Physiol. Res. 54: 73-78, 2005

Adipocyte-Derived Hormones in Heroin Addicts: the Influence
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Summary

Heroin addiction markedly affects the nutritional and metabolic status and frequently leads to malnutrition. The aim of
our study was to compare circulating concentration of adipose tissue-derived hormones leptin, adiponectin and resistin
in 12 patients with heroin addiction before and after one-year methadone maintenance treatment with the group of 20
age- and body mass index-matched healthy subjects. Basal serum leptin and adiponectin levels in heroin addicts were
significantly decreased (3.410.4 vs. 4.5£0.6 ng/ml and 18.9+3.3 vs. 33.9+3.1 ng/pl, respectively; p<0.05) while serum
resistin concentrations were increased compared to healthy subjects (10.1£1.2 vs. 4.6+0.3 ng/ml; p<0.05). Moreover,
positive correlation of serum leptin levels with body mass index was lost in the addicts in contrast to control group. One
year of methadone maintenance treatment normalized serum leptin, but not serum adiponectin and resistin
concentrations. In conclusion, circulating concentrations of leptin, adiponectin and resistin are markedly altered in
patients with chronic heroin addiction. These alterations appear to be relatively independent of nutritional status and
insulin sensitivity.
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Introduction subcutaneous tissue as a result of secondary immune

dysfunction. Transmission of infectious diseases (such as

Drug addiction is at present one of the most
severe social-economical problems (Cartwright and
Solano 2003). This
accompanied by many pathophysiological consequences

problem is, among others,
influencing health and nutritional status. Drug addicts
commonly suffer from malnutrition owing primarily to
the limited food availability (Mohs et al. 1990). They
also frequently develop infectious complications e.g.
infections tract and

(most frequently) of urinary

HIV or hepatitis) following intravenous drug admini-

stration is another cause of excessive infection
dissemination in this group of patients (Robles et al.
1998).

Methadone maintenance treatment (pioneered in
the early 1960s) represents one of the possible ways to
prevent and control heroin addiction. Methadone is a
long-acting opioid mu receptor agonist acting on the

surfaces of opioid-sensitive neurons (Vetulani 2001).
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Opioid-sensitive neurons located in the ventral tegmental
area (VTA) produce dopamine and release it into the
nucleus accumbens, giving rise to pleasurable feeling.
Conditioned associations of the feeling of pleasure with
the circumstances and environment of addiction create a
long-lasting memory record. Another opioid brain circuit
includes locus ceruleus secreting noradrenaline and
distributing it to other parts of the brain, which participate
Methadone,
similarly to other opioids as dependence-producing drug,

in opioid dependence. though acting

has minimal tolerance and alleviates craving and
compulsive drug use (Nestler 2001). Moreover, it tends to
normalize many aspects of the hormonal disruptions
found in addicted individuals, reduces relapse rates and
enables patients to concentrate on everyday tasks.

The discovery of leptin and other hormones
produced by the adipose tissue revealed new
interconnections of nutritional status with immune system
and metabolic regulations (Havel 2002). Leptin is a
protein hormone produced almost exclusively by
adipocytes (Zhang et al. 1994), although there are some
reports suggesting that other tissues, in particular the
brain, may contribute significantly to the overall
circulating leptin pool (Eikelis et al. 2004). Serum leptin
concentrations positively correlate with body fat content
(Maffei et al. 1995, Haluzik et al. 1998). Leptin's major
role is to signal the status of peripheral energy stores to
the hypothalamic satiety center. Malnutrition with
decreased adiposity is accompanied by hypoleptinemia
that has important pathophysiological consequences
(Haluzik et al. 1999). Low leptin levels act as a trigger of
the complex neuroendocrine adaptive response to fasting.
This response includes the drop of energy expenditure,
amenorrhea in females, decreased sexual function in
males, delayed onset of puberty in prepubertal children
and immune dysfunction with decreased CD4+/CD8+
ratio (Sanchez-Margalet et al. 2003).

Recently, two more adipocyte-derived hormones
that affect insulin action and immune function were
discovered. The first, resistin, was proposed to link
obesity to insulin resistance (Steppan et al. 2001). In the
original report, serum resistin levels were increased in
animal models of obesity and insulin resistance and anti-
resistin antibody partially blunted insulin resistance. The
original hypothesis was not fully supported by later
studies and the role of resistin in the regulation of insulin
sensitivity remains controversial (Savage et al. 2001).
Another adipocyte-derived hormone — adiponectin — is in

contrast to leptin and resistin inversely related to body fat

content, i.e. its serum concentrations are increased in lean
(Arita et al. 1999).
Experimental data suggest that adiponectin has insulin-

relative to obese subjects
sensitizing and anti-inflammatory properties (Berg et al.
2002, Haluzik et al. 2004).

