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ABSTRACT

Background: Tributyltin is widely used as antifouling paint for marine vessels. It is slowly released from the paint to the
water and becomes incorporated into soil, animals and plants. TBT has been identified as an endocrine disruptor and induces
oxidative damage.

Objectives: This study aimed to investigate the probable toxic effect of tributyltin on adrenal cortical cells of adult male
albino rats for two different durations.

Materials and Methods: Twenty four adult male albino rats were divided into 3 equal groups: Group I: was the control
group; Group II: each rat received tributyltin orally at a dose of 1mg daily for one week. Group III: received the same daily
dose for successive two weeks. At the end of the experiment, the animals were sacrificed and blood samples were subjected
to hormonal assay for aldosterone, corticosterone and ACTH levels. Serum tin levels were assessed. The adrenal tissue
was processed for light and electron microscopic examination. In addition, immunoreaction for CD 44 positive cells was
performed.

Results: A significant decrease in aldosterone and corticosterone, an increase in ACTH levels and an increase in the mean
count of CD44 positive cells in group III have been revealed when compared with the other groups. Histological changes
in group II were shown in zona glomerulosa and fasciculata in the form of loss of architecture, cytoplasmic vacuolation and
disrupted mitochondrial cristae. Meanwhile, Group III showed few lipid droplets and deeply stained nuclei in both zones.
Conclusion: Tributyltin has deleterious effects on cells of zona glomerulosa and zona fasciculata of the adrenal cortex of

adult male albino rats which were time-dependent.

Received: 14 June 2019, Accepted: 06 August 2019
Key Words: Adrenal cortex; histology; triburyltin.

Corresponding Author: Amany Abd El-Moneim Solaiman, MD, Department of Histology and Cell Biology, Faculty of

Medicine, Alexandria University, Egypt, Tel.: +20 1096366227, E-mail: amanysolaiman@gmail.com

ISSN: 1110-0559, Vol. 43, No. 1
INTRODUCTION

The potential adverse effects of environmental
chemicals, such as endocrine disruptors grape more
attention in national and international health organizations,
as well as being a political issue in various countriest'.
An endocrine disruptor is defined, according to the World
Health Organization (WHO) as “an exogenous substance
or mixture that modulates function(s) of the endocrine
system and consequently causes adverse effects in intact
organisms, or its progeny, or (sub) populations™!l.

Organotin compounds (OT), such as tributyltin
(TBT), have been widely used in a wide variety of
consumer products as they were wrongly deemed safe
environmentally. They have been utilized as biocides, in
food storage (canned foods) and to make stainless steel®®!.
Moreover, TBT has been used as antifouling paints for
marine vessels and fishing nets. It is a lipophilic structure
that is slowly released from the paint to the water and
tends to accumulate in seafood and shellfish. Degradation
of TBT involves breakage of the carbon-tin bond with the
formation of toxic derivatives and tin ion. They have
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been shown to be incorporated into soil, animals, fish and
plants of aquatic ecosystem®.

TBT exposure can lead to alternation in the immunel®
and reproductive systems!”. Recent studies have reported
that TBT toxicity is considered as environmental factor for
obesity by disturbing the levels of key hormones linked to
energy homeostasis(®l.

TBT has been identified as an endocrine disruptor
and capable of altering the endocrine physiology at
numerous levels: changing pattern of hormone regulation,
production, mechanisms of action or hormone elimination
and mimicking or blocking hormonal action®.

The adrenal gland contains two regions; cortex and
medulla. The adrenal cortex is divided into 3 distinct
zones, each of which secretes important hormone!'®.
Aldosterone is a mineralocorticoid secreted from zona
glomerulosa and acts as a modulator of electrolyte balance
in the body. The zona fasciculata secretes glucocorticoid
which modulate metabolic and immune functions. Zona
reticularis participates in androgen production except in
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rodents due to lack of zone specific enzyme required for
the androgen production",

Some researchers suggested that organotin can
induce oxidative damage both in vivo and in vitro. The
overproduction of reactive oxygen species (ROS) causes
cellular oxidative injury such as lipid peroxidation, protein
oxidation, and DNA damage!'?.

CD44 comprises a family of cell adhesion characteristic
for mesenchymal stem cells. Investigators discovered stem/
progenitor cells in the adrenal gland that can differentiate
to repopulate zones!'!l.

Taken the above-mentioned considerations, the present
study was conducted specifically, to investigate the
probable toxic effect of TBT on adrenal cortical cells of
adult male albino rats in two different durations.

MATERIALS

Chemicals

Tributyltin chloride (in the form of liquid with purity
(96%) and corn oil were purchased from Sigma—Aldrich
Chemical Company, St. Louis, MO, USA.

