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Introduction 

Drug addiction is undoubtedly one of the 

biggest problems for human societies, with 

governments spending a lot of their budget 

each year fighting it (1). In this context, some 

of the synthetic or semi-synthetic materials 

can exert different effects, including 

weakening, stimulation, or hallucinations in 

the central nervous system (2). In general, any 

substance that changes the mental, 

psychological, and emotional state of the 

body's natural function is called the drug. The 

consequences of the use of these substances 

can bring about behavioral and cognitive 

changes as well as physiological changes in 

the body, where in hormonal changes are of 

particular importance (3). The thyroid gland 

synthesizes thyroxine or tetraiodothyronine 

hormones, triiodothyronine and calcitonin by 

the gland, and these hormones are controlled  
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Abstract 

Introduction: Today, drug use is increasing in the world. Physiological 

changes in the body are one of the most important consequences of drug use; 

one of the most important of these changes is the hormonal changes in the 

body. Therefore, the purpose of this study was to investigate the effect of 

swimming training in addiction treatment on thyroid hormones in methadone 

addicted rats. 

Methods: Rats were randomly divided into seven groups, including: (1) 

eight weeks of swimming training, (2) eight weeks of methadone 

consumption, (3) eight weeks of swimming training with methadone, (4) 

four weeks of methadone and four weeks of non-methadone consumption, 

(5) four weeks of methadone and four weeks of swimming training, (6) four 

weeks of swimming training with methadone and four weeks of swimming 

without methadone, and (7) control. The swimming training consisted of 

three sessions per week and each session was 30 minutes. Also, methadone 

was injected daily at 2 mg / kg body weight of methadone peritoneally. 

Blood samples were collected 24 hours after the last training session. For 

analysis of data, Kolmogorov-Smirnov test and one way analysis of variance 

(ANOVA) were used (p≤0.05). 

Results: Eeight weeks of swimming training, eight weeks of methadone 

consumption, eight weeks of swimming training with methadone and also 

four weeks of swimming training during methadone withdrawal period had 

no significant effect on thyroxine (p = 0.29), triiodothyronine p= 0.06) and 

thyroid stimulating hormone (p = 0.24) in rats. 

Conclusion: Eight weeks of swimming training, methadone consumption, 

swimming practice along with methadone and also four weeks of swimming 

training during methadone withdrawal period have no significant effect on 

thyroid hormones in rats. 
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by the thyroid stimulating hormone. One of 

the functions of thyroid hormones is to 

increase the rate of base metabolism, body 

temperature, protein synthesis, body 

sensitivity and response to catecholamine, and 

regulation of metabolism (4). It has been 

shown that continuous intake of some 

medications may affect thyroid function, for 

example, opium and its derivatives, due to 

their effects on intestinal movements and 

interference with iodine intake, their effects on 

the liver and interference with metabolism, or 

direct effects on the thyroid and the pituitary 

may cause thyroid function impairment. For 

instance, the presence of some common 

clinical symptoms such as weight loss and 

muscle weakness in drug addicts and people 

with some thyroid dysfunction has sparked 

this issue (5). Research has shown that 

morphine consumption can reduce the activity 

of the hypothalamic-pituitary axis (6). A group 

of researchers reported a decrease in thyroid 

stimulating hormone levels and a lack of 

changes in triiodothyronine and thyroxine 

during morphine use (7). In a study, it was 

reported that opium addiction in rats could 

increase thyroid stimulating hormone levels 

and decrease thyroxine levels, and generally 

affect the function of the thyroid gland (8). 

Although it is thought that drug use may 

change thyroid function, its precise 

mechanism is still not well defined (9- 11). In 

the studies, it was found that swimming 

practice improves the symptoms of knee 

osteoarthritis in rats, support for heart tissue in 

rats against diabetes-induced oxidative stress, 

elevated vascular endothelial growth factor of 

the kidney (12), and no significant change in 

the concentration of metallothionein in the 

liver of rats (13). It was also found that regular 

swimming exercise induced decreased 

morphine dependency in rats (14) and 

antinociceptive effects in morphine dependent 

mice following withdrawal syndrome (15), 

and treadmill exercises reduced the 

dependence of addicted animals (16). In the 

case of thyroid hormones, a study showed that 

sound stress inhibited the secretion of thyroid 

hormones in rats (17). In another study, the 

use of Portulaca oleracea increased thyroid 

hormones in rats (18). There is evidence to 

suggest that exercise has encouraging effects 

on laboratory animals that these stimulatory 

effects are mediated through the androgenic 

opioid system (16), and it has been shown that 

exercise activates some organs of the body that 

are affected by morphine and other opiates 

(19). Research results about the effect of 

exercise on thyroid hormones are not the 

same, so that various studies have shown that 

exercise can cause increase, decrease or no 

change in thyroid hormone levels (20, 21, 22). 

