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INTRODUCTION 

The adrenal gland is composed of two 

embryologically different tissues, the cortex and 

medulla. The primordium of the cortex is derived 

from mesenchymal tissue, which begins to produce 

steroid hormones during fetal development, but 

complete histological and functional maturation of 

the mineralocorticoid-synthesizing zona 

glomerulosa (ZG), glucocorticoid-producing zona 

fasiculata (ZF) and inner zona reticularis (ZR) 

occurs during the neonatal period.
[1,2]

 Chromoblasts 

are progeny of the neural crest, with a 

catecholaminergic fate. They migrate into the 

adrenal gland primordium from GD 15 to form the 

centrally located medulla.
[3]

 

 

It is well known that numerous factors can affect 

the differentiation and secretory capacity of the 

fetal adrenal gland. Among these factors is the 

status of those maternal hormones that influence the 

fetal hypothalamo-hypophyseal-adrenal system.
[4]

 

Due to their potent effect on the maturation of fetal 

tissues, synthetic glucocorticoids are used in human 

pregnancy at risk of preterm delivery. Despite the 

numerous positive effects, exposure to synthetic 

glucocorticoids during fetal development may result 

in intrauterine growth retardation and fetal 

programming of the hypothalamic–pituitary–

adrenal (HPA) axis function which is associated 

with cardiovascular, metabolic and psychiatric 

disorders manifested later in life.
[5]

 Long-term 

consequences indicate the need for the 

implementation of new studies that will provide a 

better understanding of the link between 

glucocorticoid exposure during fetal development 

and adverse outcomes in adulthood.
[6,7,8]

 The 

enzyme 11_-hydroxysteroid dehydrogenase 

(11_HSD) type 2 is expressed in the human 

placenta and has been suggested to influence the 

trans-placental transfer of maternal cortisol to the 

fetus, by metabolism to inactive cortisone.
[9]

 

However, alterations in the activity or the 

expression of this enzyme may expose the fetus to 

increased levels of maternal glucocorticoid that 

could potentially program fetal responses leading to 

cardiovascular and/or metabolic disease in later 

life.
[10]
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 ABSTRACT 

The present study aimed to investigate the possible adverse effects of maternally injected betamethasone on the 

developing adrenal gland of the albino rat (Rattus norvegicus) fetuses. Another aim was to ameliorate these adverse 

effects using crude water extract of curcumin. The experimental pregnant rats were injected with betamethasone 

alone, curcumin alone, betamethasone followed by an oral injection of curcumin while the control ones were 

injected with distilled water.  Injection started from gestation day (GD) 11 and ended at DG 16. For the sake of 

eliminating differences owing to the time factor, the experiments were terminated at the 20
th

 day of pregnancy for 

all groups. The released fetuses were dissected and the adrenal glands were taken out for investigation. Three 

integrated approaches namely, histological, immuno-histochemical and ultrastructural were adopted. 

Betamethasone prenatally administration caused massive destructive changes within the two components of the 

adrenal gland i.e. the cortex with its three zones and the medulla at all the three adopted levels. The study provided 

clear evidences for the ameliorative role of curcumin against the hazard effect of the maternally administered 

betamethasone upon the developing adrenal gland. 
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Glucocorticoids affect the development and 

function of many other endocrine systems in the 

fetus and placenta, particularly during late 

gestation.
[11]

 In the fetus, they affect almost all of 

the endocrine systems functional, including the 

HPA axis itself. Indeed, changes in endocrine 

function induced by early glucocorticoid exposure 

in utero are known to persist after birth to alter the 

adult endocrine environment.
[12]

 For instance, 

prenatal glucocorticoid exposure alters adult HPA 

function at every level of the axis from the brain to 

tissue glucocorticoid bioavailability.
[13]

 In turn, 

these programmed changes in HPA function may 

contribute to the adult cardiometabolic dysfunction 

associated with prenatal glucocorticoid exposure. 

