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Abstract
A growing body of evidence indicates that opioids regulate mechanisms activated during the stress response. This study 
was aimed to investigate the effect of methadone dependency on blood glucose, lipids and glucose-modulating hormones in 
male and female Wistar rats.This study was performed on 40 Wistar rats weighing 150–350 g, in four methadone exposure 
and control groups of both males and females. All rats were weighed at the beginning and end of the study and their fasting 
blood glucose was measured using a glucometer. In order to induce addiction, methadone was injected intraperitoneal for 10 
consecutive days at 5 mg/kg dose. The control group received the same volume of only normal saline. At the end of the study, 
the rats were sacrificed and their blood serum collected to measure cortisol, glucagon, adrenaline and lipid profile levels.
There was a significant decrease in the mean final blood glucose of methadone-treated versus control male rats (p = 0.02). 
There was no significant glucose difference, however, in female rats. Furthermore, a decrease in the mean serum levels of 
triglyceride, cortisol, and adrenaline occurred in male rats of methadone-dependent compared with control animals, but 
there was no significant difference in these values in female rats. Our results showed that methadone significantly reduced 
serum glucose as well as triglyceride levels only in male rats, this being associated with a reduction in the level of counter-
regulating hormones of carbohydrate metabolism. Changes in lipid profiles, however, occurred independently of gender.
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Abbreviations
ACTH	� Adrenocorticotropic hormone
CNS	� Central nervous system
CRH	� Corticotrophin releasing hormone
FSH	� Follicular stimulating hormone

HCV	� Hepatitis C virus
HBV	� Hepatitis B virus
HPA	� Hypothalamic-hypophysial-adrenal
HDL	� High density lipoprotein
LDL	� Low density lipoprotein
LH	� Luteinizing hormone
MMT	� Methadone maintenance treatment
SD	� Standard deviation
UNODC	� The United Nations’ Office on Drugs and 

Crime

Introduction

Drug abuse is an important and costly social and health 
problem that leads to several physical, mental and other 
medical consequences [1]. Based on the Iranian Drug Con-
trol Headquarters, 2.8 million 15–64 year-olds in 2015 were 
involved in illicit drug abuse. The United Nations’ Office on 
Drugs and Crime (UNODC) in 2013 estimated that of the 
32.4 million adult opioid users in the world, 16.5 million 
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were users of opiates (opium and its derivatives, specifically 
heroin) [2, 3].

Due to the increasing rate of heroin addiction and its 
derivatives in developing countries and the third world, 
particularly in western Asia, also broad range of problems 
associated with the high failure rate of opioid withdrawal, 
the government adopted a treatment and harm reduction 
policy. In this regard, Methadone Maintenance Treatment 
(MMT) is widely considered by many national drug preven-
tion programs in the treatment of opioid dependence and 
prevent its harmful consequences to the individual user, his 
or her family, and society [4].

Methadone is a long-acting narcotic drug which has been 
used as an alternative treatment to prevent relapse in addicts 
to opium, heroin and other opiates. MMT also decreases 
the risk of transmission of infectious diseases such as HIV/
AIDS, Hepatitis C virus (HCV) and Hepatitis B virus (HBV) 
infections and improves physical and psychosocial health of 
the patient [4, 5]. Although the MMT program has shown 
positive outcome, overdose and poisoning by accidental and 
intentional methadone use may lead to high morbidity and 
mortality [6]. Heroin addicts on MMT and patients who take 
methadone for cancer pain control may show unexpected 
hypoglycaemia [7–10].

In response to stress, many stress-related neurotransmit-
ters are released, including endogenous opioids, as well as 
hypothalamic-hypophysial-adrenal (HPA) axis hormones, 
all involved in survival of the organism and affecting both 
the physiological and pharmacological modulators of blood 
glucose regulation. There is widespread opioid receptor 
distribution with varying densities throughout the central, 
peripheral and autonomic nervous systems and in several 
endocrine tissues. These lead to a broad range of functions 
and behaviors including regulation of pain, neuroendocrine 
modulation, behavior reinforcement and reward [11].

The hypothalamic-hypophysial-adrenal (HPA) axis 
includes corticotrophin releasing hormone (CRH), adren-
ocorticotropic hormone (ACTH) and cortisol, which syn-
ergize with catecholamines and other counter regulatory 
hormones for blood glucose regulation during the stress 
response [12]. The effect of opiates on blood glucose has 
been reported with contradicting results in different studies. 
Some studies have indicated stimulation of hyperglycemia 
in humans and rats [13, 14] whereas another showed hypo-
glycemia in mice [15]. Several important questions therefore 
remain regarding the mechanism of these effects.