Animals and experimental design

The present study was carried out on 24 adult male
albino rats, aged 3-4 months and their body weight ranged
between 240 and 250 g. The animals were kept under
standard laboratory conditions of temperature, humidity
and 12 hours light/dark cycle with free access to the
ordinary rat food and water ad -ibitum. Guidelines for the
care and use of animals approved by the Animal House
Center, Faculty of Medicine, University of Alexandria,
were followed. All procedures were approved by the
Ethics Committee of the Faculty of Medicine, Alexandria
University.

The animals were randomly divided into 3groups
Group I (Control group)

12 rats were divided into two equal subgroups, each of
6 animals:

Subgroup Ia: kept as a negative control, they were left
without any treatment, half of these animals were sacrificed
with group II and the remaining animals were sacrificed
with group III.

Subgroup Ib: kept as a positive control each animal
received 0.4 ml of corn oil (the vehicle of TBT) once daily
by gastric tube. Half of the animals were sacrificed with
group II (after one week) and the remaining animals were
sacrificed with group III (after two weeks).

Group 11

This group included six rats each rat received TBT at
a dose of 1 mg dissolved in 0.4 ml corn oil once daily by
gastric tube for one week!".

Group III: included six rats that received the same dose
of TBT as group II for two weeks.

Twenty-four hours after the last dose of TBT, animals
were sacrificed by intraperitoneal injection of pentobarbital
at a dose of 50 mg/kg body weight!'4.

METHODS

I- Hormonal assay

Blood samples from the tail vein of all animals included
in this study were collected at 8:00 am in the morning!'*.
Samples were kept in ethylenediamine-tetraacetic acid
(EDTA) tubes, centrifuged at 2000 xg for 10 min. and sera
were stored at —20°C until analysis.

Serum concentrations of corticosterone, aldosterone
and adrenocorticotropic hormone (ACTH) were analyzed
at the Biochemistry Department, Faculty of Medicine,
University of Alexandria.

Mouse/Rat solid phase enzyme-linked immunosorbent
assay (ELISA) Kits (Sigma-Aldrich  Chemical
Company, St. Louis, Missouri, USA) were used for
measurement of serum corticosterone and ACTH. Serum
aldosterone was measured by mouse aldosterone ELISA
Kits(abcamCambridge, UK).

II- Tin assessment

To assess serum tin levels, another 2ml of blood
samples were collected at the time of sacrifice, tin levels
were measured using an inductively coupled plasma atomic
emission spectrometry (ICP-OES Agilent 5100VDV Santa
Clara, USA)!'I, The analysis was performed at the Institute
of Graduate Studies and Research labs, Alexandria
University.

111-Histological study

24 Hours after the end of the experimental periods,
the right adrenal gland of each animal was divided in the
sagittal plane into two halves.

The first halves of the right adrenal glands were fixed
in 10% formol saline and processed for light microscopic
examination. Sections of 5-6um thick were cut and
subjected to:

1. Hematoxylin and eosin (H & E) staining!'”!.
2. Immunohistochemical detection of CD44L8],

For detection of CD44 positive cells, paraffin sections
were stained with anti- CD44 by routine immune-
histochemical avidin—biotin method at the Clinical
Pathology Department, Faculty of Medicine, University of
Alexandria.

Immunohistochemical staining was performed on
paraffin blocks that were sectioned at 4 um thickness and
placed on poly-I-lysine-coated glass slides. The primary
antibody was Rabbit monoclonal antibody against CD44
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(anti-CD44 antibody with a dilution of 1: 200, overnight
at 4°C) (Abcam, Cambridge, UK). Negative control slide
was included by omitting the primary antibody. All slides
were deparaffinized and then rehydrated in decreasing
concentrations of ethanol. Inhibition of endogenous
peroxidase activity, using 3% hydrogen peroxidase for 15
min. Antigen retrieval was carried out using microwave
heating (20 min; 10 mmol/citrate buffer, pH 6.0). The
primary antibody was applied to the slides and incubated
overnight at room temperature and then incubated with
secondary antibody forl hour at room temperature. A
0.1% solution of diaminobenzidine was used for 5 min
as a chromogen. Sections of tonsil with known CD44
expression were used as positive control. CD44 +ve cells
showed a brownish reaction.

The second half was immediately cut into small
pieces (1x1 mm?) and fixed in 3% phosphate-buffered
gluteraldehyde solution and processed for transmission
electron microscopic study!'. Semi-thin sections were
cut using ultramicrotome (Leica, Sweden) and stained
with toluidine blue, and then used for identification of
adrenocortical zones. Ultra-thin sections were stained with
lead citrate, and examined using a Jeol 1400 plus (Tokyo,
Japan), at theFaculty of Science, University of Alexandria.

1IV- Morphometric study and statistical analysis

For each group, six random fields/section from each
animal were chosen and the number of CD 44+ve cells was
counted at x 400 and photographed.

