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Abstract: Methadone Maintenance Therapy (MMT) has been accepted as a gold-standard treatment for
opioid therapy. It may associate with adverse effects. This study aimed to affect methadone on serum
lipid profile, leptin levels, and liver enzymes in male and female rats. 41 Wistar rats weighing 200-
300gr were randomly assigned into four groups, including two methadone treatments and two control
groups, both male and female, that received 5mg/kg methadone or 1cc normal saline daily for 8 weeks
respectively by gavage method. All animals were weighed weekly. Fasting blood sugar (FBS) was
measured by a glucometer, and blood samples were taken by cardiac puncture for triglyceride, low-
density lipoprotein (LDL),high-density lipoprotein (HDL), total cholesterol, Aspartate transaminase
(AST), Alanine transaminase (ALT), alkaline phosphatase (ALP) and leptin levels measurement after
12h fasting. One-way ANOVA showed no significant difference in mean FBS, total cholesterol,
triglyceride, and LDL levels among the four groups. Moreover, there was a statistically significant
difference in the mean of HDL, ALT, AST, and ALP levels. Furthermore, repeated measures
ANOVA indicated a significant increase in body weight of rats during 8 weeks. Our findings
indicated changes in some metabolic effects associated with methadone treatment in a gender-
dependent manner.
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1. Introduction

It is estimated that drugs are used once daily by nearly 5% of the world population that
opioids and cannabis are the most harmful type and most widely used drugs respectively in the
world [1]. Drug addiction is considered one of the most important public health problems of
the 21st century in the world also, in the Middle East countries, including Iran and Afghanistan
[2].

The number of people with substance use disorders (SUD) worldwide was reported 35
million individuals based on United Nations Office on Drugs and Crime (UNODC) statistics
in 2017. In the United States in 2011, 20 million substance users imposed a total cost of $193
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billion on society. Also, $193 billion in total cost imposed by 20 million substance users on
society in 2011 in the United States is estimated to be more than $330 billion worldwide[3].

In this regard, substance use treatment is divided into medical detoxification,
maintenance treatment, and management of intoxication [4]. Methadone Maintenance Therapy
(MMT) has been accepted as a gold standard for reducing individual and public harms
associated with opioid use in Iran and many other countries [5]. Maintenance therapy is often
defined as long-term treatment of methadone (a long-acting p-opioid receptor agonist) to
opiates drug-dependent, which may associate with adverse effects [5].

In recent years, the concept of gender-specific medicine (GSM) based on biological
factors has been considered the foundation of precision medicine. It includes important
differences in normal human biology and physiology between males and females and, herein,
gender disparities in diagnostic and therapeutic responses [6]. Proportionately, it seems that
sex differences should be considered in the addiction treatment field.

Lipid and methadone metabolism mostly occurs in the liver, which is later metabolized
by cytochrome P450 enzymes; hence, methadone had adverse effects on liver function [7] in
this context; the results studies about the effect of methadone on liver toxicity are contradictory.
Hepatic enzymes of serum glutamic-pyruvic transaminase (SGPT), serum glutamic-
oxaloacetic transaminase (SGOT), and alkaline phosphatase (ALP), which there are in liver
cells, are released in the bloodstream following hepatocyte injury [8].

Adipose tissue is a complex organ characterized not only as an inactive reservoir of
energy but also as a fundamental endocrine gland of the human body with secreting many
adipocyte-derived bioactive substances, namely adipokines [9]. Moreover, gender difference
has been demonstrated in the concentration of some adipokines, including leptin, a protein
hormone 16 [kDa], which is mainly secreted by white adipose tissue (WAT) [10]. Leptin levels
reflect the amount of body fat and nutritional state through signaling to the hypothalamic satiety
center to adjust food intake and energy expenditure accordingly [10].

Some studies have indicated changes in adipokines level with MMT and consequently
changes in energy homeostasis. In the study by Montazerifar et al. on the 25 opioid addicts and
22 healthy controls, opioid addicts had significantly lower serum leptin levels than controls
after 6 months MMT, the mean level of leptin increased dramatically [11].

Since methadone is the most widely used for MMT programs worldwide and
maintenance therapy is often as long-term treatment may associate with adverse effects, this
study aimed for the effect of methadone on lipid profile, serum leptin levels, and liver enzymes
in male and female rats.

