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In recent years, illicit drug use has become a global issue. Drug abuse is among the most widespread preventable health, 
socioeconomic, and cultural risks in the world. Furthermore, they are producing major issues that are depleting human 
resources. The study mainly focused on the determination of essential trace metal (zinc (Zn), iron (Fe) and copper (Cu)) 
concentrations in blood, scalp hair, and serum from 311 male drug abuse patients, consuming different types of drugs 
(cannabinoid and opioid), aged 15 to 60 years. These patients were subcategorised into three groups according to their 
age. In the same manner, the reference healthy subjects (n= 113) of the same age group were also analysed for 
comparison. The acid digestion method assisted by a microwave oven was followed during the sample preparation. The 
atomic absorption spectrophotometry technique was used for the determination of essential and toxic elements. To ensure 
the accuracy of the method, certified hair, blood, and serum reference materials were used. When comparing different 
types of drug abusers patients to referent subjects, the mean concentrations of Zn and Fe were found to be comparatively 
lower compared to copper (p.001). Inadequate levels of iron and zinc in studied samples of drug abusers may favor 
vulnerability to infection due to poor nutritional status, drug effects, or other contaminants. 
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INTRODUCTION 

Addiction can be described as a recurring, chronic 
brain disorder, obsessive drug seeking and use despite 
negative impacts Birnbaum et al. (2011). It is categorised 
as a brain disorder since its use changes the function and 
structure of the brain. This may endure a long time and 
lead to the detrimental behaviors found in drug users 
(Birnbaum et al. 2011). As a result of rising social anxiety, 
stress, and depressive disorders, people are misusing 
drugs in an attempt to relax and feel content (Hasin et al. 
2015). Young boys are most vulnerable to the danger of 
drug addiction rising dramatically. Many consequences, 
such as failure of marriage or job loss, are caused by drug 
misuse in an adult; for a youngster, dangerous situations 
for the school student occur due to changing schools 
(Hasin et al. 2015). Children of school-going age are 
highly exposed to new, demanding, social and intellectual 
conditions. At this critical time, young boys may frequently 
be addicted to alcohol, cigarettes and addictive drugs for 
the first time (Winters and Lee 2008). When teenagers 
step in high school, they may face drug-related social 

activities, increased drug accessibility, and drug use by 
older teens (Winters and Lee 2008). 

Despite efforts to reduce or restrict it, drug addiction is 
still considered the most serious health issue around the 
world, and it continues to increase rapidly, posing a real 
threat to every nation's wealth, social bonds, mental and 
physical health, and national productivity. Addictive drugs 
such as heroin and marijuana alter food and liquid intake 
behavior and taste preferences, but they also cause 
various nutrient deficiencies or malnutrition, which leads to 
immunodeficiency (Budney and Hughes 2006). These 
changes usually cause weight loss, which may lead to 
nutritional issues and body deterioration. Heroin-addicted 
patients were found to be malnourished and lack protein 
energy and were observed in a hospital a few hours 
before admission for detoxification (Forrester 2006). Male 
patients who were opiate addicts had more fondness for 
sweets, food enriched with sucrose and poor mineral and 
vitamin sources instead of protein- and fat-rich food 
(Mysels and Sullivan 2010). 

Medical issues related to drug addiction have risen 
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dramatically in recent years (Birnbaum et al. 2011, Hasin 
et al. 2015)[1,2]. Infections (hepatitis, AIDS) are the most 
common consequences in this population, and they cause 
significant metabolic and immunological changes (Islam et 
al. 2002). Haematological changes, such as anaemia and 
thrombocytopenia (Islam et al. 2002)[8], as well as 
depressive symptoms (Nazrul Islam, Jahangir Hossain, 
and Ahsan 2001), are typical in these people. Zinc (Zn), 
magnesium, copper (Cu), iron (Fe), and lithium are among 
the elements that may be linked to altered physiological 
systems in drug addicts (Piekoszewski et al. 2000, Baum 
et al. 2003). 

Microminerals, also known as trace elements, have 
important roles in the body, spanning from immune 
development to antioxidant protection (Zimowska et al. 
2002). Zinc is required for structural, regulatory and 
catalytic roles in the body. Immune development, cognitive 
function, reproductive maturation, and physiological 
growth are all affected by metalloenzymes (Şıklar et al. 
2003)[13]. DNA replication, cell activation, RNA 
transcription and cell division all require zinc (Hallberg, 
Sandström, and Aggett 2000). Physiological activities, 
antioxidant defence, and immunological development all 
require copper and iron (Hallberg, Sandström, and Aggett 
2000, Bauerova et al. 2005). A lack of any of these 
elements has a negative impact on the human body's 
regular operations. Immunotoxicity is also said to be 
caused by an excess of microminerals or trace elements 
(Sadlik et al. 2000, Díaz-Flores et al. 2004). Some 
researchers have recently shown a shift in serum trace 
element content in drug-addicted people (Cheng et al. 
2005, Akbari et al. 2015, Hossain et al. 2007). 

