Article

Histomorphometric Study of the Proportion of Different Zones of
Adrenal Cortex — A Postmortem Study

Dilruba Siddiqua', Abu Sadat Mohammad Nurunnabi?, Fatema Johora®, Hasna Hena*, Sunjida
Shahriah’, Shamim Ara®

Abstract

Background: The human adrenal cortex shows a distinct proportion of three zones, named zona
glomerulosa, zona fasciculate & zona reticularis, from outer inwards, in its histological appearance with
differences in its cellular components and functions. Objective: The aim of the present study was to see
the variation in the proportion of zones of the adrenal cortex in different age-group in a Bangladeshi
population. Methods: This cross-sectional, descriptive study was done in the Department of Anatomy,
Dhaka Medical College, Dhaka, from July 2008 to June 2009, based on collection of 140 post mortem
human adrenal glands from 70 unclaimed dead bodies which were in the morgue under examination in the
Department of Forensic Medicine, Dhaka Medical College, Dhaka. The samples were divided into four
age-groups including A (11-20 years), B (21-30 years), C (31-40 years) & D (41-60 years). Histological
slides were prepared by using routine haematoxylin and eosin stain (H & E). Five best prepared slides
from each group were examined under light compound microscope with low magnification. The thickness
of different layers adrenal cortex were measured by using ocular and stage micrometer and then converted
into percentage volume. Results: The mean volume of the zona glomerulosa, zona fasciculata and zona
reticularis of the right adrenal cortex were found 14.16+0.79%, 78.40+1.14%, 7.44+0.52% in group A;
14.58+0.38%, 78.0040.71%, 7.42+0.38% in group B; 14.34:0.83%, 78.56+0.52%, 7.30+0.50% in group C;
14.08+1.23%, 78.801.10%, 7.100.22% in group D respectively. The mean volume of the zona glomerulosa,
zona fasciculata and zona reticularis of the left adrenal cortex were found 14.66+0.34%, 78.84+0.82%,
7.72+0.48% in group A; 14.62+0.30%, 78.54+0.84%, 7.58+0.43% in group B; 14.90+0.96%, 79.20+0.45%,
7.34+0.42% in group C; 14.70£1.25%, 79.40+0.55%, 7.30+0.35% in group D respectively. Conclusion: No
difference was found statistically significant in the percentage volume of the three zones of the adrenal
cortex with advancing age in Bangladeshi people.
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Introduction its cells, the adrenal cortex can be subdivided

he adrenal gland is composed of two into three concentric layers, whose limits are not
I distinct portions i.e. an outer cortex sharply defined in humans. From outer inwards,

.. . the layers are named as zona glomerulosa, zona
(mesodermal origin) and an inner ¢ 1aycrs are ed as zona g ’

2
medulla (neuroectodermal origin)!. Because of

fasciculata and zona reticularis®. Zona
the differences in disposition and appearance of glomerulosa consists of small columnar cells

arranged in rounded clusters (glomeruli) and
curved columns that are continuous with the
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cords of cells in the zona fasciculata. In humans,
however, zona glomerulosa may be absent in
some areas of the cortex>. Zona fasiculata consists
of large polyhedral cells arranged in parallel
columns of cords, usually one or two cells’ thick;
these columns are separated by the sinusoids®.
Zonareticularis, the thin innermost layer, consists
of an irregular network of branching cords and
clusters of glandular cells separated by numerous
wide diameter capillaries; these glandular cells
are much smaller than those of adjacent zona
fasciculata. The cortical zones of the adrenal
glands are very distinct in their histological
appearance with difference in cellular
components as well as in their functions. Several
evidences suggest that the volume of different
adrenal cortical layers are also indicators of
functional state of the gland and influenced by
aging, alcohol consumption, stress and systemic
disease®10. Therefore, a sound knowledge on
proportion of different cortical zones of the
adrenal gland is essential for clinical decision
making in endocrinology, pathology, radiology
and surgery for better diagnosis and
management of diseases of adrenal cortex. The
present study was aimed to see the variation in
the proportion of zones of the adrenal cortex with
advancing age in a Bangladeshi population and
compare with the previous studies and available
text references.

