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INTRODUCTION

ABSTRACT

Addiction is one of the world’s major health problems with large direct health costs (psychiatric and physical) as
well as massive indirect costs to the society. The present study aimed to investigate the toxic effect of heroin and
cannabis addiction on immune system and the role of reactive oxygen species (ROS) in immunotoxicity. 84
individuals; whose ages ranged from 18 to 38 years were classified into 6 groups: Group I, male subjects addicted
to heroin; group Il, male subjects addicted to Cannabis; group 11l female subjects addicted to heroin; group 1V,
female subjects addicted to Cannabis; group V, control male subjects; group VI, control female subjects. The
control groups comprised 24 persons; while the study group included 60 addicts. 10 mL urine samples were
screened for detection of substance abuse. Four mL blood was collected from each subject after taking informed
consent and was divided as follows: Two mL for detection of cytokines; interlukin 2 & 6 (IL2 & IL6) by using
flow cytometry and the other two mL for studying ROS (reduced glutathione; thiobarbituric acid reactive
substances {TBARS} and protein oxidation) by using colorimetric assay. The results revealed a significant
decrease in serum IL-2 in both heroin and cannabis males & females addicts compared to control group (64.9 +
2.999 & 62.93 + 2.198 respectively) and (64.45 + 1.703 & 61.67 + 2.182 respectively). While there is no
significant difference in the IL-6 level. Regarding ROS; there is significant decrease in protein thiols level in both
heroin and cannabis males & females addicts compared to control group (418.8+13.10 & 406.8+14.99
respectively) and (412.9 + 14.35 & 408.8 + 14.67 respectively). While, there are significant increases in both
TBARS and protein oxidation in both cannabis and heroin males and females addicts in comparison to the control
group. It could be concluded that heroin and cannabis addiction might play a role in the immunotoxicity through
effects on the ROS.

KEYWORDS: Addiction, interleukin-2, interleukin-6, lipid peroxidation, protein oxidation, reduced glutathione,
ROS.

associated with gross anatomical abnormalities

Addiction is a disorder of the brain characterized by an
impaired ability to refrain from using a psychoactive
substance despite serious negative consequences.!

Cannabis is the third most commonly used drug after
tobacco and alcohol. Cannabis has consistently been
shown to be the most widely used illicit drug in various
communities around the world. About 147 million
people, 2.5% of the world population, consume
cannabis.” Ingestion of cannabis sativa preparations
such as marijuana (leaves and flowering tops) or janja
(resin) result in an intoxication characterized by sedation,
cognitive dysfunction, failure to consolidate short-term
memory, alteration in time assessment, perceptual
changes, motor incoordination and poor executive
function. Whether long term heavy cannabis use is
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cannabinoid receptor-rich regions of the brain was
studied.™

The main function of the endocannabinoid system is to
regulate synaptic neurotransmission. The cannabinoid
(CB1) endocannabinoid system regulates synaptic
neurotransmission of excitatory and inhibitory circuits.
In response to depolarisation and Ca®" fluxes,
endocannabinoids are released that inhibit further
neurotransmitter via stimulation of presynaptic CB1
receptors. As a regulator of neurotransmission, the
cannabinoid system seems to influence many different
functions.”!

Moreover; heroin is a highly addictive drug. It is the
most abused and the most rapidly acting of the opiates.
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Heroin (diacetylmorphine) is processed from morphine;
it influences different physiological functions in the
body, including the reactions of the immune system.!

The complexity of the heroin’s effects results from the
wide distribution of opioid receptors. These receptors
have been demonstrated on various cell types, including
cells of both the nervous and immune system. Heroin can
thus regulate functions of the immune system either
directly by acting on the opioid receptors on
lymphocytes and macrophages, or can influence the
reactions of the immune system through its effects on the
nervous system.["®

As regard cytokines; they are secreted by white blood
cells as well as variety of other cells (fibroblasts,
endothelial cells and epithelial cells) in the body in
response to inducing stimuli, and are not constitutively
expressed. They were in fact based on the realization that
cells other than those of the immune system also secrete
biologically active substances, that the concept of
cytokines was proposed.”®!

Cannabinoids, especially the major psychoactive
component tetrahydocannabinol, exert
immunomodulatory effects that alter normal functions of
T and B lymphocytes, natural killer cells, and
macrophages in human and animals.