In our studies, we did not find any research of 

the effects of swimming practice on addiction 

withdrawal on thyroid hormones (thyroxine, 

triiodothyronine and thyroid stimulating 

hormone), so the present study seeks to answer 

the question whether eight weeks of 

methadone consumption has a significant 

effect on thyroid hormones thyroxine, 

triiodothyronine and thyroid stimulating 

hormone? Also, can swimming training impact 

the effects of methadone on thyroxine, 

triiodothyronine, and thyroid stimulating 

hormone in rats?  

 

Methods 

In this experimental study, adult male rats, 

Sprague Dawley, who were proliferated at the 

Animal Breeding Center in Marvdasht Islamic 

Azad University, were used. Animals were 

transferred to the animal holding room at sport 

physiology research center of Marvdasht 

Islamic Azad University at an environmental 

temperature of 22 to 27 degrees Celsius, 

controlled light (12-hour light and dark cycle), 

and eight-day adaptation period. Animals’ 

access to water and food was free during the 

period. In this study, totally 84 rats were 

tested. The onset of experimental interventions 

included a training program and methadone 

consumption after the eight-day adaptation 

period. Rats were randomly assigned to seven 

equal groups of 12 rats, including (1) eight  
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weeks of swimming training, (2) eight weeks 

of methadone consumption, (3) eight weeks of 

swimming training combined with methadone, 

(4) four weeks of methadone and four weeks 

No methadone intake, (5) Four weeks of 

methadone and four weeks of swimming 

training, (6) four weeks of swimming training 

with methadone and four weeks of swimming 

training without methadone and (7) control. 

The swimming training and the combination 

of swimming training with methadone were 

given three days a week for swimming (30 

minutes for swimming in a swimming tank) 

(23). Also, methadone and methadone 

treatment groups combined with swimming 

training received 2 mg /kg per day for 

methadone peritoneally (24, 25). 

The study period was eight weeks. After this 

time, blood sampling was performed to 

measure the variables studied. Before blood 

collection, animals were kept fasting for 16 

hours. After blood collection, 5 cc blood was 

injected into the Falcon tubes (for measuring 

thyroid hormones). Blood samples without 

EDTA were kept at laboratory temperature for 

40 minutes and then centrifuged for 15 

minutes to prepare serum with 3000 rpm. It 

should be noted that the duration of treatment 

was eight weeks, in which the first four weeks 

was of physical dependence. During the course 

of treatment, in all groups except the 7th group 

at the end of the fourth and eighth week, 30 

minutes after the last dose of methadone to 

ensure the addiction of methadone to the rats 

and the occurrence of withdrawal symptoms, 

the naloxone (5 mg / kg) was injected 

peritoneally. After injection, the symptoms of 

withdrawal syndrome were evaluated in rats. 

The naloxone animals were placed in a mirror 

chamber for 30 minutes and their behavior was 

evaluated. After naloxone injection, the rats 

began to develop withdrawal symptoms such 

as diarrhea, teeth chattering, abdominal 

stretching and ptosis (26, 27). The swimming 

training protocol presented the way that the 

rats swam in the swimming tank for 30 

minutes and at the end the body of rats were 

dried by special hair dryers (28). It should be 

noted that in each swimming tank only five 

rats were swallowed. 24 hours after the last 

training session, at the end of the eighth week, 

the rats were sacrificed to measure the 

parameters in order to assess the biochemical 

changes induced by the effects of swimming 

training and methadone consumption. 

Blood sampling was done by first 

anesthetizing the animals with 10% ketamine 

(50 mg / kg) and xylosin 2% (10 mg / kg) after 

about 5 minutes. The blood vessel chest was 

then opened straight from the left ventricle of 

the animal. After transferring blood samples to 

the laboratory for examination of thyroid 

hormones, 10 samples were lost because of 

lack of proper transportation by the expert. 

