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ABSTRACT
BACKGROUND : Hypoglycemia is a life threatening stressor that is usually encountered in the neona
period due to congenital hyperinsulinism, inborn error of carbohydrate metabolism or intensive insu
therapy for juvenile onset diabetes melliti&ecurrenthypoglycemia usually affects the function of the
adrenal gland. This evoked a question in this study; does this disaster stressor also affect the post
development of this gland?.
OBJECTIVES: This study was designated to elucidate the effect of experimemdiiced recurrent
episodes ohypoglycemia on the postnatal development of the adrenal gland in the albino rat
MATERIAL AND METHODS: Offspring rats of two weeks age were randomly divided into three equa
groups, of 24 each. Group 1 (Negative controlugn: the offspring were not given any medicationou@ 2
(Positive control groupyvere injected with 0.3ml normal saline subcutaneously (SC) three times weekl
Group 3 Hypoglyemic group) were exposed togdoglycemic episodgvia SC injection with 3 1U/kg of
human regular insulin three times weekly. Each of the abmioned groups was further subdivided
(according to the week oésrification) into four equal subgroupd weeks (Neonatal), 7 weeks (Pubertal), 11
weeks Young adult) and 16 weeks (Adult) subgraupdrenal gland specimens were processedigbt and
electron microscopic studies and morphometric measursnmehiding the thickness and cell count of each
zone of the glanavereperformed Also, body weight angerum cortisol level were measured.
RESULTS: In both control group, the adrenal gland of 3 weeks old rats revealedeitharcatiorbetween
the cortex and medullaVith a stepwise age progressthe 7' week there was ampparent differentiationf
the cortex into three zonegonaglomerulosa (ZG), zona fasiculata (ZF) and zona reticularis. @Rpe 11"
week, a differentiation ofZG into outer small and inner large ceNgs noticedUltrastructurally,at 3,7 and
11 weeks, the cortical cells exhibit the normal steroid synthesis criteafieuchromatic nucleimany
mitochondria, smooth endoplasmic reticul(sBR)andmanylipid droplets. Also, the chromaffin cells of the
medulla displayed thie characteristic secretory granulegth nerve fibersinbetween Interestingly,at the
16" week; nearly similar histologicalfeatureslike those ofthe previous age subgrowpere encountered
together with further differentiation of ZF into outer large and insemall cells. On the other hand,
hypoglycemided to detrimental effects on tirmalhistological architecture of the adrenal gland, where at
the 3 week focal hyperplastic areais the cortex and mild congestion in the medulere noticedwhile at
the 7" week, the cortical zones exhibiteghore hyperplasia withfoci of lipid depletion Moreover at 11™
week partial degenerative changegere displa%/edespeciallyin the ZG in the form ofirregular small
pyknotic nucleiand distortednitochondria At 16" week,the sings of degeneration became promiriarll
zonestogetherwith markedcongestion, cellular infiltration and decrease in the secretory granules of the
medulla. Compared tothe both control groups the hypoglycemic rats exhibited mild changein the
thicknessand the cell count ofthe cortical zones and the medulklso, hypoglycemialed to a relative
decrease in the body weight athe serum cortisol leveitthe 16" week subgroup.
CONCLUSION: It could be concluded that hypoglycemia had-dgeendent detrimental drawbacks on the
postnatadlevelopment of the adrenal gland in a zspecific manner.
KEY WORDS: Experimentally hduced Hypoglycemia, Postnatal Development, Adrenal Gland, Albino
Rats
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INTRODUCTION

In humars, the adrenal gland develops
from two distnct embryological tissues a
mesodermal tissyetheintermediate mesoderm
which differentiates into the adrenal cortamd a
neuroectoder@al tissue the neural crestwhich
differentiates into the adrenal medu(ldammer
et al. 2005). Actually, the development othe
adrenal cortexbegins at about the4™ week of
gestation in the notch between the dorsal
mesentery of the gut medially and the urogenital
ridge laterally in the form of a wave of
proliferating mesothelial cells of coelomic
epithelium thatnvade the overlying mesenchyme
of the intermediate mesoderm to forrhe
adrenocortical primordiunfthe primitive adrenal
cortey). By the 5" week these primitive cells
begin to migratelaterally and craniallyto be
accumulateceventuallyat the craniapole of the
mesonephric blastemaforming "the adrenal
blastema'(lshimoto and Jaffe, 2011)

