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Abstract

Background
Opioid withdrawal can induce oxidative stress in opioid addicts. This interventional study aimed to
investigate the effect of zinc supplementation on the oxidative profile of patients with an opioid withdrawal
syndrome.

Methods
In the current study, 40 patients aged 18 to 65 years with opioid withdrawal syndrome were randomly
assigned to intervention and control groups, each with 20 subjects. In addition to standard treatment, the
intervention group received 30 mg of zinc daily, while the control group was given a placebo for one month.
They were evaluated using Beck Depression Inventory (BDI), Clinical Opiate Withdrawal Scale (COWS), and
Young Mania Rating Scale (YMRS) for withdrawal symptoms. Moreover, other parameters included catalase
(CAT), superoxide dismutase (SOD), and glutathione peroxidase (GPx) and levels of total antioxidant
capacity (TAC), total thiol groups (TTG), tumor necrosis factor-α (TNF-α), and malondialdehyde (MDA).

Results
The rate of withdrawal symptoms (COWS) was statistically significantly lower in the treated group in
comparison to the control group (P < 0.05). In the treatment group, the levels of TAC, CAT, SOD, and GPx
increased significantly compared to the control group (P < 0.05). In the treatment group compared to the
control group, there was a statistically significant decrease in hs-CRP, MDA, and TNFα (P < 0.05).

Conclusions
The results revealed that zinc supplementation could effectively reduce withdrawal symptoms by increasing
antioxidant activity and reducing the lipid peroxidation index.

1. Background
Addiction drugs, especially opioids, is a common problem with an increasing prevalence around the world
[1]. Since the beginning of 1990, the world’s annual consumption of opiates has increased from an average
of 200 tons of morphine (equivalent to 236.7 tons of morphine in 1993( [2]. In this regard, Iran’s strategic
location and its proximity to Afghanistan and Pakistan, which are the major source of opium globally, have
led to a high prevalence of opioid use in this country. Although no government has been as active in fighting
against drug trafficking as Iran, the number of addicts in Iran has increased in recent decades [3]. Long-term
use of opioids is accompanied by dependency problems such that after a while, neurons are insensitive to
natural agonists produced in the body [4]. This insensitivity causes a higher dose of these substances to be
required for the normal functioning of the body neurons, which sometimes causes overdose in addicted
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people [5]. Opioid withdrawal syndrome is referred to a series of physiological and behavioral changes
associated with morphine-like motivational stimulation that occurs in a person [6]. This syndrome is
accompanied by symptoms such as diarrhea, seizures, muscle aches, severe nervous irritability, and
gastrointestinal disorders that make the withdrawal process difficult [7].
Oxidative stress is described as an increase in the generation of free radicals or a decrease in antioxidant
defense agents [8]. Antioxidants that protect the body against oxidative agents are of two types: 1) in the
form of enzymes that are not consumed during the reaction and 2) substances such as complexes with
catalytic metal elements that are consumed during the reactions. Superoxide dismutase (SOD), Glutathione
peroxidase (GPx), and Catalase (CAT) are among the essential antioxidant enzymes [9]. Previous data
indicate that oxidative stress contributes to the development of the withdrawal process. In this respect,
antioxidants also play a role in reducing oxidative stress as they result in some withdrawal symptoms [10,
11]. Studies have demonstrated that oxidative stress disrupts the immune system and also cause
inflammation in the body [12, 13]. Joseph Wybran Laid, for the first time, stated that opioids regulate and
interfere with the immune system by occupying opioid receptors in immune cells [14]. High-sensitivity Creactive protein (hs-CRP) is another protein that is considered a suitable and sensitive marker for measuring
inflammation. This protein, which is produced in the liver, increases during inflammatory diseases [15].
Zinc is one of the strongest antioxidants and essential compounds of many antioxidant enzymes, including
SOD, and a cofactor of many important enzymes in glucose and lipid metabolism [16]. Some studies
represented that zinc may reduce lipid peroxidation while improving the antioxidant status of people by its
antioxidant effect. Also, it has been reported that zinc reduces the expression of many inflammatory factors,
including tumor necrosis factor-α (TNF-α) and interleukin (IL-1β) by affecting the level of gene expression.
Eventually, it increases the expression of anti-inflammatory factors such as IL-10 [17]. Zinc deficiency,
leading to an increase in inflammatory cytokines, including TNF-α. It also declines these inflammatory
cytokines in the body [18]. Given the role of oxidative stress during opioid withdrawal and considering that
insufficient studies were conducted in this field, the present clinical trial study was an attempt to examine the
effect of zinc supplementation during opioid withdrawal syndrome on the antioxidants, oxidation, and
associated symptoms in these patients.

