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ABSTRACT

Addiction is one of the world’s major health problems with large direct health costs (psychi-
atric and physical). The present study aimed to investigate the oxidative stress effects of heroin
and cannabis addiction and their impact on the immune system. Eighty four subjects (60 addicts
and twenty four control subjects); their ages ranged from 18 to 38 years were studied. Each
subject was screened for detection of substance of abuse in urine and detection of cytokines, in-
terleukins (IL2 and IL6) and reactive oxygen species (ROS) (reduced glutathione; thiobarbituric
acid reactive substances {TBARS} and protein oxidation) in blood after taking informed con-
sent. The results revealed a significant decrease in serum IL-2 and in protein thiols level in
males and females heroin and cannabis addicts (p < 0.001). While, there were significant in-
crease in both TBARS and protein oxidation in heroin and cannabis male and female addicts in
comparison to the control group. It could be concluded that heroin and cannabis addiction had
deleterious effects on the immune system through their effects on oxidative stress and release of
ROS.

Keywords: Addiction, oxidative stress; interleukins, lipid peroxidation, protein oxidation, ROS.

13

INTRODUCTION

Addiction is a major health problem
with large health impacts (psychiatric and
physical) as well as massive indirect costs
to society in terms of crime, loss of earn-
ings and productivity and social damage
(Oliveira et al., 2013a).

One of

the negative consequence
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caused by addiction is impaired ability to
refrain from using a psychoactive sub-

stance despite its serious effects (Cemek et
al., 2011).

Cannabis is ranked as the third most
utilized substance of abuse after tobacco
and alcohol (Fattore et al., 2008 and Zhou
et al.,, 2011). Ingestion of cannabis sativa
derivatives, for example, weed (leaves and
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blooming tops) or janja (resin) bring about
toxicity manifested by sedation, cognitive
dysfunction, inability to unite transient
memory, modification in time appraisal,
perceptual changes, motor incoordination
and poor official capacity. Studying the
cannabinoid receptor-rich regions of the
brain helps to know whether chronic can-
nabis utilization is connected with gross
anatomical abnormalities or not (Murat et
al., 2008).

The principle function of the endocan-
nabinoid framework is to control synaptic
neurotransmission. The endocannabinoid
framework directs synaptic neurotran-
smission of excitatory and inhibitory cir-
cuits. The release of endocannabinoids in
response to depolarization and Ca2+ flux-
es, hinder further neurotransmitter by
means of incitement of presynaptic can-
nabinoid receptors (Lee and Ho, 2013).

Moreover; opiate is an illicit, very ad-
dictive substance. It is both the most mis-
used and the most quickly acting of the
sedatives. Opiates (diacetylmorphine) are
transformed from morphine; they impact
distinctive physiological capacities in the
body, including the responses of the im-
mune system (Vasto et al., 2007).

The intricacy of the opiates' belongings
disorders result from the wide appropria-
tion of opioid receptors. These receptors
have been shown on different cell sorts,
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including cells of both the nervous and
immune systems. Opiates can consequent-
ly manage capacities of the immune sys-
tem either straightforwardly by acting on
the opioid receptors on lymphocytes and
macrophages, or can impact the responses
of the immune system through its impacts
on the nervous system (Oliveira et al.,
2013b).

As regard cytokines; they are dis-
charged by white blood cells and other
cells (fibroblasts, endothelial cells, epithe-
lial cells) in the body in response to induc-
ing stimuli. It was truth be told that cells
other than those of the immune system
also discharge biologically active sub-
stances, that the idea of cytokines was pro-
posed (Cemek et al., 2011).

Cannabinoids, especially the major psy-
choactive component tetrahydrocannabi-
nol, exert immunomodulatory effects that
alter normal functions of T and B lympho-
cytes, natural killer cells, and macrophag-
es in human and animals. These modula-
tions have been observed during both in
vivo and in vitro cannabinoid treatment.
The molecular and cellular mechanisms
for these effects are not fully defined;
however, it appears that receptor as well
as non receptor mechanisms are involved
(Kelton, 2008).