On the other handhe development ahe
adrenal medulldeginsat about thes™ week of
gestationin the form of medullary primordium
which commence as an assembling of
sympathogonidrom the sympathetic ganglighat
arederived from the neural cresthesecells are
differentiated into pheochromobladtsat migrate
and invade theadrenal blastem&om its medial
aspect to besettled in its corglshimoto and
Jaffe, 201).

The development of the adrenal gland is
reported to beontinuedpostnatallyandthe age of
complete maturation with maximal functional
cgoacity is not yet settled however eme
researcherbBavedeclared that full developmeat
the adrenal isestablishednearly at adulthood
(Wahdan, 2005) Interestingly the postnatal
development of the adrenal glarsdreported to be
affected by many endogenous factotike
corticotrophin releasing hormone (CRH) of the
hypothalamus, adrenocorticotrophic hormone
(ACTH) of the anterior pituitary gland,
neurotransmitters, cytokines, and some growth
factors. In additionthe development is affected
by someexogenous factongcludingdrugs, toxins
andvariousstressorgHammer et al., 2005; and
Karpe et al., 2005).

Neonatal gpoglycemiais one of the most
life threateningstressos that usually affects the
function ofthe adrenal gland ohumannewborrs
and infants (Cryer et al., 2003) The common

causes of hypoglycemia during these life periods
are congenital hyperinsulinism, inborn error of
carbohydrate metabolisifMcGowan, 2006)and
intensiveinsulintherapyfor juvenile onset (type I)
diabetes mellitugJones and Davis, 2003Jhe
neonatal hypoglyemia may be asymptomatic or
symptomatic withepisodes ofsweating, pallor,
hypothermia, tremors, lethargy, stupor and/or
convulsions. If this hypoglycemia is not
recogrized and promptly treated it mostly leads

to deleteriousneurologic sequelaéJain et al.,
2010)

Actually, sparsestudieshave been found
in the literature regarding the effect of the
neonatal hypoglycemia on the developmeft
various body organgarticularly the brainEnnisa
et al., 2008 and Rao et al., 2010pespitethis
stressor haslso detrimental effects beyond the
brain, yet ittle attentionhasbeen paido its effect
on the development dhe adrenal glandnhich is
an "essential to life gland This was a motive to
accomplishthis study in which the impact of
experinentallyinduced hypoglycemia on the
postnatal developmentof this gland was
histomorphometricallyassessedn the albino rat

MATERIAL AND METHODS
Animals:

In this study, 12pregnantalbino Wister
ratswere used. Theeratswere obtained from the
animal house unit in the Faculty d¥ledicine,
Zagazig University. Therats were housed in
plastic cages at a controlled temperature
(25+2°C), with a 12hour dark/light cycle and
were supplemented with a standard laboratory
pellet diet and water ad libitunthe experimental
proceduresnvere performed in accordem to the
internationally accepted guidelines for ethical care
and use of laboratory animasdwere approved
from the committee of Institutional Research
Board (IRB) of Faculty D Medicine, Zagazig
University, Egypt

Experimental design

After delivery, all offspringwere left with
their dams till the age of weaning (21 day
postnatdy), after whichthe offspring werehoused
in separate cages and were allowld standard
pellet diet and water ad libitum.

Experimental groups:
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Offspring rats of two weeks age
(equivalentto thatof full term humannewborrs,
Avishai-Eliner et al. 2002) were randomly
divided into three equal groups 24 each.

Group 1 (Negative control group):

The offspring of this group were not given any
medication.

