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Abstract

and interventional studies were considered.

including: isoprostanes, 8-oxoguanine and protein carbonyl.

Keywords: Antioxidants, Oxidants, Drug Addicts

Context: This study was a systematic review that aimed to extract published articles regarding oxidant and antioxidants status in
opium addiction by searching in PubMed, Google Scholar engine, SID, and Magiran databases.

Evidence Acquisition: Sixty-six published articles were investigated in this review, which were selected from studies among the
Iranian society and other societies from 1976 to 2015. All articles published in different fields of descriptive-analytical, experimental,

Results: Several studies have shown that with increased production of free radicals and reactive oxygen species (ROS), the enzy-
matic and non-enzymatic antioxidants such as glutathione (GSH) and glutathione peroxidase (GPx), superoxide dismutase (SOD),
and catalase activities, and also the concentration of vitamins A, E, C and total antioxidant capacity (TAC) decrease in opium addic-
tion. Increased atherogenic indexes such as Low density lipoprotein/high density lipoprotein (LDL/HDL) ratio and malondialdehyde
(MDA) may contribute to the increased risk of cardiovascular disease. However, it has also increased other markers of oxidative stress

Conclusions: Oxidative stress increases in opium-addicted people. It seems that opium is capable of provoking oxidative stress and
also, has harmful effects on lipid profile and antioxidant enzyme. Drug addicts were found to have antioxidant vitamin deficiency.

1. Context

Drug addiction is a social problem in Iran. According
to the world health organization (WHO), more than 15 mil-
lion people are addicted to opiate (1). Opium (known as
Taryak in Farsi) contains more than 40 types of alkaloids,
such as morphine, codeine and thebaine, and over 70 other
components including sugars and organic acids. Opium
is traditionally smoked in Iran recreationally or as a rem-
edy for pain, diarrhea and insomnia (2, 3). Opiate abuse
is related to oxidative stress that is evaluated separately
through oxidants and antioxidants (4).

Free radicals or radical generating agents cause oxida-
tive stress, which overwhelm natural radical blocking or
scavenging mechanisms (5). Research has revealed that
free radicals cause oxidative damage to lipid peroxidation,
protein and nucleic acids. Therefore, in order to fight the
damaging effects of free radicals, cells have developed a
complex anti-oxidation system that includes both exoge-
nous antioxidants and endogenous antioxidant enzymes
such as Superoxide dismutase (SOD), CATALASE (CAT) and
Glutathione-S-Transferase (GST) (6, 7). It was reported that
drug addicts have multiple nutrient deficiencies; there-

fore, they are in need of taking vitamins and minerals so
as to improve their health conditions (8). Drug addicts
have already been reported to have some kinds of defi-
ciency in antioxidant vitamins (9). Some food compo-
nents have been identified to possess antioxidant proper-
ties; they have some specific activities and usually work
synergistically in order to improve the antioxidant capabil-
ity of the body (10).

Oxidative stress increases the production of free rad-
icals and reactive oxygen species (ROS) and decreases an-
tioxidant capacity. Measurement of the levels of ROS pro-
duction, metabolites of lipid peroxidation such as Mal-
ondyaldeyde (MDA) and antioxidant capacity may give in-
formation about antioxidant status (11). Although it has
been suggested that exogenous antioxidant availability af-
fects the endogenous antioxidant defense system, the an-
tioxidant defense system includes numerous enzymatic
and non-enzymatic antioxidants. Dietary antioxidants can
neutralize oxidative stress. However, non-nutrient antioxi-
dants in plant foods can increase power of antioxidant sys-
tem and protective effect of oxidative stress (12). Overall,
long-term drug abuse is linked to pathological changes in
some organs thatare, in turn, mediated by oxidative stress.
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The association between the expression of inflamma-
tion markers, oxidative stress and opium is not clearly
known. However, studies have revealed that opium smok-
ers had a low to moderate grade of inflammation, which
was determined by an increase in acute phase proteins (13).
Some studies conducted in Iran reported a relationship be-
tween opium and opium-derived drugs and cardiovascu-
lar diseases. The findings of a study revealed that drug
abuse was an independent predictive risk factor for devel-
opment of deep vein thrombosis in Kerman, Iran (14, 15).
It was also reported that 45.7% of patients with ischemic
stroke had opium addiction (15).