The adipose tissue thus produces a number of
substances that can affect metabolic regulations and
immune function. We hypothesized that drug addiction
could be accompanied by alterations in circulating
adipocytokines primarily related to nutritional status of
drug addicts. We show here that circulating levels of
adipose tissue-derived hormones in patients with drug
addiction significantly differ from those of healthy
subjects and that methadone maintenance treatment
partially normalizes the differences.

Methods

Twelve patients (8 males and 3 females) with
chronic heroin addiction (mean addiction duration 9+0.5
years, mean age 26.2+2.1 years) and 20 healthy age-
matched control subjects (13 males and 7 females, mean
age 25.1£1.1 years) were included into the study. While
in healthy subjects no signs of acute infectious disease
were present, 60 % of heroin addicts were positive for
hepatitis B and/or C infection. None of the heroin addicts
was HIV positive.

Control subjects underwent a single physical
examination and blood withdrawal only, while addicts
were examined before the start and after one year of
methadone maintenance treatment.

The study protocol was approved by the local
ethical committee. The subjects were informed about the
purpose of the study and provided informed consent.

Subjects were measured and weighed. The blood
samples for all measurements were withdrawn after an
overnight fast between 8:00 and 9:00 h. Serum leptin,
soluble leptin receptor (SLR), resistin and TNF-a levels
were measured by commercial ELISA kits (BioVendor,
CR and R&DS, USA, respectively), insulin, cortisol and
adiponectin levels by RIA kits (Immunotech, CR and
Linco Research, USA, respectively). Serum total and
C-reactive protein were measured at the Department of
Clinical Biochemistry of the University Hospital, Prague,
by standard laboratory methods.

The statistical analysis was performed with
SigmaStat software (Jandel Scientific, USA). The results
are expressed as means = S.E.M. Analysis of variance
followed by Student-Neuman-Keuls test and paired t-test
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were used for comparison of the groups as appropriate.
The correlations between the variables were calculated by
Pearson correlation test.

Results

The body mass index of the addicts did not
significantly differ from the control group of healthy

subjects (Table 1). The same was found for serum total
protein, insulin and TNF-o.. In contrast, serum cortisol,
leptin, soluble leptin receptor and adiponectin levels were
significantly lower in the addict group relative to healthy
subjects. Serum C-reactive protein (CRP) and resistin
levels were markedly higher in the addicts relative to the
control group (Table 1).

Table 1. Anthropometric, hormonal and biochemical parameters of control and heroin addicts group (HA) before and after one year of

methadone maintenance treatment.

Control group HA - basal HA - after methadone

BMI (kg/m?) 22.9+0.5 22.1+13 224+1.1

TP (9/1) 79.4+0.9 76.0+1.3 79.0+£1.0"
CRP (mg/l) 32422 13.6 £2.6* 11.14£2.1*
Insulin (mU.I™) 15.7+0.7 18.8+3.1 16.6+1.7

Cortisol (ng/ml) 507 £47 332 +36* 441 +£53

TNF-« (ng/ml) 3.55+£0.57 3.50+£0.63 3.07+0.80
Leptin (ng/ml) 45+0.6 3.4+0.4% 6.5+£0.6"
SLR (U.ml™) 27.942.3 12.6 +1.0% 13.5+1.0%
Adiponectin (ng/ul) 33.9+3.1 18.9£3.3* 19.6£2.5*
Resistin (ng/ml) 4.6+0.3 10.1+£1.2% 10.2+1.3*

BMI — body mass index, TP — total protein, CRP — C-reactive protein, SLR — soluble leptin receptor. Data are means + S.E.M.,
* p<0.05 vs. Control group, * p<0.05 vs. HA before methadone maintenance treatment

Table 2. Correlation of serum leptin levels with anthropometric, biochemical and hormonal parameters in control and heroin addicts
group (HA) before and after one year of methadone maintenance treatment.

Control group HA - basal HA - after methadone
BMI r=0.69, p<0.05 NS r=0.78, p<0.05
TP NS NS r=0.80, p<0.05
CRP NS NS NS
Insulin NS NS NS
Cortisol NS NS NS
TNF-« NS NS NS
SLR NS NS NS
Adiponectin NS NS NS
Resistin NS NS NS

BMI — body mass index, TP — total protein, CRP — C-reactive protein, SLR — soluble leptin receptor. r: correlation coefficient,

p: significance level (p<0.05), NS: non-significant (Pearson test)

One year of methadone maintenance treatment
did not significantly affect the body mass index of addicts
group (Table 1). No change after methadone maintenance
treatment was found in serum insulin, TNF-a and soluble

leptin receptor concentrations. Serum CRP levels tended
to decrease after methadone maintenance treatment but
the difference did not reach statistical significance and
CRP levels in addicts group after one of methadone
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maintenance treatment still remained significantly
increased relative to control group (Table 1). One year of
methadone maintenance treatment increased serum total
protein and leptin levels and tended to increase serum
cortisol levels (p=0.063 for addicts before vs. after
methadone maintenance treatment). On the contrary,
methadone maintenance treatment did not significantly
affect serum soluble Ileptin receptor and adiponectin
levels which remained lower relative to the control group.
Serum resistin levels in addicts group after one year of
methadone maintenance treatment still remained
markedly increased being two-fold higher than in healthy
subjects (Table 1).

