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Abstract 
 

The present study was conducted to investigate the effect of co-administration of zinc 

sulfate with Carbimazole (CBZ) and, Levothyroxine (L-T4) on thyroid gland function in 

adult male rabbits. Fifty adult male rabbits, were divided randomly into five equal groups (6 

rabbits/group) as follows: The first group (control group): Rabbits were given oral doses of 

distilled water daily by gavage; second group (Hypothyroidism): Rabbits were given oral 

doses of carbimazole (5 mg/kg. bw) daily by gavage; the third group; Rabbits were given 

oral doses of carbimazole (5 mg/kg. bw) + zinc sulfate (20 mg/kg.bw); fourth group 

(Hyperthyroidism): Rabbits were given oral doses of L-T4 (100µg/kg.bw) daily by gavage; 

Fifth group: Rabbits were given oral doses of L-T4(100µg/kg.bw) + Zinc sulfate 

(20mg/kg.bw) daily by gavage. The treatment continued for 30 days. The results revealed 

the following: A significant elevation in serum TSH level and a significant reduction in 

serum T4, T3 and, FT3 levels in CBZ treated rabbits group compared with the control group, 

while a significant reduction in serum TSH level and a significant elevation in serum levels 

of T4, FT4 and FT3 in animals group treated with the L-T4 compared with the control group 

Histopathological changes of hypothyroidism were observed in CBZ treated group 

characterized by small thyroid follicles, increase the height of thyrocytes hyperplasia, and 

vacuolation of colloid.  L-T4 and L-T4-Zinc treated groups showed large follicles distended 

with homogenous acidophilic colloid. No significant changes in thyroid architecture were 

observed in CBZ-Zinc treated group compared with the control group. 
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Introduction 

The thyroid gland is considered one of 

the most important endocrine glands in the 

body in the human which carries out 

different functions. Thyroid hormones 

triiodothyronine (T3) and 

tetraiodothyronine(T4) are the main 

fundamental, to several metabolic 

functions and these hormones are also 

demand by almost all body tissues for 

performing of normal functions. These 

hormones impact basal metabolic rate and 

oxygen consumption (1). The thyroid 

dysfunctions could be one of the most 

critical disorders in the rabbit (2; 3). 

Hypothyroidism is a prevalent disturbance 

of the endocrine system in which the 

thyroid gland does not produce a sufficient 

amount of thyroid hormones (THs). 

Hypothyroidism (HT) is characterized by a 

decrease in metabolic rate which leads to 

an adverse impact on numerous organs and 

system activities (4). Hyperthyroidism is a 

defect in which thyroid hormone is 

synthesized in excess amount and secreted 

by the thyroid gland. Variations in thyroid 

gland functions influence nearly all 

physiological systems (5; 6). 

 Various trace elements such as 

selenium (Se) and zinc (Zn) are included in 

the synthesis and metabolism of THs (7).  

Zinc is considered, an essential element for 

the synthesis of thyroid hormones in 

addition to its effects on target tissues,  

 

Zinc is wanted for the synthesis of the 

thyrotropin-releasing hormone (TRH), it 

plays an important role in the binding of T3 

to its nuclear receptor, in the anterior 

pituitary Zinc participates in the synthesis 

of the thyroid-stimulating hormone (TSH), 

and it acts as an inhibitor or cofactor of 

type 1 and type 2 deiodinases (8; 9; 10). 

The normal function of the thyroid gland 

depends on the presence of several trace 

elements such as iodine, selenium, zinc, 

iron, and copper, for both the synthesis and 

metabolism of THs, insufficiency of these 

elements can lead to hypothyroidism (11). 

This study aimed to investigate the 

possible protective role of Zinc sulfate 

against hypothyroidism and 

hyperthyroidism induced   by Carbimazole 

and L-T4 in adult male rabbits. 

Materials and Methods 

The Experimental Animals: 

     This study experiment was carried out 

at the Animal House of the College of 

Veterinary Medicine/ University of 

Basrah, Iraq. A total of 30 well-

experienced adult male rabbits, weighed 

(1320 ± 239.36) gm at the beginning of 

the study, were used in this study. They 

were maintained under light dark cycle 

(14/10) hours, at a temperature (25±2) Cº. 