Most countries around the world, such as Pakistan, 
have found an increase in the number of drug addicts. 
According to contemporary figures, approximately 6.70 
million drug abusers in the US, of which 4.25 million 
residents need long-term rehabilitation and other facilities 
(Kayani, King, and Fleiter 2013). Despite these alarming 
situations, there seems to be a lack of drug-indictment 
regulations and preventive measures. This has resulted in 
an increase in drug abusers in the country and a 
continuous increase of approximately 40 thousand per 
annum, and Pakistan has become a dangerous country 
(Kayani, King, and Fleiter 2013). Drug addiction is 
continuously rising, which can be disastrous in our 
country, where the young population (aged 30 years and 
under) accounts for 64% of the overall population (Ahmad 
Kamboh and Yousaf 2020). In truth, the delivery of drugs 
from bordered countries into Pakistan is mostly to blame 
for the growing drug misuse trend. Pakistan is facing a 
crucial situation due to its proximity to the highest 
producing illicit opium country (Afghanistan) in the world. 
Due to limited financial resources and the vast 
geographical area of Pakistan, it is very difficult to 
completely stop the illegal drug supply from neighboring 
estates (Ghazal 2019). In light of these facts, it is crucial to 
examine essential trace element quantities in biological 

samples of drug addicts, as well as to determine the 
effects on human metabolism. Serum, urine, plasma and 
whole blood were all tested in several cases (Divrikli et al. 
2006). Atomic absorption spectrophotometry (AAS) is 
commonly employed for clinical assays due to its 
simplicity, low-cost analysis, specificity, precision and 
sensitivity (Soylak and DİVRİKLİ 2001). Hair analysis 
provides several advantages over biological samples, 
including ease of collection, storage stability, and a higher 
elemental concentration, but element levels can be 
influenced by numerous individuals and environmental 
circumstances (Behbahani et al. 2014). 

The purpose of this research was to evaluate the 
levels of Cu, Fe and Zn in the scalp, hair and blood of 
male abusers addicted with different types of drugs 
(Cannabinoid and Opioid) aged 15 to 60 years. For 
comparison purposes, age-matched reference male 
subjects were selected as controls. 
 
MATERIALS AND METHODS 

Recruitment 
To begin the research work, permission from Sindh 
University's ethical review committee was requested. 

Apparatus 
The microwave oven utilised was a Milestone (Rotar 
MPR-300/12S, pressure 35 bar, temperature up to 
300°C). A Hitachi (Tokyo) Model 180-50, S.N.5721-2 
atomic absorption (AA) spectrophotometer with a flame 
burner, graphite furnace GA-3, and a deuterium lamp 
background corrector was used to conduct the analysis. 
Mitorika Company hollow-cathode lights were employed. 
The manufacturer's recommended operational 
parameters, such as wavelength and lamp currents, were 
used. The output of the equipment was connected to a 
Hitachi recorder (model 056) with a 5 mV range. The 
heights of the absorbance peaks for the flame absorption 
mode were measured as signals. Table 1 shows the 
instrumental conditions of Cu, Fe and Zn. The Cu, Fe, and 
Zn in scalp hair, blood, and serum samples were analysed 
using flame atomic absorption spectrometry (FAAS) mode 
with an air–acetylene flame under optimised working 
conditions. In the flame absorption mode, signals were 
detected as absorbance peaks. The samples were heated 
and digested in a domestic microwave oven model Pel 
(PMO23), which has a 900 W heating power. 
Manufactured solutions were prepared and stored in acid 
washed polytetrafluroethylene (PTFE) vessels/flasks. 
Blank reagents and a complex working standard were run 
in parallel, and any necessary modifications were made. 
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Table 1: Measurement Conditions for Flame Ionization (FAAS) 

Parameters 
Lamp 

current 
(mA) 

Wave 
length 
(nm) 

Slit 
width 
(nm) 

Burner 
height 
(mm) 

Oxidant 
(Air) L/ 

min 

Fuel 
(Acetylene) 

L/min 

Zn 7.5 214 0.2 7.5 17 2 

Fe 7.5 248.5 1.3 7.5 17 2 

Cu 7.5 324.8 1.3 7.5 17 2 

 

Reagents and glassware 
Millipore Corporation's MiliQ filtration system provided 
ultrapure water (Bedford, USA). All chemicals used were 
analytical grade throughput studies. Merck provided H2O2 
(30%), HNO3 (65%), and other essential chemicals 
(Germany). Prior to usage, all compounds were checked 
for metal contamination. Fluka Kamica provided a 1000 
ppm certified standard solution of Cu, Zn and Fe (Buchs, 
Switzerland). Serial dilution of the stock solution with nitric 
acid was used to organise working standard solutions (0.2 
mol L-1). All of the solutions were stored at 4°C in plastic 
bottles. Certified reference materials (CRMs) of human 
hair BCR-397 (Brussels, Belgium), Clinchek®, Control 
lypholized human serum, and blood Recipe (Germany 
Munich) were obtained to determine the method's 
sensitivity and selectivity. Ultrapure and distilled water 
were utilised for cleaning or rinsing glassware that had 
already been dipped in (2 mol L-1) HNO3 for 24 hours. 

Study design and pretreatment 
The study included 311 drug addicts aged between 15 
and 60 years. Cannabinoid abusers (n= 152) and opioid 
abusers (n= 159) were the two groups of drug abusers. 
Marijuana abusers (n= 80) and Hashish abusers (n= 72) 
were separated from Cannabinoid abusers. Opium 
abusers were separated into two groups: Heroine abusers 
(n= 84) and Opium abusers (n= 75). The studied serum, 
scalp hair and blood of these patients were collected from 
Cowasjee Jehangir Institute of Psychiatry, Latifabad, 
Hyderabad, Sindh. Pakistan. The demographic data of the 
reference and drug abuser patients are given in table 2. 

The individuals who were confirmed to be drug addicts 
were diagnosed and questioned by experts who were 
educated in the application of the Diagnostic and 
Statistical Manual of Psychiatry Disorders (DSM-IV, Text 
revision, Fourth Edition). A total of 113 control subjects 
were matched to the patient population in terms of age, 
sex, and socioeconomic level and who had no prior history 
of psychiatric problems or medical diseases that could 
impair the immune system. 
Thus, the aim of this study was demonstrated to the 
volunteers, and this all was documented for record. All of 
the subgroups were questioned and asked to fill out a 
questionnaire regarding their personal details, 
socioeconomic status, health records, and drug 
consumption, including any diabetes medicines, smoking, 
steroids, or other practices that might influence the results 
of the study. The National Centre of Excellence in 
Analytical Chemistry (NCEAC), University of Sindh 
approved the study protocol and volunteer permission 
form. Samples of individuals were divided into groups 
according to their socioeconomic background. The 
psychiatrists performed a regular medical examination on 
all patients and control individuals, checking their red 
blood cells, hemoglobin, white blood cells, platelets, 
serum low density, serum cholesterol, hematocrit, serum 
triglycerides, serum high density, plasma glucose fasting, 
whole blood HbAIc, malondialdehyde, lipid cholesterol, 
immunoglobulin G, immunoglobulin M and 
immunoglobulin A. The pathological and biochemical data 
of the referent and different types of drug abusers are 
given in table 3. 
 