The regulatory effects of glucocorticoids on 

intrauterine development, therefore, involve 

multiple interactions between different endocrine 

systems, when glucocorticoids are acting as both 

maturational and environmental signals.
[14]

 

Synthetic glucocorticoids, such as betamethasone, 

are poor substrates for the placental 11_HSD 

enzyme,
[15]

 and consequently pass relatively freely 

across the placenta into the fetal circulation. As a 

result, synthetic glucocorticoids are used to enhance 

fetal lung maturation in women at risk of preterm 

delivery.
[16]

 

 

Curcumin has been used widely to treat wounds and 

sprains, and gastrointestinal, pulmonary, and liver 

disorders,
[17]

 Interest in the benefits of curcumin has 

increased dramatically over the past decade with 

number of clinical studies currently underway 

investigating its efficacy for treating and/or 

preventing a range of diseases. Many 

pharmacological studies have been conducted to 

describe multiple biological actions of curcumin.
[18]

 

These studies have demonstrated that curcumin 

possesses antioxidant,
[19]

 anti-inflammatory,
[20]

 anti-

carcinogenic,
[21]

 anti-bacterial,
[22]

 immuno-

modulatory
[23]

, antimicrobial,
[24,25]

 hypoglycemic,
[26]

 

and hypocholestrolemic
[27]

, hepatoprotective,
[28,29]

 

activities. In addition, our previous studies found 

that curcumin has an evident ameliorative effect 

against betamethasone induced embryo-toxicity in 

rats,
[29,30,31]

 

 

In mammals, the fetal adrenal gland plays a key 

role during the last third of gestation since 

glucocorticoids are involved in the maturation of 

many fetal organ systems.
[32]

 Considering both the 

possible hazard effect of betamethasone maternally 

administration on the fetal adrenal gland and the 

possible ameliorative role of curcumin, this study 

has been designed with a double target.  

MATERIALS AND METHODS 

Animals and grouping 

All the experiments were done in compliance with 

the guide for the care and use of laboratory animals 

approved by Faculty of Science, Menoufiya 

University, Egypt. Healthy mature virgin females 

and fertile males of Wistar albino rats (Rattus 

norvegicus), weighing 145 ± 5 g were obtained 

from Hellwan Animal Breeding Farm, Ministry of 

Health, Cairo, Egypt.  Rats were kept in the 

laboratory for at least one week before initiation of 

the experiments for acclimatization.  They were 

housed in specially designed plastic rodent cages at 

Faculty of Science, Menoufiya University and 

maintained at 25 ± 2ºC in 12h light:  12h dark 

cycle.  Free access of water and standard diet 

composed of 50% ground, barely, 20% ground 

yellow maize, 20% milk and 10% vegetables were 

supplied.  Mating was achieved by housing the 

females with the males at a ratio of one male with 

two females overnight.  Females were checked 

daily in the morning for the presence of a 

copulatory plug and the presence of sperms in 

unstained native vaginal smears.  The day at which 

vaginal smear was positive has been considered as 

the day zero of pregnancy. Injection started from 

GD 11 and ended at GD 16. Time differences 

among all groups, day 20 was determined as the 

end point for experimentation.  

 

A total of 24 (16 females + 8 males) rats were used 

for the present study The pregnant rats were divided 

equally (4 in each group) into four groups as 

follows 

1. Control, administrated distilled water. 

2. Curcumin, given oral administration of 

curcumin (15.75 mg/kg). 

3. Betamethasone, given subcutaneous 

administration of betamethasone (0.1 mg/kg).  

4. Betamethasone and curcumin, received 

subcutaneous administration of betamethasone 

first followed by oral administration of 

curcumin one hour later. 

 

On the GD 20, the pregnant rats were anaesthetized 

using ether and then sacrificed. Fetuses were 

removed individually from each horn and living 

fetuses were anaesthetized by ether and dissected to 

remove the adrenal gland. A total of 73 fetuses 

were produced and subjected to investigation. 

