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ABSTRACT  
 

Purpose: To investigate the effect of hyperthyroidism on the level of tumor necrosis factor and 
total Leucocytic count in ova albumin-sensitized guinea pigs. Material and methods: twenty-four male 
guinea pigs were assigned randomly into two equal groups.  Group (1) represents euthyroid while group 
(2) represents induced hyperthyroid group that induced by Intra-peritoneal injections of L-thyroxin. The 
level of tumor necrosis factor and total leukocyte count analysis of bronchoalveolar lavage fluid (BALF) 
were measured for both groups. Results: Statistical analysis revealed a significant increase of the level 
of tumor necrosis and total leukocyte count factor in favour to group (2) in compared to group (1).  
Conclusion: Hyperthyroid groups had higher level of tumor necrosis factor and total leukocyte count 
than euthyroid group which reflects worsening of asthma in hyperthyroidism.  
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Introduction 
 

Asthma is a complex clinical syndrome characterized by variable airflow obstruction, bronchial 
hyper responsiveness (BhR), and cellular inflammation. Asthma is defined by the Global Initiative in 
Asthma (GINA) as-a heterogeneous disease, usually characterized by airway inflammation. It is defined 
by the history of respiratory symptoms such as wheeze, shortness of breath, chest tightness and cough 
that vary over time and in intensity, together with variable expiratory airflow limitation. (GINA, 2017). 
Asthma affects more than 334 million people worldwide (GAR, 2014). It is estimated that asthma 
accounts for about 250 000 annual deaths worldwide (WHO, 2007). In Egypt, the prevalence of asthma 
among school children in the Nile Delta region is about 7.7% (Shafei et al., 2012). 

 In recent decades, scientific literature and clinical practice have emphasized the burden some role 
of a wide range of thyroid diseases in the development and progression of bronchial asthma (Maltseva 
et al., 2012). It is known that the enlarged thyroid gland with various forms of goiter, compressing the 
trachea and bronchi, contributes to the development of the obstructive pulmonary disease clinic. In the 
literature, conflicting data on the effect of the level of thyroid hormones and their correction on the 
course of bronchial asthma are noted. In patients with unexplained worsening of the course of bronchial 
asthma, the incidence of thyrotoxicosis was higher than in the population. There was an improvement 
after initiation of anti-thyroid therapy or treatment with radioactive iodine (Maltseva, 2012). Therefore, 
the main research question for this observational study was: “Does the hyperthyroidism affect the level 
of tumor necrosis factor and total leukocyte count in ova albumin-sensitized guinea pigs?” 

 
Materials and methods: 
 
Design: 
 

This was a cross-sectional study aiming to answer to the research question “Does the 
hyperthyroidism affect the level of tumor necrosis factor and total Leukocyte count in ova albumin-
sensitized guinea pigs?. 
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Animals: 
 

Twenty-four adult male guinea pigs (weight 250-350 g), were housed under a 12h light/dark cycle. 
The animals had free access to food and water throughout the experiments.  Sensitized animals were 
randomly grouped into 2 main groups each group 12 guinea pigs; (Group (I): euthyroid group and Group 
(II): hyperthyroid group). Hyperthyroidism was induced by Intra-peritoneal injections of L-thyroxin 
(100 μg/kg once daily for 10 days) (Binah et al., 1987) for induction 30% suppression of TSH 
production. All experiments followed for guidelines for the Care and Use of Laboratory Animals 8th 
Edition (2011) that is adopted by the Institutional Animal Care and Use Committee (IACUC) of Cairo 
University. 

 
Instrumentation and Tools: 
 
 I-Drugs and Chemicals: 
 
-  Levo thyroxin: Eltroxin 50mcg (GSK, glaxosmithkline pharmaceuticals company, UKA) 
- Ovalbumin powder (OVA) (Sigma aldrich medical company, Italy) was dissolved in distilled water 
forming 1%, 2% OVA for sensitization and 2ry challenge of guinea pigs respectively.  
 
II-Kits 
 

    Guinea pig –specific TNF alpha kit (Sunred Biological Technology Co.,Ltd, China). 
 