 
Table 2: Demographic information of referents and different types of drug (cannabinoid and Opioid) Abusers 

Age Groups Referent 
Cannabinoid Abusers Opoid Abusers 

Marijuana Abusers Hashish Heroine Abusers Opium Abusers 

15-30 39 28 26 33 30 

31-45 42 25 22 28 26 

46-60 32 27 24 23 19 

Sub- Total  
80 72 84 75 

152 159 

Total 113 311 
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Table 3; Biochemical parameters of adult male referents and drug abusers, age groups (15 to 60) years age 
groups 
 

Biochemical test 
Normal 
range 

Referent 

Cannabinoid Addicts Opioid Abusers 

Marijuana 
Abusers 

Marijuana 
Abusers 

Heroin 
Addicts 

Opium 
Addicts 

15-30 

Hb (g/dl) 12.3-16.6 13.9± 0.39 10.5± 0.44 9.65± 0.65 8.05± 0.49 8.32± 0.60 

Hct % 38.4-50.7 41.2± 1.22 44.5± 1.32 45.2± 1.55 49.0± 1.40 46.2± 1.25 

RBC (×1012/l) 4.25-6.02 4.55± 0.14 4.11± 0.15 4.19± 0.10 3.76± 0.15 3.82± 0.17 

WBC (×109/l) 4.8- 11.3 5.95± 0.61 5.02± 0.30 4.95± 0.35 4.59± 0.44 4.68± 0.49 

Platelets  (×109/l) 154- 433 219± 6.35 192± 9.65 185± 7.95 176± 6.15 182± 6.03 

Serum Cholesterol (mg/dl) < 160 122± 8.99 148± 6.01 155± 8.52 165± 9.60 162± 7.95 

Serum Triglycerides (mg/dl) < 150 95.6± 6.65 133± 9.03 145± 19.5 162± 9.67 155± 9.95 

Serum HDL Cholesterol (mg/dl) > 40 42.8± 1.32 36.9± 2.02 34.2± 2.52 30.5± 1.96 31.7± 1.82 

Serum LDL Cholesterol (mg/dl) < 100 73.6± 3.05 95.5± 5.19 98.0 ± 4.29 109 ± 3.05 105 ± 4.29 

Plasma Glucose Fasting (mg/dl) 65- 100 67.0± 2.65 79.0± 4.66 82.4± 5.02 89.5± 6.39 85.7± 5.30 

Whole Blood HbAIc % < 5.7 4.50± 0.15 4.79± 0.25 4.82± 0.35 4.95± 0.49 4.86± 0.52 

Malondialdehyde  (MDA) μmol/l  0.95± 0.12 2.45±0.52 2.52± 0.35 2.95±0.44 2.75±0.39 

Immunoglobulin G IgG (mg/dl)  960± 105 794± 82.7 782± 67.5 640± 59.2 685± 69.0 

Immunoglobulin M IgM (mg/dl)  117± 9.85 132± 10.5 125± 8.95 149± 5.02 137± 7.85 

Immunoglobulin A IgA (mg/dl)  145± 6.05 195± 8.15 182± 9.05 215± 10.2 193± 6.95 

31- 45 years 

Hb (g/dl) 12.3-16.6 14.6±0.35 9.35± 0.49 8.85± 0.82 8.72± 0.52 8.79± 0.45 

Hct % 38.4-50.7 42.6±1.29 57.8± 1.50 57.3± 1.62 58.6± 1.56 56.9± 1.69 

RBC (×1012/l) 4.25-6.02 5.20±0.35 4.02± 0.24 4.08± 0.35 4.04± 0.19 4.02± 0.23 

WBC (×109/l) 4.8- 11.3 7.45±0.45 5.39± 0.42 5.42± 0.52 5.29± 0.38 5.13± 0.25 

Platelets  (×109/l) 154- 433 274± 9.59 169± 6.18 174± 5.39 159± 5.95 165± 6.65 

Serum Cholesterol (mg/dl) < 160 149± 5.05 167± 9.65 163± 7.50 178± 7.59 183± 7.96 

Serum Triglycerides (mg/dl) < 150 120± 7.72 138± 7.75 142± 16.8 156± 8.09 162± 8.05 

Serum HDL Cholesterol (mg/dl) > 40 43.0±6.92 35.0± 2.36 34.5± 1.98 32.9± 1.49 33.7± 2.05 

Serum LDL Cholesterol (mg/dl) < 100 86.5±5.09 148± 6.65 145 ± 7.51 151 ± 4.66 152 ± 5.62 

Plasma Glucose Fasting (mg/dl) 65- 100 81.5±1.95 93.4± 3.30 96.0± 4.98 95.0± 7.52 94.6± 6.65 