Serum leptin levels positively correlated with
body mass index in controls and addicts group after but
not before methadone maintenance treatment (Table 2).
Serum leptin levels correlated positively with total
protein concentrations in addicts after one year of
methadone maintenance treatment only (Table 2). No
other significant relationship of serum leptin levels with

other biochemical and hormonal parameters were found.
Discussion

The most important finding of our study is that
circulating levels of adipose tissue-derived hormones in
heroin addicts are markedly different from those of
healthy subjects with comparable body weight. Serum
leptin levels were significantly decreased in patients with
heroin addiction and this decrease was normalized after
one year of methadone maintenance treatment. Moreover,
basal serum leptin concentrations in heroin addicts did
not correlate with body mass index and methadone
maintenance treatment restored this correlation. We
suggest that the regulation of leptin production in heroin
addicts appears to be relatively independent of body fat
factor that lead to
hypoleptinemia in the addicts is the decrease of cortisol

group
stimulators of

content. One possible may

levels detected in our of drug users.

Glucocorticoids are strong leptin
production and their deficiency can eventually result in
decreased leptin levels (Dagogo-Jack et al. 2003,
Wabitsch et al. 1996). Alternatively, leptin production
could be influenced directly by heroin or its metabolites.
However, to our best knowledge, no experimental or
clinical data directly addressing this question are
available. The experimental data rather suggest an inverse
relationship showing that leptin administration attenuates

acute food deprivation-induced relapse to heroin seeking

(Shalev et al. 2001). Another possible factor in the
regulation of serum leptin levels is the concentration of
its major plasma binding protein — soluble leptin receptor
(Kifzova et al. 2002, 2003). Here we found significantly
decreased soluble leptin receptor concentrations in the
addict group. It remains to be elucidated whether lower
soluble leptin receptor can lead to a decrease of serum
leptin levels and which mechanism is possibly involved.
Adiponectin concentrations, which are normally
increased in lean and decreased in obese subjects,
positively correlate with insulin sensitivity (Weyer et al.
2001). Here we found significantly lower adiponectin
concentrations in the addicts. In contrast to leptin,
adiponectin concentration was not affected by methadone
maintenance treatment. Interestingly, serum resistin
levels were twofold higher in the addicts relative to
healthy
increased resistin levels are commonly found in patients
with insulin resistance (Havel 2002, Ukkola 2002).

Insulin sensitivity was not directly assessed in this study,

subjects. Both decreased adiponectin and

however, insulin concentrations were not different from
the control group, suggesting no major perturbations in
insulin sensitivity in the addicts. The changes of both
adiponectin and resistin in the addicts thus appear to be
unrelated to insulin sensitivity and could be directly
caused by other factors including the activation of
chronic inflammatory response.

In contrast to the normalization of leptin and
cortisol levels after one year of methadone maintenance
treatment neither resistin nor adiponectin concentrations
were affected by methadone maintenance treatment.
These results argue against direct and specific effect of
methadone and/or heroin on resistin and adiponectin
levels.

Since serum concentrations of adipocyte-derived
hormones were markedly altered in patients with heroin
addiction, it is important to consider possible patho-
physiological consequences of such changes. Lower
serum leptin levels could contribute both to disturbances
of menstrual cycle in women with drug addiction and to
immune dysfunction commonly found in these patients
(Sanchez-Margalet et al. 2003). Recently, brain was
identified as a significant source of circulating leptin
(Eikelis et al. 2004). It is tempting to speculate that
decreased leptin production in the brain rather than in the
periphery could be responsible for lower serum leptin
levels in drug addicts before methadone maintenance
treatment.

Decreased adiponectin and increased resistin
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levels could in concert lead to a decreased overall insulin
sensitivity and increased tendency towards athero-
sclerosis. Further studies are necessary to assess whether
and to what extent the changes of insulin sensitivity
present in patients with drug addiction are induced by the
changes in circulating adiponectin and resistin levels.

In conclusion, our study shows that circulating
levels of adipose tissue-derived hormones in patients with

heroin addiction significantly differ from those of healthy

treatment normalizes leptin, but not adiponectin or
resistin concentrations. The clarification of pathophysio-
logical consequences of altered circulating adipocyte-
derived hormones in drug addicts requires further
investigation.
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