Experimental Procedure: 
 

Animal Sensitization: 
 

Animals were sensitized by means of ovalbumin according to the method of McCaig, (1987) in 
which animals were injected with 10 mg IP (1 ml) and 10 mg SC (1 ml) on day 1 and 10 mg IP on day 
8 to be challenged on day 14. 

 
Bronchoalveolar lavage: 

 
At the end of the experiment, bronchoalveolar lavage fluid (BALF) was collected from each animal 

through A blunt stainless steel cannula with a female Luer hub (14G) was inserted into the trachea, and 
then warm saline solution (1mL/ 100 gram) was introduced into the lungs via a 10-ml syringe and then 
recovered 5 min later. The recovered lavaged fluid was centrifuged and the supernatant was collected 
and stored at − 80 °C (Smith and Broadley, 2010). 

 
Outcome measures: 
 
1-The level of tumor necrosis factor (TNF α )  in the supernatant of the recovered bronchoalveolar 
lavaged fluid were measured using enzyme-linked immunosorbent assay (ELISA) kits (Mahajan and 
Mehta, 2011). 
 
2- Total leucocytic count:  
 

The cell pellets were re-suspended in one milliliter of normal saline. By taking 50 µL from the 
cellular suspension, the total number of cells was counted by a hematocytometer. (Tripathi et al., 2010). 
 
Principles of biochemical assay: ELISA:  
 

The Kits used to measure BAL fluid cytokines are a solid phase enzyme-linked immunosorbent 
assay (ELISA) based on the sandwich (indirect) principle. The test specimen (BAL fluid) is added to 
the tested antigen (TNFα) monoclonal antibodies immobilized on polystyrene microtiter wells (solid 
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phase) and incubated with the Zero Buffer. If the antigen is present in the specimen, it will combine 
with the antibodies on the well. The well is then washed to remove any residual test specimen, and goat 
anti-antigen in the antibody-enzyme (horseradish peroxidase) conjugate reagent is added. The conjugate 
reagent will bind immunologically to the antigen on the well, resulting in the antigen molecules being 
sandwiched between the solid phase and the enzyme-linked antibodies. After incubation at room 
temperature, the solid phase is washed with water to remove unbound labeled antibody. A chromogen 
solution of 3, 3’, 5, 5’-Tetramethylbenzidine (TMB) is added and incubated for 20 minutes,resulting in 
the development of a blue color. The color development is stopped and the resulting yellow color is 
measured spectrophotometrically at 450 nm. The concentration of antigen is directly proportional to the 
color intensity of the test sample (Engvall and Perlmann, 1971; Uotila et al., 1981). 

 
Statistical Analysis 
 

Statistical analysis was conducted using SPSS for windows, version 23 (SPSS, Inc., Chicago, IL). 
The current study involved one independent variable (tested group) that had two levels (group 1 
represents euthyroid group and group (2) represents induced hyperthyroid group). In addition, this study 
involved two tested dependent variable (The level of tumor necrosis factor and total Leucocytic count 
analysis). There were no outliers in the The level of tumor necrosis factor and total Leucocytic count 
analysis, as assessed by inspection of a boxplot. The level of tumor necrosis factor and total Leucocytic 
count analysis for each level of group were normally distributed, as assessed by Shapiro-Wilk's test (p > 
.05), and there was homogeneity of variances, as assessed by Levene's test for equality of variances (p > 
.05). So, "Unpaired t test" was conducted to compare The level of tumor necrosis factor and total 
Leucocytic count analysis between both groups with the alpha level 0.05. 

 
Results 
 

The mean ± SD values of TNF α and Total leucocytic count in the "group 1" and "group 2" are 
presented in table (1) for both groups. "Unpaired t test" revealed that the mean values of the " TNF α " 
level between both groups showed there was significant differences (p<0.05) and this significant 
increase in favor of group 1. As well as, the mean values of the " Total leucocytic count " level had 
significant increase in favor to group 2 in compared to group 1 (p<0.05).  

 
Table 1: Mean ±SD, t and P values of TNF α and Total leukocytes count at both groups.  