Whole Blood HbAIc % < 5.7 4.95±0.30 5.35± 0.20 5.42± 0.41 5.51± 0.69 5.32± 1.06 

Malondialdehyde  (MDA) μmol/l  1.39± 0.43 2.86±0.37 2.90± 0.35 3.46±0.65 3.27±0.52 

immune status IgG (mg/dl)  1068± 152 912± 85.2 863± 96.4 717± 69.0 735± 75.9 

 IgM (mg/dl)  130± 10.3 149± 7.95 152± 5.62 172± 5.15 163± 8.02 

 IgA (mg/dl)  159± 8.15 219± 9.52 199± 10.3 236± 19.5 224± 7.95 

46- 60 years 

Hb (g/dl) 12.3-16.6 15.2±0.35 8.12± 0.55 7.92± 0.65 7.40 ± 0.49 7.75 ± 0.58 

Hct % 38.4-50.7 46.2±3.60 58.5± 1.03 59.2± 1.98 62.5± 2.06 61.0± 2.34 

RBC (×1012/l) 4.25-6.02 5.15±0.28 3.52± 0.39 3.34± 0.29 3.16± 0.32 3.24± 0.46 

WBC (×109/l) 4.8- 11.3 8.02±0.45 4.95 ±0.60 4.83± 0.73 5.15± 0.36 5.32± 0.39 

Platelets  (×109/l) 154- 433 264± 8.93 145± 5.22 151± 6.09 135± 5.95 142± 4.69 

Serum Cholesterol (mg/dl) < 160 165± 5.92 205± 4.99 213± 5.35 239± 7.35 225± 7.52 

Serum Triglycerides (mg/dl) < 150 131± 6.60 149± 12.5 153± 11.9 168± 6.95 163± 5.09 

Serum HDL Cholesterol (mg/dl) > 40 43.4±1.95 34.5± 4.09 33.9± 1.62 27.5± 1.33 29.4± 1.29 

Serum LDL Cholesterol (mg/dl) < 100 117± 8.35 192± 12.5 199 ± 10.3 242 ± 5.15 236 ± 4.09 

Plasma Glucose Fasting (mg/dl) 65- 100 85.9±1.44 119± 13.5 125± 9.56 149± 6.98 138± 5.98 

Whole Blood HbAIc % < 5.7 5.42±0.33 5.98± 0.35 6.05± 0.52 6.45± 0.36 6.29± 0.40 

Malondialdehyde  (MDA) μmol/l  1.72± 0.30 3.39±0.45 3.42± 0.50 3.70±0.65 3.63±0.49 

immune status IgG (mg/dl)  1130± 109 875± 69.0 849± 55.3 665± 50.9 729± 65.2 

 IgM (mg/dl)  139± 9.29 163± 11.5 174± 9.08 195± 7.62 183± 7.79 

 IgA (mg/dl)  178± 9.05 252± 11.3 247± 9.67 272± 18.3 264± 9.82 

Abbreviations: Hb= haemoglobin, RBC= red blood cells; HCT= haematocrit 
 
Clinically, all of the patients were assessed (history and 
clinical examination). (1) total blood count (BC): to rule out 

patients with eosinophilia, leukocytosis, anemia, 
leucopenia, or any other abnormal BC numbers; (2) 
thyroid function tests: to rule out those having abnormally 
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low or high serum T4 and T3 levels; (3) kidney function 
tests (creatinine clearance and serum creatinine): to rule 
out patients with kidney disease; (4) liver function tests: to 
rule out those having liver inefficiency, mainly those 
having high globulin levels or low albumin or elevated liver 
enzymes; (5) Urine and stool tests were performed to 
check out urinary infection and parasite illnesses. Patients 
with chronic illnesses that may harm immunity, including 
rheumatic arthritis or fever, liver disorders, and renal 
diseases, were eliminated. Patients who were mentally 
retarded were also not allowed to participate in the study. 
Behavioral therapy and medication cure with pain relievers 
and antidepressants were used in the clinical intervention 
for drug abusers’ detoxification. Nutritional supplements, 
such as vitamin B-complex with folic acid (0.5 mg daily) for 
maximum absorption, were administered together with a 
balanced diet that consisted of approximately 20% fat, 
35% carbohydrate and 45% protein. 

Ethical consideration 
The NCEAC, University of Sindh, Jamshoro, Sindh, 
provided ethical approval for the sample collection. The 
Declaration of Helsinki code was scrupulously followed in 
gaining written agreement after gathering complete 
information from healthy volunteers and drug abuser 
patients or their legal guardians. Participants' identities 
were coded using confidential identifiers. Passwords, 
locked hard copy files and protected electronics were 
used to keep the results and any patient information 
confidential throughout the project. 

Sample collection 

Blood and sera sample collection 
The registered study male nurse collected venous blood 
aseptically from drug-addicted patients and controls. To 
avoid contamination and infection, the injected spot was 
cleansed with an alcohol swab. Blood samples were 
obtained in specially prepared plastic blood collection 
tubes for trace element analysis (BD Vacutainer Trace 
Element tube with potassium-EDTA, BD, Oxford, UK). 
Before treatment, all confirmed patients had five milliliters 
of venous blood taken following an overnight fast. During 
transport and processing, blood specimens were covered 
with aluminum foil to save from sunlight and then 
coagulated at room temperature for approximately 1 hr. 
Centrifugation was performed for fifteen minutes at 3.0k 
rounds to obtain serum from blood. Hemolytic sera were 
discarded. The sera were transferred to polyethylene 
tubes and stored at -20°C until metal analysis. 

Scalp hair sample collection 
Stainless steel scissors were used to extract hair samples 
(1.0-0.5 g) from the nape of the neck, which were then 
stored in metal-free containers. Carefully, 0.5-2.0 cm 
segments of hair were taken using stainless steel scissors 
as close to the scalp as possible from the nape of the 

neck, which were cleaned and washed with double 
distilled water. To collect the hair samples, separate 
plastic envelopes were used for each patient and 
volunteer, which were sealed tightly and labelled with the 
subject's name and questionnaire number. 

