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ABSTRACT 

Thyroid hormones are vital to regulating growth, calorigenesis and 

metabolic rate throughout life. They act on almost all organs 

throughout the body, including the gut and visceral, therefore 

disturbances in thyroid function may have gastrointestinal 

manifestations and their effects on body tissues have concomitant 

influence on the immune system. Interleukin-6 (IL-6) is a pro-

inflammatory cytokine which increases with gastric mucosa damage, 

while, cluster differential (CD3) and cluster differential (CD20) are 

markers of cell-mediated and humoral-mediated immune responses 

respectively. This study, therefore, examined the expression of CD3 

and CD20 in gastric mucosa with the changes in serum concentration 

of IL-6 in response to altered thyroid state. The thyroid status of 30 male Wistar rats was 

altered using carbimazole (hypothyroid) and levothyroxine (hyperthyroid) and the serum 

interleukin-6 (IL-6), as well as gastric mucosa CD3 and CD20 expression, were assessed. It 

was observed that altered thyroid state was established with the treatments given. The serum 

IL-6 increased significantly (p<0.01) from 4.0 ng/ml in control to 27.0 ng/ml in hyperthyroid 

and 56.3 ng/ml in hypothyroid groups. This was associated with an increased CD3 expression 

in both hypothyroid and hyperthyroid groups compared to the control, while increased CD20 

expression was restricted to hypothyroid rats only. Findings from this study demonstrate that 
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alteration of thyroid state is associated with inflammatory response with consequent 

immunomodulatory effect on both cells mediated- and humoral mediated immune responses. 

 

KEYWORDS: Cluster Differential; Hyperthyroid; Hypothyroid; Interleukin-6; Thyroid 

hormones. 

 

INTRODUCTION 

Thyroid hormones are important in regulating growth, calorigenesis and metabolic rate 

throughout life. They act on almost all organs throughout the body, including the gut and 

visceral, therefore disturbances in thyroid function may have gastrointestinal 

manifestations.
[1]

 They also have important influences on immunological response of 

mammals, with various studies indicating their immunomodulatory effects in mammals.
[2,3,4]

 

Chatterjee and Chandel reported that administration of thyroid hormones to normal animals 

induce leukocytosis.
[2]

 Thyroid hormones affect the functional or developmental activity of 

bone marrow cells and also cells in secondary lymphoid tissues. Reports show that in severe 

hypothyroidism due to thyrotropin receptor (TSHR) defect, there is impairment of B cell 

development.
[5,6]

 Previous studies have reported oxidative stress in hyperthyroidism and 

hypothyroidism.
[7,8,9,10,11]

 This leads to an inflammatory response resulting in increased 

release of Interleukin-6 (IL-6), a cytokine shown to have a modulating effect on certain 

endocrine functions.
[12]

 

 

The CD3 T-cell co-receptor helps to activate the cytotoxic T-Cell. It consists of a protein 

complex of four distinct chains - aγ chain, a δ chain, and two ε chains; and forms a portion of 

the TCR complex and is therefore important in cell-mediated immune response. CD20, on the 

other hand, is an activated-glycosylated phosphoprotein expressed on the surface of all B-

cells beginning at the pro-B phase (CD45R+, CD117+) which progressively increases in 

concentration until maturity,
[13]

 consequently, CD20 is important in humoral-mediated 

immune response. 

 

Reports on CD3 and CD20 expression in dysthyroid gastric mucosa are scarce; this study was 

therefore designed to assess the expression of CD3 and CD20 in gastric mucosa and also to 

determine changes in serum concentration of IL-6 in dysthyroid rats. 
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MATERIALS AND METHODS 

Experimental animals 

Thirty (30) male Wistar rats were obtained from the Animal Holding Unit of the Department 

of Physiology, Ladoke Akintola University of Technology, Ogbomoso. The rats were 

apparently healthy, weighing between 160 – 200 grams and had not been subjected to 

previous experimental procedures. During the study, the animals were kept in wire mesh 

cages with ad libitum access to rat pellet and water. The laboratory temperature was about 

24°C and the animals were exposed to normal day/night cycles for seven (7) days before 

commencement of the experiment. 

 

Treatments 

Rats were randomly allocated into three groups: control, hypothyroid, and hyperthyroid and 

the experiment was carried out, as shown in Table 1 below, as previously described.
[14]

 The 

experimental study was in accordance with the Institution's guidelines and criteria for humane 

care outlined in the National Health Guidelines for the care and use of Laboratory Animals. 

