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Abstract Article Info

The anabolic androgenic steroid nandrolone decanote (ND) is a synthetic testo. Accepted05 June2017
derivative represented the most widely abused drugs all over the world wit Available Online:20 June2017
purpose of ameliorating athletic efficiency and appearance. Despite the pre
misuse of ND, the endocrine influences of supraphysiologic dosages of this conr
still ambiguaus. The present investigation was designed to study the effe
therapeutic and supraphysiologic doses of ND on histological and ultrastru Anabolic androgenic steroid,
features of rats adrenal corticdsventy-four animals were grouped into control, N Nandrolone decanote,
therapeutic dose, and N8upraphysiologic dose groups. The current results sh¢ ~ Adrenal cortex,

that the adrenal cortices of rats treated with ND therapeutic dose exhibitec Elt?;(;lt?géure

alteration of their adrenocortical zones; ZG, ZF and ZR. Whereas, the adrenal ¢

of rats treated with the NDupraphysiological dose manifested severe degener

changes represented as reduction in the thickness of all adrenocortical

compression of their cells which appeared with vacuolated cytoplasm and their

showed signs of pyknosis, karyorrhe®sd karyolysis. Most of the adverse impa

following the abuse of ND resulted from the enhancement of normal physic

response to testosterone by either direct receptor agonist activity or suppres

steroid biosynthesis. The current histologiaatl ultrastructural studies emphasis t

the supraphysiologic dose of ND induced serious hazardous alterations in the

cortex which might be reflected in suppression of steroid hormones biosynt

Therefore, these results are exceedingly pettitee highlight the prospective hazard

the indistinctive utilization of the AASs in sports athletes and bodybuilders, as wi

as by adolescents

Keywords

Introductio n triggered considerable apprehensiv@ng@lundh et al.,

2001; Hartgens and Kuipers, 2004; Talét al., 2007;
Anabolid androgenic sterogl (AASs) are synthetic Kanayana et al.,2010. During the last decades, AASs
derivates of testosterone widely utilized as androgehave been utilized at doses 7100 times the
replacement therapy and as chemotherapy for thecommended therapeutic dose by many athletes and
treatment of different type of cancer Kamel et al., bodybuilders to reinforce their physical performance,
2001). On the other hand, there is a broad nonmedicahcrease muscle mass and condense training regimens
use of these steroids by athletes and adolescentsathat Gruberand Popg2000; Kuhn, 200R
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Nandrolone decanoate (ND) is the most widely artificiallnvestigateddrug

anabolic derivatives of androgen utilized for the

treatment of benign prostate hyperplasia and cancéihe experimental drug is nandrolone decanoate (ND;

prostate as a testosteremplacement therapy. Also, it DecaDurabolirf). It is available in the form of vials;

has increasd notably utilization in the therapy of each of them contains 25 mg/ml oily solution. ND is

definite diseases as muscle wasting, osteoporosis, growtanufactured by Nile Co. for Pimaceutical and

disorders and control of refractory anenthéwlaet al.,  Chemical Industries, Cairo, Egypt.

2009; Sahat al., 2009; Allouh and Rosser, 200(ND

simulates testosterone in its structure yteis supposed Experimental Design

as a weak androgenic steroid owing to its transformation

to dihydronandrolone (DHN) Mottram and George, All animals were subjected to daily intramuscular (i.m.)

2000; Leeet al.,2010; Purkayastha and Mahanta, 2012 injections in the hind limbpnce a day for 14 dayss
follows:

The utilization of AASSs, including ND was found to be

the cause of several wtse physical and mental Group I: the ND therapeutic doseated rats (n = 6)

influences, includingncreased risk of cardiovascular andwere received 0.4 mg/kg ND. This dose is chosen to

hepatic disease, aggressiveness, gloominess, impairagicertain the prescribed therapeutic dose of ND in

cognitive functionsand gynecomastia(Kurling et al., humans Tamakiet al.,2003.