Methods

A cross-sectional, descriptive study was done
in the Department of Anatomy, Dhaka Medical
College, Dhaka, from July 2008 to June 2009, to
see the variation in the proportion of the different
zones of adrenal cortex in different age-groups
in a Bangladeshi population. The study was
based on collection of 140 post mortem human
adrenal glands collected from 70 unclaimed dead
bodies which were in the morgue under
examination in the Department of Forensic
Medicine, Dhaka Medical College, Dhaka. All the
samples were collected within 24-36 hours of
death without any sign of putrefaction and taken
from medicolegal cases excluding poisoning, any
cutting or crushing injury to the adrenal glands,
and adrenal glands found in one side and

diseased. The present study was approved by
the Ethical Review Committee of Dhaka Medical
College, Dhaka.

Grouping of the Sample: For convenience of the
study, the collected samples were divided into
four age-groups including A (11-20 years), B (21-
30 years), C (31-40 years) & D (41-60 years),
according to Kangarloo et al.!!.

Procedure of histological study: The tissue
blocks of the adrenal glands were fixed in 10%
formol saline in a plastic container. The tissues
were washed in running tap water, dehydration
was done with ascending grades of alcohol,
cleared with xylene, infiltrated and embedded in
paraffin. Paraffin blocks were cut at Smm thickness
and were stained with routine Harris’
Haematoxylin and Eosin (H & E) stain. All the
measurements were taken by using an Olympus
CHB light microscope, made in Tokyo, Japan. At
first, the thickness of all three zones of the adrenal
cortex were determined (Figure 1). For measuring
the thickness of three zones of the adrenal cortex
5 best prepared slides were selected from each
group. Hence, a total of 20 slides were examined
high magnification ("40 objectives, 10 eyepiece).
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Figure 1. Photomicrograph of the human adrenal
gland showing the extent of three zones of adrenal
cortex, taken from group C (31-40 years). From
outer inwards: ZG = Zona Glomerulosa, ZF = Zona
Fasciculata and ZR = Zona Reticularis (x400
magnification) (H & E stain).
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Three different fields were chosen for measuring
the thickness from each slide. The thickness was
measured by using a stage micrometer and an
ocular micrometer. Three measurements were
taken for each slide and the average was
recorded. The stage micrometer calibration was
focused under the objective to be used and the
ocular micrometer calibration was superimposed
on them in such a way that starting mark on the
ocular micrometer matched exactly with a starting
mark on the stage micrometer. Then the marker
on the stage and ocular micrometer that
corresponds to each other most closely was
noted. Then determination of how many of the
smallest division of the ocular micrometer
corresponded with how many smallest division
of the stage micrometer was done, according to
Nurunnabi et al.'2. After getting the thickness in
im, it was converted into percentage proportion
which signifies percentage volume of the zones
of the adrenal cortex as well.

Statistical processing of data: The data collected
were processed and statistical analyses were done
by using SPSS version 13.0. The comparison
between the right and the left was done by
unpaired Student’s ‘t’ test and comparison
between age groups by One-way ANOVA.

Results

Right adrenal gland: The mean volume of the
zona glomerulosa, zona fasciculata and zona
reticularis of the right adrenal cortex were found
14.16+0.79%, 78.40+1.14%, 7.4440.52% in group
A; 14.58+0.38%, 78.00+0.71%, 7.42+0.38% in
group B; 14.3440.83%, 78.56+0.52%, 7.30+0.50%
in group C; 14.08+1.23%, 78.80+1.10%,
7.10£0.22% in group D respectively (table I).

Left adrenal gland: The mean volume of the zona
glomerulosa, zona fasciculata and zona reticularis
ofthe left adrenal cortex were found 14.66+0.34%,
78.84+0.82%, 7.72+0.48% in group A;
14.62+0.30%, 78.54+0.84%, 7.58+0.43% in group
B; 14.90+0.96%, 79.20+0.45%, 7.34+0.42% in
group C; 14.70+1.25%, 79.40+0.55%, 7.30+0.35%

in group D respectively (table I). However, the
differences of the percentage volume of the three
zones of the adrenal cortex of both right and left
sides were not statistically significant in among
the groups.

