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ABSTRACT
This study aimed to demonstrate
the effect of diazepam administration
on the noise-induced ultra structural
alterations of rat adrenal cortex.

Adult albino rats of both sexes
were used in this study. The animals
were divided into 3 groups; control
group, noise - exposed group (6
hours daily for 14 days) and diaze-
pam-intra-peritonealy injected group
(0.5 mg \100gm body weight, 30 min-
utes prior to noise-exposure). Assay
and statistical analysis of serum corti-
sol in addition to electron microscopic
study of ultra-thin sections of adrenal
glands were done.

In the control group, the serum
413

level of cortisol was found to be
160+7.6 ng/ml. Electron microscopic
examination of the zona glomerulosa
cells revealed elongated mitochondria
with lamellar cristae. The zona fasci-
culata cells exhibited large amount of
lipid droplets and plentiful smooth en-
doplasmic reticulum, the mitochondria
were spherical in shape with densely
packed vesicular cristae. The cells of
the zona reticularis revealed less lipid
droplets, more mitochondria, which
were rounded or spherical with
densely packed tubulo-vesicular cris-
tae.

After exposure to noise stress, the
serum level of cortisol was significant-
ly increased. The cells of zona glo-

merulosa showed no structural
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changes apart from the appearance
of some round mitochondria contain-
ing a mixture of lamellar and vesicular
cristae. Mitochondria in some zona
fasciculata and zona reticularis cells
showed cristolysis and some gianrt mi-
tochondria were detected and the
smooth endoplasmic reticulum tu-
bules were dilated. The zona reticu-
laris cells revealed some bizarre
shaped mitochondria with mitochon-
drial membrane rupture. Some nuclei
appeared shrunken with condensed
chromatin.

On the other side, serum cortisol
level of noise-stressed rats pretreated
with diazepam was significantly de-
creased to about the normal level. No
detectable ultra-structural changes
were seen in the suprarenal cortex.

It could be concluded that, the
function and the structure of the su-
prarenal cortex were affected by ex-
posure to noise stress. These chang-
es became markedly reduced by
diazepam pre-noise administration.
Therefore, administration of diaze-
pam in stress conditions is recom-
mended in order to protect the adren-
al gland from the effect of increased
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secretion of adrenocoricotrophic hor-
mone (ACTH).

INTRODUCTION

Exposure of rats to stress stimuli
was found to cause considerable in-
crease in the activity of pituitary-
adrenocortical axis leading to release
of ACTH which in turn stimulates
zona fasciculata leading to increase
plasma level of cortisol (Axelrod &
Reisine, 1984 and De Boer & van der
Gugten, 1989).

This hormone -with others- serve
to adapt the body to a variety of stres-
sors ranging from psychological
forms as fear and anxiety to physical
forms like heat and cold (Axelrod &
Reisine, 1984).

Most of studies concerning the ef-
fect of noise on adrenocortical gland
have been focused on measuring
functional behavioral and biochemical
changes (Borrel et al., 1980; Alario,
1987). Diazepam acts at central level
exhibiting anxiolytic property (Ninan &
Insel, 1982). Diazepam treatment has
been found to reverse the effect of
different stressful stimuli (Andrew &
File, 1992) and reduce the ultra-
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structural changes induced by noise
exposure on rat's adrenal cortex (Pel-
legrini et al., 1998). Recently, ultra-
structural changes in rat's adrenal
gland following exposure to loud
noise for a brief period of time was
evaluated (Soldani et al.,, 1999 and
Gesi et al., 2001).

Although many studies have re-
ported the effect of diazepam on bio-
chemical changes caused by noise
on adrenocortical gland, little informa-
tion is available concerning the ultra-
structural study.

The aim of this work is to study the
effect of diazepam administration on
the noise- induced ultra structural al-
terations of rat adrenal cortex.

MATERIALS AND METHODS

Twenty four adult albino rats of
both sexes (weighing about 150-
200gm) were used throughout this
study. The rats were divided equally
into 3 groups; control group, noise-
exposed group (Bhours daily for 14
days through a loud broadcast radio
station) and diazepam-injected group
(0.5 mg/100gm body weight diaze-
pam {Merk} intra-peritonealy, 30 min-
utes before exposure to noise).