2. Materials and Methods

2.1. Animals.

In this experimental study performed at the Research Center of Experimental Medicine,
Birjand University of Medical Sciences in Iran, 41 Wistar rats weighing 200-300 gr were
studied. They acclimated at 25 °C animal room with 12 h light-dark cycle (photoperiod; lights
on, at 06:00 AM)for 1 week and was provided chow diet and water ad libitum during the
experimental period. Rats were randomly assigned into four groups, including two groups
methadone treatment and two control groups, both male and female that received methadone 5
mg/kg on the day, 6 days in a week for 8 weeks by gavage method for induction of methadone
dependence or 1 cc normal saline respectively [12]. According to the weight of the animal's
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fresh stocks of methadone were prepared daily. During 8 weeks, treatment gavage of all
animals was conducted at 12:00 PM on the day.

2.2. Experimental protocol.

All animals were weighed weekly. At the end of the study, using a glucometer (ACCU-
CHEK active model GC-Roche), fasting blood sugar (FBS) level was measured after 12 h of
fasting from the tail of rats. Also, under anesthesia with ether, blood samples were taken from
each rat by cardiac puncture for measurement of lipid profile (low-density lipoprotein (LDL-
C), high-density lipoprotein (HDL-C), triglyceride and total cholesterol, SGOT, SGPT, ALP,
and leptin levels) after 12 h of fasting. Blood samples were centrifuged for 30 minutes for
serum preparation then were stored at -20 °C for subsequent analysis.

Methadone syrup was provided from Daru Pakhsh Co. (methadone 25 mg/5 ml of 250
ml syrup; Darou Pakhsh Holding Co., Tehran, Iran). Using specifically available kits (Rat
leptin ELISA Kit, Hangzhou EastbiopharmCo., Ltd) Serum leptin level was determined with a
minimum sensitivity of 0.05 ng/ml with intra and inter-assay coefficients of variation less than
10 % and 12 %, respectively. Lipid profile (HDL, LDL, triglyceride, and total cholesterol) and
SGOT, SGPT, ALP levels were measured by Auto-analyzer Prestige 24i, Japan. After last
administration, one male and female rat from methadone dependent groups randomly received
4 mg/kg naloxone HCI (0.4 mg/ ml; Toliddaru Pharma Co, Tehran, Iran) by intraperitoneal
injection then were observed at 1 hour when were placed in a perspex box using a digital
camera to record of withdrawal behaviors based on published criteria [13].

2.3. Statistical analysis.

All values are expressed as the mean £ S. D.data analysis was performed by SPSS
software version 19. The Kolmogorov—-Smirnov test was used for the assessment of the normal
distribution of data. Statistical test of One-way ANOVA and Tukey's post hoc test was used
for assessment of the significance of difference among groups. Also, the bodyweight of rats
during 8 weeks was examined with repeated measures ANOVA, followed by Bonferroni post
hoc test. Furthermore, correlation analysis was performed using Pearson's correlation test. In
all of the tests, p-value was set at 5%.

3. Results and Discussion

Based on Tablel, there was no significant difference in fasting blood sugar (FBS), Total
cholesterol, Triglyceride, and LDL levels among four groups (p > 0.05), but HDL level was
significantly lower in male methadone and male control groups than female methadone group
respectively (p=0.003).

Table 1. Comparison of mean FBS, HDL, LDL, TG and total cholesterol in methadone treated and control
group both female and male Wistar rats.

Groups P-value
Variables Male Rat (n=19) Female Rat (n=22)
Methadone Control Methadone Control
FBS (mg/dl) 80.6 +9.3 81.8+6.4 85.5+11.6 80.5+3.1 0.47
Total Cholesterol 82.6+6.8 78371 73.7+9.6 73.9+10.6 0.07
(mg/dl)
LDL (mg/dl) 174+32 174+22 165+1.9 16+2 0.44
Triglyceride (mg/dl) | 80.7+11.7 715+105 78.6 £14.6 81.9+175 0.42
https://biointerfaceresearch.com/ 6430
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Groups P-value
Variables Male Rat (n=19) Female Rat (n=22)
Methadone Control Methadone Control
HDL(mg/dl) 34.8+3.6 35.9+3.9 416144 38.2+4.8 0.003*

There was a significant difference in the mean of SGOT, SGPT, and ALP levels among
the four groups. SGOT and ALP levels were significantly higher in male methadone and male
control groups than female methadone and female control groups, respectively (p < 0.001).
SGPT level in the male methadone group was significantly higher than female methadone and
female control groups, respectively (p=0.001). Also, the Leptin level in the male methadone
group was significantly higher than the female control group (p=0.034) (Table 2).