 

Betamethasone administration 

Betasone tablets (each tablet contains 

Betamethasone 0.5 mg) was manufactured in 

Memphis Company for pharmaceutical and 
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chemical industries, Cairo, Egypt and purchased 

from pharmacy in Shebeen El-Koom, Menoufiya. 

The tablets were ground and dissolved in distilled 

water and subcutaneously administrated at a dose of 

0.1mg/kg body weight.
[33]

 

 

Water extraction of curcumin 

Dry turmetric rhizomes of the plant Curcuma longa 

were purchased from a local market at Shebeen El- 

Koom, Menoufiya, Egypt. One-kilogram fresh 

Curcuma longa were crushed into powder, 

macerated in distilled water, filtered and orally 

given daily, as mentioned, at a dose of 15.75 mg/kg 

body weight.
[34]

 

 

Investigated parameters 

A- Histological investigation 

Specimens of fetal adrenal gland of both control 

and experimental groups were proceeded according 

to for both histological and ultrastructural 

investigations. Briefly, adrenal glands were 

separated and immediately fixed for 4 hours at 

room temperature in 2.5% Glutaraldehyde and 2% 

paraformaldehyde in 0.1 cacodylate buffer (PH. 

7.4) After rinsing in cacodylate buffer, samples 

were post fixed in buffered solution of 1% osmium 

tetra-oxide for three hours at 4°C. This was 

followed by dehydration in ascending grades of 

ethanol and embedded in epoxyresin. Semi-thin 

sections of 1μm thickness stained with Toluidine 

blue were produced for light microscopical 

examination. 

 

B- Immuno-histochemical examination 

Avidin-biotin peroxidase method was used for the 

immuno-histochemical demonstration of the anti-

apoptotic mediator Bcl-2 and proapoptotic antigen 

Caspase-3. The expression of the anti-apoptotic 

mediator Bcl-2 and the pro-apoptotic antigen 

Caspase-3 as an indicator for the occurrence of 

apoptosis were adopted.
[35]

 The criterion for a 

positive reaction is a dark, brownish, The 

expression of the anti-apoptotic mediator Bcl-2 and 

the pro-apoptotic antigen Caspase-3 as an indicator 

for the occurrence of apoptosis were adopted.
[35]

 

The criterion for a positive reaction is a dark, 

brownish intracytoplasmic precipitate. For the 

negative control, the primary antibody was omitted 

to guard against any false positive results that might 

develop from a non-specific reaction. Negative 

control sections were produced by substituting the 

primary antibodies of Bcl-2 and Caspase3 by 

normal goat serum. All stained slides were viewed 

using Olympus microscope and images were 

captured by a digital camera (Canon Power Shot 

A620). Digital images were analyzed by a semi-

quantitative scoring system (Figi-Image J software, 

Java based application for analyzing images).
[37]

 

 

C- Ultrastructural investigation 

For ultrastructural investigation which has been 

done using transmission electron microscope 

(TEM), after producing the semi-thin sections for 

histological investigation, Ultra-thin (50 nm) 

sections were cut, mounted on formvar-coated grids 

and stained with uranyl acetate for 10 minutes. 

Sections were then stained with freshly prepared 

lead citrate for 10 minutes and washed with 

distilled water. Examination of grids was done by 

using JEOL electron microscope. Selected sites 

were digitally photographed. 

 

D- Data evaluation and statistical analysis 

All data sets were expressed as mean ± standard 

error of the mean (SEM). The statistical data were 

based on at least 6 adrenals in each group. The data 

were analyzed statistically for normal distribution 

(student’s T test) and homogeneity of variances 

(Levene test) using statistical package of social 

sciences (SPSS) software for windows, version 22. 

Differences were considered insignificant whenever 

P>0.05. The significances of the obtained data were 

classified into two categories, i.e. P<0.0001 and 

P<0.05 according to P values.  