Group 2 (Positive control group):

The offspring were injected with 0.3ml noain
salinesubcutaneougl(SC) three times weekly
Group 3 Hypoglyemicgroup):

The offsping were subjectedto hypoglycemic
episods via SC injection with 3 IU/kg of human
regular insuliniNovo Nordisk Inc.A/S DenmarR
(Fujino and Fujii, 2000) dissolved in 0.3ml
normalsalinethree times weekly

Each of the abovenertioned groups ofthe
offspring was further subdivided (accorditwthe
weekof sacrifiction) into four equal subgroupsf
6 rats eaclasfollows:

-3 weeks(Neonatal) subgroup In this subgroup,
the rats were sacrificed at the age of 3 weeks.
-7 weeks(Pubertal) subgroup: These rats were
sacrificed at the age of 7 weeks.

-11 weeks(Young adult) subgroup These rats
were sacrificed at the age of 11 weeks.

-16 weeks(Adult) subgroup These rats were
sacrificed at the age of 16 weeks.

Experimental procedures
Induction of experimentahypoglycemia
Insulinrinducedhypoglycemic episodeas
encountered in the offsprifgy injectingeach rat
SC with 3 1U/kg of regular insulin dissolved in
0.3ml normal saling(Fujino and Fuijii, 2000).
Two hours after insulin injectiortail vein blood
sample were obtainedand theglucose level was
measured using a blood glucomet@né touch
pulse, Accu-chek Performa, &che Diagnostics,
Germany) that was standardized periodically
every week The rats with blood glucose level of
40-55 mg/dl were considerdaypogly@mic. This
level is conventionally used tomatch the
hypoglycemia in human newba@Cornblath et
al. 2000 andBurns et al. 2008).

Dissection and isolation of thedrenal glands:
At the end of the experiment, the rats were
weighted and anesthetized by 40mg/kg BW

3

intraperitoneal sodium pentobarbital thesood
samples were withdrawn frorthe retro-orbital
venous plexusand the serum was separated and
stored at-20°C for further measurement dhe
serum cortisol Afterwards,a midline laparotomy
was donethen the adrenalglands were dissected
free fromthe adherent fats andonnective tissue
(CT) and rapidly excised out of the bodyp be
processed for light and electron microscopic
studies.

Light microscopic (LM) study

Oneof the excise@drenalgland wasfixed
in 10% neutrabuffered formalirfor 24 hours then
it was dehydrated in ascending grades of ethanol
and cleared in xylene then embedded in paraffin
bl ocks from which 5 &em
and stained with Hematoxylin and Eosin (H&E)
stain to studythe generalhistological architecture
of the adrenaltissue (Bancroft and Lyton 2013)
and witha silver stainto reveal theeticular fibers
among the cells of the cortex and thosef the
medulla of theadrenalglandthat appear adark
brown in colour (Bradbury and Gordon 1990.
Finally, the stainedLM sectionswere examined
using a Leica light microscope(Leica DM LS2,
Wetzlar, Germany) and were photographed with a
digital camera l(eica Qwin standard, CF9435
DFC 290,Wetzlar, Germany) in the department of
Histology, Faculty of Medicine, Zagazig
University.

Transmission é&ectron microscopic TEM) study:.
Adrenal specimensf about one mrhwere
cut from one of the obtainedadrenal gland and
fixed in 2.5% glutaraldehyde buffered with 0.1M
phosphate buffer saline (PBS;1[7.4) for 24 hours
at 4°C. Thereaftethe specimens @re postfixed in
1% osmium tetrxide in PBS at 4°C for one hour
followed by their dehydration in ascending grades
of ethanolthen embedded in epoxy resiforming
gelatin capsulesSemithin sections (frm) were
stained with toluidine blue anekamined using the
Leica light microscopéo detecta field of interest
for the nextultrathin sectionsUItrathin sections of
50nm were cut, mounted on copper grids and
stained with uranyl acetate and lead citrate.
(Bozzola and Russel, 1999)Finally, the grids
were examinedand photographed using HEOL
JEM-100 SX transmission electron microscope
(JEOL Ltd, Tokyo, Japan)in the EM unit of
Faculty ofMedicing TantaUniversity, Egypt.
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Histomorphometric study

