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Abstract

Background: Long-term heroin abuse is related to pathological changes in many organs mediated by
oxidative stress (OS).

Objectives: Estimation of systemic OS and antioxidant capacity in heroin addiction and detoxification
provides information about prooxidant/antioxidant homeostasis in heroin misuse and need for antioxi-
dant supplementation.

Methods: OS was evaluated by the measurement of plasma reactive oxygen metabolites using spectro-
photometric method and plasma lipid peroxidation by its end product — malondyaldehyd using
Tiobarbituric Acid Reactions Substances method. The extracellular antioxidant capacity was estimated
using OXY-adsorbent test.

Results: This cross-sectional study includes 68 patients: 46 heroin addicts (20 patients on chronic heroin
abuse, 19 patients on conventional method of detoxification and 7 patients on opioid antagonist —
naltrexone) and 22 patients as a control }group. Increased OS was found in the heroin group (d-ROMs
349.3+102.2 UCarr, MDA 4.0+0.4 pmol/L) compared to the group on detoxification (d-ROMs 230.2+96.4
UCarr; MDA 3.6+0.3 pmol/L) and control group (d-ROMs 264.1+30.9 UCarr; MDA 3.7+0.2 pmol/L).
TAC was decreased in the heroin group (324.5+£75.0 pmol HC1O/ml) and restored during conventional
detoxification (371.8+25.1 pmol HCIO/ml), but not completely in the group with naltrexone treatment
(335.6£16.9 pmol HCIO/ml) compared with controls (395.4+35.6 pmol HC1O/ml ).

Conclusion: Long-term heroin abuse stimulates a progressive systemic oxidative stress which increases
the extracellular antioxidants consumption and develops conditions for chronic heroin toxicity (Fig. 1,
Tab. 4, Ref. 35). Full Text (Free, PDF) www.bmj.sk.
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Abbreviations: OS — oxidative stress, ROS — reactive oxy-
gen substances, MDA — malondyaldehyde, BMI — body mass
index, d-ROMs — reactive oxygen metabolites, TBA — tiobarbi-
turic acid, TAC — total antioxidant capacity

Heroin abuse is a worldwide health problem that provoked
many investigations to study its mechanism of action. Lately, the
mode of heroin-induced toxicity was tried to be explained at the
molecular level considering electron transfer processes, free radi-
cal production and oxidative stress (OS). Focal glomeruloscle-
rosis (1), hepatotoxicity with a reduced glutathione, superoxide
dismutase, catalase, glutathione peroxidase levels (2), histamine
liberation from mast cells (3), neurotoxicity with spongiform
leucoencephalopathy (4), neuroteratogenicity (5) and oxidative
damage of DNA (6) are some of the pathological features in

chronic heroin toxicity generated by local rearrangement of anti-
oxidant homeostasis. Recently, the development of a systemic
OS was noted as a result of opioid-stimulated free radicals pro-
duction. An increased lipid peroxidation was found in vitro and
in vivo in heroin consumption (7, 8). Decreased levels of anti-
oxidants and antioxidases are referred in states of chronic heroin
(morphine) abuse (9, 10).
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The OS, the state of an increased production of free radicals
and reactive oxygen substances (ROS) and decreased antioxi-
dant capacity, leads to the oxidation of polyunsaturated fatty ac-
ids in lipids, thiols in proteins and nucleic basis in DNA. These
processes induce disrupting in cellular signaling, apoptosis and
necrosis (diseases or death) (11). Measurement of the levels of
free radical or ROS production, metabolites of lipid peroxidation
such as malondyaldehyde (MDA) and antioxidant capacity may
give information about an antioxidant homeostasis under heroin
stimulation and heroin-induced toxicity.

The aim of this study is to evaluate the prooxidant/antioxi-
dant homeostasis in addicts using heroin and addicts undergoing
detoxification.