 

RESULTS  

Histological observation 

Control group 

The fetal adrenal gland was consisted of well-

developed cortical and medullary cells like that of 

adult but zonation was far less distinct. While the 

ZG and ZF were fairly well delineated, the ZR was 

poorly defined as was the medulla which was not 

yet fully formed. The adrenal gland was surrounded 

by a thin connective tissue capsule followed by the 

ZG which consisted of clusters of small cells. The 

region lying beneath the ZG was the ZF, which 

consisted of large cells arranged in cords and 

separated by blood sinusoids. The innermost region 

of the gland was consisted of an intermingling large 

cells of the future ZR with cells of the undeveloped 

medulla. Medullary cells were diffusely organized. 

Islands of medullary cells were often more closely 

associated with adrenocortical cells. The cells were 

partly arranged in a net-like structure, and were 

small with little cytoplasm (Fig. 1A). 

 

Curcumin group 

The light microscopic examination of sections of 

the curcumin group revealed normal histological 
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architecture of the cortical and medullary cells as 

control group    (Fig. 1B). 

 

Betamethasone group 

In the betamethasone injected group, there was a 

notable disorganization of the cortical cells. The 

majority showed striking changes in the form of 

swelling with vacuolated cytoplasm and pyknotic 

nuclei. Hemorrhage and dilatation of blood 

sinusoids were also evident (Fig. 1C, D & E).   

Betamethasone + curcumin group 

 

Examination of sections from betamethasone and 

curcumin injected group revealed that most of the 

cortical and medullary cells displayed almost 

normal histological structure. However, a few 

cortical cells were swollen (Fig. 1F). 

 

 
Figure (1): Photomicrographs of semi-thin sections in the fetal adrenal gland of both control and 

experimental groups, (A) Control, (B) Curcumin, (C, D& E) Betamethasone, (F) Betamethasone + 

Curcumin group, Capsule (CP), Zona glomerulosa (ZG) Zona fasiculata (ZF) Zona reticularis + Medulla 

(ZR+M), hemorrhage (h), Sinusoids (*), Vacuolated cortical cells (Arrow head), pyknotic nuclei (Arrow). 
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Immuno-histochemical observation 

As Fig. 2 and Table 1 demonstrate, strong 

immunoreactivity of Bcl-2 was observed in adrenal 

gland of the fetuses of both control (41.60 ± 0.29) 

and curcumin (40.87 ± 0.22) group (Fig. 2A & B 

respectively).  However, rat fetuses maternally 

injected with betamethasone showed severe 

decrease in the Bcl-2 immuno-expression (8.79 ± 

0.43
**

) (Fig. 2C). Differently, co-administration of 

curcumin after betamethasone resulted in very week 

expression (34.06 ± 0.37) (Fig. 2D).  

 

 
Figure (2): Photomicrographs showing immuno-histochemical localization of Bcl-2 antigen in the adrenal 

gland of 20-day old rat fetuses in different groups. A Control, B Curcumin, C Betamethasone and D 

Betamethasone + Curcumin. 
 

The pattern of Caspase-3 immuno-localization was 

reversible to that of the Bcl-2 (Table 1). The control 

(8.06 ± 0.27) and curcumin (8.30 ± 0.56) groups 

showed weak cytoplasmic expression (Fig. 3 

A&B), while betamethasone group displayed very 

strong immune-reaction (38.25 ± 0.36) (Fig. 2C). 

Moderate expression of Caspase-3 antigen was 

recorded when curcumin was administered after 

betamethasone injection (12.85 ± 0.35) (Fig. 3D). 
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Figure (3): Photomicrographs showing immuno-histochemical localization Caspase-3 antigen in the 

adrenal gland of rat fetuses in different groups. A Control, B Curcumin, C Betamethasone and D 

Betamethasone + Curcumin. 

 

Table 1: The mean area % of Bcl-2 and Caspase-3 expression in the fetal adrenal gland of control and  

experimental. groups. 

Drug + Curcumin Drug Curcumin Control Groups 

34.06 ± 0.37
* a

 8.79 ± 0.43
**

 40.87 ± 0.22 41.60 ± 0.29 Bcl-2 

12.85 ± 0.35
* a

 38.25 ± 0.36
**

 8.30 ± 0.56 8.06 ± 0.27 Caspase-3 

Data are represented as mean area % ± SEM. 

