
Iraqi Journal of Veterinary Sciences, Vol. 32, No. 2, 2018 (211-217) 
 

211 
 

Effects of cadmium chloride on some endocrine glands (thyroid and 
adrenal) in male rats (Rattus norvegicus) 

 

K.H. Al- Derawi  
 

Biology Department, College of Science, University of Basra, Iraq, Email: karimhalderawi59@gmail.com 
 

(Received February 15, 2018; Accepted March 18, 2018) 

 
Abstract 

 
This study was designed to evaluate the cytotoxic effects of cadmium chloride (CdCl2) on thyroid and adrenal gland of 

male rats (Rattus norvegicus). Thirty six male rats were used and randomly into three groups each of 12 rats, the first 
group(G1) kept as at control. The 2nd and 3rd groups (G2 and G3) were administrated orally cdcl2 at doses of 15 and 20 
mg/kg.B.W. respectively for 6 weeks. After the treatment period, the rats were sacrificed, then thyroid and adrenal glands were 
removed and processed for light microscope. Light microscopic examination of thyroid gland with (15mg/kg.B.W.) showed 
increase in the size of follicles, some of these follicles appeared empty from any colloidal substance and heavily infiltrated by 
inflammatory cells, with depletion of parafollicular cells. Vaculated follicles may be clear in other sections, and showed 
congested blood vessels, vascularized stroma, hyperplasia of thyrocyte in rats treated with 20 mg/kg.B.w. Results also noted 
changes in different regions of adrenal gland related to rats exposure tocdcl2 with 15 mg/kg.B.W., these includes cellular 
debris, necrosis of cortical cells, amorphous material in the zona fasciculate and focal necrosis in zona granulosa with 
disruption of normal structure and replaced by necrotic cells and inflammatory cells, also obvious adipocytes infiltration which 
appeared clear in medulla. Most changes occurred within the adrenal cortex and appeared more severity than that in the 
medulla region. Hypereosinophilia, pyknotic nuclei, congested blood vessels, hemorrhage, degeneration and inflammation also 
seen in both regions (cortex and medulla) of adrenal gland from rat exposed to cdcl2 at 20 mg/kg.B.W. 
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  دراسة التأثيرات السمية الخلوية على الغدة الدرقية واالدرينالية في ذكور الجرذان 
  Rattus norvigicusنوع 

  
  كريم هالل ثامر الديراوي

  
  ، العراق، جامعة البصرةالعلوم قسم علوم الحياة، كلية

  
  الخالصة

   
) جرذا قسمت عشوائيا الى ٣٦( .تم تصميم هذه الدراسة لتقييم التأثيرات السمية الخلوية على الغدة الدرقية والكظرية في ذكور الجرذان

) G3 وG2 ين الثانية والثالثة (، بينما المجموعت)G1) جرذ لكل مجموعة، اعتبرت المجموعة االولى كسيطرة (١٢ثالثة مجاميع وبمعدل (
وبعد انتهاء  .) اسابيع٦ملغ/كغم من وزن الجسم وبواقع جرعتين اسبوعيا ولمدة ( ٢٠و ١٥جرعت فمويا بمادة كلوريد الكادميوم وبجرع 

لدرقية في الحيوانات أظهر الفحص المجهري لمقاطع الغدة ا .فترة المعاملة تم تخدير الحيوانات والحصول على الغدة الدرقية واالدرينالية
ملغم /كغم ) من وزن الجسم بمادة كلوريد الكادميوم ظهور الحويصالت الدرقية باحجام مختلفة بعضها كانت خالية  ١٥التي عوملت بـ (

قية في ، في حين اظهرت مقاطع للغدة الدريةوأرتشاح كثيف للخاليا االلتهابية مع ترسيب للخاليا الجار درق تماما من المادة الغراوية
الدموية وزيادة في وعائية  وأحتقان االوعية ملغم/كغم ) من وزن الجسم شملت تفجي بعض الحويصالت الدرقية ٢٠الجرذان المعاملة بـ (

السدى مع فرط التنسج للخاليا الدرقية الطالئية المبطنة للحويصالت الدرقية. كم أوضحت النتائج تغيرات متنوعة ومتباينة في مقاطع 
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ملغم/كغم) من وزن الجسم تمثلت بتنخر في بعض خاليا القشرة ووجود مواد غير  ١٥( لغدة الكظرية في الجرذان المعاملة بـانسجة ا
واضطراب التركيب الطبيعي ليحل  zona granuloseوتنكس فجوي او بؤري في المنطقة الحبيبية   zona fasciculateمتجانسة في منطقة 

تنخرة وكان من اكثر الصفات وضوحا ارتشاح كثيف للخاليا الدهنية في منطقة اللب مع ان معظم التغيرات محله خاليا التهابية وخاليا م
كانت في منطقة القشرة اكثر من منطقة اللب. كذلك شملت النتائج تغيرات متنوعة هناك فرط الحمضية وتغلظ االنوية واحتقان االوعية 

ملغم/كغم) من وزن  ٢٠في الجرذان المعاملة بـ ( طقتي القشرة واللب في الغدة الكظريةالدموية والنزف وتحلل الخاليا والتهاب في من
  الجسم.