Ethical approval for the implementation of the research clearance was obtained from the Oyo 

State Research Ethical Review Committee, Ministry of Health Secretariat, Ibadan, Nigeria. 

The reference number of the ethical approval for this research is AD13/479/143. 

 

Table 1: Experimental protocol 

 Control Hypothyroid Hyperthyroid 

Treatment Distilled water 
5mg/250g body weight of 

Carbimazole 

5μg/100g body weight of 

levothyroxine 

Animals 10 male rats 10 male rats 10 male rats 

Duration 30 days 30 days 30 days 

 

Specimen collection 

At the end of the experimental period, the rats were sacrificed via cervical dislocation and 

blood was collected via cardiac puncture into plain bottles, serum was extracted and used to 

assay for thyroid stimulating hormone (TSH), and IL-6. The stomachs were removed, washed 

three times in ice cold saline and blotted on ash-free filter paper and used for CD3 and CD20 

immunohistochemistry study.  

 

Preparation of tissue homogenates 

One part of the stomach was weighed and homogenized in phosphate buffered saline (PBS) 

50mM (pH 7.4) for estimation of protein content and IL-6 concentration. The crude tissue 
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homogenate was centrifuged at 10,000 rpm for 15 minutes at 4°C and the resulting 

supernatant was used for the various investigations. Protein content in tissue homogenate was 

measured using Biuret‟s method while IL-6 concentration was determined using ELISA test 

Kits manufactured by Elabscience Biotechnology Co. Ltd, Wuhan, China. 

 

ELISA Procedure 

Serum concentrations of IL-6 were measured using ELISA kits manufactured by Elabscience 

Biotechnology Co. Ltd, Wuhan, China. The assays were carried out following manufacturer's 

instructions. Standard samples were prepared from the calibrator by serial dilution of the 

calibrator with the diluent concentrate as instructed by the manufacturer. One hundred 

microliters of the standards and sera/tissue homogenate samples were pipetted into micro 

wells already coated with specific antibodies and incubated at 37°C for 90 min; the plate was 

covered during incubation. Following incubation, the wells were aspirated of their contents 

without washing and 100μl of biotinylated detection antibody was added to each well and 

incubated for 60 minutes at 37°C, after which each well was completely filled with 

appropriate wash solution. The plate was washed three times. 

 

One hundred microliters of appropriately diluted enzyme–antibody conjugate was pipetted 

into each well and the plate was incubated at 37°C for 30 minutes. After incubation, another 

process of washing was performed as described above and 90μl of TMB substrate solution 

was added to each well. This was followed by incubation for 15 minutes at 37°C after which 

50μl of stop solution was added to each well. The absorbance (at 450 nm) was determined 

using ELISA reader. 

 

Histological analysis 

Histological studies were carried out as previously documented.
[14,15]

 A portion of the 

stomach was fixed in 10% formal saline for histological examination. The tissues were 

processed and embedded in paraffin wax. Thick sections (5μm) were obtained and stained by 

haematoxylin and eosin (H & E) method and examined under a light microscope to determine 

morphological changes. 

 

Determination of CD3 expression 

Expression of CD3 in gastric mucosa cells was determined by immunohistochemistry using 

anti-rat CD3 antibody in the presence of Streptavidin peroxidase as previously described.
[16]
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Determination of CD20 Expression 

Expression of CD20 in gastric mucosa cells was determined with an immunohistochemistry 

using anti- rat CD20 antibody in the presence of Streptavidin peroxidase as previously 

described.
[16]

 

 

Labeling Index Calculation from ImmunoRatio Web Application. 

The percentages of positively stained nuclei for CD3 and CD20 were quantified using 

Immuno Ratio web application (http://jvsmicroscope.uta.fi/immunoratio/) for Image J 

(http://imagej.nih.gov/ij/). Which resides on a remote server accessed through the internet 

with a web browser, Its main features include separating diaminobenzidine-stained (DAB) 

from hematoxylin-stained regions of the image, calculating the percentage of DAB-stained 

region over total region, which is known as the labeling index and generating a 

pseudocolored image corresponding with the area segmentation.
[17]

 

 

Statistical analysis 

Data were expressed as the mean ± standard deviation. Data were analyzed using one-way 

analysis of variance complemented with unpaired t-test. Tukey‟s Multiple Comparison Test 

was used as post hoc test. 