Statistical analysis was performed using the statistical
software package for the social sciences (SPSS, version 20;
IBM SPSS, Chicago, Illinois, USA) software package. The
obtained data were expressed as mean + standard deviation
and analyzed using analysis of variance (ANOVA).The
statistical significance level was defined as p<0.05.

RESULTS

1I- Hormonal assay results

The study revealed no significant difference in the
studied hormone levels between the control subgroups.
Animals of group II showed non-significant changes in
mean serum levels of corticosterone, aldosterone and
ACTH as compared to the control group. On the other
hand, animals of group III showed a significant decrease
in mean serum levels of aldosterone and corticosterone
with a compensatory significant increase in ACTH level as
compared to control group and group II (»p<0.05) (Table I).

II- Tin assessment results

TBT exposure led to increase in serum tin levels in
groups II and I1I rats (p<0.05) when compared with control
rats. Additionally, the serum tin levels in group III rats
showed a significant increase (p<0.05) as compared to
group II (Table II).

111- Histological results

1- Light microscopic results
a. H&E stain

Group I (control group)

Light microscopic examination of the control group
revealed the normal architecture of adrenal gland which
was covered externally by a capsule of dense connective
tissue. The zona glomerulosa (ZG) occupied a narrow zone
underneath the capsule (Figures 1 and 2), followed by a
middle wide zona fasciculata (ZF) (Figures 1 and 3) and
the innermost zona reticularis (ZR) which merged with the
medulla (Figure 4).

The ZG was formed of clusters of rounded or arched
groups of columnar cells with pale vacuolated cytoplasm
(Figures 1 and 2) and oval nuclei (Figure 2).

The ZF was the widest cortical zone constituting
the majority of the cortical thickness. It was formed of
regularly arranged parallel longitudinal cords of polyhedral
cells being one or two cells thick. The cytoplasm was
eosinophilic and vacuolated. The nuclei were central
and vesicular. The cords of cells were separated by
intervening narrow sinusoidal capillaries (Figure 3). The
ZR constituted the innermost zone of the adrenal cortex. It
was clearly limited in its inner border from the medullary
cells. However, its outer border was continuous with the
fasciculata cell cords. The ZR cells are small, closely
packed and deeply eosinophilic polyhedral cells arranged
in short irregular network of intermingled cords of cells
(Figure 4).

Group Il

Sections of the adrenal cortex of group II revealed
evident histological changes. ZG showed loss of the arcade
pattern of the cells. The cells were arranged in irregular
arcades under the connective tissue capsule. Many of the
glomerulosa cells appeared ballooned with encroachment
on the intervening sinusoidal capillaries. Their cytoplasm
appeared vacuolated with deeply stained nuclei (Figure 5).

The ZF showed loss of the regular arrangement of its
cells with obviously ballooned vacuolated cells and deeply
stained nuclei. Some cells exhibited deep eosinophilic
cytoplasm and deeply stained nuclei (Figure 6). The ZR
cells were arranged in cords interspersed by sinusoidal
capillaries (Figure 7).

Group 111

After two weeks, the adrenal cortex revealed progressive
histological alterations in ZG and ZF with evident cellular
disorganization. In fact, many cells of the ZG lost their
disposal in arches and appeared with hyperoesinophilic
cytoplasm and deeply stained nuclei. (Figure 8)
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As for the cells of ZF they were no longer arranged
in parallel cords but showed random disposal. Most
of the cells revealed swollen vacuolated cytoplasm
(Figures 8 and 9), others showed hypereosinophilic
cytoplasm with deeply stained nuclei (Figure 9) ZR
exhibited disorganized ballooned vacuolated cells
(Figure 10).

b- Immunohisotchemical and morphometric results

Immunohistochemical  staining for CD44 in
the control group demonstrated negative reaction
(Figure 11a), while group II revealed only some CD44 +ve
cells (Figure 11b). In contrast, group III showed multiple
CD44 +ve cells among the cortical cells (Figure 11c). the
tonsil was used as positive control.

The mean count of CD44 +ve cells, a significant
increase was detected in group III compared to group I and
group II (Table III).

2- Ultrastructural results
Group I ( control group)

The cells of ZG were arranged in arches just beneath
the connective tissue capsule. They were recognized by
their euchromatic nuclei. Their cytoplasm showed many
lipid droplets. The mitochondria exhibited shelf like cristae
(Figures 12a, b and c).

In the ZF, the cells revealed rounded euchromatic
nuclei and many lipid droplets. Numerous mitochondria
with vesicular cristae, profiles of smooth endoplasmic
reticulum and a small Golgi complex were further
encountered (Figures 13a and b).

In the control animals, the cells of the ZR revealed
abundant mitochondria. They were mainly rounded or
ovoid in shape, variable in sizes with vesicular or tubulo-
vesicular cristac and occupied most of the cytoplasm.
Occasionally lysosomes and lipofuscin pigments were also
seen. The cells further revealed well developed intercellular
junctions (Figures 14a and b).