Their number in the eight weeks of swimming 

training was 1 sample, four weeks of 

methadone and four weeks of non-

administration Methadone 4 samples, four 

weeks of methadone consumption, and four 

weeks of swimming training, 2 samples, four 

weeks of methadone and swimming training, 

and four weeks of swimming without 

methadone, 1 sample and control of 2 samples. 

It should be noted that all ethical and legal 

aspects of this research have been confirmed 

and approved in the Sport Physiology 

Laboratory of Islamic Azad University, 

Marvdasht Branch. The collected data were 

analyzed using SPSS software, statistical tests 

of Kolomogrov Smirnov and one way analysis 

of variance (p≤0.05). 

 

Results  

The weight of the rats in the seven groups of 

research is presented in Table 1, and the levels 

of thyroid hormones are presented in Table 2. 

Regarding the normal results of the 

Kolmogorov-Smirnov test, the results of the 

one-way analysis of variance analysis in Table 

3 showed that there was no significant 

difference in thyroxine levels (p = 0.29), 

triiodothyronine (p = 0.66) and thyroid 

stimulating hormone (p= 0.24), so eight weeks 

of swimming training, eight weeks of  
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methadone consumption, Eight weeks of 

swimming training with methadone and also 

four weeks of swimming training during 

methadone withdrawal period have no 

significant effect on thyroxine, 

triiodothyronine and thyroid stimulating 

hormone in rats. 

 

 

 

Table 1. Description of weight of rats in seven groups of research (standard deviation ± mean)  

Weight (g) in 

pre-test 

Weight (g) in 

post test 

Group 

185.71±19.15 231.00±22.64 Eight weeks of swimming training 

195.07±24.67 218.30±25.10 Eight weeks of methadone consumption 

195.30±17.58 210.07±17.19 Eight weeks of swimming training with methadone 

190.36±25.44 229.45±30.75 Four weeks of methadone and four weeks of non-

methadone consumption 

196.14±26.92 209.78±25.10 Four weeks of methadone and four weeks of 

swimming training 

195.30±26.33 210.30±30.14 Four weeks of swimming training with methadone 

and four weeks of swimming without methadone 

178.42±19.60 214.28±18.04 Control 
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Table 2. Levels of thyroxine, triiodothronine and thyroid stimulating hormone in the study groups 

(standard deviation ± mean) 

Thyroxine 

(: mg / dl) 

Triiodothyronine 

( mg / dl) 

Thyroid 

stimulating 

hormone 

( mu / L) 

Variable 

 

Group 

45.88±6.05 0.57±0.06 0.04±0.01 Eight weeks of swimming training 

49.90±4.48 0.65±0.06 0.03±0.01 Eight weeks of methadone 

consumption 

49.48±6.75 0.64±0.09 0.03±0.01 Eight weeks of swimming training 

with methadone 

52.77±4.95 0.67±0.07 0.05±0.01 Four weeks of methadone and four 

weeks of non-methadone 

consumption 

49.25±5.38 0.63±0.08 0.04±0.02 Four weeks of methadone and four 

weeks of swimming training 

47.98±6.70 0.59±0.05 0.03±0.01 Four weeks of swimming training 

with methadone and four weeks of 

swimming without methadone 

48.52±5.39 0.63±0.07 0.04±0.01 Control 
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Table 3. One-way analysis of variance of thyroid hormones levels in the research groups 

Variable Statistics Sum of 

squares 

df Mean of 

squares 

F p 

Thyroxine Between 

groups 

241.26 6 41.21 1.23 0.29 

Within 

groups 

2232.73 67 33.32 

Total 2480.00 73 

Triiodothronine Between 

groups 

0.06 6 0.01 2.08 0.06 

Within 

groups 

0.36 67 0.005 

Total 0.43 73 

Thyroid 

stimulating 

hormone 

Between 

groups 

0.003 6 0.001 1.35 0.24 

Within 

groups 

0.02 67 0.001 

Total 0.02 73 

 

 

Discussion 

The results of this study showed that four and 

eight weeks of methadone consumption 

increased thyroxine and triiodothyronine 

levels and decreased thyroid stimulating 

hormone, but these changes were not 

statistically significant. Different studies have 

been done on thyroid hormones such as 

thyroxine, triiodothyronine and thyroid 

stimulating hormone that have contradictory 

results, so that the results of some researches 

are consistent with the results of this research. 