H&E stained sections at magnification of
x100 were morphometrically analyzed usinge
image analyzer computer syst¢heica Qwin 500
Leica Ltd, Cambridge, UKjn the Image Analysis
Unit of the Pathology Department, Faculty of
dentistry Cairo University, Egypt The mean
thickness in microns and the meaell countof
each ofthe three cortical zonggona glomerulosa
(ZG), zona fasiculata 4F) and zona reticularis
(ZR) andthoseof the medulla were measurdrbm
the 7" to the 16' week of age

Measurement othe bodyweight (in grams):
This was performed foall age subgroupsf rats
at the day of sacrifiction.

Biochemicalstudy

Measurement oferum cortisol level (in ny/dl)
using ELISA kits (Jameel et al., 2014pf all age
subgroup®f ratsat the day ogacrifiction

Statistical analysis

The obtained quantitative results
(morphanetricc body weight and seruncortisol)
were statistically analyzed using the program of
Statistical
version 19, Inc, Chicago, IL, USA)One way
analysis of variance (ANOVA)as used to detect
the statisticalsignificance among the different age
subgroupsand was followed by the post hotest;
least significant difference (LSD)for inter
sulgroup comparisonAlso, unpaired Sudent ttest
was used to determine the significant differences
between each two groups. val ue of P
considered statistically significan{Petrie and
Sabin, 2005).

RESULTS

In this study,no markeddifference inthe
histological results were displayed between the
negativeandthe positive control rats exceptild
histological changesthat encounteredin the
positive controlgroupat the 16" weekcompared
to theagematched negative contrgtoup.

LM results
H&E stained seatinsin the adrenal gland
of the negative contraroupat 3 weekspostnatally

Package for Social Science (SPSS,

cortex and the medulla and among the three cortical
zones(Fig. 1A). The cells of theouter part of the
cortex beneath the capsuléhat represented the
prospective ZG(PZG) were irregularly arranged
with rounded basophilic nuclei arfdintly stained
acidophilic vacuolated cytoplasntogether with
mitotic figures (Fig. 1B).The middle part of the
cortex that represented the prospective @HZF)
showed cellghatwerearrangedn columns of two
to three cell wideand had rounded basophilic
nuclei with pale acidophilic vacuolated cytoplasm
and were separated by connectivestis (CT)
strands containindibroblasts andlood sinusoids
(BS) (Fig. 1B). The slver-stained section®f 3
weeks old negative subgroupevealed scanty
reticular fibers among the cells of the cortaxd
the medullgFig.1C).

On the contrarilyH&E stained sections
the adrenal glandf the hypoglye@micgroupat 3
weeksold showedmild morphorological changes
compared the agematched negative control
subgroup There wascongestion ofBS in the
prospective zona reticularis (PZR) anthe
medulla (Fig. 1D). In addition, therewere focal
hyperplastic area$having increasechumber of
closely packed small cells with deep basophilic
nuclei in PZG. Also, some cells of PZF exhibit
little lipid depletion with less vacuolated deeply
acidophilic cytoplasmKig. 1E). Thesilver stained
sectons of this age subgroup showetittle
reticular fibers in the cortex and medulla
compared withthe agematchednegativecontrol
subgroup(Fig. 1F).