Despite the high prevalence of methadone users in Iran, 
there are contradictory studies with respect to the effect 
of methadone on blood glucose. Since very few stud-
ies evaluated human and experimental rodent gender dif-
ferences in blood glucose after methadone exposure, this 
study was aimed to investigate the effect of methadone on 
blood glucose, lipids and glucose-modulating hormones in 

methadone-dependent Wistar rats and evaluate any effect of 
gender differences in this regard.

Materials and methods

Animals

Forty Wistar rats (20 male, 20 female) weighing 150–350 g, 
were obtained from the Birjand University of Medical Sci-
ences Research Center for Experimental Medicine. They 
were housed with a 12 h photoperiod at 25 °C with unlimited 
access to water and ad libitum food. The ethical committee 
of the Birjand University of Medical Sciences approved the 
study protocol with code number of IR.bums.REC.1396.240. 
After 7 days acclimatization to the laboratory conditions 
the rats were divided randomly into 4 groups: methadone 
addiction and the controls, each contained groups, 10 males 
and 10 females.

Chemicals

Methadone HCl in powder form was received from Faran 
Shimi Pharmaceutical Co., Iran, and methadone solu-
tion prepared by dissolving it in normal saline. Male and 
female rats were treated with methadone HCl solution for 
10 consecutive days by intraperitoneal injection at the dose 
of 5 mg/kg for induction of addiction [16]. Control rats 
received only the same volume of normal saline. After the 
final methadone injection, 3 mg/kg naloxane HCl (Caspian 
Pharmaceutical Co., Iran) was injected intraperitoneally to 
one rat in each male and female addiction group for assess-
ment of dependence [17]. Animals were placed in a perspex 
box and observed at 30 min for the presence or absence of 
behaviors indicating withdrawal sings consists of Counted 
signs and checked signs.

Counted signs Activity (Crossing of a quadrant mark) in 
male rat 3 times and in female rat 2 times during the first 
10 min, Rearing (Lifting the forepaws off the ground) in 
male rat was repeated intermittently during 30 min (28 s 
during the first 10 min and 35 s during second 10 min and 
so…) and in female rat (23 s during the first 10 min and 30 s 
during second 10 min and so…), Teeth chattering (Teeth 
grinding) (in male rat 15 times during the last 10 min and in 
female rat 12 times during second 10 min) and Shake (Shak-
ing of the head only or rest of body -wet-dog shake (20 times 
in male rat during the first 10 min and 17 times in female 
rat during the last 10 min) were observed in our study and 
checked sign: Abnormal posture (Lying on the side; writhing 
or hunching of body) in male rat 2 times and in female rat 3 
times during the first 10 min.

It is necessary to mention that only one rat in each male 
and female methadone group were monitored for withdrawal 
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signs to confirm the dependence on methadone in both 
groups male and female.

Experimental protocol

The animals in all groups were weighed at the beginning and 
end of the study and fasting blood sugar (FBS) determined 
by glucometer after 12 h of fasting.

Biochemical analysis

At the end of the treatment protocol blood samples were 
collected via cardiac puncture under general anesthesia with 
intraperitoneal injection of sodium thiopental at 20 mg/kg 
body mass. After separation, and by use of commercially 
available ELIZA kits, the serum cortisol (Rat Cortisol 
ELISA Kit, Hangzhou Eastbiopharm Co.,Ltd, USA), gluca-
gon (Rat Glucagon (GC) ELISA Kit, Hangzhou Eastbiop-
harm Co.,Ltd, USA), adrenaline (Rat Adrenaline ELISA 
Kit, Hangzhou Eastbiopharm Co.,Ltd, USA), as well as for 
lipid profile (high density lipoprotein (HDL), low density 
lipoprotein (LDL), triglyceride, and total cholesterol) with 
Auto-analyzer Prestige 24i, Japan, were measured.

Statistical analysis

Data were reported as mean ± standard Error (SE). At first 
the normal distribution of the data was assessed through run-
ning the Kolmogrov–Smirnov test. One-way ANOVA and 
bonferroni post hoc was done among variables of metha-
done exposure and control groups of both male and female 
rats using SPSS version 16 statistical package and data were 

considered statistically significant if p < 0.05 for all statisti-
cal tests.