Reactive oxygen species (ROS) are
products of normal cellular metabolism.
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The majority of the body’s vitality is
created by the enzymatically controlled
response of oxygen with hydrogen parti-
cle in oxidative phosphorylation occurring
inside the mitochondria during oxidative
metabolism. During this enzymatic re-
duction of oxygen to produce energy,
free radicals are formed (Valko et al.,,
2007).

Opiates were shown to induce a de-
crease in the activities of superoxide dis-
mutase (SOD), catalase and glutathione
peroxidase (GPx) in the mouse brain (Qiu-
sheng et al., 2005). Moreover, morphine
induced a decrease in GSH levels in the
rat (Guzman et al., 2006) and rabbit brains,
and also a decrease in unsaturated fatty
acids in the rabbit nervous system (Ozmen
et al., 2007).

The aim of the present work is to inves-
tigate the oxidative stress effects of opiates
and cannabis addiction and their impacts
on the immune system in Egyptian popu-
lation sample.

SUBJECTS AND METHODS

Subjects:

This study was conducted on 84 sub-
jects who were admitted to Ain Shams
Psychiatric =~ Department from January
2013 to October 2013 when the targeted
cases were collected. Approval from the
Ethical Committee of Ain Shams Univer-
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sity - Faculty of Medicine was taken be-
sides written informed consent from each
subject to participate in the research. They
were divided into two groups:

A. Study group: 60 male and female ad-
dicts who were diagnosed by Diagnostic
and Statistical Manual of Mental Disor-
ders (DSM-IV), 4th edition. They were fur-
ther divided into 4 groups:

Group I: Male addicts to heroin (n =
15).

Group II: Male addicts to cannabis (n =
15).

Group III: Female addicts to heroin (n
=15).

Group IV: Female addicts to cannabis
(n=15).

B. Control group: 24 apparently
healthy male and female subjects (smok-
ers) matched by sex and age; divided into
two control groups (12 each).

Inclusion criteria:

All addicts and control subjects were
selected as heavy smokers (smoking more
than 40 cigarettes/day, of any type of cig-
arettes) 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).

Addicts were subjected to screening
of some substance of abuse in urine
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“opiates, barbiturates, benzodiazepines,
cannabis, amphetamines, and ethyl alco-
hol”. Those who were only positive to ei-
ther heroin or cannabis were included in
the study.

Exclusion criteria:

Those who had diabetes, history of liver
disease, unstable cardiovascular disease,
infections; inflammation; peripheral vas-
cular, respiratory, or gastrointestinal dis-
ease or a malignancy, were excluded.

Sampling
Forty mL urine were collected in the
morning between 9 am and 12 pm for

screening of cannabis and heroin.

Four mL blood sample was collected on
ethylenediaminetetraacetic acid after be-
ing sure that all subjects do not receive
any treatment from the first time of admis-
sion to the time of blood sampling .

Methods

a. Screening of substance of abuse:
Any turbid samples or those containing
blood were excluded from the study.
Catheterization was done if the patient
was unable to void urine or comatose.
Each sample was collected in a clean, dry
and labeled container (name, serial num-
ber and date of taking the sample). It was
stored frozen in the deep freezer at - 4° C
till analysis. Qualitative analysis by En-
Multiplied

zyme Immunoassay Test
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(EMIT) was used for preliminary detec-
tion of heroin and cannabis (Syva Solaris
system, Syva Co., S/N 1067 Version 3.00
L., CA95/35USA).

b. Measurement of reactive oxygen
species (ROS):

Blood samples were allowed to clot for
15 minutes and centrifuged at 4000 rpm
for 15 minutes. The yielded serum was ali-
quoted and stored at — 20 °C until the time
of analysis. The separated serum was used
for determination of interleukins (IL2 and
IL6); protein sulfhydryl groups; thiobarbi-
turic acid reactive substances (TBARS)
and protein oxidation.