Examination ofH & E stained sections
the adrenal glandf the negative contrajroupat 7
weeksold révealeds eelatively thicker capsule with
apparent demarcation between the cortex and
medullg and differentiation between ZGZF and
ZR compared to the 3 weeks old subgrodifso, a
narrow band of zona intermed{@l) was noticed
between ZGand ZF (Fig.2A). The ZG showed
regularly arranged ovoid clusters qlyhedral
cells with vacuolated acidophilicytoplasm with
basophilic nucleiThe cells of Zlwere small with
acidophilic cytopasm and centrddasophilicnuclei
Some ZG and ZI cells showed mitotic figures
(Fig.2B). The cells of ZRwerelarge in size, having
rounded vesicular nucleiyacuolated acidophilic
cytoplasm andarranged in narrower cell columns
(one or two cells widegeparated bZT strands and

showed that the whole gland was surrounded by a BS (Fig:2B). In the silver dained sectionf 7

thin capsulewith anill -differentiation between the
4

weeks old negative control ratfhe amount of
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reticular fibersin the cortex and meduliacreased
slightly in comparison with the previoud weeks
old negative contrasubgroup

On the other hand, H& stained sections
in the adrenal gland of theypoglyemic groupat
7 weeksold showeddiffuse dense basophilic areas
in ZF, ZR and the medulla together with
congested medullar B§-ig. 2C). Some cells of
ZG having more vacuolated cytoplasnmand
pyknotic nuclei. Moreover, sme areas of ZF
displayed foci of hyperplasia with increased
nuclear density and others exhddt lipid
depletionwith less vacuolated deeply acidophilic
cytoplasm(Fig. 2D). Thesilver stained secti@of
the adrenal gland of 7 weskold hypoglyemic
rats revealeddefined reticular fibersamong the
cells of the cortex andhose of themedulla
compared with the agmatched contradulbgroup

Interestingly,H & E stained sectionis the
adrenal glandf the negative controbroupat 11
weeks postnathl revealedthat the @lls of ZG
weredifferentiated intautersmall cells with little
lipid-loaded cytoplasm (little \eolation) and
innerlarge cells with mordipid-loaded cytoplasm
(more vacuolation)(Fig. 3A). The cells of ZF
werepolyhydral withpaleacidophiliclipid-loaded
(vacuolated) cytoplasm and rounded vesicular
nuclei The cellswere arranged in narrowefone
cell wide) fasciclesseparated b T strands(Fig.
3A). The cells of ZR possessed deep basophilic
nuclei and acidophilic cytoplasm and were
arranged in network adnastomosinghort cords.
The medullary cells were large with vesicular
nuclei and basophilic cytoplasm and were
arrangedn clusters. The cords of ZR and clusters
of the medulla were separated by much CT
strands and many wide B5ig. 3B). In thesilver
stained sectionsf the 11" weeknegative control
subgroup, the reticular fibers were regularly
arranged andhcreased in amouriFig. 3C).

Comparatively, light microscopic
examination of the adrenal gland in 11 weeld
hypogly@mic rats displayedareas of disarranged
cells ofthe ZG and ZF with marked vacuolation
and pyknotic nuclei and hyperplastic foci with
increased density of CT strands (Big). Also,
ZR and medullahad disarrangedcells and focal
areas of hyperplasiaand many dilated BS
(Fig.3E). The silver stained secti@of adrenal
gland ofhypoglycemic 11 week old ratsevealed
much more reticular fibersvith increased density
that were irregularly distributeccompared with

the agematched negative control
(Fig.3F).

Obviously,H & E stained sections of the
negative control grqu at 16 weeks postnatal
period revealed somewhat similar histological
pictures with the previous Meeks age subgroup
exceptsome more deslopmental features, where
the capsule becamehicker, the demarcation
between the cortex and medulleecome more
sharp with obvious differentiation among the
cortical zoneswith distinct ZL In addition, the
cells d ZG displayed glomeruliike appearance
Also, the cells ofZF have gotdifferentiated into
outer ZFwith vacuolated cytoplasm andner ZF
with little vacuolated cytoplasngFig. 4A). The
cells of ZR showedmore acidophilic cytoplasm
with more deephstained basophilic nucleiThe
medullary cells werenorearrangedvith moreCT
strandsinbetweenits clusters (Fig. 4B). The
silver stained sections of 16 weeks old negative
control ratsrevealedno apparent icreaseof the
reticular fibers in the cortex and medulla
comparedvith the previous 11 weeks old negative
control subgroup.