Asterisks (* - **) refer to the P value compared with the control group significant differences (** P< 

0.0001 & * P< 0.05) versus control. 

a= significant (P<0.05) compared with betamethasone group. 
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Figure (4): Histogram showing percentages of Bcl-2 and Caspase-3 expression (mean ± SEM) in the 

adrenal gland of control and experimental groups. Asterisks indicate the statistically significant 

differences (** P< 0.0001 & * P< 0.05) versus control. 

 

a= significant (P<0.05) compared with 

betamethasone group. 

 

Ultrastructure observation 

Control group 

ZG cells were evidently small in size and located 

immediately adjacent to the capsule. Mitochondria 

were round or oval and their matrix was relatively 

electron-dense and contained tubular cristae. 

Smooth endoplasmic reticulum (SER) profiles were 

prominent and a few profiles of rough endoplasmic 

reticulum (RER) were scattered throughout the 

cytoplasm. Numerous free polyribosomes were 

dispersed throughout the cytoplasm. The cytoplasm 

contained a large number of round lipid droplets. 

The nucleus displayed an irregular round shape 

uniformly filled with chromatin and a nucleolus 

(Fig. 5A&B). 

 

Cells of ZF had spherical mitochondria with 

tubulovesicular cristae which virtually filled the 

entire matrix. SER cisternae were prominent and 

scattered throughout the cytoplasm. Elements of the 

SER were frequently observed surrounding 

mitochondria. RER, however, was rarely observed 

(Fig. 5C&D).    

 

Cells of ZR had spherical nucleus with prominent 

nucleolus and finely dispersed chromatin. The SER 

was abundant and frequently observed surrounding 

the spherical mitochondria. Polyribosomes were 

well developed and randomly distributed 

throughout the cytoplasm. Lipid inclusions were 

observed at random (Fig 5E&F).  

 

The nuclei of the adrenal medulla were round and 

contain moderate amounts of chromatin. 

Mitochondria, which were polymorphic in shape 

and exhibit lamellar cristae, were moderately 

abundant throughout the cells. SER and RER were 

randomly distributed throughout the cytoplasm. 

Polyribosomes were distributed diffusely and 

membrane-limited granules were numerous in all 

medulla cells. The cytoplasm contained an electron 

dense granules (Fig.5G&H).    

 



Badawy.                                                                          European Journal of Pharmaceutical and Medical Research 

www.ejpmr.com 

   

140 

 
Figure (5): TEM Photomicrographs of adrenal gland sections of 20-days old rat fetuses of control 

group. (A-F) Cells of the adrenal cortex (A&B) from zona glomerulosa (C&D) from zona fasiculata 

(E&F) from zona reticularis. (G&H) Cells of the adrenal medulla. (N) nucleus, (Nu) Nucleolus, (M) 

Mitochondria, (Ld) Lipid droplet, (Arrow), RER, (Arrow head) SER, (*) Polyribosomes, (wavy 

Arrow) Electron dense granules.  

 

Curcumin group 

The fetal adrenal gland of the curcumin group 

exhibited no apparent alternations in the structure of 

the cells of ZG (Fig. 6A), ZF (Fig 6B), ZR (Fig 6C) 

or of medullary cells (Fig. 6D). The general 

arrangement, distribution, the cytoplasmic 

organelles and inclusions were similar to that of the 

control group. 



Badawy.                                                                          European Journal of Pharmaceutical and Medical Research 

www.ejpmr.com 

   

141 

  
Figure (6): TEM Photomicrographs of adrenal gland sections of 20-days old rat fetuses of Curcumin 

group. (A) zona glomerulosa cell, (B) Zona fasiculata cell, (C) Zona reticularis cell, (D) Medullary cells 

(N) nucleus, (G) Golgi apparatus, (Nu) Nucleolus, (M) Mitochondria, (Ld) Lipid droplet, (Arrow), 

RER, (Arrow head) SER, (*) Polyribosomes, (wavy Arrow) Electron dense granules. 