2005; Kicman, 2008 Magnussonet al.,2009; Hallberg,

2011) Alterations in mood, delusions and euphoria, a$sroup II: the NDsupraphysiologic doseeated rats (n =

well as drastic behavior are correlating with the6) were administered 15 mg/kg ND. This dose is

prolonged utilization of AAS{Gruber and Pope000; approximately 4@imeshigher than the therapeutic dose

Perryet al.,2003; Matriscianet al.,2010. recommended for humans and corresponds to the heavy
dose generally used by the anabolic steroid abusers

Although several studies on the impacts of AAS(Fudalaet al.,2003; Lindblomet al.,2003 Silvia et al.,

derivatives on various body organs, the endocrin€012;Raineret al.,2014.

influences of supraphysiologic dosage of these agents

still unclear. Thus, the present investigation wadGroup lll: the control rat¢gn = 6) were given an equal

designed to study the impact of therapeutic andolume of the oil vehicle (peanut oil) alor@hen the

supraphysiological doses of ND on the histological aneéxperimental time period was finished, control and

ultrastuctural characteristics of adrenal cortex of adultreated rats were fasted overnight and then anesthetized

male rat wusing light and transmission electronunder light ether anesthesia. Adrenal glands of all rats

microscopy (TEM) techniques. were disected out and were immediately fixed in
different fixatives for histological and ultrastructural

Materials and Methods examinations.

Investigatedanimals Histological preparations

Twenty-four adult male albino rat®Rk@ttus norvegicjsat The right adrenal glands from the control and

an age of 16 weeks armdweight of 180 g were equally experimental rats were rapidly fixdédr 24 h in aqueous

allocated intothree groups. They were purchased fromB o u 3 fixalive. After that, they were processed for the

the animal house of Theodor Bilharz Research Institutparaffin sectioningpreparationas described previously

(TBRI), EIl-Giza, Egypt. by Bancroft and Gamble (2002) After routine
processing, the haematoxyosin (H&E) stained

The rats were kept two per cage in@nditioned room sections were examined and photographed with a light

(25£22C temperature, 55+5% rele#i humidity, and a microscee.

12-h light/dark cycle) and provided with adequate

amount of food and water. The animals were left for altrastructural preparations

week prior to the beginning of the experiment for

accommodation. All animal experiments were confirmedrhe left adrenal glands of rats from all experimental

by the local Institutional Amhal Ethics Committee of groups were cut into small fragments, fixed in cold

Ain Shams University. mixture of formalin and glutaraldehyde (4:1) for 24 h,
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and then they were post fixed in 1% osmium tetroxide ipossessed vacuolated cytoplasm with their nuclei showed
0.1M phosphate buffer. Following fixation, they were symptoms of pknosis (Fig. 2B). Also, ZF cells arranged
processed for the normal procedures of TEM evaluatiom cords almost similar to the normal arrangement of the
as explained byDykstra et al., (2002) After routine control ones, and possessed granulated eosinophilic
processing, toluidine blue semithin stained sections wermgytoplasm and rounded nuclei in the most of them. But,
examined with a light microscope to sdlethe some cells manifested obvious vacuolated cytoplasm
adrenocortical zones, and then ultrathin sections wengith pyknotic, karyorrhectic and karyolysed nuclei.
cut, mounted on grids, stained by uranyl acetate and le&®lood capillaries in between ZF cells were observed
citrate, then examined and photographed by JEOL-JEMengorged with stagnant blood masses (Figsa2@&2C).
1400EX-ELECTRON MICROSCOPE at the Electron Similarly, ZR cells showed relative normal organization

Microscopy Department of TBRI, Ebiza, Ejypt. with dilated blood sinusoids that arendid with
endothelial cells were seen (Fig. 2D). The majority of ZR

Resultsand Discussion cells appeared with normal eosinophilic cytoplasm and
rounded nuclei, whereas some cells displayed pyknotic