The first evidence that cannabinoids might modulate
cytokine production was found in the mid-1980s °.
Consequences of such cannabinoid immunomodulation
are not fully understood.™ On one hand, pre-clinical
studies link cannabinoid-1 receptor activation to
inflammation and atherosclerotic effects.*? On the other
hand, activation of cannabinoid-2 receptors primarily is
found to mediate anti-inflammation and
immunosuppression.t* 2 151 Much of this work is pre-
clinical, but there has been a steady increase in evidence
from human studies.

Reactive oxygen species (ROS) are products of normal
cellular metabolism. Most of the body’s energy is
produced by the enzymatically controlled reaction of
oxygen with hydrogen ion in oxidative phosphorylation
occurring within the mitochondria during oxidative
metabolism. During this enzymatic reduction of oxygen
to produce energy, free radicals are formed'®.Several
studies demonstrated that acute and chronic exposure to
morphine may result in a significant decrease in GSH

levels in rodent and human brain as well as in mouse
liver [7: 18: 191

Heroin was shown to induce a decrease in the activities
of superoxide dismutase (SOD), catalase and glutathione
peroxidase (GPx) in the mouse brain®. Moreover,
morphine induced a decrease in GSH levels in the rat*
and rabbit brains, and also a decrease in unsaturated fatty
acids in the rabbit nervous system.??
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The goal of the present study is to investigate the
immunotoxicity of heroin and cannabis addiction and to
explain if this effect is through changes in the reactive
oxygen species (ROS).

SUBJECTS AND METHODS

Approval from the Ethical Committee of Ain Shams
University-Faculty of Medicine was taken besides an
informed consent from each subject to participate in the
research.

1) Subjects: This study was conducted on 84 subjects
who were recruited from the Addiction Unit, Faculty of
Medicine Ain-Shams University, Cairo, Egypt.They
were divided into two groups

A. Study group: 60 males & females addicts who were
diagnosed by Diagnostic and Statistical Manual of
Mental Disorders (DSM-IV), 4™ edition. They were
further divided into 4 groups

Group I: Male addicts to heroin (n = 15).
Group I1: Male addictes to cannabis (n = 15).
Group I11: Female addictes to heroin (n = 15).
Group 1V: Female addictes to cannabis (n = 15).

B. Control group: 24 healthy male & female subjects;
divided into two control groups (12 each).

C. Exclusion criteria: Those who had diabetes, a
history of liver disease, an unstable cardiovascular,
peripheral vascular, respiratory, or gastrointestinal
disease and a malignancy.

D. Each participant was subjected to

1. History taking to get sociodemographic criteria
regarding age, sex and residence.

2. Complete medical examination.

3. Sampling

- On the first day of admission 10 mL urine were
collected in the morning between 9 AM and 12 PM
for screening of cannabis and heroin.

- On the second day, four mL blood sample was
collected on ethylenediaminetetraaceti acid after
being sure that all subjects do not receive any
treatment from the first time of admission to the
time of blood sampling in the second day.

All addicts and control subjects were selected as heavy
smokers (smoking more than 40 cigarettes/day, of any
type of cigarettes) to neglect the effect of nicotine
smoking when comparing between addict and control
groups. Moreover, all addict subjects selected from the
chronic ones (addict for more than 6 years).

METHODS

Blood samples were allowed to clot for 15 minutes and
centrifuged at 4000 rpm for 15 minutes. The yielded
serum was aliquoted and stored at — 20°C until the time
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of analysis. The separated serum was used for
detrmination of L2 & 1L6™Y protein sulfhhydryl
groups.” Protein oxidation and thiobarbituri acid
reactive substances as modified by Sushmakumari and
coworkers (1989).1%

Measurement of ROS: Determination of serum protein
sulfhydryl groups (GSH): The protein SH-groups react
with S-S linkage of 5, 5 -dithiobis (2-nitrobenzoic acid)
[DTNB] (Ellmans reagent) at pH 7.4 to yield a coloured
product, 5-thio-2-nitrobenzoic acid [NBA], which can be
measured colorimeterically at 412 nm'®! (Koster et al.,
1986).

- Determination of thiobarbituric acid reactive substances
(TBARS): Lipid hydro-peroxides and conjugate dienes
that are formed due to reaction with oxygen can
decompose to form numerous other products including
alkanals, alkenals and malondialdehyde (MDA)?”]
(Halliwell and Gutterindge, 1992). Lipid peroxidation
products were measured in the serum using thiobarbituric
acid assay modified according to the suggestions of
Sushmakumari and his coworkers (1989).

- Determination of Protein oxidation: Protein oxidation
was quantified using the interaction between 24-
dinitrophenylhydrazine (DNP) and the carbonyls
generated from the oxidative modification of proteins to
yield a chromophore that absorbs strongly at 380 nm!?®]
(Levine et al., 1990).