 
Group 1 

Means ± SD 
 

Group 2 
Means ± SD 

 

Mean 
difference 

t-value P- value 

TNF α 11.72±1.44 16.78±2.6 -5.06 -4.166 0.002* 

Total leukocyte count 18105.33±1234.81 20283.83±1054.59 -2178.5 -3.2862 0.008* 
*Significant level is set at alpha level <0.05. 

 
Discussion 
 

The aim of the present study was to investigate the effect of hyperthyroidism on the level of tumor 
necrosis factor and total Leukocyte count in ova albumin-sensitized guinea pigs.  In the present work, 
ovalbumin (OA) model of asthma was used. Guinea pigs were sensitized by means of ovalbumin 
according to the method of (McCaig, 1987) animals were injected with 10 mg IP (1 ml) and 10 mg SC 
(1 ml) on day 1 and 10 mg IP on day 8 to be challenged on day 14. Sensitized non-treated guinea pigs 
showed significant increase in: in BAL fluid total leukocyte count and TNF alpha. The result of the 
current study revealed that there was significant difference between both groups in TNFα and total 
leukocyte count in favor to group 2 (induced hyperthyroid group) in compared to group 1 (euthyroid 
group.) 

The sensitization to OA done by i.p. injecting 10 mg OA and 100 mg Al(OH)3 on day 1 and 8. 
After 2 weeks, guinea pigs were exposed to an aerosol of 4 % OA for 4 minutes daily. The aerosol was 
administered in a closed chamber using a nebulizer. They measured the effect of different doses of 
methacholine and OA on tracheal response. Also they measured white blood cells count and 
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eosinophilic percentage in bronchoalveolar lavage and serum cytokines.They concluded that sensitized 
group showed increase in tracheal response to methacholine and OA, and also increase in white blood 
cells and serum cytokines (Boskabady et al., 2012). 

These results were in agreement with Observations of Behea and his colleagues (Behera et al. 
1992) which indicated bronchodilator response is impaired in the presence of excess thyroid hormones 
and improves when euthyroid state is achieved. Ruffin et al. (1978) noted a decrease in the non-specific 
bronchial reactivity in an asthmatic patient after treatment for hyperthyroidism Several factors may 
contribute to increased airway reactivity in hyperthyroid patients; Changes in respiratory muscle 
strength, work capacity, or sensation of dyspnea due to thyrotoxicosis might have been interpreted as 
worsening of the asthma. Mier et al. (1989) studied thyrotoxic patients with dyspnea and proximal 
muscle weakness and observed small decreases in vital capacity and in mouth and transdiaphragmatic 
pressures that improved with treatment of the thyrotoxicosis. 

Evidence showing that the excess thyroid hormones might have influence on asthma by either of 
the following mechanisms: altering the sympathetic nervous system activity, increasing the rate of 
corticosteroid metabolism, potentiating the direct effects of prostaglandin on the airways, or altering 
cellular levels of cyclic nucleotides (Luong and Nguyen 2000). On contrary, Hollingsworth et al. (1991) 
showed that mild T3- induced thyrotoxicosis of four weeks’ duration had no effect on lung function, 
airway responsiveness, or exercise capacity with mild asthma. Thyroid dysfunction is accompanied by 
an activation of the TNF system, which seems to be independent of the autoimmune aetiology of the 
disease. Therapy for thyroid hyperfunction normalizes TNF-α levels (Díez et al., 2002) 

Lipworth et al. 1988, showed that Two patients with asthma and hyperthyroidism improved after 
treatment of thyroid dysfunction subsequently asthma symptoms worsened when neglected treatment 
with increased T3. Therapy of asthma in these cases becomes difficult because the thyrotoxic state 
induces and aggravates the symptoms associated with β agonist therapy, and the anti-tachycardia 
treatment of thyrotoxic symptoms with nonspecific β blockers exacerbates asthma. I131 has been given 
for early radical treatment of thyrotoxicosis with good results. 

 
Conclusion 
 

 The study concluded that in increase in tumor necrosis factor alpha and more leukocytosis occurs 
with hyperthyroidism in sensitized guinea pigs with worsening of asthma in hyperthyroid groups. 
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