Between opium use and severity of coronary artery
disease in Iranian cardiac patients significant association
has been observed (16). It is estimated that prevalence of
opium addiction has grown by three folds during the past
20 years. According to official reports, the current preva-
lence is estimated to be about 2 to 2.8% (17). Moreover, the
prevalence for males and females has been reported as 3.32
and 0.55%, respectively. Estimated number of drug depen-
dent people is about 1.2 million in Iran (18). The resultant
oxidative stress impairs activities of both enzymatic and
non-enzymatic antioxidants (10,12). This review article was
designed to study the oxidants and antioxidants status in
individuals with addiction, who are a vulnerable group in
our society.

2. Evidence Acquisition

We conducted a systematic review to extract pub-
lished articles regarding oxidant and antioxidants sta-
tus in opium addiction by searching in PubMed, Google
Scholar engine, SID and Magiran databases. In total, sixty-
seven articles published between year 1976 and 2015 were
selected from studies in Iranian and other societies for this
review. The following key words based on the MESH sys-
tem were used in the study; oxidant and antioxidant status
(enzymatic and non-enzymatic), total antioxidant status,
and addicts. All articles published in the different fields
of descriptive-analytical, experimental and interventional
studies, were considered.

3. Results

In this article, we reviewed the current status of opium
addiction in relation to condition of oxidant and antioxi-
dants status according to published papers.

The characteristics of published studies (inside and
outside of country) regarding oxidants and antioxidants
status in addicts are displayed in Table 1.

4. The Impact of Opium Addiction on Oxidants

4.1. Malondialdehyde (MDA)

Malondialdehyde is a metabolite of lipid peroxidation,
which is produced due to the reaction of superoxide anion
(057) and polyunsaturated fatty acids. It is one of the end
products of lipid peroxidation. The high levels of MDA are
known as a positive indicator for lipid peroxidation. Mo-
hammadi et al. (19) reported that MDA level significantly
increased in opium-treated animals compared to controls
(56.52% vs. 30.12 %). The results of the study on Syrian
golden hamsters revealed that opium had the capability
to stimulate oxidative stress. In addition, opium raises to-
tal cholesterol, Low density lipoprotein-cholesterol (LDL-
C), triglyceride (TG) and very low density lipoprotein-
cholesterol (VLDL-C) and reduces high density lipoprotein-
cholesterol (HDL-C), which can act as an atherogenic indi-
cator. It is supposed that reduction of antioxidant activity
isin relation to increase of LDL oxidation (19).

It was reported that drug abuse is an independent pre-
dictive risk factor for improvement of vein thrombosis
(14). Recent studies have indicated that oxidative stress
and lipid peroxidation are implicated in the pathogene-
sis of atherosclerosis. Oxidized LDL is associated with the
pathogenesis of atherosclerosis, a key in the early stage of
CVD. However, oxidized LDL has a toxic effect on the vas-
cular cells, and the cytotoxic potency of oxidized LDL is
related to its content of lipid peroxidation products (20,
21). Recent findings show that oxidative stress and lipid
peroxidation have a relationship with the pathogenesis
of atherosclerosis. Lipid peroxidation is one of the first
events, which takes place during oxidation of LDL, in rela-
tionship with many oxidants, and by major cellular com-
ponents of the lesions of atherosclerosis (22). The high lev-
els of MDA are known as a positive indicator for lipid per-
oxidation (23). Oxidized-low density lipoprotein (Ox-LDL)
causes the development of the fatty streak and along with
other factors exerts damage to the endothelium function.
In the vessel wall, atherogenic lipids, especially ox-LDL,
seem to be responsible for a wide range of cellular dysfunc-
tions (24). Compared to controls, in ethanol, opium and
combination of ethanol and opium treated animals, MDA
showed a significant increase (30.12%, 56.52%, and 95.65%,
respectively). Reactive oxygen species (ROS) and oxidizing
species act on biomolecules, damaging lipids and proteins
directly. Inasituation where repeated and continued intra-
nuclear ROS are generated, DNA damage may become ex-
tensive, and the hurt generates genomic instability, which
contributes to carcinogenesis (25). Increase of serum to-
tal cholesterol in opium addiction was observed. It was re-
ported that opium consumption could have aggravating
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an effect in atherosclerosis formation related with hyper-
cholesterolemia and lipid profile. The levels of MDA in-
creased noticeably in the opium group as compared to con-
trols (3.6 4= 0.20 vs. 2.3 & 0.26 nmol/L). High MDA levels
could be attributed to elevated production of ROS due to
the severe oxidative stress in addicted animals. It has been
shown that increased LDL/HDL ratio, MDA and decreased
antioxidant ability may increase the risk of cardiovascular
disease (26).