2. Methods

2.1. Study design
This prospective clinical trial study was performed from July 22 of 2020 to November 20 of 2020 at
Farshchian Hospital affiliated with Hamadan University of Medical Sciences in the west of Iran. Informed
consent was obtained from the participants to participate in this study. In addition, the study protocol was
confirmed by the Ethics Committee of Hamadan University of Medical Sciences and registered in the IRCT
with a code of IRCT20190811044513N1.
The study’s inclusion criteria were opioid use for one year or more, need for hospitalization for withdrawal
syndrome based on psychiatrist’s diagnosis, absence of acute and chronic inflammatory diseases and any
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other acute or chronic infections, and having no AIDS, hepatitis, and diabetes. Exclusion criteria of the study
were re-use of substances during the study, the use of drugs that affect inflammation and oxidative stress,
and suicide ideation during the past year. The inclusion and exclusion of the patients are presented in Fig. 1.
At the beginning of the study, a comprehensive interview was performed, followed by collecting demographic
information, including underlying disease, history of opioid withdrawal, duration of addiction, and body
mass index (BMI). Beck Depression Inventory (BDI) questionnaire was completed for patients with depressed
moods. The reliability and validity of this instrument was previously approved by Lee et al [19].
For patients with high mood, the Young Mania Rating Scale (YMRS) was completed [20]. Also, withdrawal
symptoms were estimated using the Clinical Opiate Withdrawal Scale (COWS), which its validity and
reliability had been previously confirmed [21]. At the beginning and end of the study, these questionnaires
were completed by a psychiatrist. Patients in the intervention group received 30 mg of zinc gluconate tablets
daily for one month. The intervention group was advised to take zinc supplementation with a full stomach to
reduce its side effects. A placebo (in an identical shape and color as the main drug) prepared by the School
of Pharmacy was used in the placebo group. Randomization was done through the block randomization
method with quadruple blocks. The details of this method are presented by Prasad et al [22]. In this study,
the drug was not distinguishable from placebo, and the patients were blinded for the study. Moreover,
physicians and statistical analysts were not aware of the allocation of groups due to coding the drug and
placebo. Accordingly, the study was performed in a triple-blinded form.

2.2. Blood sampling and biochemical measurements
SOD, TAC, GPx, hs-CRP, MDA, TTG, and TNF-α indices were measured by taking a 5-cc sample of fasting
intravenous blood at the beginning and end of the study between 7 and 9 a.m. Next, the blood sample was
taken from patients, and serum was separated from blood by centrifuging it at 25,000 rpm for 10 min (Iran,
Centrifuge). Finally, it was stored at -70℃.. ELISA method (Kiazist Company-Iran) was used to evaluate
activities of several variables, including GPx, CAT, and SOD and levels of total antioxidant capacity (TAC),
TNF-α, and hs-CRP in the serum, and malondialdehyde (MDA).