Histological results and karyolysed nuclei, as well as vacuolated cytoplasm

as illustrated irfigure D.
Control group

The ND supraphysiological dose group
The adrenal cortex of control rat revealed normal
characteristic organization. It is enclosed within a fibroud.ight microscopic examination of the adrenal glands of
connective tissue capsule which is formed of fibrougats treated with the ND supraphysiological dose
elements, and composed three distinguished zones; illustrated severe degenerative changes represented as
zona glomerulosa (ZG), fasciculate (ZF) and reticulariseduction in the thickness of the three adrenocortical
(ZR), respectively (Figs.1Ai1D). ZG formed of zones which were resulted from the compression of their
pyramidal or columnar cells which are arranged ircells as clearly observed ifigures 3A3D. Most ZG
glomerulilike structures separated by thin trabeculaecells appeared compressed, lost their familiar glomerular
that being extendedrom the outer capsule. ZG cells organization, and displayed clear symptoms of necrosis
appeared with large rounded to oval basophilic nucleievealed as vacuolated cytoplasnd goyknotic nuclei
and acidophilic cytoplasm (Fig. 1B). ZF composed of(Figs. 3Band 3C). Also, ZF cells appeared disarranged,
columnar or rather polyhedral cells which arelost their familiar fasciculae appearance revealing
coordinated in fasciculae formed of one or two cell thickpbvious fibrotic areas among their destructed cells. Their
and separad by narrowed blood capillaries lined with nuclei manifested clear signs of pyknosis, karyorrhexis
endothelial cells. The cells of ZF appeared withand karyolysiswhile their cytoplasm showed abundant
granulated eosinophilic cytoplasm enclosing sphericalacuoles of variable sizes (Figs. aBd3D). The blood
basophilic nuclei (Figs. 1Bnd1C). ZR characterized by capillaries in between ZF cells were hardly distinguished
its irregular network of intermingled cords whichear (Fig. 3C). Similarly, ZR cells lost their normal
detached by wide blood sinusoids that lined witharchitecture, appeared compressed with vacuolated
endothelial cells. ZR cells are short columnar in shapeytoplasm and deteriorated nuclei revealed clear signs of
with rounded basophilic nuclei and moderatelypyknosis (Fig. 3D). The blood sinusoids separating ZR
eosinophilic cytoplasm (Fig. 1D). cells appeared enlarged and engorged with stagnant

blood masses in their lumina as clearly sedigure 3D.
The ND therapeutic dose group

Figure 1 shows the ight micrographsof H&E stained
Examination of H&E stained sectiond the adrenal sections ofadrenal gland of control raghowing (A)
glands of rats treated with therapeutic dose of NDhormal architecture of the adrenal cortex consisting of
showed mild alteration of the adrenocortical zones; ZGthree consecutive zones; zona glomerulosa (ZG),
ZF and ZR as noticed the figures 2A 2D. The cells of fasciculata (ZF) and reticularis (ZR), and surrounding by
the three regions appeared with a relative normad capsule (Ca)B) Glomeuwlar organization of ZG cells
arrangement in comparison Wwithe control specimens (ZGC) separated by fine trabeculae (Tb) that extended
(Fig. 2A). ZG cells arranged in a relative glometike  from the casule (Ca).(C) ZF cells (ZFC) normally
structure, which appeared relatively compressed anafranged in fasciculae separated by narrow blood
separated by the delicate trabeculae. Some ZG celtswpillaries (Cap) that are lined with endothelial cells
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(EC). (D) ZR cels (ZRC) arranged in an ordinary oval to spherical shapes with a specific tuksdecular
irregular network of intermingled cords that arecristae, a fair amount of smooth endoplasmic reticulum
separated by wide blood sinusoids (BS) lined withand lipid droplets. The nuclei of these cells are rounded
endothelial cells (EC). or oval in shape; sometimes wavy in appearance

ensheathed by double nuclear envelopes and having
Figure 2 shows light micrographs ofH&E stained nucleoli, homogenous euchromatin and peripheral dense
sections ofadrenal gland of NDherapeutic dostreated heterochromatin (FigdA). ZF cells exhibit the regular
rat showing (A) a relative normal arrangement of thefine characteristic features including; abundanof
adrenocortical zones; ZG, ZF and ZR, being enclosed byunded mitochondria with obvious tubular cristae,
the capsule (Ca)B) Magnified part of ZG and ZF cells smooth endoplasmic reticulum in the form of branching
displaying their familiar arrangement. Despite of thistubules, fair amount of lysosomes and richness of lipid
arrangement, some of their celéxhibiting vacuolated droplets as obviously noticed in micrograph (4B). The
cytoplasm (V) and pyknotic nuclei (PkIFhe capsule same figure demonstrates their nucMhich are large,
(Ca) appears relatively normdlC) ZF cells exhibiting a rounded in shape, enclosed within the nuclear envelopes
relative normal arrangement having granulatecand possessed prominent nucleoli, dense peripheral
eosinophilic cytoplasm and rounded nuclei. Some celleeterochromatin and lightly stained euchromatin. ZR
showing obvious vacuated cytoplasm (V) and pyknotic cells are distinguished by their richness of rounded
(PK) and karyolysed (KI) nuclei. Blood capillaries (Cap)mitochondria with intense tubular cristae, smooth
engorged with blood cells (asterisks) are also noticedndoplasmic reticulum, lysosomes and abundant lipid
(D) ZR cells displaying relatively normal characters indroplets of different sizes. Their nuclei are spherical or
the presence of normal eosinophilic cytoplasm andval in shape containing condensed heterochromatin,
rounced nuclei in the most of these cells. Somesuchromatin and prominent nucleoli (Fig. 4C).
reticularis cells reveal pyknotic (Pk) and karyolysed (KI)
nuclei. Wide blood sinusoids (BS) lined with intact The ND therapeuticdose group
endothelial cells are also observed.