4.2. Isoprostanes (F2-Isoprostanes)

It was reported that the formation of prostaglandin
F2 compounds and F2-isoprostanes F2-IsoPs by free radi-
cals in vivo induces the peroxidation of arachidonic acid.
The F2-IsoPs are initially formed esterified to phospho-
lipids and then released in free forms (27). Isoprostanes
are prostaglandin (PG)-like substances that are formed in
vivo independently from cyclooxygenase (COX) enzymes,
mainly by free radical-induced peroxidation of arachi-
donic acid. The formation of PG-like compounds during
auto-oxidation of polyunsaturated fatty acids was deter-
mined (28, 29). Smoking may increase F2-isoprostanes
level. Cigarette smoking has a direct vasoconstrictive ef-
fect. It may elevate the vasoconstrictory capacity of the ar-
teries by increasing F2-isoprostanes and by a simultaneous
decrease in the production of the vasodilatory compound,
prostacyclin and nitric oxide (30).

4.3. 8-Oxoguanine

It was reported that biomarkers such as 8-oxoguanine-
7 (8-0x0-7), 8-dihydro-2-deoxyguanosine (8-0xodG) and F2-
isoprostanes, are important in smoking-related oxidative
stress in humans (31), which are important forms in free
radical induced oxidative lesions (32). The 8-OxodG is the
most frequent mutation in human cancers (33). Cooke et
al. (34) reported elevated concentrations of 8-0xodG in a
high quantity of cases of several pre-cancerous and can-
cerous conditions. It was reported that indexes of oxida-
tive damage, such as 8-OHdG, protein carbonyl group and
malondialdehyde levels increased significantly (P < 0.01)
in the livers of morphine- administered mice in compari-
son to controls, while the related in vivo indexes of antiox-
idative capacity, such as the ratio of glutathione and oxi-
dized glutathione, activities of superoxide dismutase, cata-
lase and glutathione peroxidase, showed a significant de-
crease (P < 0.01) (35).

4.4. Protein Carbonyl

Increase oxidative stress leads to protein carbonyl for-
mation. Oxidation of thiols is done by nitric oxide. This can
cause destruction of proteins and production of protein
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carbonyls (36). Oxidative stress causes lipid peroxidation,
which leads to an increase in carbonyl groups in proteins
that, in turn, can explain the formation of carbonyls (alde-
hydes and ketones) on the side chains of amino acids. This
makes the amino acids susceptible to degradation by pro-
teolytic enzymes, leading to deficiency of nitric oxide, and
the formation of carbonyl protein (37). Reactive pecies are
greatly reactive and can lead to oxidation of proteins and
DNA, peroxidation of lipids and cell death. It has also been
shown that oxidative stress can increase marker oxidant,
such as protein carbonyl group in morphine-administered
alone mice (35). Besides, it was reported that elevated pro-
duction of ROS could be due to severe oxidative stress in
addicted animals (26).

5. The Impact of Opium Addiction on the Antioxidants

The antioxidant system includes various types of func-
tional components, which are categorized as: i) preventive
antioxidants whose function is to reduce the rate of chain
initiation and ii) chain breaking antioxidants, which inter-
fere with the chain propagation. The antioxidants belong-
ing to the first group include enzymes such as SOD, cata-
lase and glutathione and the ones that belong to the sec-
ond line of defense include vitamin C, uric acid, albumin,
bilirubin, vitamin E and carotenoids (38, 39).