2.3. Sample volume and statistical analysis
Based on the study performed by Prasad et al., the sample size was determined to be 20 individuals in each
study group, with statistical power and confidence level of 90% and 95%, respectively.18 Also, the
significance level was considered less than 5%. Data were expressed using descriptive statistics of the mean
and standard deviation (Mean ± SD) and the ratio and percentage for quantitative and qualitative variables,
respectively. The Chi-square test was employed to compare qualitative variables. Finally, independent and
paired t-tests were applied since the Kolmogorov-Smirnov test represented that data follow a normal
distribution.

3. Results
In general, all 40 patients in the zinc (n = 20) and placebo (n = 20) groups completed the intended 30-day
clinical trial. The results demonstrated allowable agreement with the intervention, and no adverse effects or
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symptoms were reported regarding zinc supplementation. Table 1 provides the demographic and clinical
features of the subjects.
Table 1
Patients’ general characteristics in two group
Variables

P-value

Zinc Group

Placebo Group

(n = 20)

(n = 20)

Male

18(90.0)

19 (95.0)

Female

2(10.0)

1(5.0)

Yes

16(80.0)

18(90.0)

No

4(20.0)

2(10.0)

Yes

18(90.0)

19(95.0)

No

2(10.0)

1(5.1)

Yes

15(75.0)

14 (70.0)

No

5(25.0)

6(30.0)

Age (yr.), M ± SD

32.45 ± 6.41

31.85 ± 8.82

0.807 †

Duration addiction (yr.) M ± SD

5.12 ± 3.18

6.55 ± 3.73

0.202 †

BMI ،kg/m^2. M ± SD

22.77 ± 2.01

23.24 ± 1.85

0.451 †

Gender, n (%)
0.458 *

Underlying disease n (%)
0.376 *

Smoking, n (%)
0.548 *

Previous withdrawal, n (%)
0.723 *

Note. *Chi2 or Fisher’s exact test; †: t-test; M: Mean; SD: Standard deviation; BMI: Body mass index.
The results showed no significant differences between the groups regarding baseline values related to
demographic features or within subjects’ addiction measures (P > 0.05).
The data related to BDI, YMAS, and COWS measurements before and following the intervention are
presented in Table 2. At the beginning of the study, no significant differences were observed between the zinc
and placebo groups in terms of BDI, YMAS, and COWS measurements (P > 0.05).
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Table 2
Comparison of the effect of zinc and placebo on withdrawal symptoms, depression, and euphoria
Parameter

YMRS

Time

zinc group

Placebo group

(n = 20)

(n = 20)

Onset

28.55 ± 2.50

28.35 ± 1.46

.0.2(1.11,1.51)0.759

End

21.20 ± 2.01

22.15 ± 1.81

-0.95(-2.17,.27)
0.125

-7.35(-8.83,-5.86) <
0.001

-6.20(-7.15,-5.24) <
0.001

Onset

25.70 ± 1.97

25.80 ± 1.60

-0.1(-1.25,1.05)
0.861

End

22.60 ± 2.11

23.25 ± 1.74

-0.65(-1.88,0.58)
0.295

-3.1(-3.55,-2.64) <
0.001

-2.55(-2.99,-2.10) <
0.001

Onset

26.45 ± 4.71

26.55 ± 2.83

-0.1(-2.59,2.39)
0.935

End

10.85 ± 0.98

14.00 ± 1.21

-3.15(-3.85,-2.44) <
0.001

-15.6(-17.74,-13.45) <
0.001

-12.55(-13.76,-11.33) <
0.001

MD(95%CI), P- valueb
Beck Depression
Inventory

MD(95%CI), P -value
COWS

MD(95%CI), P valueb

MD(95%CI), Pvaluea

Note. Values are indicated as the mean ± standard deviation; a: Independent sample t-test (betweengroup); b: Paired sample t-test (within-group); Yang: Young Mania Rating Scale; COWS: Clinical Opiate
Withdrawal Scale
After the treatment, the COWS scale decreased in the intervention group compared to the control group,
indicating a significant reduction in the severity of symptoms in this group (P ≤ 0.001). At the end of the
study, all three scales (i.e., COWS, YMAS, and BDI) showed a significant decrease in both groups (P ≤ 0.001)
compared to the beginning of the study.
Table 3 summarizes results related to the SOD, TAC, GPx, hs-CRP, MDA, and TTG concentrations before and
after the intervention. At the beginning of the study, there were no statistically significant differences
between the zinc and placebo groups in terms of the mentioned parameters (P > 0.05).