 

Betamethasone group 

Numerous cells with signs of different degenerative 

stages were found in the cortical cells. The ZG cells 

displayed a marked increase in lipid deposition 

throughout the cytoplasm (Fig. 7A). Some cells had 

pyknotic and shrunken nuclei with condensed 

peripheral heterochromatin. Degenerated and 

vacuolated mitochondria with a progressive loss of 

their cristae were all seen with dilated SER (Fig. 

7B&C).  Mitochondria with lipid like inclusions 

and penetration of mitochondria into lipid droplets 

to form “myelin-like” structures were also observed 

in many cells (Fig. 7C). 

 

Cells of ZF had swollen mitochondria with 

accumulation of large sized lipid droplets (Fig. 7D). 

Nuclei with irregular nuclear envelope and pyknotic 

nuclei and dilated Golgi were observed. Widening 

in the cellular junction appeared between the cells 

(Fig. 7D&E). In addition, necrotic cells in various 

stages of degeneration, disruption of cellular 

membranes, and resorption zones with the presence 

of hemorrhage were also observed (Fig. 7F). 

 

The most characterized observation in the ZR cells 

was dilation of the endoplasmic reticulum and the 

presence of “myelin-like” structures. Other 

mitochondria whose structure was not as clearly 

defined were also observed. Mitochondria with 

lipid like inclusions were observed in other cells. 

Pyknotic and irregular nuclei were observed 

between the cells of ZR. Some nuclei showed 

bleeping in their nuclear envelops (Fig. 7G&H). 
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The medullary cells contained ovoid nuclei with 

irregularly dispersed chromatin. The cells appeared 

less affected than the cortical cells. The cytoplasm 

contained large number of electron-dense granules 

surrounded by a single membrane. The cellular 

organelles appeared more or less normal in the 

structure. Some degenerated mitochondria were 

also seen (Fig. 7I). 

 

 
Figure (7): TEM Photomicrographs of adrenal gland sections of 20-days old rat fetuses of 

Betamethasone group. (A-C) zona glomerulosa cells, (D-F) Zona fasiculata cells, (G&H) Zona 

reticularis cells, (I) Medullary cells (N) nucleus, (G) Golgi apparatus, (Ld) Lipid droplet, (Black 

Arrow), degenerated mitochondria, (Black Arrow head) dilated smooth Endoplasmic reticulum, 

(White Arrow head) myelin-like” structures, (curved Arrow) Widening of the cellular junction, 

(White Arrow) dilated Golgi, (RBC) Red blood cell, (Ne) Nuclear envelop. 

 

Betamethasone + curcumin group 

Ultrastructural examination of the adrenal cells of 

the combined group showed a nearly normal 

structure compared with the betamethasone group. 

The cells of ZG displayed irregular euchromatic 

nuclei with a prominent nucleolus and a few lipid 
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droplets. The mitochondria and the SER appeared 

more or less normal in shape and size (Fig. 8A&B). 

Cells of ZF showed euchromatic nuclei with 

prominent nucleolus and irregular nuclear envelop. 

Mitochondria were spherical and variable in size 

with densely packed vesicular cristae. Golgi 

apparatus and SER were also seen (Fig. 8C&D). 

The ZR cells displayed normal rounded nuclei, 

numerous spherical mitochondria and SER. 

However, “myelin-like” structures were also 

observed (Fig. 8E). The medullary cells showed 

normal structure compared with the betamethasone 

group. The cells contain round nuclei, polymorphic 

mitochondria and few electron dense granules. 

Numerous membrane limited granules were also 

scattered in the cytoplasm (Fig. 8F).  