 

RESULTS 

Effect of Carbimazole and levothyroxine on Serum TSH 

Carbimazole treatment led to significant (p < 0.01) increase in serum TSH when compared 

with the control, while levothyroxine caused a significant (p < 0.01) decrease in serum TSH 

when compared with the control as shown by Table 2. 

 

Table 2: Effect of Carbimazole and levothyroxine treatments on Serum TSH. 

Treatments TSH concentration (ng/dL) 

Control 49.0 ± 7.6 

Hypothyroid 60.7 ± 3.4
*
 

Hyperthyroid 25.4 ± 2.1
#
 

*Significant difference between hypothyroid and controls (p< 0.01) 

# Significant difference between hyperthyroid and controls (p< 0.01) 
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Effect of carbimazole and levothyroxine on serum IL-6 

Carbimazole and levothyroxine treatment in the different groups significantly (p<0.01) 

increased serum IL-6 compared with controls with a greater increase in the carbimazole 

treated groups compared with levothyroxine treated group (Figure 1). 

 

 

Figure 1: Interleukin (IL)-6 concentrations in serum of rats with altered thyroid states 

compared with control. 

* Significant difference between hypothyroid and controls (p< 0.01) 

# Significant difference between hyperthyroid and controls (p< 0.01) 

 

Effect of carbimazole and thyroxine on gastric ulceration 

Carbimazole treatment caused ulceration on the gastric mucosa of rats, Thyroxine treatment 

resulted into inflammation and ulceration of the gastric mucosa, while the untreated rats 

showed a normal gastric mucosa (Figure 2). 

 

 

Figure 2: Photomicrograph sections of gastric mucosal surface of control (Section A), 

hyperthyroid (Section B) and hypothyroid (Section C) rats (H&E X 40).  
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Legend 

Section A: showed normal gastric histology, with intact surface epithelium (SE) and intact 

neck of glands (NG). 

 

Section B: showed erupted zones on the surface epithelium with presentation of ulceration on 

the muscularis mucosa (SE+MM). Atrophy Parietal cells is also seen (APC). 

 

Section C: showed areas of inflammation and ulceration on the mucosa, but an intact neck of 

gland (NG). 

 

Effect of carbimazole and levothyroxine on CD3 expression 

Carbimazole and levothyroxine treatment in the different groups caused increased CD3 

expression in gastric mucosa of treated rats compared with controls (Figure 3). 

 

 

Figure 3: Photmicrograph of CD3 expression on gastric mucosal surface of control, 

hyperthyroid and hypothyroid rats using immunohistochemistry (X 40 MAG). 

(A) Control: White arrow indicates area of mild expression of CD3 on normal gastric mucosa 

of the control rat‟s original DAB-stained image. While the red arrow points at pseudo-

colored image of control rat‟s gastric mucosa produced by the ImmunoRatio web 

application, showing staining components. The labeling index is equal to 46.7%. 

(B) Hypothyroid: White arrow indicates area of moderate expression of CD3 on gastric 

mucosal ulceration of the hypothyroid rat‟s original DAB-stained image. While the red 
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arrow points at pseudo-colored image of hypothyroid rat‟s gastric mucosa produced by 

the ImmunoRatio web application, showing staining components. The labeling index is 

equal to 69.0%. 

(C) Hyperthyroid: White arrow indicates area of moderate expression of CD3 on gastric 

mucosal ulceration and sub-mucosa inflammation of the hyperthyroid rat‟s original DAB-

stained image. While the red arrow points at pseudo-colored image of hyperthyroid rat‟s 

gastric mucosa produced by the ImmunoRatio web application, showing staining 

components. The labeling index is equal to 62.4%. 

 

Effect of carbimazole and levothyroxine on CD20 expressions 

Carbimazole treatment increased CD-20 expression in gastric mucosa compared with 

levothyroxine treatment and control expressions (Figure 4). 

 

Figure 4: Photmicrograph of CD20 expression on gastric mucosal surface of control, 

hyperthyroid and hypothyroid rats using immunohistochemistry (X 40 MAG).  