5.1. Enzymatic Antioxidant

5.1.1. Glutathione activity (GSH)

Glutathione, a tri-peptide composed of glutamate, cys-
teine and glycine, is found in plant and animal tissues.
Furthermore, GSH has multiple disease preventing func-
tions and is involved in the detoxification of chemicals
and drugs. It scavenges free radicals and is then converted
to GSSG or GSSCy, which is, in turn, reduced back to GSH
by the enzymatic activity of GR. Glutathione protects cells
against oxidative stress. The detoxification capability of
GSH is directly related to its reduced thiol group. The enzy-
matic activity of glutathione-peroxidases and glutathione-
transferases also depends on the reduced thiol group of
GSH. Glutathione and other reduced thiols have an impor-
tant role in enabling the body to resist oxidant stress (40).
Glutathione (GSH) is an essential antioxidant for cellular
detoxification in the brain. Glutathione has a relationship
with neuronal cell death either in inadequate and/or ex-
cessive quantities and is related to neurodegenerative dis-
ease. Glutathione is an important and first line defense
in the gastrointestinal (GI) tract against drugs, alcohol
and toxic substances. It has been demonstrated that glu-
tathione neutralizes ROS and NO* in organisms through
the scavenging mechanism (41). It has been postulated
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that decreased levels of reduced GSH could be a marker
for increased susceptibility to oxidant hurt and represen-
tative depletion of reserves due to oxidative stress (40). Re-
garding food groups, vegetables and fruits are a rich food
source of glutathione. Low food sources of glutathione in-
clude potatoes, onions, garlic, spices, rice and bread. These
foods do not have much of a protective effect in the gut.
Glutathione supplements taken through ingestion are not
usually effective. It was reported that the initial low activi-
ties of glutathione peroxidase (GPx)increased after natural
dietary intervention during three months (12). It has been
reported that daily consumption of five servings of fruits
and vegetables provides enough antioxidants (42).

Moradi-Sardareh et al. reported that level of glu-
tathione (GSH) significantly declined in opium-treated
hamsters as compared to controls. The reduction of GSH
may be due to the improved turnover for avoiding oxida-
tive harm in addicts. Glutathione acts as a free radical scav-
enger and has a vital role in the recovery of biological in-
jury due to free radicals (26).

5.1.2. Glutathione Peroxidase (GPx) Activity

Glutathione peroxidase is an internal antioxidant,
which protects cells from oxidative stress attack. Main-
tenance of health and normal cellular action depends on
antioxidants. Glutathione peroxidase can be reduced to
organic peroxides (43). Chronic cocaine administration
in rats resulted in significant glutathione content (GSH)
depletion in the heart (37), whereas oxidized glutathione
(GSSG), SOD, glutathione reductase and GPx increase, re-
sulted in cardiac oxidative stress. It seems that the impair-
ment of antioxidative defenses is caused by GSH-Px, SH-
groups and GSH (44, 45).

5.1.3. Superoxide Dismutase (SOD)

Superoxide dismutase is a first line enzymatic antioxi-
dant that causes the catalysis of dismutation of the super-
oxide anion into H,0,, which is, in turn, converted to H,O
by catalase (CAT) and GPx in synergy with GSH. Glutathione
peroxidase can also cause the reduction of organic perox-
ides into their corresponding alcohols. It uses GSH as a
hydrogen donor whereby GSH is oxidized (43). Superox-
ide dismutase (SOD) is an antioxidant enzyme that detox-
ifies O*,", but may contribute to increase in H,0, levels
(44). An in vivo study showed that cocaine experience de-
creased GSH level in hepatic mitochondria, increased the
activity of Mn-SOD, and the mitochondrial isoform of SOD,
and decreased the activities of GPxand catalase (46, 47). On
the other hand, treatment with antioxidants could prevent
cocaine-induced cardiac dysfunction.

It is reported that ROS takes part in the progress of car-
diomyopathy after cocaine abuse (48, 49). A significant re-

duction was observed in SOD in opium-treated Syrian ham-
sters as compared to the control group. Superoxide Dismu-
tase is a metallo-protein enzyme, which is known as the
main defense against Superoxide anion (26). Thus, SOD
and catalase protect the organism from superoxide by con-
version of O*, to H,0, and by the breakdown of hydrogen
peroxide to oxygen and water (50). Moreover, the decrease
of SOD enzyme activity may be due to lack of enzymes ac-
tivity in connection with their depletion because of perox-
idation. The decrease of superoxide contents leads to the
increase of SOD enzyme activity. Conversely, the increase
of the contents of superoxide stops its activity (51).

5.14. Catalase

Catalase is an enzyme generally found in peroxisomes
that converts hydrogen peroxide to water and oxygen.
It was reported that hydrogen peroxide is involved in
atherosclerosis pathogenesis by inducing peroxidation of
lipid. In the oxidative stress situation, catalase activity will
be declined (50). Under the oxidative stress situation, ac-
tivity of catalase has been decreased. It was shown that
the activity of catalase was significantly reduced in opium-
treated Syrian Hamsters as compared with controls (27.85%
vs. 47.40%) (23). In another study, catalase activity signif-
icantly decreased in opium-addicted hamsters compared
to controls (27.85% reduction) (26).