Determination of serum protein sulf-
hydryl groups (GSH): The protein SH-
groups react with S-S linkage of 5, 5-
dithiobis (2-nitrobenzoic acid) [DNB] (Ell-
man,s reagent) at pH 7.4 to yield a col-
oured product, 5-thio-2-nitrobenzoic acid,
which could be measured colorimeterical-
ly at 412 nm (Koster et al., 1986).

Determination of TBARS: Lipid perox-
idation products were measured in the
serum using thiobarbituric acid assay
modified according to the suggestions of
Sushmakumari et al. (1989).

Determination of Protein oxidation:
Protein oxidation was measured utilizing
the interaction between 2,4-dinitrophenyl-
hydrazine and the carbonyls generated
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from the oxidative alteration of proteins
to yield a chromophore that absorbs

strongly at 380 nm (Levine et al., 1990).

c. Measurement of IL 2 and IL6 using
ELISA technique (ANOGEN Inc., Cana-
da):

A monoclonal antibody specific for IL-2
had been pre-coated onto a microplate.
Standards and samples were pipetted into
the wells and any IL-2 present was bound
by the immobilized antibody. After wash-
ing away any unbound substances, an en-
zyme-linked polyclonal antibody specific
for IL-2 was added to the wells. Follow-
ing a wash to remove any unbound anti-
body-enzyme reagent, a substrate solution
was added to the wells and colour devel-
ops in proportion to the amount of IL-2
bound in the initial step. The colour devel-
opment was stopped and the intensity of
the color was measured (Hatakeyama and
Taniguchi, 1990).

However; for IL6; the microtiter plate
pre-coated with a monoclonal antibody
specific to IL-6. Standards or samples were
then added to microtiter plate wells with a
biotin-conjugated  polyclonal antibody
preparation specific for IL-6 and incubat-
ed. IL-6 if present, will bind and become
immobilized by the antibody pre-coated
on the wells and then be “sandwiched” by
biotin conjugate. Washing to remove un-
bound IL-6 and other components of the

sample. Avidin conjugated to horseradish
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peroxidase (HRP) enzyme was added to
each microplate well and incubated. Avi-
din was a tetramer containing four identi-
cal subunits that each had a high affinity-
binding site for biotin. The wells were
thoroughly washed to remove all un-
bound HRP-conjugated avidin and tetra-
methylbenzidine substrate solution was
added to each well. The enzyme HRP and
substrate are allowed to react over a short
incubation period. Only those wells that
contain IL-6, biotin-conjugated antibody
and enzyme-conjugated Avidin will ex-
hibit a change in colour. The enzyme-
substrate reaction was terminated by the
addition of a sulphuric acid solution and
the colour change was measured spectro-
photometrically at a wavelength of 450
nm (Bauer and Herrmann, 1991).

Statistical Analysis
of obtained data
was carried out by using the GraphPad

Statistical analysis

InStat and  GraphPad Prism software
(SanDiego, USA). The description of the
data was done in the form of mean (+/-)
standard error (SE) for quantitative data.
The analysis of the data was done to
test statistical significant difference be-
tween groups. For quantitative data, stu-
dent t-test was used to compare between
two groups. Repeated measure ANOVA
was used to compare same group in
different times. Significance was consid-
ered if p =0.05 at confidence interval

95 %.
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RESULTS

There was significant difference be-
tween the mean value of serum IL2 in her-
oin and cannabis male and female groups
as compared to the control groups as
shown in table (1). Furthermore; there was
no significant difference between the
mean value of serum IL6 in heroin and
cannabis male and female groups as com-

18

pared to the control groups (Table 2).
Moreover; there was significant decrease
in serum glutathione level in heroin and
cannabis male and female groups as com-
pared to the control groups (Table 3).
Also; there were significant increase in
both serum TBARS level and serum pro-
tein oxidation in heroin and cannabis male
and female groups as compared to the
control groups (Tables 4 and 5).

