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The alteration of peripheral blood T-and B-lymphocyte proliferative responses were determined during
different periods of withdrawal in heroin (Hw) and heroin / bhang (HBw) addicts. The results clearly
demonstrated a significant decrease in the response of T- lymphocytes to PHA-stimulation and secretion of
IL-2 in both Hw and HBw addicts. The in vitro presence of naloxone induced further inhibition of the PHA
proliferative response and IL-2 production. Our data also indicated a significant suppression of IFN-y levels
by human blood lymphocytes from Hw and HBw addicts. Additionally, a significant suppression of IFN-y
production was demonstrated in the presence of naloxone. Moreover, IL-4 production was suppressed in Hw,
but not in HBw groups and the in vitro presence of naloxone did not affect the level of IL-4 in both groups.
However, IL-10 production was significantly increased in both groups accompanied by a significant
suppression of IL-10 secretion in the presence of naloxone. In contrast, IL-5 levels stimulated by PHA
showed a significant increase in both groups, while no significant effect of naloxone could be observed. Our
results suggested that heroin administration can cause measurable suppression of some components of the
human cellular immune system. The results further demonstrated that the immunsuppressive effect observed
after heroin use are naloxone - mediated and suggested that activation of the adrenal gland is one potential
mechanism for this effect.

he results of many studies suggest that a

direct relationship exists between heroin

use and immune alterations. As early as
the mid-20" century, clinicians noted an
increased incidence of bacterial, viral and fungal
infections amongst regular users of heroin
(Louria et al, 1967). Early studies also
identified an association between heroin use and
abnormalities in cellular and humoral immunity
such as hyperimmunoglobulinemia, suppressed
lymphocyte  proliferation and  decreased
phagocytic function (Cushman and Grieco,
1973; Brown et al., 1974; McDonough et al.,
1980). Further studies investigated the types of
immunological abnormalities associated with
heroin use to include decreased numbers of
circulating lymphocytes, reduced blood natural
killer (NK)) cell activity and decreased antibody
(Ab) -dependent cellular cytotoxicity in the blood
(DePaoli et al., 1986; Nair et al., 1986; Novick et
al.,  1989; Govitrapong et al, 1998;
Maksymowicz et al., 2000 Zaki et al., 2000 and
McCarthy et al., 2001). Other studies show high
rates of HIV infection amongst the heroin-using

population (Zaki et al., 2000; Newshan and
Letkowitz, 2001). The high incidence of HIV
infection amongst heroin users, combined with
recent increase in the number of regular heroin
users, create a serious threat to public health.

A common assumption is that the
susceptibility of heroin users to infection
results from factors secondary to the use of
heroin. For example, heroin users commonly
administer the drug by the i.v. or s.c. routes of
administration, which increases their exposure
to pathogens, particularly if syringes are
shared or otherwise unsterile (Alonzo and
Bayer, 2002; Naumova et al., 2003). In
addition, illicit supplies of heroin frequently
contain adulterants. Regular users of heroin
also experience a great deal of emotional and
financial stress, due to the illicit nature of
heroin use, the often high prices associated
black market heroin and (in the case of
addicted users) the stresses associated with the
disease of addiction (Li et al., 2001; Lunkova
et al., 2002; Holan et al., 2003). Furthermore,
regular users of illicit drugs often suffer from
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nutritional deficiencies and altered circadian
rhythms. Any of these factors could influence
disease susceptibility in heroin users (Mohs et
al., 1990; Novick et al., 1991). In spite of
potential health risks associated with heroin
use, surprisingly few controlled studies have
assessed whether heroin per se produces
pharmacologically specific alterations in
immune status (Alonzo and Bayer 2002;
Naumova et al., 2003). Although the immune
status of heroin users has been assessed,
studies on regular heroin users are limited in
both the types of immune assessments that
can be made and the conclusions that can be
drawn from the results. One study (Thomas et
al., 1995) showed that in vitro exposure of
murine immune cells to heroin produces
alterations in - several immune-assays, but
those effects were apparent only at very high
concentrations, they were not consistently
dose-dependent, and they were not tested in
combination with an opioid receptor
antagonist. Studies examining the in vitro
immunomodulatory effects of heroin also are
limited in terms of the physiological relevance
of observed effects (Hu et al., 2002; Yeager et
al., 2002). Because of the paucity of
controlled in vivo studies on heroin,
uncertainty exists as to whether heroin
produces pharmacological immune
alterations, and if so, whether the
immunomodulatory effects of heroin are
similar to those produced by morphine
(Mellon and Bayer 1999; Fecho et al., 2000).