Group Il

Most of the ZG cells exhibited euchromatic nuclei,
while few were heterochromatic (Figures 15a and b).

The cytoplasm revealed accumulation of lipid droplets
(Figures 15a and b), mitochondria with disrupted cristae
and few lysosomes (Figure 15 c).

Cells of ZF revealed cytoplasmic lipid droplets
of variable sizes. (Figure 16a) Some mitochondria
exhibited ill- defined cristae (Figure 16b). In addition, the
cytoplasm showed multiple myelin figures and lysosomes
(Figure 16b).

As for ZR, some cells revealed irregular nuclei with
dispersed chromatin (Figure 17a). Many mitochondria
showed tubulo-vesicular cristae(Figure 17b).

Group 111

Some ZG cells showed small heterochromatic
nuclei (Figure 18a). The cells showed relatively
few lipid droplets with electron-dense cytoplasm

(Figures 18b, 19 a and b) and mitochondria with disrupted
cristae (Figure 19¢). The cells further exhibited lysosomes,
lipofuscin pigments (Figure 19a) and myelin figures
(Figures 19 a and b). Moreover, cells displayed polygonal
morphology with cellular extensions and euchromatic
nuclei were frequently observed especially near the
sinusoidal capillaries (Figure 19b).

Ultrastructurally, the fasciculata cells showed some
irregular nuclei and others with dense nuclei (Figure 20a).
The cytoplasm of some cells showed many lipid droplets
(Figures 20a and b), while others had sparse lipid droplets
(Figure 20a). The mitochondria appeared with ill- defined
cristae (Figure 20c). This zone showed many cells which
displayed polygonal morphology and euchromatic nuclei.
Particularly, their cytoplasm displayed few profiles of
rough endoplasmic reticulum (Figure 20b) and a centriole
(Figure 20a). The cell membrane had multiple cellular
extensions which extended between neighboring cells
(Figure 20b).

ZR cells of this group revealed cords of cells separated
by large sinusoidal capillaries. Some cells appeared
with irregular nuclei with dispersed chromatin. The
cytoplasm revealed lysosomes and scanty lipid droplets
(Figure 21a). Many mitochondria showed intact tubulo-
vesicular cristae(Figure 21b).
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Table I: Median and mean £SD of corticosterone, aldosterone and ACTH in the different studied groups

la(n=6) Ib (n=16) I (n=6) Il (n = 6) F (p)
Corticosterone(ng/ml)
Median (Min. — Max.) 84.0 (80.2-88.7) 84.2 (80.2-88.6) 82.4 (80.5-83.4) 56.7 (45.0-57.8) 106.424"
Mean + SD. 83.7+3.2 84.0+3.4 82.3£1.0 547149 (<0.001%)
Aldosterone (pg/ml)
Median (Min. — Max.) 128.2 (123.6-130.1) 126.3 (122.7-130.0) 126.1 (123.2-129.0) 63.4 (60.9-65.8) 941.749"
Mean =+ SD. 127.56+2.73 126.4£3.12 125.9+2.05 63.51%+2.02 (<0.001")
ACTH (pg/ml)
Median (Min. — Max.) 8.1(7.6-8.5) 8.1(7.6-8.5) 8.1(7.8-8.5) 182.3 (172.6-190.3) 3979.943"
Mean + SD. 8.07+0.43 8.06+0.42 8.16+0.31 182.3%46.73 (<0.001")

F,p: F and p values for ANOVA test, Significance between groups was done using Post Hoc Test (Tukey)
*: Statistically significant at p<0.05
a: significant with group Ia, b: significant with group Ib, c: significant with group II

Table I1: Median and mean £SD of serum concentration of tin in the different studied groups

Serum concentration of tin (mg/ml) Ia (n=06) Ib (n=16) II (n=06) III (n = 6)
Median (Min. — Max.) 0.018 (0.016-0.018) 0.018 (0.016-0.018)  3.555(3.49-3.65) 6.285 (6.22-6.32)
Mean + SD. 0.018+0.001 0.017+0.001 3.560*+0.059 6.2782¢+£0.039
F 44911.517
P <0.001"

p: F and p values for ANOVA test, Significance between groups was done using Post Hoc Test (Tukey)
*: Statistically significant at p<0.05
a: significant with group Ia, b: significant with group Ib, c: significant with group II

Table II1: Median and mean +SD according to count of CD44+ve cells in the different studied groups