Mild fine structural changes were recorded in the adrenal
Figure 3 shows light micrographs ofH&E stained cortices of ND therapeutic doseeated rats as displayed
sections ofadrenal gland of NDsupraphysiological dose in  micrographs (5AC). ZG cells contained
treatedrat showing(A) shrinkage of the adrenocortical mitochondria with electrodense matrices, lipid droplets
zones; ZG, ZF and ZR. Irregular capsule (Ca) is alsof variable sizes, and elgondense nuclei (FighA). ZF
seen(B) Glomerulosa (ZGC) and fasciculate (ZFC) cellscells showed mitochondria filled with tightly packed
are compressed, lost their familiar organizatiord antubular cristae, other mitochondria appeared destructed
designating clear fibrotic areas (F). Vacuolated (V)with more electrodense matrices, besides the
cytoplasm and necrotic nuclei showing symptoms oficcumulation of various sized lipid droplets. Some nuclei
pyknosis (Pk), karyorrhexis (Kh) and karyolysis (KI) aredisplayedsigns of pyknosis and karyorrhexis (Fig. 5B).
observed in both ZG and ZF cell) ZF cells (ZFC) Similarly, ZR cells possessed deformed mitochondria
exhibit cytoplasmic vacuolation (V) witkariable sizes with electrondense matrices and tightly packed tubular
and their nuclei show signs of pyknosis (PK),cristae, in addition to accumulated lipid droplets of
karyorrhexis (Kh) and karyolysis (KI)(D) ZR cells different sizes, and pyknotic nuclei which were
(ZRC) lose their normal arrangement with the bloodsurrounded by irregular ruptured nuclear envelopes and
sinusoids (BS) separating them being enlarged ancbntained electredense heterochromatin and

loaded with stagnant blood (asterisksjhiair lumina. euchromatin materials (Fig. 5C).
Ultrastructural results The ND supraphysiological dose group
Control adrenal cortex TEM examination of the adrenal cortices of the ND

