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ABSTARCT
Introduction: Tobacco smoke inhalation is among the major causes of diseases including cancer and immune-mediated inflammatory diseases as increasing exposure to cigarette smoke pose a public health burden. A growing body of evidence supports a key role for smoking-induced reactive oxygen and nitrogen species that can damage cellular and sub-cellular targets such as lipids, proteins and nucleic acids. This study was carried out to determine the effects of cigarette smoke inhalation on antioxidants vitamins (A, E, C) and thyroid hormone profile in Wistar rats.
Aim: This study aimed to determine the effects of cigarette smoke inhalation on antioxidants vitamins (A, E, C) and thyroid hormone profile in Wistar rats.
Methodology: Benson and Hedges cigarette (1.0 mg nicotine/stick) was purchased and used in exposing the animals to cigarette smoke at 0, ¼, ½, and 1 stick respectively in acryl plastic cage with inner chamber. A total of 36 adult male wistar rats were used for the study. After 2 weeks of acclimatization, the animals were randomly divided into four groups of nine animals each; group 1 (normal control); groups 2 (exposed to cigarette smoke at concentration of 0.25 mg); group 3 (exposed to cigarette smoke at concentration of 0.5 mg); group 4 (exposed to cigarette smoke at concentration of 1.0 mg) twice daily for one month. After one month of exposure the animals were anaesthetized, blood samples were collected for biochemical study. 
Results:  Results were analyzed using SPSS and values were significant at p < 0.05. This study showed that, exposure to cigarette smoke at varying concentration significantly (p < 0.05) decreased both the vitamin levels and thyroid hormone concentration in a dose-dependent manner compared to control group rats. 
Conclusion: The effects of cigarette smoke inhalation on antioxidants vitamins (A, E, C) and thyroid hormone profile in wistar rats showed inhibitory potentials via decreased in vitamins and thyroid stimulating hormone (TSH) levels in a dose-dependent manner. This induces low levels of thyroid peroxidase which stimulate the synthesis of T3 and T4 is being inhibited by thiocyanide as a result of cigarette smoke inhalation. This study suggests that exposure to cigarette smoke inhalation may be considered to cause serious health problem and so, should be minimized or avoided completely. 
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1. INTRODUCTION

Cigarette smoke is consumed by 20 to 50% of the world’s population. It contains significant concentration of polyphenol and carotenol which are important naturally occurring antioxidant. It has been documented over the years that cigarette smoke has increased significantly and people are constantly exposed to cigarette smoke in public places via inhalation (Robinson and Johnson, 2011).
Cigarette smoke reduces the bioavailability of selenium and act antagonistically to zinc, a co-factor for antioxidant enzyme SOD. Smoke and cigarette are among the dominant risk factors for premature or accelerated development of peripheral coronary and cerebral artherosclerosis (Afida et al., 2023). 
The intricate mixture of toxic substances found in cigarette smoke poses serious health risks. Chief components of concern include free radicals, oxidants, and a variety of hazardous chemicals (Bernard et al., 2019). Specifically, cigarette smoke consists of both particulate matter and gaseous phases that collectively harbor significant concentrations of ROS. Notably, compounds such as nitric oxide and peroxynitrite are prevalent, contributing to inflammation and oxidative damage in the body (Rahmatullah et al., 2023).  Many of these compounds however have never been evaluated for their cytotoxic, pathological effects and also the effect on general body health. Inhalation of cigarette smoke via active or passive results to absorption of these chemical substances through blood circulation and pulmonary vasculature (Bernard et al., 2019). 
Upon inhalation, these toxic elements penetrate the pulmonary alveoli and are systemically distributed through the bloodstream to various tissues and organs. This systemic absorption exacerbates the oxidative stress burden as the body struggles to mitigate the effects of these free radicals (Mocniak et al., 2024). Studies have documented how the absorption of this complex mixture leads to widespread oxidative damage, promoting a cascade of events culminating in cellular dysfunction (Rahman et al., 2023). The systemic ramifications of cigarette smoke exposure include not only acute effects such as inflammation but also long-term consequences like endocrine disruption. Rodent studies have shown that chronic exposure to cigarette smoke alters hormonal balance and production, particularly affecting thyroid function through changes in hormone levels (Jebet et al., 2017). This highlights the intricate links between the components of cigarette smoke, oxidative stress, and their far-reaching systemic effects.
Studies have reported current cigarette smoking rate and the rate at which people are exposed to cigarette smoke in the developed world is increasing with report of smoking related causes (Ulilalbab et al., 2018). The potential mechanisms by which cigarette smoke affects thyroid hormone synthesis may include direct oxidative damage to the thyroid gland and the interference with the feedback mechanisms governing hormone regulation (Chaker et al., 2016). It has been observed that thiocyanate, a compound derived from smoking, can inhibit iodide uptake by the thyroid gland, potentially leading to diminished hormone synthesis (Willemin and Lumen, 2017). Moreover, smoking could provoke chronic inflammation, thereby impacting thyroid function through elevated inflammatory cytokines.
Despite some converging evidence, there remains considerable debate regarding the directionality and magnitude of smoking's effect on thyroid hormone levels. Discrepancies among studies may stem from variations in study designs, populations, or exposure assessments—these are elements that warrant further investigation to elucidate clearer relationships and mechanisms (Kiokias, 2018). Understanding these dynamics may unveil critical links between smoking and thyroid health that have significant clinical implications (Chaker et al., 2016).
 