On the contrarily, light microscopic
examination of the adrenal glaati16 weeks old
hypoglyemic rats revealed lipid depletion
hyperplasiaand focal areas of degenerationthe
cortical tissue(Fig. 4C). The cells ofZR and
medulla were disarranged  displayed
pathologicdly vacuohted cytoplasm pyknotic
nuclei diffuse hemorrhage and diffuse
hyperplasiaFig. 4D). The silver stined sections
of 16 weeks old hypoglycemic rat showetich
increase in thedensity of thereticular fibers
among the cortical zones and in the medulla
compared with the agmatched negative
subgroup.

sulgroup

TEM results

TEM examination of the ultrathin adrenal
sections of the negative control group at 3 weeks
old revealedthe cells of ZGhaving pyramidal
shape with euchromatic nucleind prominent
nucleoli The cytoplasm contains many
mitochondria smoothER (SER),roughER (rER)
and many electronlucent lipid droplets (FighA).
At this age subgroup, the cells of tA& andZR
hadalsoeuchromatic nucleimanymitochondria,
SER andipid droplets The medullacontainedhe
chromaffin cells witheuchromatic nuclei, rER
and secretory granules of variable electron
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density. Uimydinated and myelinated nerve
fibers were observed between timedullarycells

(Fig. 5B). Comparatively TEM examination of
the adrenakortex of 3 weeks oldnhypoglyemic

rats displayed focal areas of hypplasia
(increased numbeand decreased sizef celly),

small elongated hyperchromatic nuclei and
accumulated lipid droplets that had variable
electron density and siz€Fig 5C and 5D.

Ultrathin sectionsin the adrenal gland of
the negative controtats at 7 weeksold showed
somewhat similar ultrastructural features ltkese
of 3 weeks subgroup witmore appeent steroid
synthesis criteria, viz.many mitochondria, SER
muchlipid droplets,and peroxisonms(Fig. 6A and
6B). On the other handyltrathin sectionsof the
adrenal gland of 7 weeks olaypoglyemic rats
showed thesells of ZG with dark irregular pyknotic
nuclei, swollen mibchondria with ruptured cristae
and condensecelectrondense lipiddroplets (Fig.
6C). Furthermore, theatls of ZFwerehyperplastic
with hyperchromatic nucleiwith little electron
dense lipid droplets (lipid depletion)Fig. 6D).
Congested BS werebservedin-between the cells
of ZF, ZR andthose of medulla

Ultrastrucurally, thesectionsn the adrenal
gland of the negative controhtsat 11 weeks old
showed ZF exhibiting light and dark cellswith
euchromatic nucleimany mitochonderia angpid
droplets (Fig.7A). Moreover, the ells of ZR had
small rounded nucleifew lipid droplets, many
mitochomdria and lysosomes. Wle BS were
observednbetweenthe ZR cells (Fig.7B). On the
contrarily, TEM examination of the adrenal gland
of 11 weeks oldhypoglyemic rats revealedhe
cells of ZF having euchromatic nuclei large
number of swollen mitochondria with ruptured
cristae numerous dilated sERypertrophied Golgi
apparatusand scanty lipid droplets (Fig. 7C).
Moreover, the cells of ZR and medulla displayed
pyknotic and irregular nucleiand distorted
mitochondria The medulladisplayeda decrease in
the secretory granules of itight and dark
chromaffin cellswith infiltration by lymphocytes.
Also, congested BS were observedbetween ZR
cells and in medullgFig. 7D).

Ultrathin sectionsin the adrenal gland of
the negative control group at 16 weeitd showed
somewhat similar ultrastructural features like those
of the 11 weeksnegativesubgroup, excephatthe
ZF was characteristicallydifferentiated into outer
large fasciculata cells wi more lipid droplets and

6

inner small fasciculateellswith little lipid droplets
(Fig. 8A and &8). Comparatively the ultrathin
sections ofthe adrenal glandf 16 weeks old
hypoglyemic rats displayed sings of cellular
degeneratiorthat were more prominent the ZG.
Moreover, the ZF cells showed hypertrophied
nuclei, swollenmitochondria with ruptured cristae
and dilated seERFig. 80Q. The medullarevealed
irregular nuclei, distorted mitochondria, multiple
vacuoles andmuch decrease in the secretory
granulesof its chromaffin cell§Fig. 8D).