supraphysiological dogeeated rats displayed severe
TEM examination of the adrenal cortices of control ratsultrastructural changes of the cells of the adrenocortical
illustrated normal fine structural characteristics of thezones; ZG, ZF and ZR as observed in the micrographs
cells of all adrenocortical regions; ZG, ZF and ZR ag6A i 6C). Distorted ZG cells revealed deteriorated
clearly seen in microgpds (4A4C). ZG cells appeared mitochondria with loss of their cristae configuration;
with different mitochondrial configuration varying from other mitochonda appeared with degenerated cristae
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and cavitations. Increased lipid droplets and devoid obf mitochondria; some of them appeared electtense
smooth endoplasmic reticulum were also noticed. TheifM) and the others filled with tightly packed tubular
nuclei became shrunken, irregular in shape, surroundexnlistae (asterisks).drge lipid droplets (LD) are seen in
by broken nuclear envelopeind contained peripheral the ground cytoplasn{C) ZR cell displaying cytoplasm
heterochromatin and euchromatin, revealing signs dbaded with destructed mitochondria (M), lipid droplets
pyknosis as manifested in micrograph (6A). Also, ZKLD) and destructed smooth endoplasmic reticulum
cells exhibited obvious fine structural alterations tha{SER). The nucleus (N) shows clear signs of pyknosis; it
were detected in both the cytoplasm and the nuclei (Figs surrounded by fragmented irregular nuclear envelope
6B). They are characterized by the agpece of (NE) and contains extensive electron dense
fingerprintlike configuration composed of concentric heterochromatin (Hc) and euchromatin (Ec).
whorls of membranes, mitochondria with electron
densities, extensive aggregation of lipid dropletElectron micrographs of adrenal cortex of ND
throughout the cytoplasm, and absence of smootbupraphysiological dose treated rats showi(4)
endoplasmic reticulum. Their nuclei appeastilunken, deteriorated ZG cell ith an obvious wrinkled nucleus
showed clear signs of pyknosis and karyorrhexis an{N) surrounded by ruptured nuclear envelope (NE) and
they were surrounded by broken nuclear envelopes amtntained electrodense heterochromatin (Hc) and
contained an obvious electrolense nucleoli, euchromatin (Ec) material§Fig. 6). Electrondense
marginated heterochromatin and euchromatin (Fig. 6Bmitochondria (M) with different configuration and
Several conspicuous lesions were encaedtein ZR  degenerated crista@ther mitochondria with cavitation
cells included the abnormally fingerpriite  (asterisks), lipid droplets (LD) and vacuoles (V) are seen
configuration, deformed mitochondria with some of themnin the cytoplasm(B) Destructed ZF cell showing distinct
showing ruptured mitochondrial membrane, degenerateithgerprintlike configuration (FP) consists of concentric
cristae and cavitationljpid droplets, and cytoplasmic whorls of membranes, deteriorated mitochiad(M)
vacuoles, besides nuclear pykndsigy. 6C). with tightly packed cristae, vacuoles (V), and deformed
nucleus (N) ensheathed with a ruptured nuclear envelope
Figure 4 showselectron micrographsf adrenal cortex of (NE) and possesses electwense nucleolus (Nu),
control rat showing(A) ZG cell possesses mitochondria heterochromatin  (Hc) and euchromatin (Ec)C)
(M) with tubulo-saccular cristae, smooth endoplasmicDeteriorated ZR cell reveals also thistithct fingerprint
reticulum (SER) lipid droplets (LD), lysosomes (Ly) andlike configuration (FP), mitochondria (M) having
a nucleus (N) which isurrounded by nuclear envelope vacuolar degeneration (asterisk), vacuoles (V), and
(NE) and has a nucleolus (Nu), marginatedpyknotic nucleus (N) possessing electdanse
heterochromatin (Hc) and euchromatin (H8) ZF cell nucleolus (Nu), heterochromatin (Hc) and euchromatin
loaded with numerous mitochondria (M) having tubular(Ec).
cristae, smooth endoplasmic reticulum (SER), free
ribosomes (R), lysosomeflLy), and abundant lipid The adrenal gland is the ®to significant and
droplets (LD). Part of its distinct rounded nucleus (N)fundamental endocrine organ in the body taking charge
containing a nucleolus (Nu), peripheral heterochromatiof the synthesis and secretion of considerable steroid
(Hc) and flocculent euchromatin (Ec) is clearly observedhormones which perform serious and substantial
(C) ZR cell illustrating prominent rounded mitochondria functions Fawcett and Jensh, 2002T'he mammalian
(M) with tubular cristae, smooth endoplasmic reticulumadrenal gland distinguishes dwdistinct anatomical
(SER), lysosomes (Ly), lipid droplets (LD), and roundedzones; an outer cortex covering an inner medulla
nucleus (N) possessing distinct nucleolus (Nu)differing in embryological origin and functiorsicardet
peripheral heterochromatin (Hc) and euchromatin (Ec). al., 2007). The cortex exemplifies 890% of the adrenal
and is composed of cords of epithelial cells that are
Figure 5 showselectron micrographs of adrenzortex of  directly relatedto the blood vessels. These epithelial
ND therapeutic dostreated rats showin@A) ZG cell cells are grouped into three different adrenocortical
possesses electraiense mitochondria (M), increased zones arranged as zona glomerulosa (ZG), zona
sized lipid droplets (LD), and a nucleus (KB) ZF cell  fasciculate (ZF), and zona reticularis (ZR). The cells of
showing karyorrhectic nucleus (N) surrounded withZG secrete significant amounts of the mineralcorticoids
ruptured nuclear envelope (NE)and contained aldosterone, and ZF cells secrete the glucocorticoids
fragmented heterochromatin (Hc) and euchromatin (Eajortisol and corticosterone, in addition to small amounts