All rabbits were supplied food and water 

ad libitium. The rabbits were kept for two  
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weeks for an acclimatization period before 

the commencement of the experiment. 

The Experimental Design: 

This experiment was carried out on 30 

adult male rabbits; they were divided into 

five equal groups (n=6) each, as follows: 

The first group (control group): Rabbits 

were given oral doses of distilled 

water(0.2µl/kg.bw) daily by gavage. The 

second group (Hypothyroidism): Rabbits  

were given oral doses of carbimazole 

(5mg/kg. bw) daily by gavage. The third 

group: Rabbits were given oral doses of 

carbimazole (5mg/kg.bw) + Zinc sulfate 

(20mg/kg.bw) daily by gavage. The fourth 

group (Hyperthyroidism): Rabbits were 

given oral doses of L-T4 (100µg/kg.bw) 

daily by gavage. The fifth group: Rabbits 

were given oral doses of L-

T4(100µg/kg.bw) + Zinc (20mg/kg.bw) 

daily by gavage. The experiment continued 

for 30 days.  

At the end of the experimental period, 

the rabbits were euthanized via chloroform 

asphyxiation, blood samples were collected 

from the heart directly by cardiac puncture 

using gel separator tubes. Following 

collection, the blood was centrifuged at 

3000 rpm for 15 minutes for the separation 

of serum samples. Serum samples were 

collected after centrifugation and kept in 

Eppendorf tubes and stored at -20 Cº until 

measurement of thyroid hormones level. 

Thyroid specimens were removed and  

 

maintained in 10% formalin for 

histological examination. 

Measurement of thyroid hormones 

Serum levels of T4, T3, FT4, FT3, and 

TSH, were determined by using ELISA 

kits supplied by Monobind Inc. lake forest 

CA 92630, USA). All the procedures were 

performed according to the manufacturer’s 

instructions (12). 

Histopathological study 

Tissue samples of the thyroid gland 

fixed in buffered formalin were embedded 

in paraffin, then a tissue section of 6 μm 

was taken and stained with eosin and 

hematoxylin. The sections were examined 

by using a light microscope for 

histopathological changes (13). 

 

Results 

The results as presented in Table (1) 

revealed a significant (p≤ 0.5) increase in 

serum TSH concentration in CBZ-treated 

group compared with the control group. 

While CBZ+Zinc treated group recorded a 

significant (p≤ 0.5) decrease in serum TSH 

concentration compared with the CBZ-

treated group as the TSH value was not 

significantly different compared to the 

control group. A significant (p≤ 0.5) 

decrease in serum TSH concentration was 

recorded in L-T4 treated group compared 

with CBZ and CBZ+Zinc groups. Whereas 

L-T4+Zinc group showed an attenuated 

increase in TSH concentration with no  
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significant differences compared to the 

control group.  On the other hand, a 

significant (p≤ 0.5) decrease in serum T4 

concentration was recorded in CBZ treated 

group compared with the control group. 

While no significant differences were 

observed in T4 values between CBZ + Zinc 

group and the control group. Whereas a 

significant (p≤ 0.5) increase in serum T4 

concentrations were recorded in L-T4 and 

L-T4+zinc treated groups compared with 

the control and other treated groups. There 

was an insignificant (p≥0.05) decrease in 

FT4 value in CBZ group compared with the 

control group. Furthermore, a significant 

(p≤ 0.5) increase in FT4 values were 

recorded in both L-T4 and L-T4 + zinc 

treated groups compared with the CBZ 

group. An insignificant decrease and 

increase in serum T3 values were recorded 

in CBZ and CBZ+ Zinc groups 

respectively compared with the control 

group.  