CD44 Ia (n=6) Ib (n = 6) Il (n=6) III (n = 6)
Median (Min. — Max.) 0.0 (0.0 — 0.0) 0.0 (0.0 — 0.0) 2.0 (1.0 - 3.0) 4.0 (3.0 - 6.0)
Mean + SD. 0.0£0.0 0.0£0.0 2.0£0.89 4.17041.17
F 43.769°
P <0.001°

p: F and p values for ANOVA test, Significance between groups was done using Post Hoc Test (Tukey)
*: Statistically significant at p<0.05
a: significant with group Ia, b: significant with group Ib, c: significant with group II
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Fig.1: Light photomicrograph of group I (control group) showing Fig. 2: A section in the adrenal cortex of the control group showing
part of the adrenal cortex covered by a connective tissue capsule the connective tissue capsule (C) and part of the underlying ZG. It
(C). Beneath the capsule, the cells of the zona glomerulosa (ZG) is formed of columnar cells arranged in regular arcades with and
are seen. The next wider zone is the zona fasciculata (ZF) with a pale vacuolated cytoplasm (arrow) and oval nuclei (N). (H&Ex
regular arrangement of its cells. (H&Ex 400). 400).
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Fig. 3: Light photomicrograph of control group showing cells of
the ZF arranged in straight cords one or two cells thick. The cells
are polygonal with central vesicular nuclei (N). The cytoplasm is
eosinophilic and vacuolated (arrow). Straight narrow sinusoidal
capillaries between the cell cords lined by flat endothelial cells

(arrowhead) are also seen. (H&Ex 400).

Fig. 4: Light photomicrograph of a part of adrenal cortex of the
control group showing zona reticularis(ZR) with anastomosing

cords of cells. M; medulla. (H&Ex 400).

Fig. 5: Light photomicrograph of the adrenal cortex of group
II revealing ZG beneath the capsule (C) with loss of normal
architecture. Most of the cells exhibit swollen vacuolated
cytoplasm (arrow) and multiple deeply stained nuclei (N).

(H&Ex 400)

Fig. 6: Light photomicrograph of ZF of group II. Many cells are
swollen with extensive cytoplasmic vacuolation (arrow). Some
cells show deeply eosinophilic cytoplasm and deeply stained

nuclei (N). (H&Ex 400)

LR CeY <

Fig. 7: Light photomicrograph of ZR of group II. The cells are
arranged in anastomosing cords separated by wide sinusoidal

capillary (S).M; medulla (H&Ex 400)

Fig. 8: Light photomicrograph of part of the adrenal cortex of
group III showing distorted architecture of ZG. The cells show
hypereosinophilic cytoplasm and deeply stained nuclei (N). Cells
of the zona fasciculata (ZF) are ballooned and vacuolated. C;

connective tissue capsule. (H&Ex 400)
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Fig. 9: A section in ZF of adrenal cortex of group III showing
disorganized arrangement of its cells. The cells appear ballooned
and vacuolated. Others show hyperoesinophilic cytoplasm and

deeply stained nuclei (N). ZG; zona glomerulosa (H&Ex 400)

Fig. 10: A section in the ZR of the adrenal cortex of group III
showing disorganized ballooned vacuolated cells separated by

sinusoidal capillaries (S). M; medulla. (H&E x 400)

Fig. 11(a-c): Photomicrographs of sections in the adrenal gland: a) group I demonstrating negative immune expression. b: group II
demonstrating few CD 44+ve cells at the capsule. c)group III showing multiple CD 44+ve cells. (CD44 immunostaining a-c x 400)
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Fig. 12a-c: Electron micrographs of a part of the adrenal cortex of group I showing a,b) a group of ZG cells separated by thin connective
tissue septa (CT). The connective tissue capsule (C) is seen overlying group of glomerulosa cells in b. The cells have euchromatic nuclei (N).
The cytoplasm contains some lipid droplets (Li). ¢) A high magnification showing multiple mitochondria (M) with shelf like cristae in the
cytoplasm. Li; lipid droplet, N; nucleus. ax 800,bx1500,cx8000

Fig. 13a,b: Electron micrographs of the zona fasciculata cells of group I showing; a) Adjacent cells with rounded euchromatic nuclei (N) and
intracellular lipid droplets (Li) of varying sizes. The cytoplasm shows profiles of smooth endoplasmic reticulum (S). M; mitochondria. b)
Parts of two adjacent fasciculata cells showing rounded mitochondria (M) with vesicular cristae. The cytoplasm contains profiles of smooth
endoplasmic reticulum (S) and a small Golgi complex (G). Li; lipid droplet. ax2500,bx8000
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Fig.14a,b: Electron micrographs of ZR cells of the same group. Their cytoplasm shows numerous closely packed mitochondria (M), with
tubulo-vesicular cristae. Lf; lipofuscin pigment in a, L; lysosome, J; desmosome junction, N; nucleus. ax4000,bx8000.