Table I: Percentage volume of three zones of right
and left adrenal cortex in different age group

Age group Percentage volume (%)
Right adrenal cortex
Glomerulosa Fasciculata Reticularis
Mean+SD Mean+SD Mean+SD
A 14.16+0.79 78.40+1.14 7.44+0.52
(n=5) (13.00-15.00) (77.00-80.00) (7.00-8.00)
B 14.58+0.38 78.00+0.71 7.42+0.38
(n=5) (14.00-15.00) (77.00-79.00) (7.00-8.00)
C 14.344+0.83 78.56+0.52 7.30+0.50
(n=5) (13.00-15.00) (78.00-79.00) (7.00-8.00)
D 14.08+1.23 78.80+1.10 7.10£0.22
(n=5) (12.50-15.00) (78.00-80.00) (7.00-7.50)
Age Left adrenal cortex
group Glomerulosa  Fasciculata Reticularis
Mean+SD Mean+SD Mean+SD
A 14.66+0.34 78.84+0.82 7.72+0.48
(n=5) (14.20-15.00) (78.20-80.00) (7.20-8.40)
B 14.62+0.30 78.54+0.84 7.58+0.43
(n=5) (14.20-15.00) (77.90-80.00) (7.20-8.30)
C 14.90+0.96 79.20+0.45 7.34+0.42
(n=5) (13.50-16.00) (79.00-80.00) (7.00-8.00)
D 14.70+1.25 79.40+0.55 7.30+0.35
(n=5) (13.00-16.00) (79.00-80.00) (7.00-7.80)

Figures in parentheses indicate range.

Group A (11-20 years), Group B (21-30 years), Group C
(31-40 years), Group D (41-60 years).

Discussion

Fawcett? stated that from outer inwards, zona
glomerulosa, zona fasciculata and zona reticularis
constitute 15%, 78% and7% of the total volume
of the cortex respectively in humans. Bocian-
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Sobkowska!3 studied on 40 adrenal glands
obtained from children between 15t and 370t day
during autopsy. The postnatal decrease in the
adrenal volume is mainly caused by rapid fall of
the fetal zone volume (from 70% to 3% of total
adrenal volume). Involution was accompanied
by increase of zona glomerulosa (from 10-25% of
the total adrenal volume), zona fasciculata (from
10-38%) and zona reticularis volume (from 1-
23%). However, during the whole investigated
the volume of the medulla remained constant.
According to Maitra'4, the outer zona
glomerulosa is approximately 10-15%, zona
fasciculata is about 80% and zona reticularis is
about 5-10% of the total cortical volume. Barrett
etal.!” reported that the zona glomerulosa makes
up 15% of the mass of the adrenal gland; the
zona fasciculata 50%; and the zona reticularis
7%. Hall'® stated that the zona glomerulosa
constitutes about 15% of the adrenal cortex, the
middle widest portion, zona fasciculata, is about
75% and zona reticularis, the deep layer is about
10% of the adrenal cortex. According to Ross &
Pawlina’, zona glomerulosa, the narrow outer
zone constitutes 15%, while zona fasciculata, the
thick middle zone is nearly 80%, and zona
reticularis, the inner zone, is only 5-7% of the
cortical volume. Mescher! reported that the outer
zona glomerulosa is about 15%, zona fasciculata
is about 65% and zona reticularis is about 7% of
the total volume of the adrenal gland. Gartner &
Hiatt* mentioned that the outer zona glomerulosa
constitutes approximately 13%, zona fasciculata
is about 80% and zona reticularis is about 7% of
the total cortical volume. In the present study,
on an average, zona glomerulosa was found
14.08-14.90%, while zona fasciculata and zona
reticularis were found 78.00-79.40% and 7.10-
7.72% respectively in human adrenal cortex. Our
autopsy based findings are more or less similar
to those of previous studies and text references.
However, there is no previous study in our
country on proportion of the cortical zones of
human adrenals, as to compare with the present
study.

Conclusion

No difference was found statistically significant
in the percentage volume of the three zones of
the adrenal cortex with advancing age in
Bangladeshi people. To the best of our
knowledge, this is the first ever study in our
country on determining the proportion of different
zones of the cortical portion of the adrenal gland.
However, further studies with larger samples and
advanced stereological techniques are
recommended. The results of the present study
can be used as a standard reference for the
adrenal glands of Bangladeshi people and to
determine the abnormal evidences in pathological
cases.
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