Page 7/15

Table 3
Serum CAT, TAC, GPx, SOD, MDA, TNF-α, TTG, and hs-CRP of withdrawal patients at the baseline and after 30
day of zinc intervention
Parameter

zinc group

Placebo group

(n = 20)

(n = 20)

Onset

32.55 ± 9.87

36.2 ± 10.92

-3.65(-10.31,-.01)0.274

End

41.15 ± 15.70

30.20 ± 12.99

10.95(1.72,20.17) 0.021

MD(95%CI), P valueb

8.6(16.17,1.02) 0.028

-6.0(-12.70,0.70)0.076

TAC(µmol/mg)

Onset

1.87 ± .26

1.91 ± .31

-0.03(-0.22,0.14)0.8681

End

2.03 ± .28

1.81 ± .23

0.22(0.05,0.39)0.009

MD(95%CI), P valueb

0.16(0.00,0.32)0.048

-0.1(-0.21,0.01)0.072

GPx
(µmol/mg)

Onset

24.19 ± 6.76

26.80 ± 7.78

-2.60(-7.27,2.06)0.265

End

30.86 ± 10.67

23.98 ± 10.03

6.88(0.24,13.51)0.042

MD(95%CI), P valueb

6.66(1.33,11.90)0.017

-2.82(-8.39,2.75)0.303

SOD
(µmol/mg)

Onset

73.70 ± 11.80

75.05 ± 17.56

-1.35(-10.92,8.22)0.776

End

80.95 ± 10.40

70.35 ± 17.19

10.6(1.49,19.70)0.023

MD(95%CI), P valueb

7.25(0.65,13.84)0.033

-4.7(-13.21,3.81)0.262

MDA

Onset

3.23 ± 2.06

2.78 ± 1.87

0.44(-0.82,1.70)0.482

End

1.88 ± .70

3.05 ± 1.87

-1.16(-2.07,-0.26)0.013

MD(95%CI), P valueb

-1.34(-2.34,-0.35)0.010

0.26(-0.97,1.50)0.660

TNF-α

Onset

54.30 ± 21.18

50.46 ± 23.92

3.83(-10.62,18.3)0.954

End

40.15 ± 23.73

55.66 ± 19.07

-15.50(-29.28,-1.72)0.028

MD(95%CI), P valueb

-14.14(-27.14,-1.14)
0.034

5.19(-5.54,15.94)0.323

TTG

Onset

.03 ± .02

.03 ± .03

0.00(-0.01,0.02)0.540

End

.03 ± .02

.02 ± .01

0.01(-0.00,0.02)0.132

MD(95%CI), P valueb

-0.05(-0.01,0.00)0.464

-0.00(-0.02,0.00)0.278

hs-CRP

1.70 ± .52

1.75 ± .55

CAT(µmol/mg)

Time

Onset

MD(95%CI), P valuea

-0.05(-0.40,0.30)0.799

Note. Values are indicated as the mean ± standard deviation; a: P value is reported based on the analysis
of independent sample t-test; TAC: Total antioxidant capacity; SOD: Superoxide dismutase; GPx:
Glutathione peroxidase; MDA: Malondialdehyde; hs-CRP: High-sensitivity C-reactive protein; TNF-α: Tumor
necrosis factor-α; TTG: Thiol group, b: P value is reported based on the analysis of paired sample t-test
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Parameter

Time

End
MD(95%CI), P valueb

zinc group

Placebo group

(n = 20)