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+7.33
Heroin 15 50.1-97.10 64.9 +2.99*

Cannabis 15 52.9-74.30 64.45 +1.70°

Females Control 12 130.5-218.1 163.5+7.55
Heroin 15 46.70-77.60 62.93 4;2.19b

Cannabis 15 46.50-79.70 61.67 12.18"

a Significantly lower than the male control group (p < 0.001); b significantly lower than the female control

group (p < 0.001); SE = standard error of mean; n = number.

Table (2) : The serum level of IL6 (pg/mL) in all studied groups (n = 84).

Gender Groups n Range Mean + SE
Males Control 12 14.90 32.40 20.67 +1.28
Heroin 15 15.30 24.80 20.67 +0.69
Cannabis 15 14.90 25.00 19.79 + 0.0.70
Females Control 12 17.70-25.20 20.80 + 0.66
Heroin 15 16.40 23.20 19.69 +0.58
Cannabis 15 14.90 24.90 20.49+0.72

SE = standard error of mean; n = number.

Mansoura J. Forensic Med. Clin. Toxicol.
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Table (3) : The serum level of glutathione (umol/L) in all studied groups (n = 84).

Gender Groups n Range Mean + SE
Males Control 12 552.9-663.2 605.9 +9.76
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 15 322.1 486.8 406.8 114.99b
Cannabis 15 310.3 480.9 408.8 114.67b

a Significantly lower than the male control group (p < 0.001); b significantly lower than the female control

group (p < 0.001); SE = standard error of mean; n = number.

Table (4) : The serum level of TBARS (mmol/dL) in all studied groups (n = 84).

Gender Groups n Range Mean + SE
Males Control 12 0.13 0.19 0.17+0.00
Heroin 15 0.26 0.44 ().3510.01a

Cannabis 15 0.24 0.41 ().32i0.()1a

Females Control 12 0.14 0.19 0.17+0.00
Heroin 15 0.25 0.43 O.32i().()lb

Cannabis 15 0.22 0.37 ().3li().()lb

a Significantly higher than the male control group (p < 0.001); b significantly higher than the female control

group (p < 0.001); SE = standard error of mean; n = number.

Table (5) : The serum protein oxidation level (umol/L) in all studied groups (n = 84).

Gender Groups n Range Mean + SE
Males Control 12 30.68 71.36 54.81+2.77
Heroin 15 87.73 165.9 121.7+6.27"
Cannabis 15 76.82 154.8 116.6+5.02°
Females Control 12 55.91 79.54 67.29+2.11
Heroin 15 84.54 165.9 125.()4_-8.()4b
Cannabis 15 76.82 163.2 119.8-:7.52b

a Significantly higher than the male control group (p < 0.001); b significantly higher than the female control

group (p < 0.001); SE = standard error of mean; n = number.
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DISCUSSION

If cannabinoids or heroin is immunom-
odulatory, they would be expected to
exert some of that effect through modula-
tion of cytokine production and function.
Cytokines assume a significant role in
mediating the antimicrobial impacts of im-
mune cells. Interferons are effective antivi-
ral agents and also immunomodulators
and IL-2 is a major growth factor for the
development of immunity (Shay et al.,
2003).

The present work was conducted to in-
vestigate the oxidative stress effects of her-
oin and cannabis addiction and their im-
pact on the immune system. The major
finding of this study is significant decrease
in IL-2 level in heroin and cannabis ad-
dicts in relation to the control group;
which explain increase incidence of infec-
tion that may occur in the majority of ad-
dicts. This is in agreement with results of
Pacifici et al. (2003) and Shay et al. (2003).
While there is no significant effects on
IL-6 levels in both heroin and cannabis
male and female addicts. This is on con-
trary to Thomas et al. (2000) and Thomas
et al. (2003) who found that cannabis
smoking resulted in a decrease in pro-
duction of IL-6.