 

 
Figure (8): TEM Photomicrographs of adrenal gland sections of 20-days old rat fetuses of 

Betamethasone + Curcumin group. (A&B) Zona glomerulosa cells, (C&D) Zona fasiculata cells, (E) 

Zona reticularis cell, (F) Medullary cells (N) nucleus, (G) Golgi apparatus, (M) Mitochondria, (Ld) 

Lipid droplet, (Arrow head) smooth Endoplasmic reticulum, (White Arrow head) myelin-like” 

structures, (wavy Arrow) Electron dense granules. 
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DISCUSSION 

The development of fetal tissues and organs are 

dependent on many factors, including the hormonal 

environment. Endogenous glucocorticoids produced 

by the fetal adrenal glands have a crucial role in 

these processes and exert beneficial effects on the 

development and maturation where 

glucocorticoid receptors have been located. Under 

normal circumstances, glucocorticoid levels are 

significantly lower in the fetus than in the mother.
[5]

 

It has been reported that the prenatal treatment with 

synthetic glucocorticoids may expose the fetus to 

inappropriately high levels of glucocorticoids, 

which leads to reduced fetal growth and at the same 

time increases the risks of dysregulation of the 

metabolic function and endocrine axes, including 

stress response, growth and reproduction.
[38,39] 

In 

our laboratory, exogenous prenatal betamethasone 

administration was shown to induce destructive 

changes in both maternal and fetal tissues and the 

observations were published in a series of 

papers.
[29,30,31]

 The aim of the present study was to 

investigate the effects of exogenous betamethasone 

maternally administrated on the adrenal gland of the 

rat fetuses. It focused on the histological, immune-

histochemical, and ultrastructural alternations and 

the possible ameliorative effect of curcumin 

administration. The outcome of the three 

approaches indicates that betamethasone (0.1mg/kg 

body weight) injected daily into pregnant rats 

starting from GD 11 and ending at GD 16 leads to 

destructive changes in the adrenal gland of the 

fetuses. 

 

The two main apoptotic pathways within a cell are 

the extrinsic (receptor pathway) and the intrinsic 

(mitochondrial pathway).  The latter pathway is 

triggered by many intrinsic signals including 

oxidative stress.
[40]

 Caspase-3 is activated by both 

extrinsic and intrinsic pathways, so it is used as pro-

apoptotic marker while Bcl-2 is used as an anti-

apoptotic marker. The upregulation and 

consequently increased expression of the Caspase-3 

in the adrenal gland of fetuses in the betamethasone 

group indicating programmed cell death. The anti-

apoptotic marker Bcl-2 on the other hand displayed 

downregulation and hence decrease expression. 

This is in agreement with many studies which 

revealed that Caspase-3 immuno-reaction was 

increased by apoptosis.
[41]

 In addition, previous 

study showed that maternal treatment with 

prednisolone increases adrenocortical apoptosis.
[42]

 

 

At the present ultrastructural level, alterations were 

observed in the cortical and medullary cells of the 

fetal adrenal gland. The majority of the cortical 

cells i.e., ZG, ZF and ZR of the fetuses maternally 

treated by betamethasone displayed destructive 

changes.  The latter included marked increase in 

lipid deposition degenerated and vacuolated 

mitochondria with a progressive loss of cristae. 

Other destructive changes included the presence of 

“myelin-like” structures, pyknotic and shrunken 

nuclei, dilated SER and Golgi apparatus and 

hemorrhage. 

 

Christi et al.,
[43,44]

 showed that administration of a 

single dose of dexamethasone to pregnant rats on 

GD 16 leads to marked atrophic changes and 

suppression of the function of the fetal adrenal 

glands. On the other hand, prolonged treatment of 

pregnant rats with dexamethasone in the period 

when intensive differentiation of the fetal 

hypothalamo-hypophyseai system takes place 

inhibits proliferative activity of adrenocortical cells 

and evokes considerable atrophic changes in the 

adrenal glands of offspring. Another study by 

Ricciardi  et al.
[45]

 who demonstrated that 

dexamethasone injection to neonatal rats can 

decrease the width of the ZF and the ZR, increase 

the lipid content, and cause degenerative 

mitochondrial signs in the ZG. In adult animal’s 

adrenal atrophy was expressed mainly as a lowering 

of the average cell volume, reduction in number and 

volume of cell organelles involved in 

steroidogenesis and as inhibition of proliferative 

activity of adrenocortical cells.
[46,47]