(n = 20)

.85 ± .48

1.55 ± .60

-0.85(-1.19,-0.50) <
0.001

-0.2( -0.488,0.08)0.165

MD(95%CI), P valuea

-0.7(-1.05,-0.34) < 0.001

Note. Values are indicated as the mean ± standard deviation; a: P value is reported based on the analysis
of independent sample t-test; TAC: Total antioxidant capacity; SOD: Superoxide dismutase; GPx:
Glutathione peroxidase; MDA: Malondialdehyde; hs-CRP: High-sensitivity C-reactive protein; TNF-α: Tumor
necrosis factor-α; TTG: Thiol group, b: P value is reported based on the analysis of paired sample t-test
However, the results represented an increase in the CAT level in the intervention group after one month of
consumption compared with the control group (P = 0.021) and pre-intervention (P = 0.028). The results also
showed an increase in the TAC level in the intervention group compared to the control group (P = 0.009) and
pre-intervention (P = 0.048). The findings further revealed that the GPx level increased in the intervention
group compared to the control group (P = 0.042) and pre-intervention (P = 0.017). Besides, an increase was
found in the SOD level in the intervention group compared to the control group (P = 0.023) and preintervention (P = 0.033). In contrast, the results demonstrated a decrease in the level of MDA in the
intervention group compared to the control group (P = 0.013) and pre-intervention (P = 0.010). In addition,
TNF-α level declined in the intervention group compared to the control group (P = 0.028) and pre-intervention
(P = 0.034). Furthermore, hs-CRP level did not increase in the intervention group compared to the control
group (P ≤ 0.001) and pre-intervention (P ≤ 0.001). Finally, the TTG level in the two groups showed no
significant changes.