Cytokines assume a significant role in
mediating the antimicrobial impacts of im-

mune cells. Interleukin - 2 is a major

Mansoura J. Forensic Med. Clin. Toxicol.
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growth factor for the development of im-
munity (Shay et al, 2003). Normally, T
lymphocyte proliferation is dependent on
IL-2 which is essential for proliferation in-
duction. The reduction of proliferation
suggests that T lymphocyte activation
pathways are deteriorated in heroin users
(Yang et al., 2013).

Furthermore; cannabinoids deteriorate
immune systems (cell-mediated and hu-
moral), decreasing resistance to infection
as measured by reduced numbers or im-
paired functioning of T-lymphocytes, B-
lymphocytes or macrophages, or reduced
immunoglobulin levels. These effects
could be related to CB2 receptors which
are located on immune cells (Ginaldi et al.,
2004). However; morphine directly affect
the immune response through opioid re-
ceptors on leukocyte and indirectly via the
receptors on neuronal cells. Opiates alter
the release of hypothalamus pituitary ad-
renal hormones thus increase susceptibil-
ity to infection (Yang et al., 2013).

Moreover; the current results revealed
significant decrease in glutathione level in
opiates and cannabis addicts. This is in
agreement to the studies of Qiusheng et al.
(2005); Guzman et al. (2006) and Ozmen et
al. (2007), which could be explained by
free radical-mediated oxidative activity
and the generation of ROS resulting in
generation of oxidized glutathione. The
generation of ROS had several undesirable
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consequences, including the impairment
of cellular energetic and defense systems
and the promotion of malignant transfor-
mation (Shay et al., 2003; Thomas et al.,
2000; Thomas et al., 2003). Cell death in-
duced by cannabis smoke is largely ne-
crotic. These deleterious effects of canna-
bis smoke could have serious
implications for tissues in direct contact
including lung macrophages and sur-
face epithelial cells in the upper aerodi-
gestive tract and the tracheobronchial

mucosa (Xu et al., 2006).

In addition, the current study stated
significant increase in TBARS. This is the
same as those of Ozmen et al. (2007); Ce-
mek et al. (2011) and Oliveira et al. (2013a)
which revealed that opiates led to oxida-
tive DNA damage, protein oxidation and
lipid peroxidation. However, it has been
extremely difficult to establish a direct
cause and effect relationship between oxy-
gen radicals' formation and the actual le-
sion induced by opiates and cannabis. Lip-
id peroxidation mediated by oxygen
radicals is believed to be an important
cause of destruction and damage to cell
membranes, because a single stimulus can
result in conversion of hundreds of fatty
acid side chains into lipid peroxides,
which alter the structural integrity and bi-
ochemical functions of membranes (Song
et al., 2010).

Finally; the present results stated signif-
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icant elevation in protein oxidation lev-
els in heroin and cannabis addicts. This
suggests that the oxidation of these pro-
teins may be an early component of the
sequence of events leading to mucosal
edema and inflammation which may be
caused by addiction (Oliveira et al.,
2013b). Protein damaged by oxidation is
normally degraded quickly in the cell,
but in cell where degradative protease
activity is overwhelmed or lost by inac-
tivation or decreased production, the oxi-
dized proteins accumulates as in aging,
diabetes, and inflammation. The accumu-
lation of oxidized proteins can impair
cell function and eventually lead to cell
damage. Therefore, protein oxidation
may be an early sign of cellular injury
(Vergeade et al., 2012).

CONCLUSION

From the present work it could be
concluded that heroin and cannabis ad-
diction had deleterious effects on the
immune system may be through their ef-
fects on oxidative stress and release of
ROS and as long consequences may
lead to
carcinoma.

development of bronchogenic
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