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OBJECTIVE: Increased estrogen levels affect the suprarenal gland cortex, thus raising the adrenocor-

ticotropic hormone (ACTH) during pregnancy. This study aimed to examine possible structural changes

in the suprarenal gland cortex  in relation to the hormonal fluctuations during pregnancy. 

STUDY DESIGN: The suprarenal glands of 6-day, 12-day and 18-day pregnant rats were removed and

compared with those of the control group under electron microscope.

RESULTS: Lipid droplets in zona  fasciculata cells were observed to increase significantly in number

and volume, enlarged mitochondria, active Golgi region in comparison to the control groups on 6th and

12th days of pregnancy. On day 18 were observed to lipid droplets  were seen to decrease  and similar

characteristics with the control group. 

CONCLUSION: In conclusion, with the increased estrogen hormone of pregnancy, various structural

changes were observed in the cortex of suprarenal glands as related to mutual interaction among se-

creted hormones from the suprarenal glands, hypophysis and placenta.
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Introduction

Pregnancy affects a woman’s entire endocrine system.

Although this is mainly due to the increased metabolic load

that accompanies pregnancy, it is also associated with the ef-

fect of the hormones secreted by placenta on basically the hy-

pophysis and other endocrinal organs.1 As a result, the

amounts of estron (E1) and estradiol (E2) increase by approxi-

mately 100 times. Increased estrogen levels then affect the

suprarenal gland cortex through the hypothalamo-hypophysis

tract, thus raising the adrenocorticotropic hormone (ACTH).

This may cause structural changes in the parenchymal cells on

the suprarenal glant cortex and an increase in their dimen-

sions.2 

The three-fold increase of aldosteron secretion in pregnant

women, which reaches the highest level at the end of preg-

nancy, is a significant result indicating the existence of struc-

tural and functional changes in the zona glomerulosa of the

suprarenal gland cortex. Similarly, the rise in the level of glu-

cocorticoids secreted in the zona fasiculata layer of the

suprarenal gland cortex during pregnancy causes an increase

in the maternal amino acid mobilization. This may be a possi-

ble route to supply the necessary amino acid for the fetal tis-

sue.1

Physiological, histological and biochemical studies mainly

indicate that the structural and functional changes in

suprarenal glands which occur particularly at the onset of

pregnancy disappear at the end. For this reason, this study

chose days corresponding to the beginning, middle and end of

pregnancy in rats, and aimed to examine changes in suprarenal

gland cortex occurring on these days focusing particularly on

the functional organelles in steroid hormone synthesis

(smooth endoplasmic reticulum, mitochondrion, Golgi com-

plex). 

Material and Method

Wistar type mature female rats weighing 200-250 g on av-

erage, were used in the present study. Female rats with a vagi-

nal plaque were admitted to the study on their day 0 of preg-

nancy, and pregnant groups of 6th, 12th and 18th days were per-

formed. Non-pregnant rats were separated to be used as con-

trol groups on these days. Rats in all groups were sacrificed at

the end of their pregnancy. According to the epoxy resin em-

bedding method 3 suprarenal glands were removed and fixed
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in 2.5% gluteraldehyde solution in phosphate buffer. Following the pri-

mary fixation, suprarenal glands were fixed for a second time with 1%

osmium tetroxide with phosphate buffers in 1/15 M. The tissue samples

were treated with series of alcohol and buried in a solution which con-

sisted of Araldite CY 212 and dodecenyl succinic acid and benzyl di-

methylamine. The semi-thin sections taken from the resultant blocks

were stained with toluidine blue and examined under BH2 photo light

microscope (Olympus, Germany). The thin sections (0.5) were stained

with lead citrate and uranyl acetate and examined under Carl-Zeiss

EM-900 electron microscope (Carl Zeiss EM-900, GERMANY). 

Results 

Light and electron microscopic evaluations were conducted by

comparing the zona fasciculata layer of the suprarenal gland cortex in

the control and pregnant groups.

The suprarenal glands of the semi-thin cross-sections of the control

group were noted to be externally covered and the internal layer en-

capsulated by a cell-rich capsule. Just below the capsule was observed

the zona glomerulosa layer, formed with circular or glomerular lining

of pyramid-shaped cells with round nuclei. Just below this was ob-

served the zona fasciculata layer, poligonal in shape and with round nu-

clei and separated by sinusoidal capillary (Figure 1). In the electron mi-

croscopic microphotographs of same group, round shape nucleus of

zona fasciculata layer, the existence of varying sizes of lipid droplets

was noted. (Figure 2). Cells were noted with oval and/or round shape

tubular crista mitocondrions and a widespread smooth endoplasmic

reticulum, attached to each other with interdigitations. 