2. MATERIALS AND METHOD

2.1 Study Location
The study was carried out in the Chemical pathology laboratory, School of Medical Laboratory Science, and Pharmacology and Toxicology laboratory, Faculty of Pharmaceutical Science Usmanu Danfodiyo University, Sokoto.


2.2 Cigarette Smoke Stick Collection

Benson and hedges cigarette (1.0 mg nicotine/stick) were purchased at a store in Sokoto, Nigeria. The cigarette smoke sticks were used in exposing the animals to smoke (non-smokers, light smokers, moderate smokers and heavy smokers) at 0, ¼, ½, and 1 stick respectively.
2.3 Cigarette Smoke Chamber

The cigarette smoke chamber was used in exposing the animals to smoke (non-smokers, light smokers, moderate smokers and heavy smokers) at 0, ¼, ½, and 1 stick respectively in acryl plastic cage with inner chamber.

2.4 Experimental Animals Procurement and Management

A total of thirty-six (36) Wistar rats of 13 weeks old, weighing between 150-200 g were purchased from the Animal House, Faculty of Veterinary Medicine, Ahmadu Bello University
(ABU), Zaria. The rats were housed in conventional well-ventilated wire cages under
standard laboratory conditions in the Animal House, Faculty of Pharmaceutical Sciences,
Usmanu Danfodiyo University, Sokoto (± 30oC) and a lighting period of about 12 hours daily.
They were acclimatized for two weeks before. They were fed standard commercial
pelletized grower’s feed and drinking water ad libitum. Principles of Laboratory Animal Care’-
was followed as well as specific national laws where applied. All the experimental protocols followed institutional animal ethics committee guidelines.

2.5 Sample Size Calculation

Sample size was determined using G power analysis software (Faul et al., 2007). G Power (software) calculates sample size based on pre-designed effect size at small, medium and large difference between the groups based on Cohen’s principles (Cohen, 1988).

Where;
Sample size calculated by software = 9 animals per 4 groups 

Supposed expected attrition = 10% 

Corrected sample size = Sample size/ (1 – {% attrition/100}

Therefore: 

N = 8/0.9

N = 9 rats per group 
The total number of rats/4 groups is 36





Table 1. Experimental Design

	TREATMENTS
	GROUP 1
	GROUP 2
	GROUP 3
	GROUP 4

	DOSE
	0 Stick
	¼ Stick
	½ Stick
	1 Stick

	n
	9
	9
	9
	9


n: Number of rats per group; Grp1: Negative control group; Grp 2: ¼ Stick exposure; Grp 3: ¼ Stick exposure; Grp 4: ¼ Stick. exposure

2.6 Cigarette Smoke Exposure

Whole body exposure was used in this studies and for large numbers of test subjects. The cigarette was lit at the base of the main chamber and the animals per group were quickly introduced into the inner chamber and the plastic lid was closed and kept for 10–15 min, (each cigarette produces nearly 10–15 min of smoke). The inner chamber has a perforated hole which permits smoke into the chamber from the cigarette that is lit at the inner chamber of the main chamber. The procedure was repeated with 10-minute interval of rest. The control group was left free in the interior of the chambers and only received tobacco free air. Tobacco smoke exposures was done under static conditions, and temperatures of the chamber before and during tobacco smoke exposure was monitored.