 

 

 

 

 

 

 

 

A significant (p≤ 0.5) increase in serum 

T3 value was recorded in L-T4 group 

compared with the control and other 

treated groups except L-T4 treated group 

where no significant was found. A 

significant (p≤ 0.5) increase in serum T3 

value was recorded in L-T4 group 

compared with the control and other 

treated groups except L-T4 treated group 

where no significant was found. Finally, a  

significant (p≤ 0.5) decrease in serum FT3 

concentration was recorded in CBZ treated 

group compared with the control and all 

other treated groups. While no significant 

difference was observed in FT3 values 

between CBZ+ Zinc treated group and the 

control group. Moreover, a significant (p≤ 

0.5) increase in FT3 values were recorded 

in L-T4 and L-T4+ zinc groups compared 

with the control and other treated groups. 
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Table (1) Effect of Carbimazole, LT-4 and Their Co-treatment with Zinc on Thyroid Function 

in Adult Male Rabbits (M±SD)                                     

    

  

  

 

 

 

 

 

 

 

 (n=6) The different letters refer to significant differences among groups at (p≤ 0.5) level ,   n= numbers 

of animals in each group 

 

Histopathological Results 

 

 

 

 

 

 

 

 

F T3 (pg/ml) FT4 (ng/dl) T3 (ng/ml) 

 

T4 (µg/dl) 

 

TSH(µlU/ml) 

 

 Parameters     

Groups 

4.02±0.73 

b 

1.01±0.48 ab 1.55±0.75 b 2.89±0.43 b 1.15±0.122 

bc 

Control 

1.42±0.52 

c 

0.66±0.54 b 0.37±0.12 c 1.34±0.46 c 2.67±0.86 a CBZ 

3.23±1.06 

b 

1.24±0.49 ab 2.34±0.66 b 3.03±0.89 b 1.21±0.26 b CBZ+Zinc 

5.80±0.70 

a 

2.25±1.36 a 3.37±1.11 ab 4.96±0.89 a 0.33±0.17 c L-T4 

5.91±1.65 

a 

2.20±.84 a 4.59±1.70 a 4.36±0.72 a 0.59±0.49 bc L-T4+Zinc 

1.81 1.53 2.24 1.33 0.88 LSD 

Figure (1): Thyroid tissue section of control group 

rabbits showing, thyroid follicles (F) of different 

sizes, lined by low cuboidal epithelium, filled with 

homogenous acidophilic colloid (C) and 

Interfollicular connective tissue with C - cells (P). 

(H and E, 400X).                                                        

            

Figure (2): Thyroid tissue section of rabbits group 

treated with CBZ showing, small follicles (F) ,lined 

by high cuboidal thyrocytes, with little dense and 

vacuolated colloid(VC), and Hyperplasia of some 

follicular epithelium(H). (H and E, 400X).                  
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Discussion 

 

 

 

Figure (3): Thyroid tissue section of rabbits 

group treated with CBZ + Zinc showing, 

normal thyroid follicles of different sizes(F), 

lined by low cuboidal epithelium(C), filled with 

homogenous acidophilic colloid, normal 

interfollicular connective tissue with C-cells(P). 

(H and E. 400X).                                                 

     

Figure (4): Thyroid tissue section of rabbits group 

treated with L-T4 for 30 days showing, follicles of 

different sizes distended (F) by a large quantity of 

homogenous acidophilic colloid (C), lined by 

flattened epithelial cells, hyperplasia of some 

follicles(H), normal interstitial tissues with C-

cells(P). (H and E 400X).                                
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Figure (5): Thyroid tissue section of rabbits group 

treated with L-T4 + Zinc showing, different sizes of  

thyroid follicles(F) distended with homogenous 

acidophilic colloid(C), lined by flattened epithelium , 

hyperplasia of some follicles epithelium(H) and 

interfollicular C-cells. (H and E 400X).                       
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Discussion  

The results of the present study 

revealed a significant increase in serum 

concentration of TSH and a significant 

decrease in serum T4 and FT3 

concentrations and insignificant decrease 

in serum T3 and FT4 concentrations in 

CBZ-treated group for 30 days compared 

with the control group. These results are 

in agreement with (14; 15; 16) who all 

found a significant reduce in serum T3 and 

T4 levels and elevation in serum TSH 

level in CBZ-treated adult groups, 

compared with the control group. The 

results of the current study are in 

accordance with (17; 18; 19) who all 

found that a significant reduction in serum 

T3 and T4 levels and a significant increase 

in serum TSH levels in adult male rats 

treated with propylthiouracil (PTU) 

compared with the control group. The 

present results are in line with those of 

(20;21; 22) they concluded that 

hypothyroidism and hyperthyroidism 

induced in adult male rats by treatment 

with CBZ and thyroxine respectively 

revealed a significant increase in serum 

TSH level and a significant decrease in 

serum T3 and T4 levels in CBZ treated 

group compared with the control group 

while a significant reduction in  

 

serum TSH and a significant elevation 

were recorded in L-T4 treated group 

compared with the control group. 