The animals were isolated in sep-
arate cages (two animals /cage to
avoid stress by overcrowding). Also,
female rats were isolated from males
to avoid sexual excitement. The ani-
mals were fed on laboratory food and
water ad-libitum.

At the end of the experiment, the
animals were anaesthetized by intra-
muscular injection of
(90mg/kgm). Blood samples were as-
pirated trans-cardially for assay of
serum cortisol by immunolite quantita-
tive technique. The suprarenal glands
of each animal were dissected care-
fully and 1 mm3 thick specimens
were fixed in a mixture of 2.5% gluta-
raldehyde and 2.5 % paraformalde-
hyde in 0.1 M in cacodylate butfer for
24 hours, and then post-fixed in osmi-
um tetroxide for 24 hours at 4 C© fol-
lowed by rinsing in cacodylate buffer
for 20 minutes. The specimens were
dehydrated in ascending grades of
ethyl alcohol, cleared in propylene ox-
ide for 30 minutes, and then they
were placed in propylene oxide : ep-
oxy resin (1:1) and left overnight, then
placed in epoxy resin for another
night. Embedding was in absolute
resin.  Semi-thin

ketamine

sections were
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stained with 1% toluidine blue to io-
cate the sites of interest, and ultra-
thin sections were cut and picked on
copper grids and stained with uranyi
acetate and lead citrate (Hayat,
1989). Sections were examined at
Ain-Shams Specialized Hospital, us-
ing Zeiss 100s transmission electron

microscope operated at 60 KV.

Data Analysis :

* Statistical analysis of data was done
Dy using Excel program and SPSS
program (Statistical Package for
Social Science version) on windows
XP.

KS test (Kolmogrove Sminrov) was
used to test the normality of data
distribution which revealed to be
normally distributed.

Data description was done in the
form of mean \SD (quantitative
data).

* Data analysis was done to test sta-
tistical significant difference among
groups.

* For quantitative data (mean +SD):

- One way ANOVA test was used
to compare more than two groups fol-
lowed by Student t-test to compare
between each two groups.

NB : P is significant if < 0.05 at
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confidence interval of 95%.

RESULTS
! ) General Behavicr of the Experi-
mental Rats :
Stressed animals were iritable
and showed a decrease in their food

intake, while diazepam-pretreated

- stressed animals were caim and their

food intake was almaost like that of the
control group.

il) Assay of serum cortisol :

Tabie (1) and Graph (1): show the
serum cortiso! level in the studied
groups. It was 160£7.6 ng\ml in con-
trol group, 450+6.3 ng\ml in stressed
rats while in stressed rats pretreated
with diazepam it was 168 +7.5 ng\mi.

There was statistically ,significant
increase (P < 0.05) in the cortisol lev-
el in the stressed group as compared
with the conirol groups , and there
was statistically significant decrease
(P < 0.05) in the cortisol level in the
stressed rats pretreated with diaze-
pam as compared with the stressed
group. However, there was insignifi-
cant increase (P > 0.05) in the corti-
sol level in stressed rats pretreated
with diazepam as compared with the
ceniral group.
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Table (1): Cortisol levels of the studied groups.

Mean
No | ng/miSD il . F
*Control rats 8 160+7.5994
*Stressed rats 8 450+6.3421 -38.716* 0.000
1277.214
*Stressed rats 8 168+7.5057 -1 ,491# P=0.158
pretreated with 46.065@ P =0.000
diazepam.

Comparison done through one way ANOVA test followed by Student t test for comparison between each
two groups. P< 0.05= Significant. P> 0.05= Non-significant.

x Significant in comparison to control.

# Insignificant in comparison to control.
@ Significant in comparison to stressed.

Graph - 1: Cortisol Levels of the Studied Groups
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Ifl)  Electrcn Microscopic Exami-
nation :

A) Control Rats :

Examination of the zona glomeru-
lcsa cells revealed vesicular nuclei
and elongated or oval mitochondria
with cristae arranged in lamellar man-
ner (Fig. 1).

Zona fasciculata cells exhibited
larger amount of lipid droplets than
the other zones. These lipid droplets
appeared non-membrane bounded
and variable in size. The nucleus was
rounded, vesicular with prominent nu-

cleolus. The mitochondria were al-
most spherical in shape and variable
in size (Fig. 2).