Immunological analysis: Flow cytometric analysis was
used to measureme lymphocyte phenotypic subsets was
done by indirect immunofluorescence using monoclonal
anti-human antibodies. For surface antigens staining,
blood samples were lysed using lysine solution, washed
with phosphate buffered saline (PBS) once or twice until
complete red blood cells lysis and then resuspended in
appropriate amount of PBS. The cells were stained with
different fluorescently labeled monoclonal antibodies
(mAb) according to manufacturer recommendations
(Dakocytomation, Denmark and Beckman Coulter,
France).
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Screening of substance abuse: using drug testing Kits
(BabtMad LTD).

Statistical Analysis: Statistical analysis of obtained data
was carried out through analysis of variance (ANOVA)
and Student’s t-test. The significance of results was
ascertained at P<0.05. Data were expressed as mean *
SEM. The GraphPad InStat and GraphPad Prism
software (SanDiego, USA) were used to conduct the
statistical analysis.

RESULTS

Table (1) reveals the serum level of IL2 (pg / ml) in all
the studied groups (n = 84). There is significant
difference between the mean value of serum IL2 in
heroin and cannabis male and female groups as
compared to the control groups.

Table (2) shows the serum level of IL6 (pg / ml) in all
studied groups (n = 84) There is no significant
difference between the mean value of serum IL6 in
heroin and cannabis male and female groups as
compared to the control groups.

Table (3): illustrates the serum level of glutathione
(umol/l) in all studied groups (n = 84). There is
significant decrease in serum glutathione level in heroin
and cannabis male and female groups as compared to the
control groups.

Table (4) shows the serum level of TBARS (mmol/dl)
in all studied groups (n = 84). There is significant
increase in serum TBARS level in heroin & cannabis
male and female groups as compared to the control
groups.

Table (5) demonstrates the serum level of protein
oxidation (umol/l) in all the studied groups (n = 84).
There is significant increase in serum protein oxidation
level in heroin & cannabis male & female groups as
compared with control groups.

Table (1): The Serum Level of IL2 (pg/ml) in All Studied Groups (n = 84).

Gender Groups N Range Mean + SE

Males Control 12 115-217.3 152.4+7.334
Heroin 15 50.1-97.10 64.9+2.999°
Cannabis 15 52.9-74.30 64.45+1.703°

Females Control 12 130.5-218.1 163.5+7.559
Heroin 15 46.70-77.60 62.93+2.198b
Cannabis 15 46.50-79.70 61.67+2.182"

2 Significantly lower than the male control group at p < 0.001; ° Significantly lower than the female control group at p <

0.001; SE = standard error of mean.

Table (2): The Serum Level of IL6 (pg/ml) in All Studied Groups (n = 83).

Gender | Groups N Range Mean + SE

Males Control 12 14.90-32.40 20.67 +1.285
Heroin 15 15.30-24.80 20.67+0.696
Cannabis 15 14.90-25.00 19.79+0.0.707
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Females | Control 12 17.70-25.20 20.80 + 0.662
Heroin 15 16.40-23.20 19.69 +0.5896
Cannabis 15 14.90-24.90 20.49+0.725
SE = standard error of mean.
Table (3): The Serum Level of Glutathione (umol/l) in All Studied Groups (n = 83).
Gender Groups N Range Mean + SE
Males Control 12 552.9-663.2 605.9+9.762
Heroin 15 301.5-485.3 418.8+13.10°
Cannabis 15 327.9-491.2 412.9+14.35°
Females | Control 12 545.6-714.7 610.5+15.21
Heroin 15 322.1-486.8 406.8+14.99°
Cannabis 15 310.3-480.9 408.8+14.67°

2 Significantly lower than the male control group at p < 0.001; ° Significantly lower than the female control group at p <

0.001; SE = standard error of mean.

Table (4): The Serum Level of TBARS (mmol/dl) in All Studied Groups (n = 83).

2 Significantly higher than the male control group at p < 0.001; ° Significantly higher than the female control group at p

Gender Groups N Range Mean + SE

Males Control 12 0.1370-0.1990 0.1745+0.0059
Heroin 15 0.2610-0.4470 0.3571+0.01643%
Cannabis 15 0.2430-0.4170 0.3221+0.01456°

Females Control 12 0.1400-0.1990 0.173+0.0059
Heroin 15 0.2580-0.4310 0.3279+0.0159"
Cannabis 15 0.2270-0.3710 0.3169+0.0141°

< 0.001; SE = standard error of mean.