Table 2. Comparison of mean SGOT, SGPT, ALP, and Leptin in methadone treated and control group both
female and male Wistar rats.

Groups P-value
Variables Male Rat (n=19) Female Rat (n=22)
Methadone Control Methadone Control
SGOT (mg/dl) 307.4+31.9 2945+ 40.6 2126 £46.9 239.4 £43.3 <0.001*
SGPT (mg/dI) 95.7+ 28.6 89+231 63.4+18.6 62.2 +16.6 0.001*
ALP (mg/dI) 556.9 + 150.9 590.4 + 165.8 290.2 £ 116.5 208.4£83.1 <0.001*
Leptin(ng/ml) 0.49+0.08 0.42+0.11 0.42 +0.06 0.39+0.06 0.034*

Furthermore, during 8 weeks, there was a significant increase in the bodyweight of rats
in four groups. The bodyweight of first-week male methadone and male control groups showed
a significant difference in the next weeks' weight (p < 0.001). However, in the female
methadone group bodyweight of the first week had a significant difference with a bodyweight
of the sixth, seventh and eighth weeks respectively (P=0.003)and in the female control group,
bodyweight of the first week showed a significant difference with a bodyweight of the sixth
week and third week with a sixth week (P= 0.03) (Figure 1).
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Figure 1. The effect of methadone administration on body weight of male and female Wistar rats during 8
weeks when compared with their same-sex control groups.

Also, we found a positive correlation between leptin and total cholesterol (r= 0.3,
p=0.04) (Figure 2A) in addition, between leptin and SGOT, SGPT and ALP levels respectively
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(r=0.32, p= 0.036),(Figure 2B) (r= 0.41 p=0.007)(Figure 2C) and (r= 0.33 p=0.033)(Figure
2D).
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Figure 2. Correlation between serum total cholesterol, SGPT, SGOT, ALP concentration, and serum leptin
concentration, respectively (A, B, C, and D) in male and female Wistar rats.

Histological examination of liver sections of methadone-treated animals (both sexes)
showed no evident alteration in hepatocytes, sinusoidal spaces, and portal triads (Figure 3).
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Figure 3. Histopathological assessment of livers of control and methadone treated rats. The micrographs show a
normal liver structure in which hepatocytes are arranged radially around the central vein with no evidence of
hemorrhage, congestion, necrosis, or pathological damage. Haematoxylin and eosin staining, 400X
magnification (scale-bar = 50um).

In our study, there was no significant difference in FBS levels among the four groups.
Our study supports the results by Sadava et al. (1997) on female albino rats with methadone
addition in their drinking water [14], and it is inconsistent with a recent study by Tahergorabi
et al. on 40 Wistar rats that methadone was injected intraperitoneally for 10 consecutive days
at 5 mg/kg dose [15]. The differences between this study and mentioned studies can be due to
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factors including route of treatment and duration of drug dependency, which can change serum
glucose.

Our results showed no significant difference in total cholesterol, triglyceride cand LDL
levels among the four groups; moreover, HDL level was significantly lower in male methadone
and male control groups than female methadone groups. Our result is in accordance with a
recent study conducted by Elman et al. on subjects treated with buprenorphine (n = 26) or
methadone (n = 32) with opioid use disorder [16] and is in contrast with the study by
Montazerifar et al. (2014) on the 25 opioid addicts and 22 healthy controls [11].