Higher magnifications of the cells
of zona fasciculata illustrated the
fine structure of the inner membrane
of the mitochondria, which was
arranged in densely packed vesicular
cristae. The smooth endoplasmic
reticulum (sER) could be seen (Fig.
3).

In contrast to the zona fasciculata
cells, the cells of the zona reticularis
exhibited less number of lipid drop-

lets, mitochondria were more numer-
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ous, rounded or spherical with dense-
ly packed tiubulo-vesicular cristae
(Fig. 4).

B) Stressed Rats :

After noise stress, zona glomerulc-
sa cells showed no morphological
changes, apart from some mitochon-
dria became rounded and contained
mixture of lamellar and vesicular cris-
tae (Fig. 5).

Some zona fasciculata cells
showed striking changes mainly at

the mitochondrial level. Some mito-
chondria showed cristolysis where
they contained loosely packed vesicu-
lar cristae (Fig.6). Lipid depletion was
detected (Figs. 7&8). The smooth en-
doplasmic reticulum tubules were di-
lated and some of them appeared as
to be surrounded the mitochondria.
Conventional mitochondria were ob-
served. Myelin figure also could be
seen (Fig. 8).

Protrusion from the mitochondrial
inner membrane at the side facing the
lipid droplet could be detected and
became more evident after stress ex-
posure. Some giant mitochondria
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could be detected and showed cristol-
ysis (Fig. 9).

The zona reticularis cells showed
~changes like to that present in the
zona fasciculata, where some mito-
chondria showed cristolysis with less
dense matrix. Others showed mito-
chondrial membrane rupture with
non-homogenous cytoplasm. While
conventional mitochondria might be
present. The changes in the zona reti-
cularis were not restricted upon the
mitochondria only but also the nucle-
us was affected. The nucleus in
some cells of the zona reticularis ap-
peared shrunken with condensed
chromatin (Fig. 10).

In other cells, the mitochondria be-
came gigantic with cristae organized
in parallel manner. Dilated SER also
were detected. Some mitochondria
became bizarre shaped and auto-
phagic vacuoles containing degener-
ated mitochondria were also seen
(Figs. 11&12)

C) Stressed Rats Pretreated
With Diazepam :

Compared with the control suprar-
enal cortex, examination of zona glo-
merulosa of the suprarenal cortex of
stressed rats pretreated with diaze-
pam by EM showed no morphological
changes. Nearly all the mitochondria
were oval or elongated with lamellar
cristae (Fig.13).

In the zona fasciculata cells of
stressed rats pretreated with diaze-
pam showed similar ultra-structure of
controi rats (Fig.14).

E\M examination of the zona reti-
cularis cells of stressed rats pretreat-
ed with diazepam revealed no mor-
phological changes as compared to
the control animals. The mitochondria
were rounded with tubulo-vesicular
cristae. The nucleus was rounded
and vesicular. The lipid droplets were

less than those of the zona fascicula-
ta cells (Fig.15).
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e
N
(=]

EFFECT OF DIAZEPAM ON THE SUPRARENAL CORTEX etc..

Fig (1) : An electron micrograph of a zona glomerulosa cell of the suprarenal cortex of
adult control rat. The vesicular nucleus (N) can be seen. Rounded, oval or elon-
gated mitochondria (arrows) are present. Notice the lamellar appearance of the

inner mitochondrial membrane. Lipid droplets (L) are also seen.
{TEM x 17,000)

Fig (2) : An electron micrograph of a section in the zona fasciculata of the suprarenal cor-

tex of adult control rat, showing zona fasciculata cells. The nucleus (N) is vesic-
uiar with prominent nucleoius (nj. Th2 mitochondria (M) are numerous, almost
spherical in shape and variable in size. Plenty of lipid droplets (L) are observed.

The iipid droplets are non-membrane bounded, variable in size and have elec-
iron lucent content. (TEM x 2,800)

Vol. 39, No. 1 &2 Jan., & April, 2003
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Fig (3) : An electron micrograph of a zona fasciculata cell in the suprarenal cortex of
adult control rat showing the vesicular nucleus (N) with its prominent nuclear
pores. The spherical mitochondria (M) are variable in size with densely packed
vesicular cristae. SER tubules (arrows) and a non-membrane bounded lipid
droplet (L) with electron-lucent content are seen. (TEM x 17,000).