4. Discussion
Overall, the findings of the current clinical trial study revealed that zinc supplementation could lower
inflammation status and oxidative stress while improving withdrawal symptoms in opioid addicts. Most of
the studied patients were male regarding the higher prevalence of opioids in males and the cultural and
social conditions, wherein males are more likely to withdraw. The results showed that the studied patients
did not have a high underlying disease prevalence, probably due to patients’ low BMI and low mean age. Our
study showed that taking 30 mg of zinc gluconate supplementation daily for one month and routine
treatment in patients with opioid withdrawal syndrome could effectively reduce oxidative stress (e.g., an
increase in TAC) and a reduction in pro-inflammatory cytokine and lipid peroxidation index.
Zinc, the second most abundant element in the body after iron, exerts a wide variety of roles, such as
contributing to the body as an antioxidant [23]. It also has an essential role in the structure and function of
antioxidant enzymes and biological membranes. More than 15% of people worldwide have zinc deficiency,
which is more common in people addicted to opioids [24]. Zinc deficiency in addicted people is highly
associated with enhanced urinary excretion. Malnutrition is another cause of zinc deficiency in addicted
people [25]. Few studies have investigated the effect of zinc supplementation in patients suffering from
opioid withdrawal syndrome. Despite most of the other studies in this regard that are on animals, the present
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study is on humans. It has been evidenced that oral supplementation can reduce the symptoms of opioid
dependence [26]. Results of an animal study performed by Ranjbar et al. demonstrated that zinc sulfate
supplementation improves oxidative and reduces MDA and DNA damage compared to the control group.
Based on the results of the Ranjbar study, the antioxidant enzyme activity in the liver of rats significantly
increased in the zinc-treated group except for the TTG compared to the control group. The mentioned results
are consistent with those mentioned in our study. Investigating patients is another strength of the present
study. In a survey on morphine-dependent rats, Ciubotariu et al. showed that the use of zinc sulfate is
effective in reducing opioid dependence [27]. In another study by Larson et al. (2000) on mice, it was
observed that zinc reduced pain in morphine-dependent mice [28]. Xu et al. concluded that antioxidant
administration could inhibit oxidative stress and reduce the withdrawal symptoms of heroin [10]. Ba Cemek
et al. observed an increase in the level of lipid peroxidation while that of the antioxidants decreased during
the withdrawal syndrome. Moreover, the administration of antioxidants such as selenium and vitamin E
reduces lipid peroxidation [29]. Pan et al. showed that oxidative stress increases during withdrawal
syndrome and t antioxidant administration could inhibit oxidative stress and reduce withdrawal syndrome
[30]. In the present study, symptoms of depression, euphoria, and withdrawal showed more improvement in
the intervention group. Baker et al. also confirmed that the administration of antioxidants could lower
oxidative stress and the severity of withdrawal symptoms [11]. Elsewhere, Klotz et al. showed the defensive
and antioxidant effect of zinc [31].
Prasad et al. observed that zinc deficiency increases oxidative stress and inflammatory factors. It was also
reported that the administration of food supplementations or zinc declines two mentioned factors, which
conforms with the present study results [18]. According to the results of another study by Prasad et al., in
people taking zinc supplementation, the production of oxidative stress markers and the incidence of
infection decreased significantly [22]. In line with the present study, a recent study performed in Egypt by
Saad-Hussein et al. showed that zinc supplementation in pesticide sprayers was associated with increased
antioxidant capacity and decreased MDA [16]. The main mechanism of action zinc in reducing the
symptoms of withdrawal syndrome is not yet fully understood. Zinc may reduce the symptoms in these
patients by binding to opioid agonist receptors µ [32]. Therefore, generalizing the results of animal studies on
a human should be done cautiously because zinc is usually injected into animals while it is used orally in
humans. Elsewhere, it was reported that other antioxidant compounds decrease patients’ symptoms and
faster recovery during opioid withdrawal. For instance, Mostaghinejad et al. concluded that curcumin might
contribute to reducing the withdrawal syndrome in rats in a dose-dependent manner [33]. Salahshour et al.
showed that crocin as an antioxidant compound in saffron could effectively produce free radicals caused by
morphine consumption [34]. Additionally, Hasani et al. demonstrated the anti-oxidative impact of zinc sulfate
on liver oxidative stress in morphine-withdrawal syndrome in rats [26].
The current study results indicated that TNF-α led to a significant reduction in the intervention group after
receiving zinc supplementation. Some other studies reported that inhibitors of this parameter have a major
role in the immune system in the development of withdrawal syndrome. It has also been shown that
inhibitors of this inflammatory factor mainly contribute to decreasing the symptoms of withdrawal
syndrome [35]. Consistent with the present study, it was reported that zinc supplementation increased the
immune system and reduced inflammation [36]. Opioid withdrawal also inhibits the immune system,
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including inhibiting the proliferation of B-lymphocytes, suppressing the production of interleukins 2, 4, and
12 from T lymphocytes, and reducing the activity of killer cells [37]. Withdrawal of opioids inhibits interleukin
12 production, increasing the infection risk [38].
In the present study, the patients in the intervention group were recommended to take zinc along with food to
prevent gastrointestinal side effects. No serious side effect was reported for zinc to discourage patients from
zinc supplementation. Taking zinc, especially orally, is associated with side effects such as nausea,
vomiting, epigastric pain, lethargy, and extreme fatigue that may occur if consumed more than the allowable
level [1]. Like other epidemiological studies, the present study has some limitations. One limitation is
relatively small sample sizes. Another limitation of this study was the lack of measuring serum zinc levels in
patients and ensuring correct consumption in the intervention group.

5. Conclusion
Considering the current study’s findings, the oral consumption of zinc supplementation during opioid
withdrawal syndrome may be a good option in treating these patients regarding its safety and beneficial
effects in increasing antioxidant effects and reducing withdrawal symptoms. However, conducting studies
with larger sample sizes and long-term follow-ups is suggested to validate the results of this research.
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Figure 1
Diagram of the study design
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