Microwave-assisted Acid Digestion Method 
All of the samples were made in duplicate. Six replication 
samples of verified blood and serum reference materials 
were also prepared. Two hundred milligrams of scalp hair 
and certified hair reference material (BCR CRM 397) were 
used, as well as 0.2 ml of whole blood and serum 
samples. One milliliter of newly made concentrated 
HNO3– H2O2 (2:1, v/v) was added to each PTFE flask to 
prepare the samples. After that, the flasks were heated for 
2–3 minutes to complete the digestive process. The flasks 
were then allowed to cool to room temperature before 
being filled with distilled water to a volume of 10.0 mL. For 
the preparation of the blank solution, the same approach 
was used. Finally, FAAS was used to analyse the 
concentrations of Cu, Fe, and Zn in standard samples. 
FAAS mode was used to measure Cu, Fe, and Zn in scalp 
hair, blood, and serum samples from referents and various 
types of drug-addicted patients. 

Statistical Analysis 
Basic statistics, mean values, standard deviations, and 
relative errors were calculated using Excel XL State 
(Microsoft Corp., Redmond, WA) and Minitab 13.2 
(Minitab Inc., State College, A). To examine the 
concentration of elements in water, biological samples of 
referents, and industrial personnel, the two-way ANOVA 
program was used. The significance of differences in 
elemental concentrations among referent subjects and 
different types of drug-addicted patients was determined 
using Student's t test. 

Analytical Figures of Merit 
For the calibration curve, Cu, Fe, and Zn standards were 
employed in the range of quantification limits to 100 g/L. 
Sensitivity was defined as the slope value derived from 
least-square regression analysis of calibration curves 
based on absorbance signals (m). For the calibration 
graph as well as other analytical parameters, the 
equations (n=5) of copper, iron and zinc are as follows: 
Y = 3.39 ×102- Cu ± 4.82× 10 3- 
Y = 2.15 ×103- Fe ± 3.64× 103- 
Y = 4.09 ×102- Zn ± 5.19× 102- 
The limit of detection, 0.01 ng/mg for Zn, Cu, and Fe, was 
stated as 3 s/m, where "s" is the standard deviation for 10 
blank injections and "m" is the slope of the calibration 
curve. The quantification limits, indicated as 10 s/m, were 
computed as follows: 0.033 ng/mg for each Fe, Cu and 
Zn. Certified reference samples were used to verify the 
accuracy of the microwave-assisted digestion method for 
the analysis of biological samples (Table 4). 
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Table 4: Determination of Cd and Zn in certified samples (CRM) by the microwave digestion method (MWD) 

Elements Certified values MWD T value a % Recoveryb 

CRM of whole serum (mg /1) 

Iron 1.30±0.3 
1.286±0.087 

(7.65) 
0.824 98.9 

Copper 1.2±0.2 
1.194±0.074 

(6.20) 
0.855 99.5 

Zinc 0.97±0.01 
0.965±0.019 

(1.97) 
0.376 99.5 

CRM of whole blood (mg /1) 

Iron 14.2±3.24 
14.15±0.76 

(5.37) 
0.935 99.6 

Copper e 13.9±2.7 
13.85±0.97 

(7.00) 
0.910 99.6 

Zinc 2.27±0.06 
2.24±0.05 

(2.23) 
0.304 98.7 

CRM of human hair (µg/ g) 

Iron 580.0±10 d 
576.0±21.0 

(3.64) 
0.657 99.3 

Copper 
110±5 f 

 
109.5±4.33 

(3.95) 
0.838 99.5 

Zinc 199±5 
198.5±10.0 

(5.04) 
0.872 99.7 

 
c mg/l,d  Informative value,e µg/l,^Paired t-test between Certified Value and MWD DF = 5, 

T (critical) at 95% CI = 2.57, p < 0.50,Values in ( ) are %RSD 
$ % recovery was calculated according to : ([MDM])/([Certified Value]) x 100,d  Informative value 

 For the method validity to evaluate the significance of the 
numerical variations at degrees of freedom n-1=5, a 
statistical paired t test was performed. At a confidence 
interval of 95 percent, the tcritical (2.57) is higher than that of 
the texperimental levels (p>0.05), suggesting that no 
significant difference was obtained when comparing 
certified values with test values (p>0.05) 
 
RESULTS AND DISCUSSION 

The clinical and biochemical parameters of drug-
addicted patients were not different from those of healthy 
subjects in any of the three age groups (see table 3). Most 
drug-addicted patients had lower values of WBC, platelet, 
RBC and Hb %, while Hct, plasma glucose fasting, 
malondialdehyde (MDA), whole blood HbAIc, serum LDL 
cholesterol levels, serum HDL cholesterol, 
immunoglobulin G, immunoglobulin M and 
immunoglobulin A were higher than those of the reference 
subjects in the three age groups. 

The mean and standard deviation concentrations for 
essential elements (Cu, Fe and Zn) in serum, blood, and 
scalp hair are shown in Table 5. The results showed that 
Fe and Zn levels were relatively lower in samples from 
different male addicts, with ages ranging from 15-30, 31-
45 and 46-60 years, while Cu concentrations were found 
to be higher in the drug addict patients. 

           The Zn contents in scalp serum, blood and hair 
samples of referents of age groups, (15- 30), (31- 45) and 

(46- 60), were found as [CI: (189- 203), (202- 217), (179- 
190)], [[(6.48- 6.65), [6.75-6.95), [6.32-6.55)] and [[0.96-
1.10), [1.08- 1.26) and [1.06-1.16)] mg/l, respectively. The 
contents of Zn in scalp serum, blood and hair samples of 
different types of drug-addicted patients aged 15-60 years 
were significantly lower than those in reference subjects 
(p<0.05). 