Differently from the control group, a considerable increase in lipid

droplets in zona fasciculata layer was observed in the semi-thin sections

of the suprarenal gland cortex of 6-day pregnant rats (Figure 3). It was

noted that the lipid droplets of different densities particularly the cells of

the zona fasciculata layer formed vacuoles in irregular dispersed com-

binations, giving the cells a foamy appearance. In the zona fasciculata,

the cells were noted to be filled with irregularly spaced lipid droplets

and the lipid contents were observed in the form of cellular structures

(lamellar matter). The smooth endoplasmic reticulum tubules were in

the form of narrow tubules filled with low density secretion and lyso-

somes were noted (Figure 4).

In the semi-thin sections of 12-day pregnant rat group, as similar to

the 6-day pregnant group, vacuoles were formed enabling the lipid

droplet cells in the zona fasciculata layer to appear in light color, as dif-

ferent from the control group (Figure 5). In the electron microscopic

examination, in the fasciculata layer, it was noted that the Golgi region

was fairly active; the mitochondrions were enlarged and connected.

The smooth endoplasmic reticulum was noted to have substantially en-

larged (Figure 6).

In the 18-day pregnant rat group, the increasing lipid accumulation

observed on the 6th and 12th days in the zona fasciculata had disap-

peared and smooth endoplasmic reticulum tubules of the cells were

seen to be fairly narrow (Figure 7,8)

Figure 1: Zona fasciculate (ZF) layer of control group. The
cells display a longitudinal beam-shaped organization.
Some sinusoidal type capillary(s) are observed. (Toluidin
blue, x 400) 

Figure 2:  Zona fasciculate layer of the control group. It
can be observed that lipid droplet (Li) secretion content in
the cells melted in some cells and a membrane-like struc-
ture (↑) is formed. Irregularly spaced lipid droplets (*),
round, oval or long shaped and mostly tubular-crysta mito-
condrions (M), and dispersed widespread smooth endo-
plasmic reticulum tubuls (SER) are noted (Uranil Acetate-
Lead Citrate, x 3000). 

Figure 3: The appearance from the zona fasiculata layer  in
a 6-day pregnant rat. It can be observed that light colored
cytoplasmic cells with round nucleus formed lines which
display a beam-like organization. A dispersed bubbly ap-
pearance and density difference are found in cells (↑).
(Toluidin blue, x 400).
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Discussion

The weight, dimensions, parenchymal cell number and

volume demonstrate diversity based on species, age, gender,

and physiological conditions such as pregnancy or stress. The

physiological, histological, and biochemical studies in litera-

ture indicate that the structural and functional changes in the

suprarenal gland disappear at the end of pregnancy. The

ACTH levels which interact with increasing estrogen hor-

mones during pregnancy and which control the suprarenal

glands may form changes in the weight, volume, and structure

of these glands.

The most significant effect of estrogen on suprarenal gland

is observed during pregnancy. At the beginning of pregnancy,

both plasma level of estron (E1) and estradiol (E2) increase 100

times. Increased estrogen levels then affect the suprarenal

gland cortex through the hypothalamo-hypophysis tract, thus

Figure 8: Zona fasciculate layer of the 18-day pregnant group is
seen. It is noted that mitocondrions (M) are quite large, combined ir-
regularly spaced (↑) and degenerated, and that lipid droplets (Li) are
scarce in some cells and dense in some others, smooth endoplasmic
reticulum tubuls (SER) are rather narrow.  (Uranyl Acetate, Lead
Cytrate x 3000)

Figure 4: This displays cells filled with lipid droplets (li) in the zona
fasciculate layer  and lipid content gained cell-like structures (↔).
Mitocondrions (M) are seen in varying sizes, round, oval or long in
shape. Smooth endoplasmic reticulum tubuls (SER) are seen as nar-
row with low density secretion. Dispersed lysosomal structures are
noted (L) (Uranyl Acetate-Lead Citrate, x3000)

Figure 6: Zona fasciculate layer of the 12-day pregnancy group.
Cells can be discerned with light and dark cytoplasm, dense nucleus
(N), lower number of lipid droplets (Li), enlarged mytocondria (M)
and irregularly spaced combining (↑). Smooth endoplasmic reticu-
lum (SER) is in the form of narrow tubuls in very low number.Golgi
region is highly active (G)  (Uranyl Acetate-Lead Citrate, x 3000)

Figure 5: This shows a 12-day pregnant rat’s suprarenal gland cor-
tex. Polygonal cells with round nuclei form longitudinally organized
cell cordons separated by sinusoidal capillars (S) (Toluidin blue, x
200).