Carbimazole is converted to methimazole 

(its active form) which in turn prevents 

the thyroid peroxidase enzyme from a 

couple with residues of tyrosine and 

prevents the iodination process on 

thyroglobulin, thus, the production of T3 

and T4 will be decreased consequently, 

leading to increase the level of TSH (23). 

 The results obtained in animals group 

treated with L-T4 were matched with the 

results obtained in rabbits by (24) who 

found a significant increase in serum T3 

and T4 levels in animals group treated 

with different doses (25, 50 and 100 mg 

T4 /Kg Body weight) for five weeks. Our 

results agreed with that previously 

mentioned by (25; 26) who indicated that 

treatment of adult male rats with L-T4 

induced a significant increase in T3 and T4 

levels and decrease in serum TSH level 

compared with the control group. 

Similarly, (27; 28) they mentioned that 

adult male rats treated with the L-T4 

causes a significant elevation in serum 

FT3 and FT4 levels and reduction in serum 

TSH level compared with the control 

group. It was found that the mean value of 

T3, T4, FT3, and FT4 were higher and the 

mean value of TSH was lower in 

hyperthyroid patient’s compared with that 

of the control group (29; 30). The 

significant reduction of serum zinc 
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concentration obtained in the current 

results may contribute to the development 

of hypothyroidism in CBZ treated group.  

No significant differences in all thyroid 

hormones were observed between animals 

group treated with a combination of 

CBZ+zinc and the control group. These 

results are in consistent with the results 

observed by (31; 18) they found that 

administration of the different levels of 

zinc causes significant elevation in serum 

FT3 and FT4 in PTU-induced 

hypothyroidism male rats and causes 

reduction in TSH level compared with the 

positive control group. Zinc prevent 

reduction in thyroid hormones due to its 

antioxidant activity. Zinc is an important 

element necessary for the optimal activity 

of numerous hormones, including TH 

(32). Zinc, in particular, is necessary for 

THs synthesis as well as its effect on the 

target tissues. Zinc is demand for 

synthesis of thyrotropin-releasing 

hormone (TRH), It plays an important role 

in linking T3 to its Receptor in the nucleus 

participates in the synthesis of stimulating 

the thyroid gland Hormone (TSH) in the 

anterior pituitary gland, works inhibitor or 

cofactor of type 1 and type 2 deiodinases 

(10). A probable role of zinc in the thyroid 

gland function is the preservation of 

antioxidant balance and zinc acts as a 

cofactor for superoxide dismutase and is 

substantial, for the activity of glutathione 

peroxidase (33). 

The reduction in TSH level in the 

hyperthyroid group may result from a 

negative feedback effect of elevated T3 

and T4 levels on the pituitary and /or 

hypothalamus. Results of the current study 

revealed that co-administration of zinc 

with L-T4 has no effect on the elevated 

THs levels in hyperthyroid rabbits group. 

In the group of animals treated with T4 

and zinc, thyroid hormones remained 

elevated compared to the control group. 

This may be due to availability of zinc 

keeps thyroid hormones on high activity, 

in addition to the fact that zinc availability 

increases zinc absorption from the 

intestine. 

Histopathological Study 

Histopathological examination of 

thyroid gland of rabbits treated with CBZ 

for 30 days revealed small follicles, lined 

by height cuboidal thyrocytes, with little 

dense and vacuolated colloid, and 

Hyperplasia of some follicular epithelium. 