The Fe concentrations in scalp hair, blood and serum 
of reference subjects of age groups (15- 30), (31- 45) and 
(46- 60) were found as [CI: (26.6- 28.5), (30.2- 31.9), 
(27.8- 30.0)], [[(441- 463), [540-565), [481-497)] and 
[(3.27- 3.60), (3.60- 3.89), (3.41- 3.82)] mg/l, respectively. 
The Fe concentrations in biological samples of different 
types of drug-addicted patients aged 15-60 years were 
apparently lower than those in reference subjects 
(p<0.05). 

The Cu concentrations in scalp hair, blood and serum 
at ages (years) of 15-30, 31-45 and 46-60 were found to 
be [CI: (6.95-8.06), (7.53- 8.60), (8.62- 9.83], [(1.57- 1.86), 
(1.84- 2.09), (2.02- 2.36)] and [(0.59- 0.89), (0.87- 1.09) 
and (095- 1.09)] mg/l, respectively. The Cu concentrations 
in samples of different types of drug-addicted patients 
aged 15-60 years were relatively higher than those of the 
reference (p<0.05). 
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Table 5: Elemental concentrations in biological samples of male referents and different types of drug 
(cannabinoid and Opoid) Abusers 

Age Groups Referent Cannabinoid Abusers Opoid Abusers 

Marijuana 
 Abusers 

Hashish Heroine 
Abusers 

Opium 
Abusers 

Scalp Hair 

Zinc (ug/g) 

15-30 195 ±15.6 127 ±10.2 122 ±7.99 96.5 ±8.09 102 ±10.3 

31-45 210 ±13.9 112 ±8.59 105 ±8.52 82.5 ±7.05 96.7 ±8.02 

46-60 184 ±9.52 98.9 ±6.36 94.7 ±7.05 74.9 ±5.65 85.0 ±7.55 

Iron (ug/g) 

15-30 27.5±1.99 24.9±1.33 23.0±2.06 18.2±2.20 20.6±1.09 

31-45 30.9±1.50 25.7±0.98 23.8±1.12 18.9±1.77 22.0±1.03 

46-60 28.9±2.05 22.7±1.44 21.5±0.95 17.2±0.85 18.6±1.47 

Copper (ug/g) 

15-30 7.52±1.22 13.9±1.08 14.3±1.21 15.2±1.33 14.4±1.62 

31-45 8.09±0.97 16.8±1.65 16.4±1.51 17.5±1.52 16.3±0.98 

46-60 9.17±1.15 19.2±2.05 18.7±1.60 19.2±1.14 18.5±1.55 

Blood 

Zinc (mg/L) 

15-30 6.59±0.17 4.95±0.28 4.86±0.37 4.05±0.55 4.19±0.45 

31-45 6.85±0.22 4.72±0.37 4.61±0.29 3.69±0.42 3.78±0.39 

46-60 6.42±0.25 4.50±0.40 4.42±0.35 3.32±0.37 3.46±0.26 

Iron (mg/L) 

15-30 452±19.5 385±16.0 372±13.5 342±9.05 360±7.98 

31-45 552±23.5 439±20.7 416±15.2 389±11.4 402±9.58 

46-60 490±16.5 406±18.2 392±11.0 359±7.95 378±8.75 

Copper (mg/l) 

15-30 1.72±0.29 3.43±0.31 3.65±0.40 4.10±0.35 3.92±0.47 

31-45 1.96±0.24 3.85±0.55 4.09±0.62 5.25±0.45 4.94±0.39 

46-60 2.19±0.35 4.60±0.49 4.48±0.50 6.09±0.70 5.49±0.64 

Serum 

Zinc (mg/L) 

15-30 1.03 ±0.12 0.79 ±0.12 0.72 ±0.13 0.56 ±0.14 0.67 ±0.09 

31-45 1.17 ±0.19 0.83 ±0.15 0.78 ±0.10 0.67±0.15 0.72 ±0.12 

46-60 1.12 ±0.09 0.65 ±0.10 0.58 ±0.08 0.49 ±0.13 0.53 ±0.10 

Iron (mg/L) 

15-30 3.42±0.35 3.07±0.23 2.85±0.36 2.51±0.35 2.69±0.25 

31-45 3.75±0.28 3.29±0.40 3.17±0.30 2.82±0.28 3.09±0.19 

46-60 3.60±0.43 3.10±0.25 2.93 ±0.27 2.65 ±0.20 2.82 ±0.15 

Copper (mg/l) 

15-30 0.78±0.19 1.39±0.25 1.53±0.38 1.84±0.42 1.65±0.35 

31-45 0.98±0.23 1.56±0.30 1.69±0.31 2.10±0.35 1.86±0.26 

46-60 1.02±0.15 1.89±0.33 2.17±0.29 2.43±0.51 2.27±0.33 

 
To compare the values of the studied metals in 

biological samples, Student’s unpaired t test was used for 
reference subjects and different drug-addicted patients 
aged 15-60 years at different degrees of freedom with 
variable possibilities. Our assessed ‘t’ critical value at 95% 
confidence intervals indicates that the mean 
concentrations of the analysed elements in the male 
referent subjects and different drug-addicted patients were 

significantly different (p<0.01). 
Drug abuse, often referred to as illicit substance 

misuse, is defined as the use of a drug in an excessive or 
recurrent manner that is harmful to oneself, the 
population, or both (Room and Reuter 2012). Drug abuse 
has a direct impact on a country's economic and social 
characteristics. Opioids (heroin, opium), cannabis 
(marijuana, hashish, bhang), sleeping pills (tranquillizer, 
seduxen), and other illicit substances are accessible in 
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Pakistan. The majority of these medications are 
psychotropic, which causes numerous dietary deficits or 
malnutrition (Varela et al. 1997), which is the leading 
cause of immunodeficiency (Ahmed et al. 2004)[2. Eating 
disorders are predisposed by an irregular lifestyle as well 
as expending all of one's energy looking for drugs, and the 
substance itself disrupts neuroendocrine pathways that 
regulate food intake (Kowalewski et al. 2021). Long-term 
drug use devastates an organism and leads to 
progressive mental decline. Long-term users suffer from a 
range of diseases linked to poor food and malnutrition as 
a result of unsatisfied social and material requirements. 
Some bioelements, such as zinc, iron, and magnesium, 
may be inadequate as a result of several health issues 
(Kolarzyk et al. 2005, Karakiewicz et al. 2007). Many 
diseases, such as metabolic and cardiac-circulatory 
abnormalities, as well as neurological and neuromuscular 
disorders, are linked to these deficiencies (Cheng et al. 
2005, Elnimr, Hashem, and Assar 1996). According to 
citations in the literature, drug addicts have inadequate 
magnesium, zinc, and copper serum concentrations 
(Iyengar et al. 1994, Piekoszewski et al. 2000). 