5.2. Non-enzymatic Antioxidant

Non-enzymatic antioxidant includes albumin, uric
acid, bilirubin, vitamin C and vitamin E, which jointly act
toreduce the oxidative damage by scavenging free radicals
and by detoxifying the oxidants (52).

Natural antioxidant vitamins such as E, C and A protect
the body from oxidative stress. The highly reactive radicals
and ROS can act as inhibitors of carcinogenesis, cause DNA
damage, activate pro-carcinogens and alter the cellular an-
tioxidant defense system (53). In one study, it was shown
that in users of Pan Masala Tobacco (PMT), bilirubin sig-
nificantly increased, while albumin showed a significant
decrease. The compensatory system of free radical scav-
enging and its association with the increased formation of
bilirubin can be attributed to free radicals induction of the
gene for bilirubin reductase. Besides, in PMT users intoxi-
cation of liver occurs, which may be due to the increased
levels of bilirubin. Uric acid, which is the last product of
purine degradation, acts as an antioxidant by integrating
to tightly bound iron and copper (52). An imbalance be-
tween cellular pro-oxidant and antioxidant levels results
in oxidative stress that leads to tissue damage. It has been
shown that aqueous extract of smokeless tobacco (AEST) in
animals affects the enzymatic antioxidant system and re-
duces glutathione levels in different organs of the body. It
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is supposed that these changes may possibly act as factors,
which cause inflammation in these organs (53).

5.2.1. Vitamin A

Non-enzymatic antioxidants such as vitamin A
(retinol), vitamin E (tocopherols and tocotrienols), vi-
tamin C (ascorbic acid), carotenoids, thioredoxin, lipoic
acid and ubiquinone, keep the organism against oxi-
dant agents. They are harmful through mutagenesis and
carcinogenesis (54, 55). Different studies have revealed
different possible applications of antioxidant/free radical
manipulations in preventing or controlling diseases.
Natural products in the diet such as vegetables and fruits
are known to have antioxidant activity (12, 56). However,
fruit and vegetables increase erythrocyte glutathione
peroxidase activity and resistance of plasma lipoproteins
to oxidation, more efficiently than the vitamins and min-
erals of vegetables and fruits. The vitamins and minerals
in fruit and vegetables cause an increase in plasma pro-
tein carbonyl formation at lysine residues (56). It has
been reported that intake of vitamin A in opium-addict
patients was significantly lower than non-addicts. It has
also been observed that vitamin malnutrition, as judged
from circulating levels, was prevalent among addicted
individuals (57). Low consumption of fruit and vegetables
as main sources of vitamins has also been observed in drug
addicts compared to the ordinary population. Deficiency
in vitamins, especially antioxidant vitamins, is observed
in opium addicts (8, 58). It was shown that retinol in drug
addicts was significantly lower compared to controls; this
reduction was remarkably noticeable among people who
had multiple drug addiction (9).

Nazrul Islam et al. reported that retinol in drug addicts
was considerably low in comparison with controls and this
reduction was more noticeably seen among multiple drug
addicts (9). Addicts seem to have a tendency to replace
foods thatarerich in fat and proteins with a diet that is rel-
atively poor in vitamins (59).

5.2.2.Vitamin E

Vitamin E plays role as a chain-breaking antioxidant,
which can directly scavenge a variety of oxy-radicals, in-
cluding peroxy (ROO-), hydroxyl (OH") and superoxide (O,)
radicals.

It seems that ascorbic acid and tocopherol have a sim-
ilar role as antioxidants in Tobacco and related products
collectively termed as Pan Masala Tobacco (PMT)(38). It has
been reported that addicts have natural antioxidant defi-
ciencies such as vitamins A, E, and C. They play an impor-
tant role in immunity (60). Drug addiction impairs nu-
tritional status and immunity (61). A low level of antioxi-
dant vitamin E in the addicts compared to non-addict has
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been observed. Besides, an indirect correlation has been
observed between drug habit and antioxidant vitamin sta-
tus(9). Vitamin E and selenium administrations prevented
lipid peroxidation and improved endogenous antioxidant
defense systems (62).

Drugs damage neurons and change metabolism,
which lead to irretrievable changes in the brain. On the
other hand, malnutrition can increase the toxic effects of
drugs, which can affect food intake in addicts. Besides,
as compared to healthy individuals, drug addicts usually
intake unhealthy diets. Nutritional status of drug users
is not appropriate. It is suggested to perform nutritional
interventional programs as a medical nutrition therapy
(MNT) (58). It has also been demonstrated that long-term
usage of tobacco products free radicals and ROS damages
the antioxidant defense system (53).