Fig (4) : An electron micrograph of a zona reticularis cell in the suprarenal cortex of adult
control rat. Note the vesicular nucleus (N) with its nuclear envelope. Spherical
mitochondria (M) can be seen with densely packed vesicular or tubulo-vesicular
cristae. SER tubules (arrows) are seen. Notice the proximity between SER &
mitochondria. (TEM x 17,000)

MANSOURA MEDICAL JOURNAL
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Fig (5) : An electron micrograph of a zena glomerulesa cell in the suprarenal cortex of
stressed rat. The nucleus (N) is vesicular but with more condensed periphera!
chromatin than that of the control. Some mitochondria become spherical with

vesicular cristae (arrows). Others conventional eiongated mitochondria with la-
meilar cristae can he seen {crossed arrcws). (TEM x 13,000

Fig (6) : An electron micrograph of a section in the zona fasciculata of the suprarenal cor-

tex of a stressed rat showing an intact cell (NC) and affected cells (AC) contain-

ing some mitochondria (M) with iocseiy packed vesicular cristae. Notice intercel-
lular digitations {(arrows) among tne adrenai celis. (TEM x 6,000)
Vol. 38, No. 1 & 2 Jan., & April, 2005
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Fig (7) : An electron micrograph of a section in the zona fasciculata of the suprarenal cor-
tex of a stressed rat showing many lysosomes (arrow heads) and dilated sER
profiles (tailed arrows). Notice marked lipid depletion (compare versus fig 2).
(TEM x 2,800)

Fig (8) : An electron micrograph of a zona fasciculata cell in the suprarenal cortex of a
stressed rat showing marked lipid depletion. The mitochondria show loosely
packed vesicular cristae with less dense matrix (arrows). Some intact mitochon-
dria (M) can be seen. Notice the dilated smooth endoplasmic reticulum (crossed
arrows); some dilated sER profiles contain fluctuant material of low electron
density. A myelin figure (arrow head) is observed in the cytoplasm. (TEM x
8,000)

MANSOURA MEDICAL JOURNAL
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Fig (9) : An electron micrograph oi a zona fasciculata cell in the suprarenal cortex of a
stressed rat showing a nucleus (N) with irregular border and more condensec
chromatin. Large mitochondria with loosely packed vesicular cristae are ob-
served {arrows). Some intact mitcchondria (arrow heads) are seen. Few lipid
dropiets (L) are seer. Notice, the presence cf shelf- like protrusion of the inner
mitochondrial membrane on the side facing the lipid droplet {cressed arrows).
{TEM x 8,000).

Fig (10) : An electron micrograph of a zona reticuiaris cell in the suprarenal cortex of a
stressed rat showing a shrunken hyperchromatic nucieus (N) with irregular bor-
der. The cytoplasm appears non-homogencus. Degenerated ill-clefined mito-
chondria (arrows} are seen. Some intact mitochondria (crossed arrows) are
found. Lipid droplets (L) are very few. {TtM x 17,000)

Val. 39, No. 1 &2 Jan., & April, 2008
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Fig (11) : An electron microuraph of a zona reticularis cell in the suprarenal cortex of 2
stressed rat showing some intact mitochondria (crossed arrows). A iarge mitc-
chondrion with paraliel-arranged tubular cristae (arrow) and a large degenerat-
ing one (star) are seen. Lipid droplets (L) are very few. Note, the dilated smoath
endoplasmic reticulum (arrow heads).

(TEM x 17,000)

Fig (12) : An electron micrograph of a zona reticularis cell in the suprarenal cortex of a
stressed rat showing Bizarre-shaped mitochondria (arrow heads), auciophagic
vacuoles containing degenerated mitochondria (crossed arrow) ali are seen.
[TEM % 17,0CC)
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Fig (13) : An electron micrograph: of a zona glomerulosa cell in the suprarenal cortex of a
stressed rat pretreated with diazepam showing lipid droplets (L) and normal in-
tact elongated mitochondria with lamellar cristae (M), vesicular nucleus (N) also
can be detected. (Compare versus fig. 1). (TEM x 17,000)

Fig (14) : An electron micrograph of a zona fasciculata cell in the suprarenal cortex of a
stressed rat pretreated with diazepam showing lipid droplets (L) and intact mito-
chondria (M) with densely packed vesicular cristae. (Compare versus fig. 3).
(TEM x 17,000)