 

 
Introduction 

 
Cadmium (Cd) considered to be the most toxic 

environmental and occupational pollutants (1,2). Although, 
the harmful effects Cd exposure have been extensively 
investigated in humans and experimental animals, many 
effects and mechanisms of the action still not fully 
understood and therefore further studies are needed. The 
accumulation of Cd occurs in the mitochondria of thyroid 
follicular epithelial cells and inhibits both the synthesis and 
release of thyroid hormones (3). Furthermore, Cadmium 
appears to be the main cause of auto-immune thyroid 
disease (4). Cd can be define as a toxic heavy metal that has 
short and long term effects. It accumulates mainly in blood, 
kidney, liver, brain, testis, the reproductive organs, the 
hypothalamus and in the mammalian pituitary gland (5,6). 
Other Cd effects includes it’s influence on cell physiology 
and growth (7,8) and on the induction of lipid peroxidation 
(LPO), that is dependent on oxygen free radicals (9,10). 
Adding to its well-known toxic effects, Cd is now 
considered as potential endocrine disruptor as well (11,12). 

The endogenous hormones can be mimicked, enhanced 
or inhibited by naturally or synthesized agents known as 
Endocrine disrupting chemicals (EDCs) (13). Cd Exposure 
is accompanying with the activity of endocrine system in 
both genders in rats (14). Cd can perform as an endocrine 
disruptor, its action involves altering the homeostatic 
balance of a variety of hormones. Reports of Circulating 
concentrations of pituitary hormones, for example, 
prolactin, adrenocorticotropin hormone, growth hormone, 
luteinizing hormone, follicle-stimulating hormone, and 
thyroid-stimulating hormone showed an alteration in male 
rats exposed to Cd (8). 

 
Materials and methods 
 
Experimental animals 

Male rats Rattus norvigicus weighting (160-180 g) were 
purchased from animals house of college of Science, 
Basrah University. The animals were kept within standard 
conditions (pallat and water ad libitum) and a 12: 12 hrs. 
light-dark cycle.  
 
 
 

Experimental design 
A total number of 36 male rats were divided into 3 

groups, each group consist of 12 rats. The control group G1 
treated with distilled water orally. Animals of G2 and G3 
were given 15mg/kg. B.W. and 20 mg/kg.bw.mg/kg/B.W. 
of cadmium chloride (cdcl2), respectively. The doses of 
cdcl2 were prepared as fresh in distilled water and 0.3ml 
was administered orally twice a week. All animals of G2 
and G3 groups were treated only orally for a week at the 
beginning of the experiment. After (6) weeks, the male rats 
were anesthetized with ether. The thyroid and adrenal 
glands were removed from all animals and were 
immediately fixed in10% neutral buffered formalin fixative. 
Then, routine histological procedures were done (15), and 
histological sections of all organs were stained with 
Hematoxylin and Eosin stains. 

 
Results  
 
Histological examination of thyroid gland 

Sections from thyroid gland of the control rats showed 
thyroid follicles surrounded by dense fibrous connective 
tissue, band of connective tissue extend to separate between 
the follicles and part of trachea (hyaline cartilage) always 
appeared (fig.1). Each follicle lined by epithelial cells 
which arranged from columnar, cuboidal to squamous cells 
and these follicles are completely filled with colloid 
substance (fig. 2). 

Light microscopic observations of the section from 
thyroid gland of rats treated with 15mg/kg.bw. CdCl2 

showed different sizes of thyroid follicles, some of these 
follicles appeared to be hollow with (no colloidal 
substance), heavy infiltration of inflammatory cells, 
depletion of parafollicular cells and vacuolated colloid may 
be clear on other sections (fig. 3 and 4). The thyrocytes 
arranged in acinar manner, the colloid was vacuolated and 
some follicles with scantly colloid (fig. 5). Sections of 
thyroid gland from rats treated with 20mg/kg.B.W. CdCl2 