materials. In addition, slightly changes in configurationof adrenal androgens and estrogens, while ZR cells
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secrete the adrenal androgens androstenedione,
dehydroepiandrosteron®HEA) and small amountsf  Variable degenerative changes in the cells of the three
estrogens andsome glucocorticoidgda Silva et al., adrerocortical zoneswvere recorded in the present study
2007; Kutovaja and Bhatia, 20114 Most cells lost their normal structure showing clear signs
of necrosis represented as vacuolated cytoplasm and their
The anabolic androgenic steroid nandrolone decanotaiclei revealed symptoms of pyknosis, karyorrhexis and
(ND) is a synthetic testosterone analogue producekiaryolysis, in addition to therpsence of fibrotic areas
essentially for medical uses. ND is in charge of the slinamong the destructed cells of bae and ZF These
tissue synthesis (anabolism) and male characteristicgsults are in accordance with those reportedlbeida
development (androgynyKénget al.,2014; Smith and et al., (2001), llleraet al., (2007), Silvanet al., (2007)
Walker, 2014. As a result of the striking anabolic effect and Yeet al., (2008)in their studies on the influence of
of the ND mainly in muscle tissue, this compound isdexamethasone, a potent synthetic glucocorticoid on rat
excessively utilized by persons to aroedite their bodily adrenal gland. SimilarlyElshennawy and Aboelwafa
manifestation or athletic performance. In additions, N[X2011) recorded similar results post hydrocortisone
promotes androgenization, activating masculinizingreatment. The previous authors mentioned that
characteristics in both gender men and wonktartgens dexamethasone or hydrocortisone decreased theahdren
and Kuipers, 2004; de Paiva Folettb al., 2010. The gland weight due to the atrophy in the regions of the
therapeutic advantag of low dosages of ND stand in adrenal cortex, resulting in restraining the steroid
sharp contrast to the prospective health hazardous linkegcretion from the adrenocortical cells.
to the exaggerated doses saliministered not only by
body builders and athletes but by a rising number oAlso, accumulation of lipid droplets of various sizes was
adolescent boys and girl€larka and Henderson, 2003; seen in the rat adrenocortical cells pmsatment with
Cunhaet al.,2005. the supraphysiological dose of ND. Such alteration had
also been previously reported Bymeida et al., (2001)
ND administration was reported to triggered hazardoum dexamethasonrteeated rats particularly in the cells of
effects on various organs; including the heamdrade ZF and ZR. In an attempt to explain this charigell,
et al.,2008, striated muscleHontanaet al.,2012),brain  (1995) described tht most of the utilized cholesterol in
(Tugyanet al.,2013) and liver(El Sherrifet al.,2013), the biosynthesis of steroids is stocked in lipid droplets.
howe\er, studies of ND effects on the endocrine systenfhen the cholesterol ester in these lipid droplets is
generally and adrenal gland particularly were few inmparted to the inner membrane of the mitochondria and
literature (Toscanoet al., 1990; Popeet al.,, 2001) takes part of the pathway of steroid hormones
Therefore, the current study aimed to investigate thbiosynthesis as free cholesterol. While the accumulation
impacts of both the therapeutic and suprafutggical  of lipid droplets in adrenocortical cells may be deemed
doses of ND on the adrenal cortex of the male rat froras a secondary phenomenon resulted from the inhibition
the histological and ultrastructural point of view. of the sequence of reactions that convert the cholesterol
to progesterone. Thence, it mag proposed that ND
The currentstudy revealed that the adrenal cortices ofmay inhibit the translocation of cholesterol resulting in
rats treated with the therapeutic dose of ND illustratethe aggregation of lipid droplets in the cytoplasm of
mild alteration of the a#nocortical layers; ZG, ZF and adrenocortical cells.
ZR. On the other hand, the supraphysiological dufse
ND induced severe destructive histologicalnd Post NDtreatment, the nuclei of the majority of
ultrastructural alterations in the adrenalcortices of  adrenocortical cells of all regions manifested obsio
treatedrats One of these alterations was thbvious signs of pyknosis, karyorrhexis and karyolysis. Parallel
reduction in the thickress of ZG, ZF and ZRThis with the present observatioAlmeidaet al., (2006)and
reductionoccurred as a result dfie compression in their Elshennawy and Aboelwafa (201Y¥pcorded almost
component cells and due to shrinkage or degeneration similar results of devastating changes in the fine
the organelles forming these cells, particularly thestructural characteristics of the nuclein their
mitochondria, smooth endoplasmic reticulum and @iucl investigation of dexamethasone and hydrocortisone,
Rebuffut et al., (1992 reported thatthe number of respectively.Caraci et al., (2011) andBasile et al.,
mitochondriaand the cisternaef smooth endoplasmic (2013)displayed that gpraphysiological doses of AASs
reticulum were reduced significantlly the atrophiedZF  caused apoptotic influences on a various cell types.
of the rat adrenal cortex.
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Fig.1 Light micrographs of H& stained sections of adrenal gland of control rat
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Fig.3 Light micrographs of H&E stained sections df@nal gland of ND supraphysiological daseated rat

Fig.4 Electron micrographs of adrenal cortex of control rat
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