 

 

Atrophic changes in the adrenal cells are likely the 

consequences of strong inhibition from fetal 

adrenocorticotropin (ACTH) secretion. The fetal 

hypophysis is essential for normal differentiation of 

the adrenal cortex.
[48]

 In rat, hypophyseal 

adrenocorticotropic hormone (ACTH) production 

begins on day 14 of fetal life.
[49,50]

 Synthetic 

glucocorticoids administered to pregnant rats 

crosses the placental barrier, enters the fetal 

circulation and inhibits fetal ACTH secretion.
[51]

 

The deprivation of ACTH also stimulates apoptosis 

in the adrenal cortex   in neonatal.
[52]

 This process is 

most prominent in the inner cortical zones, 

particularly in the ZF.  

 

In the cortical cells of fetus rat, accumulation of 

lipid droplets, as a sign of inhibited steroidogenesis, 

was detected.
[46]

 This was also constant with the 

data of previous researchers who noticed 

accumulation of lipid droplets in the cells of the ZF 

and ZR after suppression of steroidogenesis via 

dexamethasone administration.
[53]

 Recent study by 
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Khalaf et al.,
[54]

 revealed that accumulation of lipid 

droplets and appearance of cytoplasmic vacuolation 

in the ZF cells after treatment with nicotine may be 

due to the impairment in the synthesis of 

glucocorticoids. As the ZF is responsible for 

synthesis and secretion of glucocorticoids, the 

disrupted steroidogenesis had a vital role in the 

toxicity of the adrenal cortex.  This may occur as a 

result of disruption of cytochrome P450 enzymes; 

therefore, cholesterol biosynthesis will be inhibited. 

This will lead to accumulation of lipid droplets and 

cytoplasmic vacuolation of the ZF cells.
[55]

 

 

Elshennawy and Aboelwafa.
[55]

 stated that the 

swelling and vacuolation of the mitochondria in the 

ZF cells possibly resulted from the suppression of 

cholesterol to pregnenolone conversion. As the 

mitochondria and SER play important roles in 

steroidogenesis, the lesions detected in them were 

sufficient to inhibit steroid synthesis, leading to 

further accumulation of cholesterol in the 

mitochondria.  

 

Curcumin has attracted increasing attention for the 

treatment of a range of conditions. It has a 

protective action on many disorders of the body, so 

it is considered as a promising source of protection 

against these disorders.
[17,56,57]

 Investigations into 

the pharmacodynamics of curcumin have 

consistently demonstrated it to be a potent 

antioxidant,
[58,59]

 at least ten times more active as an 

antioxidant than vitamin E.
[58]

 Also previous studies 

have demonstrated the ameliorative role of 

curcumin against betamethasone maternal and fetal 

toxicity during pregnancy.
[29,30,31]

 In addition, 

Abdel-Aziz and Ahmed
[60]

 demonstrated that 

curcumin administration has protective effect on the 

cells of the adrenal medulla against the toxicity of 

nicotine. A few studies have examined the effect of 

curcumin in regulating HPA disturbances, namely 

its effect in moderating the hypersecretion of 

corticosterone and subsequent neuroprotection.
[61,62]

 

The experimental group which was injected with 

betamethasone followed by curcumin, the adrenal 

cells displayed a nearly normal structure compared 

with the control group. However, few mitochondria 

with lipid like inclusions and penetration of 

mitochondria into lipid droplets to form “myelin-

like” structures were also observed in the ZR cells.  

 

Based on the outcome of the present study, it can be 

concluded that prenatal betamethasone 

administration has enormous destructive effects on 

both the structure and fine structure of the 

developing adrenal gland. Therefore, it is highly 

recommended that its use must be restricted to the 

urgent necessity and in such case, curcumin as a 

potent antioxidant, can be utilized to ameliorate 

these adverse effects. 
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