For example, in a study that examined the 

effects of cigarette smoking and hookah 

(hubble-bubble) on changes in the levels of 

triiodothyronine, thyroxine and stimulating 

hormones in male rats, the results showed that 

smoking of cigarette or hookahs can induce 

increasing thyroid function (29- 31). Also, 

beta-endorphin, morphine, and heroin (32) 

reduce thyroid stimulating hormone levels in 

rats, or in addicts T3 increases (33, 34). On 

the other hand, the research results of some 

researchers are not consistent with the results 

of this study. The results showed that heroin 

use reduced T3 and T4 levels (32), or did not 

change T4 levels (35). Or due to the use of 

opium in male and female addicted rats, T4 

and TSH significantly decreased and 

increased, respectively; however, T3 did not 

show a significant change, and it can be said 

that opioid addiction affects the function of 

thyroid gland (8). In another study, chronic 

morphine consumption reduced thyroxine and 

triiodothyronine and did not alter thyroid 

stimulating hormone levels (36). In this vein, 

chronic nicotine use in mice has been shown 

to reduce the activity of the thyroid gland 

(37). Perhaps the lack of consistency is due to 

the dosage, the time of injection, the drugs 

used in some co-investigations and the type of 

feeding of the mice. The decrease in TSH can 

be attributed to the inhibitory effect of opioids 

on the pituitary gland, and since some of the 

inhibitory effects of opioids on TSH have not 

been detected in the non-thyroid mice, this 

effect can be attributed to the reinforcement of 

negative feedback from thyroid hormones on  
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the pituitary by opioids (8). Probably 

methadone can specifically enhance activating 

some of the enzymes present in the T3 and T4 

pathways, which can increase the amount of 

these two hormones. In the T4 synthesis 

pathway, known as the coupling reaction, the 

two molecules are joined together to form the 

T4. It is possible that methadone will affect 

this stage and increase T4, but the same 

applies to T3 (8). In addition, the results of 

this study showed that eight weeks of 

swimming training reduced the amount of 

thyroxine and triiodothyronine and did not 

alter the thyroid stimulating hormone, which 

this reduction is not statistically significant. 

The results of some studies are consistent with 

our findings. So that aerobic exercises (70 % 

of maximum heart rate) have been shown to 

reduce the level of triiodothyronine (22). Or 

they reported a reduction in thyroid hormones 

after exercise (38, 39). On the other hand, the 

findings of some other studies are not 

consistent with the findings of this study. For 

example, it was found that aerobic exercises 

(70% of maximum heart rate) increase 

thyroxine levels and thyroid stimulating 

hormone (22), or that intense exercise increase 

thyroid hormones (40). Also, regular exercise 

increase T3, T4, and TSH significantly (41). 

The lack of consistency is likely to be due to 

the duration of activity, the type of activity 

and the time taken for blood samples. It has 

now been accepted that exercise is useful in 

the treatment of drug dependence, although 

the mechanism of exercise in the treatment of 

dependence has not been determined, much 

emphasis has been placed on the theory of 

beta-endorphin secretion. In this regard, it has 

been shown that trained animals use less 

morphine than the control group (10, 42). 

Since exercise can activate many 

neurotransmitter systems involved in the 

addictive process and increase the release of 

endorphins (43), it is likely that this way it is 

able to neutralize the effects of methadone and 

reduce thyroid hormones. Aerobic exercise 

increases the release of β-endorphins and 

other intraperitoneal opioid peptides, resulting 

in inducing the effects of morphine and other 

non-invasive pseudoephedrating receptors, 

and, in this way, it can reduce the severity of 

symptoms during the withdrawal period and 

hence, be useful in the withdrawal process 

(44). The result of a study found that regular 

swimming training could reduce morphine 

dependence in rats (14). Another study 

showed that treadmill exercise reduced the 

dependency symptoms in addicted animals 

(16). Also, the practice of swimming had 

analgesic effects in morphine-dependent mice 

following the withdrawal syndrome (15). 

Swimming exercise, in addition to improving 

cognitive functions in mice, (45) reduced the 

response of the pain to Acetic Acid in pain 

models (46). There is some evidence 

suggesting that exercise has encouraging 

effects in experimental animals, which these 

stimulatory effects are mediated through the 

androgenic opioid system (16) 

It has been shown that exercise activates some 

organs of the body that are affected by 

morphine and other opiates (19). 

 

Conclusion 

In general, it can be concluded that eight 

weeks of swimming training, methadone 

consumption, swimming training with 

methadone and also four weeks of swimming 

training during methadone withdrawal period 

have no significant effect on thyroid hormones 

in rats. 
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