Fig. 15 a-c: Electron micrographs of zona glomerulosa of group II. a) Showing group of ZG cells under the capsule (C). Some cells exhibit
small relatively dense nuclei (n). Sc; sinusoidal capillary, CT; connective tissue trabeculae, Li; lipid droplets. b) ZG cells with euchromatic
nuclei (N), their cytoplasm shows some lipid droplets (Li). One cell exhibits a small heterochromatic nucleus (n). C) A part of the ZG cell
showing mitochondria with disrupted cristae (M). L; lysosome, N; nucleus, P; polysomes. ax800,bx2500, cx8000.
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Fig. 16a,b: Electron micrographs of ZF cells of the same group. a) The cytoplasm is loaded with many lipid droplets (Li). N; nucleus. b)
Mitochondria (M) appear with ill-defined cristae. Multiple myelin figures (My) are also seen. L; lysosome, N; nucleus, Li; lipid droplet.
ax2000,bx8000

A 2 e . -V

part of the ZR. a) One cell exhibit a slightly irregular nucleus
(N). Multiple lysosomes are also seen (L). Sc; sinusoidal capillary. b) Part of ZR cells showing closely packed mitochondria (M) with tubulo-
vesicular cristea. N; nucleus. ax2500,bx8000.

Fig.18 a,b: Electron micrographs of group III showing; cells of ZG with relatively few cytoplasmic lipid droplets (Li) and dense cytoplasm.
Some nuclei (n) are small and heterochromatic. C; capsule. b) Part of the adrenal cortex showing zona glomerulosa cells with few cytoplasmic
lipid droplets (arrow).The adjacent zona fasciculate shows cells with many lipid droplets (Li). ax800,bx 1000.
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M. e . b = ” g
Fig. 19 a-c: Electron micrographs of ZG cells of group I1I showing; a) Cells with relatively few cytoplasmic lipid droplets (Li). L; lysosome,
My; myelin figure, Lf; lipofucsin pigments. b) Adjacent ZG cells, one reveal an euchromatic nucleus (N) and cellular extensions (*) near
a sinusoidal capillary (Sc). My; myelin figure, Li; lipid droplets. ¢) Part of an irregular dense nucleus (N) with condensed peripheral
heterochromatin. Some mitochondria (M) show disrupted cristae. Li; lipid droplet. ax3000,bx2500,cx8000.

Fig. 20 a-c: Electron micrographs of ZF of the same group.
a) Some cells show many lipid droplets (Li), others show
relatively dense cytoplasm with sparse lipid droplets and
euchromatic nuclei (N). Two cells show dense nuclei (n). One
cells reveals a centeriol (arrow).

b) ZF cells showing cytoplasmic lipid droplets (Li). Two
intervening cells with euchromatic nuclei (N), cytoplasmic
pseudopodia (*) and a profile of rough endoplasmic reticulum (r)
are also seen.

¢) A profile of the ZF showing mitochondria (M) with ill-defined
cristae. Li; lipid droplet. ax1500,bx2500, ¢ x8000
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Fig21a,b: Electron micrographs the ZR of group III illustrating; a) Group of cells with an adjacent large sinusoidal capillary (Sc). One cell
shows an irregular nucleus (N). The cytoplasm reveals scanty lipid droplet (Li) and lysosomes (L). b) Part of two adjacent cells of the ZR
of the same group with desmosome junction (J). The cytoplasm demonstrates numerous mitochondria with tubulo-vesicular cristae (M).
ax2000,bx8000.

DISCUSSION

Tributyltin (TBT), have been widely used in a wide
variety of consumer products and has been identified as
an endocrine disruptor. TBT might alter mechanisms of
action of hormones in endocrinal organs via mimicking or
blocking hormonal action!!?. Thus the present study was
carried out to investigate the probable toxic effect of TBT
on adrenal cortical cells of adult male albino rats.

All steroid hormones are derived from cholesterol. A
number of steps catalyzed by enzymatic reactions occur
in the mitochondria and endoplasmic reticulum of all
steroidogenic cells converting cholesterol into steroid
hormones through the sequential actions of a series of
cytochrome P450 (CYP) enzymes and hydroxysteroid
dehydrogenases (HSDs)?".

Aldosterone and corticosterone share the first steps
of their biosynthetic pathways. Zone-specific expression
of steroidogenic enzymes results in the biosynthesis
of aldosterone (via aldosterone synthase) in the zona
glomerulosa(ZG), and corticosterone (via 1 1 f-hydroxylase)
in the zona fasciculata (ZF).?!) The zona reticularis (ZR)
does not secrete androgens in rats/??,

An immunohistochemical study led to the discovery of
an undifferentiated cell zone (ZU) between ZG and ZF in
the rat adrenal gland™®. In male this zone regresses by the
increase of testosterone at puberty. In females, the zone
persists for several weeks after puberty and then regresses
by the first pregnancy®. That’s why adult male rats were
chosen in the present study to clarify the histological
changes under the effect of TBT.

In the current study, after one week of exposure to TBT
the histological examination of the adrenal cortex revealed
alteration in cells of the ZG as well as those of ZF. No
previous reports have shown alteration in the cells of ZR
after TBT exposure which was in line with the current

study that showed no evident histological alteration as
compared to the control group.