5.2.3. Vitamin C

Vitamin Cis a natural antioxidant, which has potentin-
hibitor of lipid peroxidation. It seems that supplementa-
tion with antioxidants such as vitamin C can reduce symp-
toms or indicators of oxidative stress. Oxidative stress
causes a decrease of vitamin C in the organism. It can scav-
enge free radicals and remove oxidant agents. It renews
the major antioxidant vitamin E. Vitamin C is depleted in
PMC users. Reduction of antioxidant is a risk factor for can-
cer, CHD and other severe chronic diseases (52). It has been
shown that the mean intake of vitamins A, C, E, B12 and folic
acid in opioid-dependent abusers was lower than the val-
ues recommended by Dietary Reference Intakes (DRIs) and
lower than controls (63). It was observed that serum lev-
els of vitamin C in addicts were lower than controls. Drug
addiction impairs nutritional status and immunity. It was
reported that abuse of drugs causes several immunonutri-
tional deficiencies, which are involved in the immune sys-
tem. Deficiencies of these vitamins may cause the increase
of immunodeficiency in the drug addicts. However, drug
addicts are at high risk of human immunodeficiency virus
(HIV) infection (9).

In addition, they have different degrees of malnutri-
tion and nutritional deficiencies such as vitamin C. Nutri-
tional deficiencies can affect different organ functions and
cause several nutritional disorders (8).

6. Total Antioxidant Capacity (TAC)

Opioid drugs damage the activity of antioxidant sys-
tems as indicated by the decrease in total antioxidant ca-
pacity found in blood of human heroin addicts, when com-
pared to detoxification and control groups (11). However,
in other studies, it was found that opium increases the an-
tioxidant capacity of the serum. It seems that opium can
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be a drug with characteristics both useful and harmful de-
pending on antioxidant and inflammatory effects, respec-
tively. However, it has been observed that opiates exert
their toxic effects mostly through induction of oxidative
stress, which, in turn, occurs as a result of inflammatory
response. It is postulated that opium increases the TAC of
the serum. It seems thatincreasinglevels of ferricreducing
antioxidant power (FRAP) test in opium smokers is more
related to their diet and socioeconomic status (13). It has
been already found that morphine inhibits peroxidation
of linoleic acid emulsion. Morphine had an effective reduc-
ing power, free radical scavenging, superoxide anion radi-
cal scavenging, hydrogen peroxide scavenging and metal
chelating activities conversely (64). The improved status
of antioxidants is confirmed by their direct relationship
with total antioxidant capacity (TAC) and negative corre-
lation with oxidant products, such as MDA (12). Decreased
TAC in heroin addiction is due to neutralization of an in-
creased free radical production and lipid peroxidation in
heroin addiction (11). Malondialdehyde (MDA) is an oxida-
tive stress marker while ferric-reducing ability of plasma
(FRAP) is an anti-oxidant capacity marker.

It has been shown that morphine reduces the activity
of the antioxidative defense system. It seems that oxida-
tive stress is one of the major mechanisms behind drug
abuse that is related to decrease in antioxidant activities
including SOD, GST and CAT and the ratio of GSH/oxidized
GSH (65). Heroin-injected mice were reported to decrease
TACin blood, increase ROS production in white blood cells,
and also raise oxidative damages to proteins and lipids.
Besides, exogenous antioxidants system could control ox-
idative stress, even diminish withdrawal syndrome (66).
It was also observed that TAC had a positive and signifi-
cant correlation to nitric oxide (NO) production in opium
smokers; however, this correlation was not significant in
the control group (13).

Further studies are necessary to make clear the mecha-
nisms leading to these contradictory results.

7. Conclusion

In conclusion, oxidative stress is increased in opium
addicts. According to different studies, opium seems to
be capable to induce oxidative stress and also, has harm-
ful effects on lipid profile and antioxidant systems includ-
ing enzymatic and non-enzymatic ones. Besides, drug ad-
dicts showed antioxidantvitamin deficiency, which maybe
due to illicit drug use. Long-term use of the drugs could
cause oxidative stress, which leads to pathological changes
in the organism. Increased atherogenic index, LDL/HDL ra-
tio, MDA and decreased antioxidant capacity may cause an
increase in the cardiovascular disease risk.
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