2.7 Blood Sample Collection

At the end of experiment, the rats were anaesthetized given ketamine: Xylaxine (50:10 mg/kg) beginning 10 to 15 minutes after simultaneous injection and lasting 15 to 30 minutes. The blood samples were collected through cardiac puncture using 5 mL syringe into Plain tubes. Clear serum was obtained from the blood sample after centrifugation at 1200 rpm for 5 minutes and was used for biochemical analysis.

2.8 Laboratory Analysis  

Determination of vitamin A, C, E and thyroid function test were carried out using analytical kits. Both kits were product of Agape Diagnostics, Inc. Lake Forest, CA 92630, United State of  America; LOT: EIA-21K1C4 (REF 2125- 00A) and LOT: EIA-37k1G1 (REF 3725-300A)
respectively.



2.9 Data Analysis
Data generated from this study were analyzed using Statistical Package for Social Sciences (SPSS) version 25.0 (SPSS Inc., Chicago, IL, USA). Data were expressed as mean ± Standard
Error of Mean (±SEM). Analysis of Variance (one-way ANOVA) was performed followed by Tukey’s post-hoc test for comparison and results with p < 0.05 values were considered significant.

3.0 RESULTS

The result of the effects of cigarette smoke inhalation on antioxidants vitamins (A, E, C) in Wistar rats is presented in Table 2. At the end of 1-month cigarette smoke exposure, there was significant decrease (P < 0.05) in vitamin levels in cigarette smoke exposed group when compared to the normal control groups in dose-dependent manner. Daily exposure to cigarette smoke, at a dose of 1 mg cigarette smoke inhalation, caused a significant (p < 0.05) decrease in vitamin A, C and E levels when compared to control group. There was non-significant difference (p < 0.05) of rats exposed to 0.5 mg and 0.25 mg cigarette smoke on the effects of cigarette smoke inhalation on antioxidants vitamins (A, E, C) in Wistar rats.

Table 2: Effects of cigarette smoke inhalation on antioxidants vitamins (A, E, C) in Wistar rats

	Group 
	Vitamin A (mg/dl)
	Vitamin C(umol/L)
	Vitamin E (mg/dls)

	G1: No cigarette (Control)
	27.95±1.89a
	106.50±1.74a
	102.01±26.21a

	G2: 0.25 mg cigarette 
	25.44±0.87ab
	102.86±1.27ab
	59.05±1.70bc

	G3: 0.5mg cigarette                                                                                                                                 
	25.54±1.23ab
	92.97±10.95bc
	58.00±2.13bc

	G4: 1 mg cigarette 
	23.58±0.57c
	87.13±2.13bc
	56.37±5.49bc

	P-Value
	0.006
	0.126
	0.024

	F-value 
	9.983	
	2.605
	6.220



Values were expressed as mean ± SEM. Values with different superscript (a, b, c and d) on the same column
differ significantly at P < 0.05. G1: normal control; G2: 0.25 mg cigarette; G3: 0.5 mg cigarette; G4: 1 mg cigarette; Superscript a, b and c: expression of significant levels in a statistical sense.

The results obtained for thyroid stimulating hormone (Table 3) shows a significant difference between the control and the group exposed to cigarette smoke in dose-dependent manner. The results for T3 was observed to be higher in the control, followed by the group exposed to 0.25 mg cigarette smoke and exposure to 1 mg of cigarette smoke showed low T3 levels. The T4 value shows a non-significant difference between groups in an exposure dose-dependent manner. 



Table 3: Effect of cigarette smoking inhalation on TSH, T3 and T4 on Wistar albino rat
	Group 
	TSH (Iu/ml)
	T3 (ng/ml)
	T4 (ng/dl)

	G1:No cigarette 
	0.09±0.01a
	0.70±0.4a
	9.39±0.52a

	G2: 0.25 mg cigarette 
	0.14±0.06ab
	0.63±0.05ab
	9.19±0.54a

	G3: 0.5 mg cigarette                                                                                                                                 
	0.16±0.08ab
	0.50±0.07ab
	9.28±0.19a

	G4: 1 mg cigarette 
	0.17±0.06ab
	0.49±0.05abc
	8.96±0.34ab

	P-Value
	0.784
	0.017
	0.903

	F-value 
	0.356
	3.896
	0.188



Values were expressed as mean ± sem. Values with different superscript (a, b, c and d) on the same column
differ significantly at P < 0.05. G1: normal control; G2: 0.25 mg cigarette; G3: 0.5 mg cigarette; G4: 1 mg cigarette; Superscript a, b and c: expression of significant levels in a statistical sense.