Materials and methods

Materials

A cross sectional study was designed for 46 heroin addicts
and 22 healthy controls. The addicts were divided in the 3 fol-
lowing groups: 1. Addicts who consume impure, “street” heroin
by intravenous or intranasal application, II. Addicts included in
the conventional detoxification program from the 8th to 10th day
of detoxification (chlorpromazine 100 mg three times daily per
os, diazepam 10 mg three times daily per os), III. Addicts treated
with opioid agonist naltrexone 50 mg a day (per os). The patients
from all groups are active cigarette smokers. Control group data
were from the basis for antioxidant homeostasis at the Institute
for Physiology and Anthropology, Medical Faculty, Skopje.

The patients and controls (68) were young people under 30
years, 7 female and 55 male, with BMI in referent range (Tab. 1).

To test the homogeneity of the groups, the results were sta-
tistically checked comparing the groups in age, sex, BMI and
the route of drug administration and duration of heroin abuse.
The difference in age (F=1,098, p>0.05), sex (chi’=2.57, df=2,
p>0.05) and BMI (F=0.086, p>0.05) between the groups was
statistically not significant with a statistically significant domi-
nation of males in the each group (chi*=33.882, df=1, p<0.01).
The patients in heroin, detoxification and naltrexone group
showed a long period of heroin use (average 7.20+3.13 years)

Tab. 1. Group distribution of patients number, age, sex, BMI, route
of drug administration and duration of addiction.

Group Pts Age Sex BMI Adminst. Addiction
(n) (years) (m/f) (kg/m?)  (Inh/i.v.)  duration
(years)
1 20 24.6+£5.5 17/3 22.82+6.1 2/18 7.63+£3.46
2 19 252453 18/1  22.59+6.0 2/17 6.84+3.0
3 7 21.8+3.1 5/2 22.58+5.9 1/6 6.85+2.67
4 22 23.6x4.2 18/4  23.45+6.9 - =
Sign. - p>0.05 p>0.05 p>0.05 p>.0.05 p>0.05

Pts — patients, n — number of patients, m/f — male/female, BMI — body mass index,
Administ — route of drug administration, INH — inhalation, i.v. — intra venous use,
Sign — significance

and no statistical difference in duration of heroin use between
groups (F=0.362, p>0.05) was found. More addicts have used
heroin intravenously compared to inhalation (chi*=28.174,
DF=1, p<0.01) but no statistically significant difference was
found between the groups considering the route of heroin ad-
ministration (chi?’=0.102, df=2, p>0.05) (Tab. 1).

Addiction is defined as a repeated, urged seeking or useing
substances despite the undesirable social, psychological and/or
physical consequences (psychological and physical addiction and
tolerance). This condition includes also new detoxified heroin
addicts who don’t suffer from abstinence syndrome or tolerance
but anyway seek for opioids and would relapse in an active mis-
use of heroin in the absence of further treatment in the National
Institute of Drug Abuse (12).

Including criteria were following

Regular heroin consumption for at least 1 year,

Age under 30 years

Criteria for not including the patients were following:

HIV seropositivity,

Acute and chronic diseases (with the exception of the asymp-
tomatic carriers of hepatitis B and C with normal range of amino-
transferases),

Regular supplementation with antioxidants in the last 4
weeks,

Consumption of more than 2 glasses of alcohol per day,

Positive findings of psychostimulants’ products in the urine
(cocaine, cannabis sativa, MDMA),

Disturbances of nutritional status (BMI less than 18.5 kg/m?
and more than 25 kg/m?),

Regular use of medications which act as donors of nitric ox-
ide (statines, ACE inhibitors, AT1 receptors antagonists, nitrites).

An exclusion criterion was a finding of psychostimulants’
metabolites in urine during the detoxification.

Methods

Examination methods included:

1) History and physical examination,

Laboratory tests (serological testing for HIV, anti HBV anti-
bodies and anti HBC antibodies using Microparticle Enzyme Im-
munoassay method),

Toxicological urine testing for metabolites of heroin, metha-
done, cannabis sativa, cocaine, MDMA and benzodiazepines,
performed with fluorescence polarization immunoassay method
at the Institute for forensic medicine).