Table (5): The Serum Protein Oxidation level (umol/l) in All Studied Groups (n = 83).

Gender | Group N Range Mean + SE
Males Control 12 30.68-71.36 54.81+2.773
Heroin 15 87.73-165.9 121.7+6.270%
Cannabis 15 76.82-154.8 116.6+5.021%
Females | Control 12 55.91-79.54 67.29+2.116
Heroin 15 84.54-165.9 125.0+8.047°
Cannabis 15 76.82-163.2 119.8+7.521°

2 Significantly higher than the male control group at p < 0.001; ° Significantly higher than the female control group at p

< 0.001; SE = standard error of mean.

DISCCUSION

Cytokines are regulating proteins, which adjust the
activity of their target cells, especially in the
hematogenic system. Cytokines play fundamental roles
in the regulation of immune response and inflammation.
The production of cytokines by immune system cells
may be stimulated by specific or non-specific
stimulants.”®! Changes in cytokine levels have been
proven in mice addicted to heroin*”

Regarding IL-2 the present study revealed that heroin
and cannabis male and female addicts showed decreased
level of IL-2 in relation to the control group. This could
explain the increased incidence of infection which may
occur in a lot of addicts to heroin and cannabis. This is in
agreement with Pacifici and colleagues 2003, Shay and
coworkers 2003.5% %2

On the other hand, there was no significant change in IL6

level in heroin and cannabis addicts. This is in contrast to
the study of Thomas et al. (2000)** which found that
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cannabis smoking alone resulted in a decrease in
production of IL-6.0ur results may be explained by
previous research that showed a positive association
between age and IL-6.1*

Furthermore; the present results demonstrated the
association between heroin and cannabis addiction and
oxidative stress. Oxidative stress was evaluated by
measuring reduced glutathione, protein oxidation and
lipid peroxidation.

The present results showed that heroin and cannabis
were induced a decrease in serum reduced glutathione in
male and female. Loss of cellular GSH can occur by free
radical-mediated oxidative activity and the generation of
ROS results in generation of oxidized glutathione.?"!
The generation of ROS had several undesirable
consequences, including the impairment of cellular
energetic and defense systems and the promotion of
malignant transformation.®> ** Cell death induced by
cannabis smoke is largely necrotic. These deleterious
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effects of cannabis smoke could have serious
implications for tissues in direct contact including lung
macrophages and surface epithelial cells in the upper
aerodigestive tract and the tracheobronchial mucosa.
This is in accordance with the study of Xu and
coworkers (2006).1*

In addition, the current study stated that TBARS, an
index of lipid peroxidation, was significantly increased
in heroin and cannabis male and female addicts in
relation to the control groups. Elevated gastric
malondlehyde reflects an intensification of lipid
peroxidation process. These results are the same as
Ozmen and colleagues, 2007.%2 However, it has been
extremely difficult to establish a direct cause and effect
relationship between oxygen radicals formation and the
actual lesion induced by heroin and cannabis. Lipid
peroxidation mediated by oxygen radicals is believed to
be an important cause of destruction and damage to cell
membranes, because a single initiating event that
hydroxyl radical or metal ion-free radical complexes
abstract methylene hydrogen atom from polyunsaturated
fatty acid can result in conversion of hundreds of fatty
acid side chains in to lipid peroxides, which alter the
structural integrity and biochemical functions of
membranes. *!

Furthermore; the present results revealed that heroin and
cannabis male and female addicts showed elevated
protein oxidation levels suggest that the oxidation of
these proteins may be an early component of the
sequence of events leading to mucosal edema and
inflammation which may be caused due to addiction.
Cellular proteins are also believed to be a target of
oxidative damage. One indication of oxidative damage to
protein is the carbonyl content of the proteins.”® Protein
damaged by oxidation are normally degraded quickly in
the cell, but in cell where degradative protease activity is
overwhelmed or lost by inactivation or decreased
production, the oxidized proteins accumulates as in
aging, diabetes, and inflammation.[*"! The accumulation
of oxidized proteins can impair cell function and
eventually leads to cell damage. Therefore, protein
oxidation may be an early sign of cellular injury.

CONCLUSION

From the current work it could be concluded that heroin
and cannabis addiction in both males & females lead to
significant decrease in serum IL2 and glutathione with
significant increase in serum TBARS and protein
oxidation. These effects are due to production of ROS
and thus affect the immune system and expose patients to
infections.
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