showed irregular thyroid follicles with very scantly colloid 
materials, exfoliation of lining cells with lumen follicles 
noticed, congested blood vessels, vascularized stroma, 
hyperplasia of thyrocytes and most follicles were empty 
(fig. 6, 7 and 8). 
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Histological examination of adrenal gland.  
The control sections of adrenal gland showed a normal 

histologically features (cortex and inner layer medulla). The 
cortex contains paranchymal cells and subdivided into zona 
glomerulosa, zona fasciolata and zona reticularis (fig. 9). 
The glomeulosa consists of small columnar cells that 
arranged in cords and clusters, while the fasciculata 
appeared as larger cells and vacuolated known as 
spongiocytes with lipid droplets. Furthermore, the sections 
showed the inner layer of cortex known the reticularis 
which is formed from smaller cells resemble the 
spongiocytes but with less lipid droplets (fig. 10).  
 

 
 
Fig. 1: Microphotograph of thyroid gland from control rats 
showing septa of connective tissue  and collagenous 
fibers  (H&E, 200X). 
 

 
 
Fig. 2: Microphotograph of thyroid gland from control rats 
showing each follicle lining with follicular epithelium  
and follicle filled with colloid substance (C), (H&E 400X).  

 
The medulla is invested by the cortex and occupied the 

central portion of the adrenal gland. Results of the adrenal 
gland from rats exposed to 15 mg/kg.B.W. CdCl2 showed 

changes in different regions including cellular debris, 
necrosis of cortical cells, amorphous material in the 
replaced necrotic cells and inflammatory cells infiltration 
(fig. 11, 12 and 13). Furthermore, the most obvious feature 
of this group is the infiltration of adipocytes which 
appeared very clear in the medulla (fig. 14). Most changes 
occur within the adrenal cortex and they appeared to be 
more severe than the changes in the medulla. Sections from 
the adrenal gland of rats treated with dose 20mg/kg.B.W. 
CdCl2 showed variable changes ranging from 
hypereosinophilia, pyknosis nuclei, congested blood vessels 
and hemorrhage (fig. 15 and 16). Moreover, degeneration 
and inflammation was very clear in both the cortex and 
medulla of this group (fig. 17 and 18). 
 

 
 
Fig. 3: Microphotograph of thyroid gland from treated rats 
with 15mg/kg.bw. of cdcl2 after 6 weeks showing heavy 
infiltration of inflammatory cell and disorganized 
thyroid follicles  (H&E 400X). 
 

 
 
Fig. 4: Microphotograph of thyroid gland from treated rats 
with 15mg/kg.bw. of cdcl2 after 6 weeks showing 
vaculated colloid and depletion of parafollicular cells 

(H&E 400X). 
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Fig. 5 Microphotograph of thyroid gland from treated rats 
with 15mg/kg.bw. of cdcl2 after 6 weeks showing the 

thyrocytes arranged acina r , the colloid was vaculized 
and some of follicles with scantly colloid (H&E, 400X).  

 

 
 
Fig. 6: Microphotograph of thyroid gland from treated rats 
with 20mg/kg.bw. of cdcl2 after 6 weeks showing reduced 
in follicles size , congested blood vessels , 
vaculated colloid substance and hyperplasia of 
thyrocytes  (H&E, 400X).  
 

 
 
Fig. 7: Microphotograph of thyroid gland from treated rats 
with 20 mg/kg.bw. of cdcl2 after 6 weeks showing 
infiltration with inflammatory cells , most follicles 
empty  and congested blood vessels  (H&E, 400x).  

 
 
Fig. 8: Microphotograph of thyroid gland from treated rats 
with 20mg/kg.bw. of cdcl2 after 6 weeks showing variable 
size of follicles , thickness of stroma and 
depletion of inflammatory cells (H&E, 400x). 
 

 
 
Fig. 9: Microphotograph of adrenal gland from control rats 
showing inner layer known medulla (M) and outer layer 
subdivided into fasciculata (F), glomerulosa (G) and 
reticularis (R). (H&E, 200x). 
 

 
 
Fig. 10: Microphotograph of adrenal gland from control rats 
showing spongiocytes (S), fasciculata (F) and glomerulosa 
(G). (H&E, 400x). 
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Fig. 11: Microphotograph of adrenal gland from treated rats 

with 15mg/kg.bw. showing necrosis and congested 
blood vessels (H&E, 400x). 
 

 
 
Fig. 12: Microphotograph of adrenal gland of rats treated 
with 15mg/kg.bw. showing necrosis and infiltration of 
inflammatory cells (H&E, 400x).  
 

 
 
Fig. 13: Microphotograph of adrenal gland from treated rats 
with 15mg/kg.bw. showing necrosis and infiltration of 
inflammatory cells (H&E, 200x).  