Results

One-way ANOVA test showed that there was significant 
difference among four groups (p < 0.001). Bonferroni post 
hoc test indicated a significant increase in mean final mass 
of female rats but not male rats in the methadone receiving 
group versus the corresponding control group (Fig. 1). One-
way ANOVA test cleared significant difference among four 
groups (P = 0.04). Bonferroni post hoc test demonstrated 
a significant decrease in the mean blood glucose level of 
methadone dependent male rats when compared with the 
control group but not in female rats (Fig. 2). Although blood 
glucose level did drop in the female methadone dependent 
rats as well, just it was not statistically significant. Similarly, 
a significant decrease in mean serum levels of cortisol and 
adrenaline was found in methadone dependent male rats 
when compared with the control group but not in female 
rats (Table 1).  

Table 2 shows a significant decrease in the mean of 
HDL (p ≤ 0.001), a very slight increase in LDL (p ≤ 0.001) 
between control groups and methadone treated groups in 
male and female rats. Also, there was a decrease in triglyc-
eride in male rats of the methadone treatment versus the 
control group (p = 0.01), but this difference was not observed 
in mean of cholesterol serum level in male and female rats 
(p = 0.08) (Table 2). Bonferroni post hoc test showed that 
this difference in the mean serum level of HDL and LDL 
was observed between male and female methadone treated 

Fig. 1   Effect of methadone 
administration on final body 
mass in male and female Wistar 
rats when compared with their 
same sex control groups. Data 
are shown as mean ± SEM. 
p < 0.05 is significant



224	 Toxicol Res. (2020) 36:221–226

1 3

with controls (p ≤ 0.001; p = 0.001) and (p = 0.02; p ≤ 0.001) 
respectively.

Discussion

According to the findings in this experiment there was a 
significant decrease in mean final mass of female rats but not 
in male rats between methadone treated and control groups.

Fig. 2   Effect of methadone 
administration on final blood 
glucose level in both female and 
male Wistar rats compared with 
their same-sex control groups. 
Data are shown as mean ± SEM. 
p < 0.05 is significant

Table 1   Comparison of mean 
Adrenaline, Glucagon, Cortisol 
and Insulin in methadone 
treated and control group both 
female and male Wistar rats

Values are expressed as mean ± SD (One-way ANOVA and Bonferroni post hoc tests)
*p < 0.05 is significant

Variables Groups p value

Female rats (n = 10) Male rats (n = 10)

Methadone Control Methadone Control

Adrenaline (ng/ml( 30.2 ± 1.26 29.84 ± 1.8 25.76 ± 2.15 33.55 ± 2.58 0.03*
Glucagon (ng/ml) 100.19 ± 5.06 112.03 ± 7.65 97.51 ± 11.57 126.51 ± 8.39 0.14
Cortisol (ng/ml( 85.42 ± 4.14 75.95 ± 3.52 69.97 ± 5.09 86.26 ± 4.41 0.02*
Insulin (mIU/L( 5.41 ± 0.16 5.71 ± 0.36 4.84 ± 0.35 5.85 ± 0.44 0.24

Table 2   Comparison of mean 
HDL, LDL, TG and total 
cholesterol in methadone treated 
and control group both female 
and male Wistar rats

Values are expressed as mean ± SD (One-way ANOVA and Bonferroni post hoc tests)
HDL high-density lipoprotein, LDL low-density lipoprotein, TG triglyceride
*p < 0.05 is significant

Variables Groups p value

Female rats (n = 10) Male rats (n = 10)

Methadone Control Methadone Control

HDL (mg/dL) 49.50 ± 2.47 55.90 ± 2.29 43.62 ± 0.94 50.20 ± 1.25 ≤ 0.001*
LDL (mg/dL) 17.30 ± 0.21 16.50 ± 0.17 18.75 ± 0.29 18.10 ± 0.23 ≤ 0.001*
TG (mg/dL) 32.00 ± 2.51 32.03 ± 2.82 32.00 ± 1.38 40.04 ± 2.05 0.01*
Total cholesterol (mg/dL) 66.70 ± 3.25 66.10 ± 3.11 66.75 ± 2.71 59.10 ± 2.05 0.8
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These data are consistent with the study by Fenn et al. in 
2015 on 96 human patients enrolled in an outpatient metha-
done clinic [18] and in contrast to the study by Kolarzyk 
et al. in 2005 who examined body weight in 30 Polish meth-
adone-treated patients [19].

Although opiate dependent patients, especially heroin 
addicts, have unbalanced diets, malnutrition, loss of appetite 
and nutrient deficiencies, some studies have shown MMT is 
effective in improvement of nutritional habits, lifestyle and 
several hormonal disorders. Hormones derived from adi-
pose tissue interconnect nutritional status with the immune 
system and metabolic regulation [20, 21]. Therefore, the 
increased weight of female rats in our study may be attrib-
uted to the MMT treatment effect on adipocytokines includ-
ing leptin, which exhibits sexual dimorphism. The leptin 
level in humans is gender dependent [22]. In addition, opi-
oids have a greater role in rewarding aspects of food intake 
and in rodents extensive research on opioids indicated that 
sweet and high fat diets were most preferred [23].