2) Estimation of prooxidative and antioxidative parameters;

Venous blood was taken in the period from 10—12 p.m. and
collected in heparinized tubes. MDA was determined in serum,
TAS and d-ROMs were measured in plasma. Analyses were per-
formed at the Institute of Physiology and Anthropology, Medi-
cal Faculty, Skopje.

a) D-ROMs (reactive oxygen substances) were determined
by a colorimetric method using DIACRON instrument. Hydrop-
eroxides react with a chromogenic substrate and develop a colo-
red complex what is quantifiable by a spectrophotometric method
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Fig. 1. Correlation between plasma levels of d-ROMs (U Carr) and MDA (pmol/l).

(wavelength 546 nm optical path 1 cm, temperature 37 °C). More
than 300 U. Carr are pathological values (13).

b) The levels of the stable intermediary product of lipid
peroxidation — malondyaldehyde (MDA) was determined using
its reactivity with Tiobarbituric acid (TBA) which produces a
specific absorption spectrum (Yagi et al, 1967). Supernatant is
used for the measurement with spectrophotometer, Ex 515 nm,
Em 550 nm. Referent range is 3.2—4.0 umol/L

c¢) The Total Antioxidant Capacity (TAC) was performed by
the OXY adsorbent test (DIACRON). The un-neutralized radi-
cals of HCIO react with a chromogenic substrate forming a col-
ored complex, which is photometrically measured with a maxi-
mum peak of absorbance at 546 nm, at room temperature. The
concentration of the colored complex is indirectly proportional
to the antioxidant capacity. Values less than 350 pmol HC1O/ml
indicate a lower extracellular antioxidant status.

Tab. 2. Group distribution of d-ROMs’ mean values and intergroup
statistical difference.

Statistical data were processed using the SPSS 11 program.
All data were analyzed using a descriptive statistics, chi*-test,
One-way ANOVA for numerical variables for testing the inter
group differences and low summary difference (LSD) for defin-
ing the groups with a statistically significant difference. Correla-
tions were tested using the Pearson — r for numerical data. Val-
ues p<0.05 and p<0.01 were considered statistically significant.

Results

Higher values of d-ROMs were found in the group on heroin
compared to the group on conventional detoxification, naltrexone
and control group (Tab. 2).

Statistical testing showed a significant inter-group difference
(df=3, F=6.651, p=0.001) and defined the group with a statisti-
cal difference. Heroin group showed significantly higher levels

Tab. 3. Distribution of MDA mean values and intergroup statistical
differences.

Group n Mean values of Group Significance Group n Mean values of Group Significance
dROMs+SD (U.Carr) MDA=+SD (pmol/l)

2 p<0.05 2 p<0.05
1 17 349.3£102.2 3 n.s. 1 17 4.0£0.4 3 n.s.

4 p<0.05 4 p<0.05

1 p<0.05 1 p<0.05
2 17 230.2+£96.4 3 p<0.05 2 16 3.6+0.3 3 n.s

4 n.s. 4 n.s.

1 n.s 1 n.s
3 7 306.3£99.9 2 p<0.05 3 7 3.8+0.4 2 n.s.

4 n.s. 4 n.s.

1 p<0.05 1 p<0.05
4 22 264.1£30.9 2 n.s. 4 22 3.7+0.2 2 n.s.

3 n.s. 3 n.s.

1 — heroin, 2 — conventional detoxification, 3 — naltrexone, 4 — controls, n — num-
ber of pts

1 — heroin, 2 — conventional detoxification, 3 — naltrexone, 4 — controls, n — num-
ber of pts
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Tab. 4. Group distribution of TAC mean values and intergroup sta-
tistical difference.

Group n Mean values of Group Significance
TAC£SD (pmol HCIO/ml)
2 p<0.05
1 19 324.5£75.0 3 n.s.
-+ p<0.05
1 p<0.05
2 16 371.8425.1 3 n.s
4 n.s.
1 n.s
3 7 335.6+£16.9 2 n.s.
-+ p<0.05
1 p<0.05
4 22 395.4+35.6 2 n.s.
3 p<0.05

1 — heroin, 2 — conventional detoxification, 3 — naltrexone, 4 — controls, n — num-
ber of pts

of d-ROMs production compared to the group on conventional
detoxification and control group while the group on naltrexone
showed statistically higher levels compared to the conventional
detoxification (Tab. 2).