Heroin use 1s associated with an increased
incidence of several types of infections. Yet
few studies have assessed whether heroin
produces pharmacological alterations of
immune status that might contribute to the
increased rate of infections amongst heroin
users (Machelska and Stein 2000; Azuma et
al., 2002). The immune function in heroin
addicts was primarily the focus of the present
study. The data were obtained mainly from
patients who were not only polydrug abusers,
but also in the withdrawal state.
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Materials and Methods
Study population

Subjects addicted to heroin and admitted to the inpatient
clinic of narcotic treatment department in a private
psychiatric hospital in Egypt, were recruited in the present
study. All subjects were tested for any recent parasitic HIV,
HBV and HCV infections. Subjects who agreed to
participate in this study were treated according to the
Hilsinky declaration of human rights and gave written
consent. Patients were asked about the details of their drug
abuse and particularly about the route of administration
used for the introduction of heroin into the body. All heroin
abusers were selected from those who had a history of
intravenous (i.v.) injection of heroin for 1-5 years duration,
with a daily heroin dose ranging from 200-1000 mg/day
(illicit dose). All subjects did not receive any drug for
suppression of the withdrawal symptoms. Sixty patients
were enrolled in the present study, and only twenty-four of
them completed the study to the end. These patients were
divided into two groups, the first group comprised thirteen
heroin intravenous injectors; their mean age =30.385 +1.734
years, the second group comprised eleven heroin/bhang
addicts; their mean age =26.18 +1.715 years. Fourteen healthy
samples from laboratory blood donors were used; mean age of
controls =29 =+ 2.97 years. The duration of withdrawal period
ranged from 5-20 days.

Blood collection

Peripheral blood samples (PB) were drawn from each
subject by veinpuncture and collected in a sterile blood
collection tube closed system containing beads coated with
lithium-heparin (Sarstedt Inc., Newton, NC, USA). All
blood samples were collected between 10.00 to 11.30 a.m.
The heparinized blood was protected from light and heat
during its transportation to the laboratory.

Hematological analysis

Under the Laminal Flow (Biograd Barker company
class 11 Type A, USA), blood samples were left for 1-2
hr at room temperature to separate the plasma. The
individual plasma were collected, aliquoted and stored
at -70 'C. The white blood cells (WBCs), erythrocytes
(RBCs) and hemoglobin (Hgb) concentration were
measured using ADVIA 60 closed tube hematology
system (Bayer, USA).

Urine analysis

Urine from volunteers in all groups of this study were
obtained between 10.00 to 11:30 a.m. Detection of
drugs in urine samples was carried out using either the
Emit d.a.u.™ Cannabinoid 50 ng assay or the Enzyme
Immunoassay tested kits (Microzyme diatech
diagnostics inc. Boston MA 02134, USA).
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Biochemical analysis

® [iver function

Colorimetric ~ determination of  glutamate pyruvate
transaminase (GPT) or glutamic-oxaloacetic transaminase
(GOT) activity was assessed according to the Reitman and
Frankel method using BioMerieux, Transaminases Kits
(Reitman and Frankel 1957).

e Hormonal investigation in plasma

The DSL-2100 ACTIVE ™ Cortisol coated-tube
radioimmunoassay  kits  for  the  quantitative
measurement of cortisol in plasma were used. The
DSL-5100 ACTIVE ™ Adrenocorticotropic hormone
(ACTH) coated-tube immunoradiometric assay kits for
the quantitative measurement of ACTH in human
plasma (Miles et al., 1974) were used.

Preparation of peripheral blood mononuclear cells
(PMNCs)

The collected blood devoid of plasma was brought to the
original volume by adding sterile PBS, then diluted 1:1 with
the same buffer. Blood samples were then layered over
Ficoll-Hypaque (Pharmacia Biotech) and centrifuged at 400
xg for 30 min. at room temperature (Boyum, [968).
PMNCs were washed by centrifugation at 400 xg for 10
min, once with ice chilled sterile PBS and twice with
RPMI-1640 media [(Gibco, Scotland) supplemented with
penicillin 100 U/ml, streptomycine 100 pg/ml, L-glutamine
2mM (Gibco BRL), 0.2 mM Na-bicarbonate and | mM Na-
pyruvate (Gibco, NY, USA) and 25 mM HEPES (N-2
hydroxyethy!l piperazine-N-2-ethane sulfonic acid)]. Cell
viability and enumeration were assessed by trypan blue
exclusion method using light microscope (Leica DMLS,
Germany).

Lymphoproliferative assay

PMNCs were suspended in RPMI-1640 culture media
supplemented with 5% normal human serum (NHS). The
cells were adjusted at 1x 10 ° cells /ml and cultured in
triplicates in a total volume of 200ul/well containing either
sterile 5 pg/ml phytohemagglutinin (PHA) or 10 ug/ml
pokeweed mitogen (PWM) (Sermoed Biochrom KG
Leonoren st. Berlin). Mitogens were used in volumes of
25ul Awell into round bottom 96 well tissue culture plates
(Sarsted, NC, USA). Negative controls consisted of cell
cultured alone with complete RPMI-1640 media. Mitogen
stimulated lymphocytes were incubated for 4 days at 37°C
in a humidified atmosphere. Naloxone hydrochloride
(Sigma, Aldrich Gmbh. USA) were dissolved in sterile
water and 10”°M naloxone/well were added in the triplicate
cultures in volumes of 25 pl. Proliferative response was
assessed by pulsing each well with 0.5 uCi of radioactive
thymidine (2 Ci/mmol specific activity, ICN Radio
Chemical, CA, USA) 18 hr prior to cell harvesting. The
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contents of the plates were harvested onto glass fibers
(LKB, Wallac, Norway) and left for 2-3 hrs to air dry at
room temperature. The dried filters were immersed in 5 ml
of scintillation cocktail in sealed plastic bags (all from LKB,
Wallac) and the radioactivity was measured using a 3-liquid
scintillation counter (LKB). Mean count per minute
(mCPM) £ SD of triplicate control and mitogen -stimulated
cultures were determined. Results were presented as
Stimulation Indices (SI) according to the following
equation:

Sl = CPM values of stimulated cells

CPM values of unstimulated cells
Cytokine production

To test the ability of lymphocytes to secrete different
cytokines (IL-2, IL-4, IL-5, IL-10, and IFN-y) in response to
PHA and PWM mitogen stimulation, PMNCs were
suspended in RPMI-1640 culture media supplemented with
5% NHS. The cells were adjusted at 2 x 10° cells /ml and
cultured in triplicates in a total volume of 200 ul/well into
round bottom 96-well tissues culture plates containing
either sterile PHA (5 pg/ml) or PWM (10 pg/ml). Mitogen
free cultures were used as a control. The plates were
incubated for either 18 hr (for the assessment of I1L-2 and
IL-4 production) or 96 hr (for the assessment of IL-5, IL-10
and IFN-y production) at 37°C in humidified 5% CO, and
O, 95% incubator (Nuaire, USA). After the appropriate
incubation period, the plates were centrifuged at 400 xg for
5 min at 4°C and the supernates were individually collected
and saved at -35°C until used for cytokine determination
assays. Negative controls consisted of cell cultured in
absence of stimulants. In other cultures, 10°M
naloxone/well were added in triplicates and used as the
antagonist.

Lymphokine determination

The amount of IL-2, IL-4, IL-5, IL-10, and IFN-y in culture
supernates were determined using sandwich enzyme linked
immunosorbent assays (ELISA). Mean =+ SD of triplicates of
control cultures was then calculated and subtracted from test
cultures and the results were presented as difference (delta)
concentration for each different cytokines.

Statistical analysis

Comparisons among different groups of patients were
performed wusing one way analysis of variance
(ANOVA). The differences within and between
treatments were determined using Tukey test which
represents the most conservative post-hoc test (test of
paired comparisons made when the overall test is
significant) (Sahai and Ageel, 2000).
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Results
Subject characteristics

The base line characteristics of all subjects:
normal (N: n=14) heroin addicts (Hw: n=13)
and heroin/bhang addicts (HBw: n =11) used
in the present experimental studies are shown
in Table (1). The age of the subjects ranged
from 19 to 35 years. The dosage range of

Alterations of Immune Functions in Heroin Addicts

heroin that used by Hw and Hw/HBw addicts
was 200-1000 mg/day (illicit dose). The
duration of heroin abuse were 57.46 + 13.3
and 38.54 £ 13.12 months in Hw and
Hw/HBw withdrawal groups, respectively.
The duration of withdrawal periods ranged

from 5 to 20 days. They were all sero negative
for HIV, HCV and HBs Ag.

Table 1. Base-line characteristic (mean + SE) of control, heroin and heroin/bhang addicts.

Control Heroin withdrawal Heroin/bhang withdrawal
Sex Male Male Male
Number of subjects 14 13 11
Age (years) 29+298 30.38 £1.73 26.18 +1.71
Dosage of heroin abuse (mg/day) - 200-1000 200-1000
Duration of heroin abuse (months) 57.46 £+ 13 38.54 +12
HbsAg test Negative Negative Negative
HIV test Negative Negative Negative
Withdrawal period (days) - 5-20 5-20

Hematological parameters

Table (2) shows the effect of Hw and
Hw/HBw  withdrawal on hematological
parameters pertaining to erythroid and
myoloid elements. Erythrocyte numbers, Hgb
concentration and total leucocytes number
were not significantly changed in both studied
groups as compared to normal subjects.
Moreover, the total number of blood
lymphocytes were not significantly changed

in Hw and HBw addicts as compared to
controls throughout the withdrawal period

(Fig.1).
Biochemical analysis

As depicted in Figure 2, serum GPT level was
significantly higher in both H and HB addicts
as compared to controls. However, GOT level
showed only significant difference in HB
group as compared to controls (Fig.2).

Table 2. Hematological parameters of control, heroin and heroin/bhang addicts.

Parameters Control Heroin withdrawal Heroin/bhang withdrawal
Hemoglobin (G/dl) 11.75+£0.85 12.03 +0.65 13.25+0.36
Erythrocytes (10% mm?) 3.62 +0.37 3.95+0.13 4.19 £ 0.01
Total leucocytes (10%/ mm? 8.80 + 3.96 10.69 + 1.23 9.85 + 1.09
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Figure 1. Total number of blood lymphocytes of control, heroin and heroin-bhang addicts during withdrawal.
The data were expressed as mean + S.E.
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Figure 2. Glutamate pyruvate transaminase (sGOT) and glutamic-oxaloacetic transaminase (sGPT) of control,
heroin and heroin-bhang addicts. The data were expressed as mean +S.E. **: P < 0.01