These changes are in accordance with 

those mentioned by (34) who found that 

thyroid gland of PTU-treated rats showed 

hyperplasia of the cells thyroid follicles 

revealing a promoted thyroid activity, 

increased vascularity and the number of 

thyroid follicles, and reduction in the 

colloid content. The results of the thyroid 



 

  Falih & AlKalby, Bas.J.Vet.Res.20(2),2021                          9          

 

gland treated with a combination of CBZ 

and Zinc indicated that no 

histopathological changes of the thyroid 

gland compared with the control group. In 

the same line the histological section of 

rat thyroid gland treated with PTU showed 

that thyroid follicles were and displayed 

copious granular cytoplasm with decrease 

in luminal size and entire absence of 

colloid material (19).  

The present results are in consistent 

with that observed by (35) who found that 

rabbits treated with the CBZ for 30 days 

showed hypertrophy of epithelial cells 

lined the thyroid follicles, contain non 

homogenous colloid, congestion of blood 

vessels and hemorrhage. Similarly, PTU-

induced hypothyroidism showed thyroids 

follicles with different sizes, filled with a 

variable amount of small dense and 

extremely vacuolated colloid, the follicles 

lined by cuboidal and sometimes 

columnar epithelial cells, with 

occasionally eosinophilic and vacuolated 

cytoplasm and hyperchromatic nuclei, 

furthermore, a pool of follicular cells 

depleted of the lumen and follicles lined 

by one or more layers of epithelial cells 

(36; 37; 38). In the same line, thyroid 

tissue section sections of methimazole 

treated rats showed degenerative 

alterations of different follicles with the 

empty follicular lumen. Most of the 

follicles appeared irregularly shaped and 

narrowed due to depleted colloid. The 

epithelial cells lining the follicles were 

enlarged and less or more cylindrical in 

shape (15). The increase in follicular 

activity may be attributed to the reduction 

in T4 levels which causes an elevation of   

TSH secretion from pituitary gland as 

obtained in this study, which leads to an 

increase in the proliferative activity of 

thyrocytes. The histological section of L-

T4 treated group showed thyroid follicles 

with different sizes distended with 

homogenous acidophilic colloid, lined by 

flattened epithelial cells, similar results 

was obtained by (26). In contrast to the 

present results thyroid follicles of   

hyperthyroid rats induced by L-T4 

appeared in variable sizes, lined by 

cuboidal thyrocytes with basophilic 

rounded nuclei and the lumen of 

numerous follicle lumen were empty from 

colloid. Various follicular cells displayed 

vacuolated cytoplasm and pale nuclei. 

Some other follicles are atrophied and 

minute blood capillaries were noted (39; 

25). The biochemical results of the present 

study assured the histopathological 

manifestations of the rabbit’s thyroid 

glands treated with both CBZ and L-T4.  

As for the group that was treated with 

carbimazole with zinc, no histological 

changes were observed in the thyroid 
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tissue compared to the control group. This 

may be due to the fact that the addition of 

zinc maintains the level of zinc in the 

body, which is necessary for the 

functioning of thyroid hormones and 

thyroid homeostasis, as it was found from 

the results of the current study that there 

was a decrease in zinc concentration in the 

group.  While the thyroid tissue in the 

group treated with T4 and zinc showed 

similar changes to the thyroid of the group 

treated with T4 compared to the control 

group, this may be because zinc in 

hyperthyroidism acts as a stimulator for 

thyroid activity.  

Conclusion: Based on the results of this 

study, we can conclude that administration 

of zinc sulfate   is more effective in the 

protection of thyroid function in   

hypothyroidism induced by carbimazole 

than hyperthyroidism induced by L-T4 in 

adult male rabbits. 
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التأثُر الىقائٍ لكبرَتاث الزنك علً قصىر وفرط نشاط الغذة الذرقُت المستحث فٍ ركىر الأرانب 

 البالغُن

 جاسم محمد احمذ  الكلبٍ          ونىر الهذي حسُن فالح         

 البصرة, العراق-فرع الفسلجت والادوَت والكُمُاء, كلُت الطب البُطرٌ , جامعت البصرة 

 الخلاصت

-L)وىُفىثُشومسُِ ) (CBZ)ذساست اىحبىُت ىَؼشفت حأثُش الإػطبء اىَشخشك ىنبشَخبث اىضّل ٍغ مبسبَُبصوه أخشَج اى