Our study showed a significant difference in the mean 
glucose level of male rats but not in females between metha-
done consumption and control groups; although glucose did 
drop in the female rats it was not found to be statistically 
significant. This finding supports the results of a study by 
Faskowitz et al. in 2013 on CD1 mice that received metha-
done and other opioids subcutaneously [9]. Our findings 
however, are inconsistent with the previous study by Sadava 
et al. in 1997 on female albino rats that received methadone 
dissolved in their daily water intake [24].

Although previous studies have shown that opiates are 
involved in glucose homeostasis, the exact mechanisms are 
still unclear. There are many complex effects of opioids on 
the various hormones of the endocrine system in man and 
animals, often differing depending on whether exposure 
is acute or chronic [12]. Based on our results a possible 
explanation of methadone-associated hypoglycemia may 
be suppression of counter regulatory mechanisms including 
adrenaline and cortisol but not glucagon. Additionally, the 
effect of counter regulatory hormones on blood glucose is 
time and hormone dependent. Other variables such as route 
of injection and dosage can also play a role in the different 
reported results [12, 14].

It was notable in our study that fasting blood glucose lev-
els in methadone addicted Wistar rats was gender depend-
ent, with males exhibiting a statistically significant decrease; 
females also underwent a drop in blood glucose but it was 
not statistically significant.

A recent study in rats [25] demonstrated gender difference 
in regional brain glucose metabolism following methadone 
administration that may be a candidate explanation for the 
findings of our study. Male animals treated with methadone 
had increased caudate/putamen glucose metabolism whereas 
female rats exhibited increased cingulate cortex metabolism. 

Overally, they indicated that the response to hypoglycemia 
in the two sexes is due to the alteration in mechanisms exist-
ing in the central nervous system (CNS) and in our study we 
showed it peripherally as alterations in counter-regulatory 
hormone levels in male and female rats’ blood. Thus, it 
seems that both central and peripheral mechanisms may be 
involved in the different pathogeneses of hypoglycemia in 
methadone addicted male and female rats. These gender spe-
cific differences, if extrapolated to humans, should therefore 
be considered in treatment strategies for reducing numbers 
of human clinical treatment failures [25].

The present study showed a significant difference in mean 
HDL and LDL level in both male and female rats between 
methadone consumption and control groups. This finding 
is in accordance with the study by Lin et al. in 2012 on 70 
heroin users [26], but contrary to the findings of Montazeri-
far et al. in 2014 on 25 patients before and after MMT when 
compared with a control group [27].

In recent years our perception of adipose tissue has been 
significantly transformed due to the discovery that besides 
being a fat reservoir, it is an endocrine organ secreting many 
different metabolically active compounds, including leptin, 
adiponectin, resistin and etc. [28]. A previous study in her-
oin addicts reported that MMT treatment is accompanied by 
changes in the level of adipose tissue derived hormones such 
as leptin and adiponectin [29]. A low level of adiponectin 
is associated with a high level of LDL and triglycerides and 
adiponectin is positively correlated with HDL concentra-
tion [30]. Therefore hypoadiponectinemia may be a possible 
explanation for our results in Wistar rats.

The present study has a number of strengths. To our 
knowledge, reports regarding the association of methadone 
and glucose regulation in both genders in human clinical 
and preclinical studies are scarce. Although there are species 
differences in the effects of opioids on the endocrine system, 
specifically on those hormones regulating blood glucose lev-
els, as well as many variations in response depending on 
factors including route, time and dose of administration [12], 
the present study was designed to evaluate the methadone 
effect on blood glucose in male and female Wistar rats.

Our study was limited partly due to lack of funding, and 
by us not being able to measure testosterone, estradiol, fol-
licular stimulating hormone (FSH) and luteinizing hormone 
(LH).

Methadone maintenance treatment (MMT) in Iran is 
widely used for opioid dependence and also as an effec-
tive medication for severe pain such as in cancer. Statis-
tics in Iran, however, shows a high rate of unsuccessful 
opioid withdrawal in outpatient clinics across the coun-
try. Our findings showed that blood glucose concentration 
alteration appeared statistically different between male and 
female methadone dependent rats; hence addressing this in 
humans, which are known to have a similar response, should 
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be considered as a possible approach for reducing clinical 
treatment failures. Further research is necessary to elucidate 
the involved mechanisms.
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