 40.4+9.19 t=4.39,
14 20.6 *22.39 p<o.001
15 41.5+9.37 t=2.31,
u 28.49 +£19.67 p<0.02
15 40.19 +11.56 t=2.67,
1 25.5 +17.79 p<o.o1
8 18.7 + 21.2 t=3.81,
16 40.7£9.1 P<0.001
8 22.67 £ 44.3 t=-2.3,
16 37.9 £10.9 P<0.02

=7 e—
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Table 5 shows, the volume of ZR in the age group 20-30
years of right and left gland significantly reduced in poison
suicidal cases when compared to hanging cases. But in the
age group 41-50 years volume of ZF in both right and left

gland was significantly high (right P<0.005 & left P<0.01)
in poison suicidal cases when compared to hanging cases.
There was no significant difference in the 31-40 years age

group.

Table 5: Percentage volume of ZR right and left adrenal gland in the different age group

Age Group Parameter Type
Hangin,
ZR Right .g &
Poison
20-30 Hanei
angin,
ZRLeft .g &
Poison
Hangin
ZR Right .g &
Poison
31-40 Hanei
angin
ZRLeft .g &
Poison
Hangin
ZR Right .g &
Poison
41-50 Hanei
angin
ZRLeft .g &
Poison

I\ Mean + SD t-value, P-value
29 24.3 £7.45 t=3.61,
14 12.9 *15.15 p<0.001
29 27.7 8.0 t=6.0,
14 1.27 £12.3 p<0.001
15 22.37 £5.68 t=1.9
1 16.0 *11.5 p>0.06
15 22.6 *6.19 t=1.89,
u 16.4 +11.17 p>0.07
8 1216 +13.46 t=-3.0,
16 23.3 +6.28 p<0.005
3 12.58 +13.7 t=-2.61,
16 223 57 p<o.01

The percentage volume of the medulla in the age group 20-
30 years of right and left gland significantly reduced in poi-
son suicidal cases when compared to hanging cases. But in
the age group 41-50 years measurement of the medulla in

both right and left gland was significantly high (right P<0.02
& left P<0.001) in poison suicidal cases when compared to
hanging cases. There was no significant difference in the age
group of 31-40 years. (Table 6)

Table 6: Percentage volume of Medulla right and left adrenal gland in the different age group

Age Group Parameter Type N Mean + SD t-value, P-value
Hangin, 2 26.0 +14. =
Medulla Right .g 8 0 +4 £=3.66,
Poison 14 1.8 +15.0 p<o.001
2030 Hangi +12.6
angin, 2 24.5 *12. -
MedullaLeft .g 8 o +5 t=2.94,
Poison 14 131 +16.2 p<0.004
Hangin, 1 28.5 £11.6 =
Medulla Right .g 8 > > t=0.74,
Poison 1 24.2 +19.1 p>0.46
31-40 Hanei 8 +
angin 1 20.8 +14. =
MedullaLeft .g g 5 9 43 t=0.82,
Poison 1 24.6 £19.5 p>0.41
Medulla Right Hanging 8 14.9 £19.2 t=-2.4,
Poison 16 28.7 +12.4 p<o0.02
41-50 ]
MedullaLeft Hanging 8 1.4 *+14.7 t= -4.10,
Poison 16 31.6 +13.0 p<o0.001
DISCUSSION right adrenal gland is 7.37%, 40.01%, 24.16% and 28.44%

In the present study, we found that the mean volume of ZG,
ZF, ZR and medulla of the right adrenal gland is 7.93%,
40.93%, 23.76% and 27.35% respectively. The mean vol-
ume of ZG, ZF, ZR and medulla of the Left adrenal gland is
7.23%, 40.10%, 26.87% and 25.78% respectively in hanging
cases. The mean volume of ZG, ZF, ZR and medulla of the

respectively. The mean volume of ZG, ZF, ZR and medulla
of the Left adrenal gland are 7.88%,38.74%, 22.69% and
30.67% respectively in poison cases. The values of this study
are slightly different from the values of standard anatomical
textbooks due to the level of a section of glands at the hilum
level.
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In the present study, we found that the volume of ZG, ZF,
ZR and medulla of right and left adrenal glands were signifi-
cantly high in poison suicidal cases in the age group of 41-50
years when compared to the other two groups. There was no
significant difference in ZR and medullary volume of both
right and left adrenal glands in the age group of 31-40 years.
Measurement of ZG in the age group 31-40 years of right
gland shows significantly decreased volume in poison cases
when compared to hanging cases but left gland statistically
not significant. The ZF is significantly high in poison sui-
cidal cases in the age group of 41-50 years when compared
to the other two groups.

Fawecett'® suggested that zona glomerulosa, zona fasciculata
and zona reticularis consists of 15%, 78% and7% respective-
ly of the total volume of the cortex in humans.

According to Maitra'’, the outer zona glomerulosa is approx-
imately 10-15%, zona fasciculata is about 80% and zona re-
ticularis is about 5-10% of the total cortical volume. Barrett
et al."" reported that the zona glomerulosa makes up 15% of
the mass of the adrenal gland; the zona fasciculata 50%; and
the zonareticularis 7%. Hall'¢ stated that the zona glomeru-
losa constitutes about 15% of the adrenal cortex, the middle
widest portion, zona fasciculata, is about 75% and zona re-
ticularis, the deep layer is about 10% of the adrenal cortex.

According to Ross & Pawlina'®, the outer zona glomerulosa
constitutes 15%, while the middle zona fasciculata is 80%,
and inner zona reticularis is only 5-7% of the total cortical
volume. Mescher!? reported that the outer zona glomerulosa
is about 15%, middle zona fasciculata is 65% and inner zona
reticularis is 7% of the total thickness of the adrenal gland.
Gartner & Hiatt?*® mentioned that the outer zona glomeru-
losa constitutes about13%, zona fasciculata is approximately
80% and zona reticularis is 7% of the total cortical volume.

Deepti Gautam et al*! suggested in their study that epithelium
of clusters in zona glomerulosa was retracted from the base-
ment membrane and most of the nuclei were completely hy-
perchromatic while pyknotic and vesicular nuclei were hardly
seen. In zona, fasciculata sinusoids were slightly dilated with
prominent endothelial cells and some cells with edematous
changes. In zona reticularis, sinusoids were slightly dilated
and most of the nuclei were hyperchromatic at the periphery.
Cell outline was not clear in some places of the medulla and
most of the nuclei were completely hyperchromatic.

Sarkar et al* in their study found similar results that the ad-
renal weight, width of zona fasciculata, total cortical width
was significantly higher for the suicide group than the ac-
cidental group. The mean width of zona fasciculata of the
adrenal gland on the right side for the suicide group was 0.74
mm. and in the control group was 0.57 mm. and, that of the
adrenal gland on the left side for the suicide group was 0.77
mm. and in the control group was 0.61 mm. The mean and

standard deviation of the width of zona fasciculata of right
and left, adrenal glands were significantly higher for the sui-
cide group than the accidental group. These results correlate
findings of our study.

CONCLUSION

The mean volume of ZG, ZF, ZR of right and left adrenal
glands were significantly high in hanging suicidal cases when
compared to poison suicidal cases and vice versa there is the
minimum difference when comparing the medulla of hanging
and poison cases in overall estimation. The reason assumed
was that failure of long loop negative feedback mechanism to
HPA axis in hanging due to sudden death and positive feedback
mechanism in poison due to delayed death. Further studies will
be recommended with a limited age group and more samples.
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