4.0 DISCUSSION
Exposure to smoke causes many health problems as smoking, including cancer (CEPA:AR, 2005). When cigarette smoke is inhaled, it fills the lungs and enters the bloodstream, when the smoke reaches the lungs, it travels to the small air sacs (alveoli) and damages them. This can lead to emphysema, a form of COPD (chronic obstructive pulmonary disease).  This study aimed to determine on the effects of cigarette smoke inhalation on antioxidants vitamins (A, E, C) and thyroid hormone profile in Wistar rats.
Studies have consistently shown that cigarette smoke exposure decreases antioxidant levels, including vitamins A, C, and E, in Wistar albino rats (Kumar et al., 2010; Singh et al., 2012). It also leads to increased oxidative stress. Research has demonstrated that the imbalance between antioxidants and free radicals leads to oxidative stress, damaging cells and tissues (Rajesh et al., 2011).
The result of the effects of cigarette smoke inhalation on antioxidants vitamins (A, E, C) in Wistar rats is presented in Table 2. At the end of 1-month cigarette smoke exposure, there was significant decrease (P < 0.05) in vitamin levels in cigarette smoke exposed group when compared to the normal control groups in dose-dependent manner.  This may be due to smoke inhalation effect which goes in to the lungs and enters the bloodstream.  When the smoke reaches the lungs, it travels to the small air sacs (alveoli) and damage them which can lead to emphysema, a form of COPD (chronic obstructive pulmonary disease). From the alveoli, carbon monoxide in the smoke moves into the blood where it pumps oxygen out of red blood cells and tissues thereby causing oxidative stress. At a dose of 1 mg cigarette smoke inhalation, caused a significant (p < 0.05) decrease in vitamin A, C and E levels when compared to control group. There was non-significant difference (p < 0.05) of rats exposed to 0.5 mg and 0.25 mg cigarette smoke on the effects of cigarette smoke inhalation on antioxidants vitamins (A, E, C) in Wistar rats. The observed decreased in vitamin levels may be due to increase in free radical as a result of smoke inhalation which lead to oxidative stress. Oxidative stress has been associated with many chronic diseases, some of which are incurable, including cancer, diabetes and high blood pressure (Doll et al., 1994). 
This study has shown that exposure to smoke can predispose one to any of the above diseases. This may be due to antioxidant properties of Vitamin E as a result of reactive oxygen species generated as a result of smoke inhalation.
The result of thyroid function test of TSH, T3 and T4. The mean value of control group for TSH was 0.09Iμ/ml which was lower than the mean value of obtained in group 2 to group 4. This study is in line with that of Miller, 2013 which shows that cigarette smoke inhalation inhibits the uptake (absorption) of iodine in to the thyroid gland, reducing the production of the thyroid hormones thyroxine (T4) and Triiodothyronine (T3) thereby leading to goiter. According to Miller, 2013, cigarette smoke directly inhibits hormones production interfering with the synthesis process in the thyroid gland. Similarly, study conducted by Wiersinga et al., 2013, presented group of active, passive and non-smokers and the values obtained showed lower T3, T4 and TSH. In contrast to Christensen et al. 2018 whose findings reported increased risk of hypothyroidism in smokers with Hashmoto thyroiditis. Cigarettes smoke increased the incidence of multinodular goitre especially in iodine deficient patient.
5. CONCLUSION
The findings from this study showed that effects of cigarette smoke inhalation on antioxidants vitamins (A, E, C) and thyroid hormone profile in Wistar rats had inhibitory potentials via reduction of antioxidant vitamin levels and thyroid hormone levels in dose-dependent manner. The study further revealed that exposure to cigarette smoke inhalation may be considered to cause serious health problem and so should be minimized or avoided completely.
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