(A) Control: White arrow indicates area of mild expression of CD20 on normal gastric 

mucosa of the control rat‟s original DAB-stained image. While the red arrow points at 

pseudo-colored image of control rat‟s gastric mucosa produced by the ImmunoRatio web 

application, showing staining components. The labeling index is equal to 45.9%. 

(B) Hypothyroid: White arrow indicates area of moderate expression of CD20 on gastric 

mucosal ulceration of the hypothyroid rat‟s original DAB-stained image. While the red 

arrow points at pseudo-colored image of hypothyroid rat‟s gastric mucosa produced by 
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the Immuno Ratio web application, showing staining components. The labeling index is 

equal to 59.6%. 

(C) Hyperthyroid: White arrow indicates area of nil expression of CD20 on gastric mucosal 

ulceration of the hyperthyroid rat‟s original DAB-stained image. While the red arrow 

points at pseudo-colored image of hyperthyroid rat‟s gastric mucosa produced by the 

Immuno Ratio web application, showing staining components. The labeling index is 

equal to 3.7%. 

 

DISCUSSION 

Thyroid hormones are pleiotropic hormones, with essential roles in growth, differentiation, 

maturation, and metabolism.
[18]

 Studies abound on the interactions between thyroid hormones 

and oxidative stress
[19,20]

 and consequent inflammatory response;
[21]

 however, reports are 

scarce on the effect of „altered thyroid „status on expression of CD3 and CD20 in gastric 

mucosa. We studied the gastric mucosa inflammatory response in rats with experimentally 

altered thyroid. Treatment with Carbimazole and Levothyroxine treatments in different rats 

led to hypothyroid and hyperthyroid states, respectively. This was confirmed by measuring 

serum TSH concentration. Carbimazole significantly increased serum TSH when compared 

with control, confirming hypothyroid state while levothyroxine significantly decreased serum 

TSH when compared with control, confirming hyperthyroid state. The increased serum TSH 

seen in Carbimazole treatment and the decreased serum TSH observed in levothyroxine 

treatment are due to the negative feedback mechanism along the hypothalamic–pituitary–

thyroid axis.
[14]

 

 

Thyroid hormones affect all organs in the body including the gut and viscera. They also 

regulate inflammatory responses. Hypermetabolism has been reported to occur as a result of 

thyroid hormone administration to experimental animals.
[22]

 This hypermetabolic state is 

accompanied by oxidative stress in several target tissues and consequent inflammatory 

response.
[23, 24]

 Hypothyroidism is however associated with lower metabolic rate, a decreased 

free radical production is therefore expected. Interestingly, many studies found that 

hypothyroidism is associated with oxidative stress
[25,26]

 due to insufficient antioxidant 

production.
[27]

 Thus, hypothyroidism would also predispose to a pro-inflammatory state. 

 

In this study, a significantly increased serum IL-6 concentration in hyperthyroid and 

hypothyroid rats was observed. This corroborates the findings of Lakatos et al.
[28]

 and Murai 

et al.
[29]

 which observed increased serum IL-6 in hyperthyroidism and hypothyroidism 
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respectively. This reflects the acute inflammatory response associated with alteration of 

thyroid status. Also, a moderate expression of CD3 in gastric mucosa cells of hyperthyroid as 

well as hypothyroid rats was observed. The role of the CD3 receptor has been demonstrated 

in cell-mediated immunity and especially in the stomach.
[30]

 Focal inflammatory cells were 

also seen which shows evidence of inflammation. Therefore, our findings suggest that 

experimental alteration of thyroid status might result in a cell mediated immune response. 

Furthermore, we also observed a moderate expression of CD20 on gastric mucosa cells of 

hypothyroid rats which were however not present in hyperthyroid or control rats. CD20 has 

been shown to have a role in T-dependent humoral mediated immunity,
[31]

 thus our finding 

might be a humoral immune response to hypothyroidism. Also, the isolated expression of 

CD20 in gastric mucosa of hypothyroid and not hyperthyroid or control rats also confirms the 

findings that serum IL-6 is more elevated in hypothyroid compared with hyperthyroid rats. 

 

CONCLUSION 

Our findings demonstrate that alteration of thyroid state is associated with an inflammatory 

response with consequent immunomodulatory effect on both cells mediated- and humoral 

mediated immune responses. These findings suggest possible studies to explore the specific 

role of CD3 and CD20 expression in dysthyroid stomach. 
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