T4)  ٌػيً وظُفت اىغذة اىذسقُت فٍ رمىس الأساّب اىببىغت.وقذ أخشَج هزٓ اىخدشبت ػيً  ثلاثىُ ٍِ رمىسالاأسّب اىببىغت ح

ً إىً خَس ٍدَىػبث ٍخسبوَت ) ب ىنو ٍدَىػت( ،: اىَدَىػت الأوىً )ٍدَىػت اىسُطشة(: أساّ 6حقسَُهب ػشىائُب

أػطُج الأساّب فٍ هزٓ اىَدَىػت ٍبء اىَقطش َىٍُبً ببىخدشَغ ػِ طشَق اىفٌ . اىَدَىػت اىثبُّت )قصىس اىغذة اىذسقُت(: 

َدَىػت اىثبىثت ٍيغٌ / مغٌ ٍِ وصُ اىدسٌ( َىٍُبً ػِ طشَق اىفٌ : اى 5أػطُج الأساّب  فٍ هزٓ اىَدَىػت مبسبَُبصوه )

ٍيغٌ / مغٌ ٍِ وصُ  20ٍيغٌ / مغٌ ٍِ وصُ اىدسٌ( + مبشَخبث اىضّل ) 5أػطُج أساّب هزٓ اىَدَىػت مبسبَُبصوه )

اىدسٌ( ؛ اىَدَىػت اىشابؼت )فشط ّشبط اىغذة اىذسقُت(: أػطُج الأساّب  فٍ هزٓ اىَدَىػت اىثبَشومسُِ)  

طشَق اىفٌ، اىَدَىػت اىخبٍست: أػطُج الأساّب  فٍ هزٓ اىَدَىػت  ٍُنشوغشاً / مغٌ ٍِ وصُ اىدسٌ( َىٍُبً ػ100ِ

ٍدٌ / مدٌ وصُ حٍ( َىٍُبً ػِ طشَق اىفٌ.  20ٍُنشوغشاً / مغٌ وصُ حٍ( + مبشَخبث اىضّل )   100اىثبَشومسُِ

ب. أظهشث اىْخبئح ٍب َيٍ: اسحفبع ٍؼْىٌ فٍ ٍسخىي 30اسخَش اىؼلاج ىَذة  ًٍ ىٌ فٍ فٍ اىذً واّخفبض ٍؼْ TSH َى

ٍقبسّت بَدَىػت اىيسُطشة ، ٍغ اّخفبض ٍؼْىٌ فٍ  CBZ فٍ ٍصو الأساّب اىَؼبٍيت بـ FT3 و T3 و T4 ٍسخىَبث

 فٍ ٍدَىػت اىحُىاّبث اىَؼبٍيت بـ  FT3 و FT4 و T4 فٍ اىذً واسحفبع ٍؼْىٌ فٍ ٍسخىَبث اىَصو ٍِ TSH ٍسخىي

L-T4 ُدُت اىَشضُت ىقصىس اىغذة اىذسقُت فٍ اىَدَىػت اىَؼبىدتٍقبسّت بَدَىػت اىسُطشة مَب ىىحظج اىخغُشاث اىْس 

CBZ  واىخٍ حخَُض بصغش حدٌ حىَصلاث اىغذة اىذسقُت  ، وصَبدة اسحفبع فشط حْسح اىخلاَب اىذسقُّت ، وحفدٍ اىَبدة

ب ىٌ خشَببث مبُشة ٍَخيئت بغشواُ حَضٍ ٍخدبّس. مَ L-T4-Zinc و L-T4 اىغشواُّت. أظهشث اىَدَىػبث اىَؼبىدت بـ

  .ٍقبسّت ٍغ ٍدَىػت اىسُطشة +CBZ َلاحع أٌ حغُشاث ٍؼْىَت فٍ بُْت اىغذة اىذسقُت فٍ اىَدَىػت اىَؼبىدت ببىضّل