MDA levels presented a higher degree of lipid peroxidation
in the group with heroin misuse compared to the other groups
(Tab. 3):

The inter-group difference was statistically significant (df=3,
F=5.295, p=0.003). The lipid peroxidation was higher in the
heroin group compared to the group on conventional detoxifica-
tion and control group (Tab. 3).

The correlation between d-ROMs and MDA was positive
and statistically significant (r=0.647, p<0.001) (Fig. 1).

TAC was decreased in the heroin group compared to the other
groups (Tab. 4).

Difference between the groups in TAC levels was statisti-
cally significant (df=3, F=8.296, p=0.001). The extracellular
antioxidants were decreased in heroin abusers compared to the
conventional detoxification and control group but they were also
decreased in the group on naltrexon compared to the control group
(Tab. 4).

Discussion

This study confirms previous findings that heroin (morphine)
induces systemic OS and lowers the total antioxidant capacity.
But, this is a first clinical study where the evaluation of systemic
OS is estimated by measurement of d-ROMs. Their values are
referred to hydroperoxide production as first line products of
OH + induced oxidation and are considered as an indicator of an
early free radicals production and action. These results do not
differ from others extensive studies, which are mostly experi-
mental and also have demonstrated an increased production of
ROS (14, 15). Previous clinical studies estimate the systemic
OS indirectly, measuring the levels of lipid peroxidation prod-

uct-MDA which represents a parameter of more advanced OS.
MDA production is increased in the heroin group in our study
and does not differ from previous findings. They match with the
results of the studies where increased MDA was found in heroin
addicts with a regular BMI (10) and also of the experimental and
clinical studies where MDA increases with a prolonged admin-
istration time and increasing doses of heroin (6, 10). The stud-
ies, where MDA increases in addicts with active forms of viral
hepatitis and nutritional deficits do not reflect the direct heroin
toxic effects on OS (16), making an exclusion criterion in our
study. Also, the values of d-ROMs and MDA in our patients are
positively and statistically significantly correlated (r=0.647,
p<0.001), manifesting their physiological complementarities,
confirming devolved OS in chronic heroin addiction and useful-
ness of d-ROMs estimation in assessing OS in heroin addicts.

A possible mechanism of free radicals’ increased generation
and higher systemic OS in heroin use is a disturbance of central
and peripheral adrenergic tone in chronic opioid addiction. An
increased activity of tyrosine synthetase (17), adrenaline (18),
were found in heroin addicts. Addicts on methadone maintenance
program showed a higher urine metanephrines levels (19). Low-
ering of dopamine, noradrenaline and adrenaline levels in chronic
heroin abuse with a significant rise in an acute morphine admin-
istration together with a lowered peripheral synaptic turn-over
(DOPA/DA). Reserpine administration results in a significant
decrease in catecholamines and amines levels by blocking the
morphine effects on adrenergic system (20). Higher levels of
normetanephrines were found in addicts with short duration of
heroin misuse (21). These metabolites are important participants
in heroin pharmacokinetic properties and action. Its toxicity is
developing mainly due to the catechol/amines’ auto-oxidation
and generating of oxidizing toxic products: o-quinones and
semiquinones in presence of trace metals, with consecutive free
radical production, DNA and protein oxidation (22, 23).