The current study showed aggregates of exclusively
hypertrophic cells readily identified in the ZG and ZF.
The morphological features of the hypertrophic cells
appeared with vacuolated cytoplasm. This result might be a
consequence of accumulations of cholesterol / intermediate
steroids inside the cells. It was reported that the functional
significance of this diffuse cellular hypertrophy might
result from increased storage or failure to release steroid
precursors. Similar findings were reported and involved
cholesterol storage and /or the mechanisms of cholesterol
import into mitochondrial®.

The present study showed several cells with irregular
nuclei and condensed chromatin that might be related
to degeneration. Their cytoplasm was loaded with lipid
droplets. In addition, many lysosomes and myelin figures
were other findings which reflected increased digestion
of the accumulated intracellular lipids. The mitochondria
also showed ill-defined cristaec. These findings were in
accordance with Abd El-Gawad FA et al.,” who found
irregular nuclei with condensed chromatin and abundant
lipid droplets together with multiple lysosomes within
cells of ZG and those of ZF after exposure to stress.

In the present study, the adrenal cells of ZG and ZF
of the rats of group III exhibited loss of normal cellular
arrangement and the presence of dark nuclei with
hypertrophic cells alternating with cells with highly
acidophilic cytoplasm and pyknotic nuclei. Similar
observations were reported by some researchers who
stated that the stressed adrenal glands were characterized
by the presence of plump of cells with greatly increased
eosinophilia of the cytoplasm®®!.

In the current study, in group III (received TBT for
two weeks), the TBT resulted in a decrease in cortical
vacuolation versus concurrent control group which
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might have occurred as a consequence of the shutdown
of steroidogenesis due to degenerative cellular changes.
Ultrastructuraly, the cells showed electron-dense
cytoplasm and the mitochondria showed disrupted cristae.
These changes have been considered as signs of lowered
functional activity of steroid-producing adrenal cells®”
and correlate well with adrenocortical overstimulation and
/or degeneration®®?!,  Many circulatory disorders were
expected as a result of compression of the hypertrophied
cells on the sinusoidal capillaries. This might cause hypoxia
which is proved to inhibit adrenal functional activity?®.

Organotins (OTs) have been previously reported
to alter various enzymes involved in steroid hormone
biosynthesis which vary not only with tissue or exposed
cells but also with the dose and time of exposure resulting
in impaired steroidogenesis and adrenal insufficiency'>2.
Studies have described a relationship between endocrine
dysfunction induced by OTs and their effects on the enzyme
CYP. They were originally believed to be potent CYP
enzyme inhibitors?**34. Therefore, it is not surprising that
adrenal steroidogenesis of aldosterone and corticosterone,
which are catalyzed almost entirely by CYP enzymes are
consequently also affected. This might cause a diffuse
increase in cytoplasmic accumulation of cholesterol and
intermediate steroids indicating a decreased transformation
of cholesterol to steroids. Several studies displayed that
exposure to TBT increased intracellular lipid storagel*>-3¢!
even if the exposure was in non-cytotoxic doses?".

In addition, many researchers reported lipid and
cholesterol accumulation in the cells of the adrenal gland
associated with decreased cholesterol utilization and
increased cholesterol level in the adrenal cells?*®!associated
with increased serum cholesterol levels afterTBT intakel3*).

Transport of cholesterol into the mitochondria is aided
by the steroidogenic acute regulatory protein (StAR). Since
StAR protein and steroidogenic CYP are a common system
in steroidogenic organs, the disturbance of the steroidogenic
system is presumably not limited to one of them only.
However, it is possible that TBT affects adrenocortical
function as a result of abnormal StAR function due to
its direct inhibitory effect on the expression of StARM.
Physiologically, acute regulation, over minutes, occurs
through the phosphorylation of preexisting StAR which is
then followed by synthesis of new StAR protein®®®. This
might explain the non -significant decrease in hormonal
levels after one week of exposure

One of the explanations regarding the toxic effect
of TBT was its effect on the expression of transforming
growth factor Bl (TGF-B1). TGF-B1 is a major regulator
of steroidogenic cells and StAR expression®'. TGF-B1
has been shown to exert strong inhibitory effects on
adrenocortical cell steroidogenesis. TGF-f1 decreases
the level of StAR mRNA in a concentration- and time-
dependent manner. Generally, high levels of TGFB1 lead
to reduced plasma aldosterone and corticosterone levels.
The data reported that TGF-B1 transcripts were increased
after TBT administration*>43,

It is worth noting that in addition to interaction with
steroidogenesis, TBT is mainly metabolized in the liver
and the metabolites of TBT might be responsible for some
of its toxicity. Such metabolites disrupt glucocorticoid
receptor (GR)-mediated regulation of gene transcription at
the initial step of receptor activation by blocking ligand
binding to the receptor supporting the evidence that they
directly inhibit GR activity™*4.