Vol. 39, No. 1 &2 Jan., & April, 2008



Fig (15) : An eiectron micrograph of & =

prom trent

cristae. {Compare versus fig. 4}._ {
DISCUSSION

Noise represenis a physical agent
increasingly present in the

nuciesius (). i

Environ-

meni; exposure 10 icise ocodrs daily

i many environmenial conditions

which affecting human-oeing. Loud

noise is a very sirgssiul condition

ieading o uitia-siructural changes in

several organs iike neurg-andocine

glands. Thereiore studying the aitera-
tions mduced Dy noise could be po-
tentially relevant for

medicine (Peilegrini et ai.,, 1957).

Eleciron microsc
of the adrenal cor

stressed rat pretreated with digze

na reticuiaris cell in the suprarenal cortex of 2
p,:u. showing a

vesicutar nucleus (N) with
a (M} are spherical with tubule-vasicuiar
17.000)

revealed a structure similar io thai re-
poriect by many investigators (Faw-
cett & Jensh, 2002; Young & Heain

2004, Jungueira & Carneiro, 2005

and Hoss & Fawlina. 2006).

liv the present study, the serum
ievel of corticosternid in coentroi rats
160+7.6 After
siress, its level was significantly in-

was ng\mt. noise
creased, while in stressed rats pre-
ireated with diazepam it was neariy
atout the normal level. This increase
n the serum coriicestercid was ex-
piained by Deliman et al. (1992) wio

i that! there is

stated & major neuro-
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endocrine mechanism in the stress,
which is the activation of the hypotha-
lamic-pituitary-adrenal (HPA) axis re-
sulting in production of corticotropin
releasing hormone (CRH) from the
paraventricular nuclei of the hypothal-
amus. CRH will cause rapid increase
in the circulating adreno-
corticotrophic hormone (ACTH) from
the anterior pituitary which_in turn
stimulates the adrenal cortex\leading
to subsequent release of corticoster-
oid (cortisol in animals). Thus, plasma
levels of both ACTH and glucocorti-
coids are a good indicator of stress
response, particuiarly in its acute

phase (Pignatelli et al., 1998).

As regard the increase in the ser-
um cortisol level after exposure io
noise stress. A similar result was ob-
served by many investigators (Gavri-
lovic & Dronjak, 2005; Burrow and
Campeau, 2005; Alfarez et al .,2006
and Ariizumi & Zheng, 2007). Howev-
er, the increase in the corticosterone
serum level is most likely to be asso-
ciated with hyper-function of the ad-
renal cortex, this is confirmed by the
ultrastructural modifications that ob-
served in the studied glands. In addi-
tion, Nussdorfer (1986) reported that

Vol. 39, No. 1 &2 Jan., & April, 2008

the most involved sub-cellular orga-
nelles of zona fasciculata and zona
reticularis are smooth endoplasmic
reticulum and mitochondria, that play
a pivotal role in hormone synthesis
and release.

Boyed et al. (1983) stated that the
number of lipid droplets in the steroid-
ogenic cells is the expression of their
utilization in steroid synthesis as well
as the uptake of exogenous choleste-
rol from the blood stream, as in nor-
mal rats the endogenous synthesis of
cholesterol from acetate is very low.
Only exogenous cholesterol is stored
in the lipid droplets. Stress and ACTH
stimulate utilization of lipid droplets
and increase the number of the re-
ceptor sites for LDL and also the acti-
vation of endogenous cholesterol syn-
thesis.

Electron microscopic examination
of the stressed adrenal cortex in the
present work revealed marked chang-
es in some cells of the cortical zones
especially in the zona fasciculata and
zona reticularis. The zona glomerulo-
sa cells showed no morphological
changes apart from the appearance
of some rounded mitochondria con-
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taining mixture of lameliar anc vesicu-
lar cristae instead of elengated mito-
chondria with lamellar cristae. The
zona fasciculata cells showed marked
changes mainly at the mitochondrial

level. Some mitochondria showed
cristolysis and . contained loosely
packed vesicuiar cristae. Dilated

smooth endoplasmic reticulum tu-
bules and lipid depletion were also
detected. Protrusion of inner mito-
chondrial membrane at the side fac-
ing the lipid droplet was markedily cb-
served. . Zona reticularis snowed
changes similar to those observed in
the zona fasciculata. Moreover, mito-
chondrial membrane
non-homogenous

ruptured with
cytoplasm, mito-
chondria with whoried or paraile! {u-
bulo-vesicular cristae were observed
with giant polymorphic profiles. The
nucieus of socme zona reticularis cells
appeared shrunken with condensed
chromatin.