Histomorphomertic results

In the negative controroup there was a
significant progressive increase in the thickness of
ZG, ZF, ZR and adrenal medulla till the age of
1lweeks, after which there was no significant
difference in themeasuremenf this thickness till
the 16" week On the other hand, in the
hypoglyemic group there was a significant
progressive increase in the thicknessboth ZG
and ZR till the age of 1veeks;however, there was
a significant progressive increase in the thickness
of ZF till the age of 16 weeks'he medulla showed
a progressive increaseiis thickness till the age of
11 weeks after which it decreased till the age of 16
weeks(Table J.

Regarding the cell count of three cortical
zones, inthe negative contrajroup there waso
significant increase in the cell count of ZBd ZF
till the age of 16 weeks, while there was a
significant progressive increase in the cell count of
ZR and the medulla till the age of 16 weeks.
However, n thehypoglyemic groupg there waso
significant increase in the cell count of ZG till the
age of 16 weeks together with a significant
progressive increasef ZF till 11" week and ZR
and medulla till 18 week(Table2).

Results ofthe body weight

In the present study no significant
difference in the body weightvas encountered
between thenegative anchypoglyemic groups at
the age of 3 and Weeks however,there was a
significant decrease in the body weight in the
hypoglyemic rats at theage of 11 and 16 weeks
compared to the agmatched negative control
group(Table 3).

Results ofthe serum artisol
In the present study,no significant
difference inthe serum cortisol was displayed
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between thenegative control and hypoglycemic hypoglycemic  group, the serum cortisol
groups at the age of 3 and 7wedHKswever,there progressivelyincreasd till the age of 11 weeks
was a significantincreasen its levelat theage of after which it decreased till the age of W&eks
11 weeks ana significant decrease a6 weeks in (Table 3).

the hypoglycemic rats compared to the age

matched negative control groupAlso, in the

Negative control group

Hypoglycemic group

Fig. (1): Photomicrographs of the adrenal gland of 3 week old negative control (A,B&C) andatgpoglycem
A: A thin capsule (cagifféltentiation among the cortical lzeimesearttie cortex (C) and medulla (M) with a central medy
(H&E X100).

B:Irregularly arranged cells of prospective zona glomerulosa (PZG) just beneath the capsule (cepil) Bees setotidF
cells of prospectima fasiculata (PZF) are arranged in wide columns that are separated by connective tissue stran
blood sinusoids (BS) (H&E X400).

C: IHdefined scanty brown reticular fibers (arrows) in the cortex (C) béRiwehsteap3idedap)

D:Mild congested BS (arrow he&@@Rmthan theedulla (M) (H&E X100).

E:Focal hyperplastic area (H) in PZG having increased number of closely packed small cells withisieé P B&soxttitic
lipid depletion having less vacuolated deeply acidophilic cytoplasm (arrows) (H&E X400).

F:Feweticular fisdarrows) in the cortex (C) below the capsule (cafpjSilver stain X

Negative control group

Hypoglycemic group




British Journal of Sciaece
November 2017, Vol. 16(1)

Fig. (2): Photomicrographs of the adrenal gland of 7week old negative control (A&B) angtsypoglycemic (
A: Apparent demarcation between the cortex and medulla (M) with differentiation between ZG, ZF ateinZédid\ (Z4y
was noticed between ZG and ZF (H&E X100).

B:Relatively thick capsule (Cap), the cells of ZG are esreggaiaccmsi€T strands (arrow). Cells of ZI appear small &
acidophilic cytoplasm and central rounded nuclei. Some ZG and ZI cells showed mitotic figurese(arrangeead)nd@irew
cell columns separatedtbgn@3 (arrows) and BS (H&E X400).