  
Fig. 14: Microphotograph of adrenal gland from treated rats 
treated with 15mg/kg.bw. showing adipocytes infiltration in 
medulla  (H&E, 400x). 
 

 
 
Fig. 15: Microphotograph of adrenal gland from treated rats 
with 20mg/kg.bw. showing congested blood vessels , 
hemorrhage (H), degeneration and necrosis of fasciculata 
zona (H&E, 400x).  
 

 
 
Fig. 16: Microphotograph of adrenal gland from treated rats 
with 20mg/kg.bw. showing pyknotic nuclei (P) and 
hemorrhage (H), (H&E, 600x). 
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Fig. 17: Section in adrenal gland from treated rats with 
20mg/kg.bw. showing pyknotic nuclei , degeneration 
and necrosis of cells (H&E, 400x). 
 

 
 
Fig. 18: Section in adrenal gland from treated rats with 
20mg/kg.bw. showing pyknotic nuclei , infiltration of 
inflammatory cells , degeneration  (H&E, 400x).  
 
Discussion 
 

In the current study, the cytotoxicity effects of orally 
administration of CdCl2 on the thyroid and adrenal glands 
in adult male rats were investigated. Cadmium is dangerous 
as it is easily absorbed and accumulated in tissues for very 
long time. The exposure to cadmium in low or high doses 
for long time may results in biochemical and functional 
alterations in some critical organs (16). The reported toxic 
effects induced by cadmium are similar to the effects of 
many other toxic metal (17). Cadmium metal exposure 
leads induction of reactive oxygen species (ROS) 
formation, for example, superoxide radical, hydroxyl ion 
and hydrogen peroxide (18). The reaction of reactive 
oxygen species with the cellular biomolecules has been 
shown to cause lipid peroxidation, membrane protein and 
DNA damage (19,20). Marcinkiewicz, et al. (21) believed 
that the effects of cadmium on thyroid gland is by 

interfering with thyroid function at the glandular level as 
well as at peripheral level. The mechanisms of these effects 
is probably by inhibition the conversion of T4 to T3, in 
addition, cadmium may cause damages to the structure and 
function of both follicular and parafollicular cells resulting 
in the reduction of thyroidal uptake (22). Numerous studies 
suggested the mechanisms of the thyroid structural damages 
and malfunction which includes affecting thyroxin 
metabolism in liver is via the reducing of hepatic “Outer 
Ring Deiodinase ORD” activity. ORD is an enzyme 
responsible of converting the majority of the circulating 
form of thyroid hormone (T4) to the biologically active 
form (T3). The reduction of ORD leads to the disruption of 
T3 signaling which results in the reduction of T4 
conversion (23). Elongated exposure to cadmium may 
stimulate the hepatic microsomal enzyme especially UDP-
GT (Uridine DiPhosphate Glucournyl Tranferase) and 
phenol sulftransferase activity (24,25) resulting in fast 
clearance of T3 and T4. Cadmium accumulates in 
mitochondria of thyroid follicular epithelial cells, this may 
distract the oxidative phosphorylation of mitochondria with 
subsequent loss of energy supply which inhibits thyroid 
hormone synthesis and release (26). The adrenal glands are 
found to have the capacity to accumulate cadmium more 
than other endocrine gland (27). Many previous support the 
idea that the adrenal gland is highly susceptible to cadmium 
compare to other endocrine glands (28). Motabagani (29) 
demonstrated that cadmium many increase weight of the 
adrenal gland, moderate lipid depletion in the intracellular 
content of the zona glomerulosa, the decreased size of 
globules, may be resulted from an increase in the 
vascularity, glandular tissue hypertrophy and the increase 
of protein content within the cells. The current study 
showed that treatment of rats with cadmium chloride 
induced degenerative changes in the adrenal cortex in the 
form of vacuolation of the cytoplasm, increase in lipid 
droplets, and pyknosis of the nuclei. These findings are in 
agreement with previous investigators whose results 
correlated with the histological changes observed in the 
present study (30). Oxidative stress triggered by different 
metals may destructe certain tissues and release various 
transaminases into the plasma (31). Cadmium has the 
ability to affect the activation of numerous signaling 
pathways and produce reactive radicals. These radicals lead 
to oxidative stress state, subsequent DNA damage and lipid 
and protein oxidation (32,33). Moreover, Cadmium may be 
associated with active oxygen species (ROS) production 
(34,35). Cd is known to reduce both glutathione and 
protein-bound sulfhydryl groups, which results in 
enhancing the production of reactive oxygen species (ROS) 
such as superoxide ion, hydroxyl radicals and hydrogen 
peroxide (36).  
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