The result of the present work as
regard the change of the zona glo-
merulosa is in agreement with Maz-
zocchi et al. (1986) who mentioned
that after long-term administration of
ACTH tc rats, there is a significant in-
crease in the velume of the mitochon-

dria and smooth endoplasmic reticu-
lum tubuies of the zona glomerulosa
cells with transformation of the lamel-.
lar cristae of the mitochondria into ve-
sicular ones like those of zona fasci-
culata cells. They concluded thai
vesiculation of the lamellar cristae is
under the effect of ACTH that not only
stimuiates the growth of the zona gic-
merulosa but also transforms iis pa-
renchymal cells into cells typical fo
those of zona fasciculata. Moreover,
Soldani et al. (1999) and Gesi et al.
(2001) hypothesized that this vesicu-
lation of the lamellar cristae may in-
duce a change in the secretory pat-
tern of the zona glomerulosa that may
partly account for the increase in the
corticosteroid levels.

Pellegrini et al. (1997, 1998); Sol-
dani et al. (1999) and Gesi =i al.
(2001) described some mitochondria
with diluted matrix and cristolysis in
zona fasciculata and zona reticularis
after noise stress, other mitochondria
with discontinuity of the membranes
with consequent communication be-
tween the mitochondrial matrix and
the cytoplasm were observed. The
cells exhibited alsc a very dense nya-
loplasm in which smooth endoplasmic

MANSOURA MEDICAL JOURNMNAL
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reticulum is dilated in parallel arrays
surrounding the outer mitochondrial
membranes. The nucleus of some
cells were polymorphic with con-
densed chromatin. Mitochondria with
whorled or parallel tubulo-vesicular
cristae were also observed together
with giant polymorphic mitochondria.

The present study revealed the
presence of inner mitochondrial mem-
brane protrusions. Similar finding was
seen by Merry (1975) who observed
membranous spiral bodies extending
from the mitochondrial outer mem-
branes, on the side nearest to the lip-
id droplets, and penetrated them. The
investigator suggested that these pro-
trusions might ‘have some signifi-
cance in the transport of cholesteroi
from the lipid droplet to the inner mito-
chondrial membrane ‘'desmolase
complex’, thus facilitating side-chain
cleavage of cholesterol to pregneno-
lone.

Benzodiazepines including diaze-
pam bind with high affinity to specific
receptors within the CNS. These ben-
zodiazepines receptors are closely
associated with the receptors of gam-
ma amino butyric acid (GABA) which

Vol. 39, No. 1 &2 Jan., & April, 2008

is the major inhibitory neuro-
transmitter in the mammalian brain.
Benzodiazepines binding increases
the affinity of the GABA receptor for
GABA hence benzodiazepines poten-
tiate GABA-ergic neurotransmission
in &ll areas of the CNS (Mikkelsen et

al., 2005).

Regarding the decrease in the cor-
tisol level in diazepam pretreated rats
as compared with that of stressed an-
imal, similar results recorded by many
investigators, who had studied the re-
lation between plasma corticosteroid
level and diazepam administration in
stress conditions. Diazepam not only
prevents the increase in corticoster-
oid level but also decreases the corti-
costeroid production rate (Erdosova
et al., 1977 and Le Fur et al., 1979).

In this study, ultrastructural exami-
nation of the adrenal cortex of
stressed rat pretreated with diazepam
revealed that diazepam reduced the
ultrastructural changes induced by
stress. Similar data were observed by
many investigators (Pellegrini et al,,
1998 and Beszczynska & Siejka,
2003).
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The resuits of the present study
proved that diazepam reduces the ul-
tra-structural changes induced by
noise stress in rat's adrenal corex,
most probably this occurs at a central
level. Therefore, administration of di-
azepam in stress condition is recom-
mended to protect the adrenal gland
from these changes induced by ele-
vated plasma ACTH.
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