C:There are diffuse dense basophilic areas Z&aodsh imZ&(Ng Moderate congested medullary BS (arrow head) (H&E
D: Some cells of ZG with more vacuolated cytoplasm and pykresit).n8oleie(ameas lof ZF display foci of hyperplas
increased nuclear density and others exhibit lipid depletion with less vacuolated deeply acidpfHE&iE ¢460asm (curve
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Hypoglycemic group

Fig. (3): Photomicrographs of the adrenal gland of 11week old negative control (A,B&C) andatypoglyce
A: A thicker capsule (cap). The cells of ZG are differentiated into smaller cells (SG) with little Mapweitdtioeo an
vacuolation. The cells of ZF are polyhedral with pale acidophilic, vacuolated cytoplasm and risundesl areaityear inug
cell wide fascicles separated by CT strands (arrows) (H&E X400).
B:The cells of ZR appear smapvastsdghilic nuclei and pale acidophilic cytoplasm. The cells are arranged in netwg
cords. The medullary cells are large with vesicular nuclei and basophilic cytoplasm. The ceéscardsdft Al st aly
of meduliil)are separated by much CT stranaisdananvy wide BS (H&E X400).

C:Increased reticular fibers (arrows) in the capsule (cap) and between the cell clusters of Z@& xd@®e cords of ZF
D:Areas of disarrarglsdof ZG and ZF with marked vacuolation and pyknotic nuclei (arrow head) and other areas
Increased density of CT strands (arrows) is noticed (H&E X400).

E:ZR and medulla (M) with disarranged cells and focal areas of hyperplasia (H) and dilated BS inbetween (H&E X
F:Much more and irregularly distributed reticular fibers (arrows) in the capsule (cap), ZG and ZF (Silver stain X40
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| Negative control group

Hypoglycemic group

Fig. (4): Photomicrographs of the adrenal gland of 16week old negative control (A&B) amdtbypoglycemi
A: Thick capsule (Cap) and sharp differentiation between ZG, ZF, ZR and medulla (M) with distinetezitiaiézb jrae
outer fasciculata (OZF) with vacuolated cytoplasm and inner fasciculata (IZF) with little vacuolated cytoplasm (H&
B:The cells of ZR appear small with deep basophilic nuclei and acidophilic cytoplasm. The cells aceds r@md)&Sim
between. The medullary cells (M) are large with vesicular nuclei and basophilic cytaplastiusiées this ane sepmigt
much CT strands (arrows) and BS (H&E X400).

C:Areas of degeneration in ZG and ZF (arrow hbadephitiddasah ZF and ZR (arrows). Also, lipid depletion i&ury
noticed in ZF anqH&& X100).

D:Disarranged cells of ZR and medulla (M) with diffuse hemorrhage (hg) and hyperplastic (H) areasiodine artas
pyknotic nuclei (arrow head) (H&E X400).

Fig. (5): TEM micrographs of the adrenal gland of 3 week old negative control (A&B) anthts/poglycemic
A:The cells of ZG appear pyramidal in shape with euchromatic nucleus (N) and prominent nucleolasyno). The cyt
mitochondfim), SER (arrow head), rER aAdedattipitioglets (L) (TEKB0O0).

B:The medulla shows the chromaffin cells (ch) having euchromatic nuclei (N), rER, and granulesif yanatylelielaiz
(um), myelinated (myJ¥ibersewith Schwann cell nucleus (Sc) aretbe e e {WESHOD).
C:The cells of ZG have focal areas of hyperplasia (increased number & decreased size) withé$healbedongatathtio
of lipid droplets (L) obleakgtron density and size F0EN X
D:The cells of ZR have small nuclei (N), some distorted mismatwndize@cirancdense lipid droplets (L) of variable g
monocytes (mo) inside the BS and tissue macvaplEyeheroglimare seen TWE. X