Nevertheless, together with the previously mentioned
studies, the endocrine dysfunction due to TBT exposure
might be mediated also by increased oxidative stress and
damages to mitochondrial function!!. In this regard,
the inhibition of ATP synthesis could thereby trigger
endocrine dysfunctions*. Moreover, the mitochondria
were the main organelle being affected in the ZG and
the ZF in the current study. Mitochondria were shown
to be highly sensitive to treatment with organotins. TBT,
induces mitochondrial swelling, inhibits the ATP synthesis
and alter ion transport across membranes?. This was in
line with the current study which showed mitochondrial
changes in group II and III. Combining previous results,
it has been suggested that oxidative damage is one of the
most important critical toxic mechanisms of TBTH-*)
Oxidative stress (OS) generation is a result of increased
production of reactive oxygen species (ROS). In various
organs, including the adrenal gland, lipid peroxidation was
increased and played an important role in the pathogenesis
of adrenal insufficiency*2.

ROS have been indicated to play a key role in
TBT-induced toxic responses in vitro and in vivol*3%,
Excessive amounts of ROS if not balanced might
lead to cell dysfunction/ damage/ death and impede
steroidogenesis®®*=". Moreover, there is evidence that
StAR and CYP activity are sensitive to both physiological
and pathophysiological levels of ROS with a net result
of a reduction in their protein expression of StARFS%,
In addition, a significant correlation has been observed
between the antioxidant parameters and TBT exposure!!**),

In order to protect the cells from the toxic effects of
ROS, adrenocortical cells contain high concentrations of
biological antioxidants. The antioxidant defense systems
have been shown to become significantly decreased after
TBT exposure with an increase in lipid peroxidation.

In a study, the antioxidant defense system has been
shown to increase in the initial phases of TBT toxicity.
Such increase was explained on the basis that during the
first week, the cellular protective machinery is activated'®!.
This might explain the mild histological changes and non-
significant alteration in the hormonal levels of group II.

Another possible mechanism claimed to be the cause
of TBT toxicity was apoptosis. A wealth of studies
demonstrated that TBT induced ROS generation and marked
loss in cell viability was attributed to apoptosis?****¢°, This
apoptotic effect of TBT was documented in various organs.
It might lead to more progressive alterations and finally
irreversible dysfunction and anti-steroidogenic activity®!l.
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A study showed that the toxicity of TBT was less
evident in a shorter time of exposure, but the toxicity was
increased on longer durations signifying that the effect is
time-dependent!®. This was in line with the current study.
This might explain the more degenerative changes after
the 2" week. Among other abnormalities, several studies
showed that TBT induced severe cellular damage that was
even replaced by fibrous tissue’! in a time-dependent
manner via the direct toxic effects of TBTE61,

In the current study, immunoreaction and statistical
analysis of the number of CD 44 +ve cells were increased
from week one to week two. CD44 comprises a family of
cell adhesion and signaling molecules characteristic for
mesenchymal stem cells. CD 44+ve cells were detected at
the capsule in group IT and were more significantly increased
in group III. It could be commented that sources of stem
cells from the bone marrow which might have reached the
damaged areas via the circulation. Moreover, studies have
provided evidence for the existence of adrenocortical cells
with stem-like properties in mammalian species!®®! with
their ability of migration by membrane extensions®>%l. A
study declared that cortical stem cells, first of all, appear
between cortical cells in ZG and ZF approximately on the
7" day of exogenous hyperthermia. On the 14" day they
proliferate in the deep portion of ZF¥. It is now clear
that distinct pools of stem/progenitor cells appear to be
activated only in response to extreme demand2®2*68),

Data indicated that the adrenocortical stem cells in
response to ACTH have the capacity to induce proliferation
and differentiation into adrenal cortex like cells!®.
Progenitors have the potential to migrate and differentiate
into steroid-producing cells, an ability greatly enhanced
with high ACTHU®. Unfortunately, the proliferative
effect of ACTH is time-dependant and that mitosis is
inhibited in the longer term with failure of regeneration’.

Additionally, tin in tissues and blood after TBT
administration was measured in several studies that
showed its accumulation in various tissues including the
adrenal cells®. Similarly, the tin level in the present study
was significantly increased during the two weeks of the
experimental TBT exposure.

Adrenal insufficiency is a life-threatening disorder that
requires a complex and permanent hormone replacement.
The current study declared that TBT is a threat to health and
induced marked histological alterations in the glomerulosa
and fasciculata cells which were time-dependent. This was
associated with hormonal alteration and elevated serum tin
levels. Therefore, TBT could be considered as an important
environmental risk for structural and functional alterations
inadrenal cortical cells. In addition, this study recommended
isolation of stem and progenitor cells from adrenal cortex
which could be cultured in vitro and trials to differentiate
them into mineralocorticoid-and glucocorticoid-producing
cells, therefore, providing a source of cells for replacement
therapy to treat adrenal insufficiency.
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