Figure 7: Zona fasciculata layer (ZF) of suprarenal gland cortex of
18-day pregnant rats are noted to form irregularly spaced sinusoidal
capillary (S), masses formed by lipid granules (↑) (Toluidin blue, x
100).



raising the adrenocorticotropic hormone (ACTH). This may

cause structural changes in the parenchymal cells on the

suprarenal gland cortex and an increase in their dimensions4,5

The effects of pregnancy and ACTH on suprarenal glands

were studied. Distinct lipid accumulation in the layers of

suprarenal gland cortex was determined. This increased in the

A acyl cholesterol transferase enzyme which performs in the

synthesis of cholesterol esters synthesis, stored as lipid

droplets but that lipid droplets caused an accumulation in the

parenchymal cells of the suprarenal gland cortex.6

Long-term ACTH led to hypertrophy in the zona glomeru-

losa parenchymal cell, and an increase in the number of

smooth endoplasmic reticulum tubules.7

In our study, particularly distinct in the 6 and 12 days of

pregnancy, a lipid accumulation was observed which was

noted in the zona fasciculata layer cells of rat suprarenal

glands. 

In the stereological and functional studies that Nowak et

al. conducted on the suprarenal gland cortex in pregnant ham-

sters, they recorded that the weight of suprarenal glands

reached its highest point on the 5th day of pregnancy, and that

these values fell significantly towards the end of pregnancy.

They stated that there is no remarkable change during the en-

tire pregnancy in the surface density of mitochondrial crista

and smooth endoplasmic reticulum. However, they noted a

clear increase in the 11-beta hydroxylase, 3-beta-

hydroksysteroid dehydrogenase / isomerase activity on the 5

and 10 days of pregnancy. In our study, structural changes in

suprarenal glands during the beginning, middle and end of rat

pregnancy which lasts 21 days were studied. In some animal

species, including humans, functions of suprarenal glands are

associated with the Corticosteroid Binding Globulin levels

(CBG). The CBG levels of female rats are higher than those of

male rats. It is possible that this change, which occurs due to

estrogen hormon, may increase to reach its maximum values

during pregnancy.2,8

The increase in the maternal steroid secretion during preg-

nancy has a supportive function in late pregnancy for both ma-

ternal and fetal systems and that this basically occurs through

maternal volume increase and finally fetal homeostasis.

Maternal adrenal secretion maintains the normal increase in

maternal plasma volume and fetal cortisol and indirectly sup-

ports fetal arterial oxygen tension, blood pressure, and adrenal

secretion.9

Estradiol (E2) injection can cause significant increase in

the activity of the adrenal cortex and medulla. Bilateral

ovariectomy can result in a decrease in the activity of the ad-

renal cortex10 whereas infusion of IGF-I in late gestation re-

sulted in a marked hypertrophy of the steroidogenic and

adrenaline-containing cells of the fetal adrenal in the absence

of changes in the mRNA levels of adrenal steroidogenic or

catecholamine-synthetic enzymes or in fetal plasma cortisol

concentrations.11

Adrenal neoplasm often causes to Cushing’s syndrome

which occurs during pregnancy. Adrenal gland tumors occa-

sionally respond to luteinizing hormone (LH) or human chori-

onic gonadotropin (hCG).12

In conclusion, with the increased estrogen hormone of

pregnancy, various structural changes were observed in the

cortex layer of suprarenal glands as related to mutual interac-

tion among secreted hormones from the suprarenal glands, hy-

pophysis and placenta.

Surrenal Bez Zona Fasikülata Tabakasının
Gebe Sıçanlarda Ultrastruktür Değerlendirmesi

Gebelik boyunca artan östrogen surrenal bez korteksini ve  ad-

renocorticotropic hormon (ACTH) duzeylerini etkiler.Bu çal-

ışmanın amacı gebelik boyunca hormonal dalgalanmalara

bağlı olası surrenal bezde oluşabilen olası yapısal değişiklikle-

ri araştırmayı hedeflemiştir.

Surrenal bez gebeliğin 6. 12. 18. günlerinde dokudan ayrıldı

electron mikroskopik değerlendirmeler kontrol grubuyla kar-

şılaştırıldı.

Gebe farelerin 6. ve 12. gün değerlendirmelerinde kontrol gru-

buna göre zona fasikülatalarında  sayı ve volümleri artmış lipid

dropletleri, mitokondrodionlarında genişleme ve aktive golgi

aygıtları izlendi.gebeliğin 18. gününde lipid dropletlerinde azal-

ma ve kontrolle benzer karakteristikler izlendi.

Sonuç olarak gebeliğin artırdığı östrogen hormonu ile hipofiz,

plesenta,surrenal bezden salınan hormonlar arasındaki ilişki

sebebiyle surrenal bez kortexinde çeşitli yapısal değişklikler iz-

lenmektedir. 

Key Words: Gebelik, Surrenal bez korteksi, Zona fasciculata,

Ultrastruktür
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