It is noteworthy, important differences between human and rat lipoproteins, including
the presence of the E apoprotein as a major protein component of rat HDL (an anti-atherogenic
lipoprotein) while human HDL has only small amounts of the E apoprotein. Also, in rats, HDL
is the predominant class of lipoproteins, and it is responsible for carrying the majority of the
plasma cholesterol despite humans that most of the plasma cholesterol is transported by LDL
[17]. On the other hand, previous studies have shown that estrogen has no effect on immature
plasma cholesterol levels compared with adult rats. Estrogen receptors alpha (ERa) and beta
(ERp)are involved in many physiological functions of estrogen [18]. It upregulates mMRNA
expression of scavenger receptor class B member (SR-BI), the HDL receptor, and promotes
HDL-cholesterol uptake. Accordingly, HDL capacity for cholesterol efflux decreased in
hepatocyte estrogen receptor knockout (LKO-ERa) female mice [19].

Our study indicated that SGOT and ALP levels were significantly higher in male
methadone and male control groups than in female methadone and female control groups.
SGPT level in the male methadone group was significantly higher than female methadone, and
female control groups had a positive correlation with leptin levels. Our study is in agreement
with the study Eslami-Shahrbabaki et al. (2012) on 94 patients undergoing MMTthat liver
enzyme levels in all patients were tested until 24 months [20] and is in contrast with a three-
year-long study by Kreek et al. (1972) on patients with high doseMMT that none of the 129
patients who completed the study showed signs of hepatotoxicity by methadone [21].

Most pain relief medications, including methadone, are metabolized exclusively in the
liver through CYP3A4 CYP2D6, CYP2B6, CYP2C19, and CYP1A2 liver
enzymes(cytochrome p450s; xenobiotics oxidizing enzyme), and this typically results in
multiple metabolites which can impact the normal function of animal and human liver enzymes
[22].1t is noteworthy that sex hormones regulate CYP enzymes of CYP2C19 and CYP2B6;
therefore, methadone metabolism linked with MMT program is gender-dependent [22].

Furthermore, three enzymes of SGOT, SGPT, and ALP have a much higher value in
rats than in humans, and on the other hand, there is the sex difference in SGOT, SGPT, and
ALP levels in male and female rats such that male rats have higher SGOT, SGPT, and ALP
levels than female rats in the course of life [23]. Accordingly, in our study, both male
methadone and control groups had higher SGOT, SGPT, and ALP levels than female
methadone and control groups. Our findings indicated a positive correlation between SGOT,
SGPT, ALP levels, and leptin.

Previous studies have demonstrated significant correlations between liver markers
SGOT, SGPT, ALP, and metabolic syndrome in turn related to leptin levels [24]. Leptin as a
16 kDa adipokine acts as a hormone and cytokine that can exert a proinflammatory role in rats
and mice [25]; therefore, it is considered an essential mediator of liver fibrosis [24].
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Our study shows that the significant positive correlation between serum leptin levels
and total cholesterol and leptin level in the male methadone group was significantly higher than
the female control group.

Serum leptin concentrations are associated with body fat content, and gender plays an
important role in determining leptin concentration. In our study male methadone group had a
higher leptin level than a female control group that it is in agreement with Muletet al. (2003)
[26] and is inconsistent with one study by Machinal et al. (1999) that found no differences in
circulating leptin levels between male and female rats [27]. A possible explanation is the
existence of sexual dimorphism in rat leptin levels contrary to what happens in humans, which
may be related to differences in the distribution and extent of fat stores in rats and humans.
Another explanation is leptin levels are related to sex hormones which can be another
explanation [10].

Our findings demonstrated that during 8 weeks, there was a significant increase in the
body weight of rats in four groups. Our study is in line with the study by Mysels et al. (2011)
that patients during the first 6 months of methadone treatment showed 10-pound weight gain
[28] and is in contrast with the study by Kolarzyk et al. (2005) that showed in female patients
a modest weight loss moreover, a modest weight gain in males [29]. A possible explanation
can be attributed to preclinical and clinical studies that have shown administration of mu-
agonist or activation of the mu-opiate receptor is associated with increased sugar intake, high-
sugar foods preference, possibly the accumulation of body fat and weight gain, and
eventually potential insulin resistance [30].

Finally, histological examination of liver sections of methadone-treated animals (both
sexes) showed no evident alteration in hepatocytes, sinusoidal spaces, and portal triads that
may take longer for treatment to cause histological changes.

4. Conclusions

In conclusion, our findings indicated some metabolic effects associated with methadone
treatment in a gender-dependent manner. Therefore, a number of factors are involved for
effective and successful methadone maintenance treatment programs, including gender
differences that should consider by clinicians.
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