The Zn deficiency in all types of drug abusers' scalp 
hair, blood, and serum samples could be a result of 
nutritional deficit, which is a prevalent concern in this 
population. It is considered that after Fe, the Zn found to 
be the most prevailing trace metal in the human body is 
Zn (Osredkar and Sustar 2011), which has primarily 
structural and catalytic functions (Laity, Lee, and Wright 
2001), and it has a vital role as a cofactor of Cu-Zn 
superoxide dismutase as an antioxidant defense 
(Bitanihirwe and Cunningham 2009). Zn regulates the 
gene expression of zinc finger proteins that act as 
transcription factors (Lu et al. 2000). Zinc affects synaptic 
plasticity, nerve impulse transmission, and hormone 
release in the central nervous system at the postsynaptic 
level, regulates postsynaptic proteins (Islam et al. 2002), 
and performs important functions in the development and 
maintenance of postsynaptic density, a protein network 
that connects neurotransmitter receptors to the 
intracellular signaling system and the cytoskeleton 
(Grabrucker 2014, Jan et al. 2002). It is stated that, 
among the organs, the higher Zn2+ concentration found in 
the brain, containing approximately 1.5 percent of the 
human body's approx.: 2 to 3 g of Zn. Among the following 
highest amounts of Zn are present in the olfactory bulb, 
the hippocampus, parietal and frontal cortices, and the 
striatum have the highest levels, followed by the medulla 
and thoracic spinal cord (Grabrucker et al. 2011). In the 
hippocampus, Zn2+ levels in the mossy fiber boutons of 
neurons extending from the dentate gyrus to neurons in 
the CA3 and hilar fields may reach 0.3 mM (Lu et al. 
2000). The distribution of Zn in rats varies with age: at 
birth, the quantity of Zn is found to be highest in the 
cerebellum; during time, the hippocampal and cortical 
levels rise (Frederickson and Bush 2001, Sawashita, 
Takeda, and Okada 1997). Neuronal Zn2+ is either 

associated with diverse proteins (approximately 90%, with 
activities such as structural or catalytic, as well as takes 
part in transcription factors and related proteins) or free 
(mostly found in the vesicles of Zn-reliant glutamatergic 
neurons) (Qian and Noebels 2005). Zinc's involvement as 
a cofactor of enzyme systems involved in nucleic acid 
replication, protein synthesis, and antioxidant defense 
helps to explain some deficiency-related diseases. Zn 
deficiency is frequently associated with disorders in living 
individuals, primarily related to impaired CNS function 
(anxiety, anorexia, behavioral changes, neurosensory 
alterations, emotional instability, irritability, socialising 
deficits, aggressivity, depression, learning and impaired 
memory) (Hagmeyer, Haderspeck, and Grabrucker 2015, 
Prasad 2013). There are no studies of trace elements in 
drug users without other evident pathologies in the 
literature; therefore, it would be premature to conclude 
that depletion of this element is caused by a direct effect 
of the drug on Zn metabolism. We cannot rule out the 
possibility that a decrease in Zn is the sole cause of 
immune system changes and multiple infections in this 
group, in which infection transmission is aided by 
recurrent ruptures of the cutaneomucous barrier and poor 
hygienic conditions in which the drug is injected (Hallberg, 
Sandström, and Aggett 2000). However, we suspect that 
Zn deficiency has led to a weak immune response and 
immunological degradation in these patients, making them 
more susceptible to infections (Hossain et al. 2007). 

Discovering the neurobiology of addiction has 
substantially progressed thanks to neuroscientific 
research on stimulant drug addiction. These 
advancements have clearly called addiction a brain 
illness, even if they have not yet translated into more 
effective therapies or preventative efforts (Volkow and 
Koob 2015). The accumulation of evidence linking 
morphological brain alterations to stimulant drug 
dependence, very strong of which is the putamen 
enlargement, which is often observed in stimulant-
addicted patients, has been critical to this (Churchwell et 
al. 2012). In preclinical animal models, the decrease in 
dopamine D2 receptors in the ventral striatum is directly 
related to an increase in dorsal striatal volume, indicating 
that this aberration is mediated by drug effects (putamen) 
(Ersche et al. 2012)[54]. Enlarged putamen size may 
therefore reflect a neurological underpinning of the 
transition to addiction, reflecting a proposed ventral-to-
dorsal tendency in the behavioural transition from 
voluntary to addictive substance use (Everitt and Robbins 
2005). However, putamen enlargement has also been 
reported in OCD (obsessive-compulsive disordered 
patients) and among healthy first-degree siblings of 
stimulant addicts, suggesting that it may play a role in 
compulsive behaviour. Iron, which is essential for 
numerous physiological functions, including dopamine 
production by sending energy for D2 storage and 
metabolism, could be a plausible mediator (Rouault 2013). 