The group on conventional detoxification achieved decreased
levels of d-ROMs and lipid peroxidation compared to heroin
abusers in our study. There is not a significant difference in
MDA production between the group on detoxification and con-
trol group. Abating heroin and stabilizing the vegetative signs
of withdrawal provides a decrease of an advanced systemic OS.
Our results are in agreement with previous studies where with-
drawal reactions induce and even increase the lipid peroxidation
(24) what needed to be controlled. Abating aggravation of with-
drawal syndromes in conventional detoxification with high doses
of antioxidants (vitamin C and vitamin E) also indirectly con-
firms the arising OS in withdrawal syndrome (25). In an experi-
mental study, restrain of OS and even alleviate of withdrawal
syndrome in heroin-administered mice was achieved by admin-
istration of exogenous antioxidants (ascorbic acid, uric acid, glu-
tathione, manitol, quercetin and resveratrol), confirming the de-
velopment of OS in heroin induction and withdrawal (6). The
control of adrenergic tone as a source of free radical produc-
tion in our study was realized by chlorpromazine, which blocks
D1 and D2 central receptors and peripheral ol and o2 recep-
tors (26). Additional antioxidant property of adrenergic block-
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ing in opioid use is experimentally showed when propranolol
inhibits morphine-induced superoxide production and apoptosis
(27) and chlorpromazine antioxidant properties by lowering the
OH' levels in vitro (28). Complementary control of withdrawal
syndromes’ induced OS is provided by administration of diaz-
epam which enhances the effects of GABA at receptors induc-
ing inhibitory action and modulating dopaminergic, adrenergic,
cholinergic and serotonergic activity, partially contributing to
abating peripheral alpha adrenergic effects of the withdrawal syn-
drome (29, 30) and experimentally blocking peripheral benzodia-
zepine receptors, although not complexly studied, suppress the
oxidative stress in the activated cells (neutrophils) (31). Use of
these medications in our study probably influences a decreas-
ing level of systemic OS, implicating a better antioxidant ho-
meostasis in absence of heroin administration and catecholamine
distress.

Our results showed a significantly decreased TAC in the
heroin group. Lowering of the extracellular antioxidants is due
to neutralization of an increased free radical production and lipid
peroxidation in the heroin group. Our findings do not differ from
the experimental study, where the estimation of an extracellular
antioxidant capacity during heroin stimulation was performed
by the measurement of TAC (6). Results from other studies
showed a decreased antioxidant status in heroin addicts too, but
confirmed decreased levels of each antioxidant (vitamin C, vita-
min A, vitamin E) (9, 10) and antioxidases: catalasa, superoxide
dismutaza, glutathione peroxidasa (10) using the HPLC meth-
ods. Lowering of antioxidant defense in heroin addiction in some
studies (6, 9, 10) was related to the time of administration and/or
dose of heroin, which was not analyzed in our study because of
homogeneity of the groups. The restoration of TAC in the group
on conventional detoxification in our study is explained by stop-
ping the use of heroin and controlling the withdrawal syndromes,
as sources of an increased OS.

This study is also the first that evaluate OS in naltrexone
detoxification. Despite expecting better control of OS and with-
drawal syndrome, naltrexone group showed statistically signifi-
cant higher levels of d-ROMs compared to conventional detoxi-
fication that is not followed by an increased MDA production.
We think that this effect is due to an early inclusion of the
naltrexone patients in the study (first-third day) and very slow
achievement of steady and sufficient naltrexone plasma concen-
tration (5 ng/ml). These was confirmed in the study where a very
unstable plasma levels of the naltrexone in first 3 days (32) were
shown and a longer period for stabilization of peripheral adren-
ergic tone under naltrexone in other clinical study for naltrexone
type of detoxification (33). This way, naltrexone group had good
but not enough stabilized adrenergic tone followed by an increase
of only d-ROMs’ values as an early parameter of oxidative stress.
The higher OS is followed by an increased utilization of anti-
oxidants in neutralizing free radical production evaluated with
statistically significant lower TAC in naltrexon group compared
to controls. Also, a small number of patients included in this
group, due to the price of the medication, may contribute to these
results.

Smoking cigarettes was noted in all the patients (and controls)
with the consumption about 20—-30 cigarettes a day. In young
populations under 30 years old, like the patients in our study, with
satisfactory nutritional status and referent BMI, studies report not
a significant influence of smoking on antioxidant status (34).
Also, the lipid peroxidation levels, measured by TBARS reac-
tions, as in our study, is not significantly influenced by smoking
cigarettes, especially in young people with a good nutrition (35).

In conclusion, the results of our study suggest that long-term
heroin abuse induces oxidative stress with a reduction of total
antioxidant capacity. Abating heroin and introduction of detoxi-
fication methods decrease the free radical production and enable
restoration of the extracellular antioxidant capacity in normally
feeding patients. Dopaminergic activation and increased auto-
oxidation of catecholamines is a possible source of higher free
radical production and one of the mechanisms of heroin toxicity
in chronic heroin misuse.
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