Because iron plays such a critical role in health and 
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sickness, its metabolism is highly regulated. Iron is an 
important micronutrient that cannot be expelled and must 
be absorbed from food. Fe homeostasis is especially 
important in the brain, and excess Fe may cause neuronal 
death by releasing reactive oxygen species. Monoamine 
metabolism and dopamine synthesis may be affected due 
to Fe shortages (Burhans et al. 2005). Homeostasis is 
thus meticulously maintained by a variety of intricate 
transport networks and feedback loops (Moos et al. 2007). 
Disruptions in iron control can thus occur at multiple 
levels, leading to a number of diseases, the most 
prominent of which are neurodegenerative illnesses (Ke 
and Qian 2003). The blood–brain barrier, which separates 
Fe levels in the periphery from those in the brain, is critical 
for iron control. Transferrin receptors (TfR1) and the M2+ 
transporter carry Fe into the brain as diferric transferrin 
(Tf) (DMT1) (Raha et al. 2013)[60]. Ferroportin is a 
transmembrane protein that transfers Fe to the abluminal 
from the luminal side of a cell. This protein is deposited as 
ferritin, mainly in oligodendrocytes and then in astrocytes 
and microglia (Zachariou et al. 2021). Because the known 
metabolically active organ in humans is the brain, its 
typical Fe demand surpasses the transferrin uptake rate 
and necessitates the use of internal storage to make up 
for the difference (Crichton, Dexter, and Ward 2012). 

The peptide hepcidin regulates Fe transport in the 
brain parenchyma to ensure that internal stores can meet 
demand even in the presence of hypoxia or inflammation 
(Qiao et al. 2012). However, the Fe distribution in the 
brain is not uniform. Iron deposition is more common in 
the basal ganglia in the dopamine-rich region, but the 
variables that determine the geographical Fe distribution 
are unknown. Several lines of evidence imply that in 
stimulant drug addiction, iron homeostasis is disrupted. 
The selectivity of the blood–brain barrier is increased by 
stimulant usage, making it easy for Fe to enter the 
parenchyma of the brain (Raha et al. 2013). Second, Fe 
accumulation in the basal ganglia is linked to stimulant 
exposure, primarily in oligodendrocytes, in animal models 
(Melega et al. 2007). Stimulant drugs affect inborn 
immunity, exposing chronic stimulant abusers to chronic 
inflammation and infection, and lowering Fe accumulation 
and/or production can disrupt peripheral Fe homeostasis, 
as evidenced by lower transferrin saturation and serum Fe 
(Bulvik et al. 2012). Finally, persistent stimulant drug 
practice can alter dietary choices, particularly toward fatty 
foods, decreasing iron absorption and bioavailability due 
to Fe transporter deficiency (Ersche et al. 2013). 

Cu in the body system has a great impact on diet, 
health, sex and age. It is found in approximately sixteen 
mammalian metalloproteins, most of which are important 
in the physiology of connective tissues and/or bone, 
nervous system functions and hematopoiesis (Kirsipuu et 
al. 2020). Metallothioneins inhibit higher Cu absorption in 
C.I.T. However, any Cu that is absorbed in the albumin 
complex is transported to the liver, where it enters the 
plasma pool and integrates into ceruloplasmin. 

Metallothioneins are complexed with excretion in the bile 
and stored in the liver. Approximately 93% of serum is 
coupled to ceruloplasmin, with the rest attached to amino 
acids and albumin, the most important of which is 
histidine. Because ceruloplasmin is an acute phase 
protein, factors that impact ceruloplasmin levels also affect 
copper levels (Young et al. 2015). Deterioration in 
voluntary movement coordination, hallucinations, 
involuntary movements, progressive brain degeneration 
and Parkinsonism, flattening of effect, multiple sclerosis, 
disorders of posture and tone, disturbed behaviour, a 
schizophrenia-like picture with delusions, and loss of 
intellect are neurological symptoms. For the treatment of 
such conditions, penicillin has been used for a long time 
(Linder 2016). 

Copper is eliminated after complex formation removes 
it from the organs. Zinc treatment has been shown to be 
effective in reducing copper absorption from the diet 
(Young et al. 2015). Copper has an effect on enzymes in 
the nervous system, such as dopamine beta-hydroxylase, 
monoaminoxidase, and galactotransferase, as well as 
tyrosinase, which is involved in melatonin synthesis. 
Similar to Zn, Cu also contributes to important functions in 
the inactivation of free radicals (Guérin-Dubourg et al. 
2012). Although the changes in minerals consumed by 
addicts during methadone treatment do not have to 
correspond to changes in their blood concentrations 
(abnormal expenditure/requirement for nutrients and 
energy, malabsorption, and limited absorption surface), 
clinical observations indicate that it is necessary to provide 
individual dietetic care to addicts. Drug usage (heroin, 
phensedyl, cannabis) has been shown to produce 
numerous poor diets or malnutrition, which may lead to 
immunodeficiency (Sarell et al. 2009). Use of these 
medicines suppresses appetite and alters eating habits 
(Sarell et al. 2009), causing drug addicts to desire empty-
calorie, nutrient-deficient meals (Li et al. 2017). This can 
lead to micronutrient deficiencies (zinc, copper, and 
magnesium), which can lead to immunosuppressive 
difficulties and other issues with an addict's overall health 
(Li et al. 2017). 

CONCLUSION 
Zinc, copper, magnesium, and iron are trace minerals 

that have a variety of activities in humans, ranging from 
immunological development to antioxidant defence. Any of 
these element deficiencies has a negative impact on the 
normal functions of the human body. Immunotoxicity has 
also been linked to an excess of trace elements. Changes 
in trace element levels as a result of drug misuse have 
been recorded by several researchers. These studies 
looked at the concept that illegal drug usage and lifestyle 
have an impact on serum trace element status. In a recent 
study, plasma Zn and Fe values were shown to be lower 
in drug addicts, whereas plasma Cu values were shown to 
be significantly greater when compared to healthy 
controls. 
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