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Summary

An increasingly important issue in the Polish population is drug abuse. It leads to extensive
damage of parenchymal organs, including kidney. Establishing early markers of organ damage
and their monitoring during rehabilitation therapy is therefore of pivotal importance. This
study evaluated the utility of highly specific and selective markers (NGAL, IL-18, a and -GST
isoenzyme, and R2-M). The influence of opioid drugs and other factors on kidney function
(HIV and HCV infections, duration and the kind of drugs abused) was determined.

Urine collected from 83 subjects who abused drugs and 33 healthy volunteers was tested
with ELISA using specific antibodies (IBL, Biotron, Bioporto-Diagnostics). HIV infection
was confirmed with western-blotting and HCV with PCR. CD4 lymphocytes were quanti-
fied with flow cytometry. RFLP and PCR were used to determine the viral load of HIV and
HCV (genotype).

A significant increase of IL-18, NGAL and 2M activity in heroin addicts compared to the con-
trol group was noted as well as the influence of HIV infection on NGAL and p2M excretion. A
statistically significant (p=0.04) correlation between the viral load and IL-18 concentration was
noted while no significant influence of the duration and the kind of drugs abused, the route
of intake or the age of addicts was seen. Only the NGAL concentration was sex dependent and
significantly higher in women.

This study showed the specific, clinical utility of IL-18, NGAL, and p2M in the evaluation of
renal function in drug addicts. Early detection of nephropathy with biochemical indicators

might help prevent severe conditions that require hospitalization and intensive care.

drugs - addicted + heroin - nephropathy - kidney markers
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INTRODUCTION

Clinical trials concentrating on the evaluation of toxic ef-
fects of narcotics are burdened with numerous difficulties,
taking into account, among others, illegality of their po-
ssession and usage. Hospital Emergency Departments and
Intensive Care Units often admit drug abusers in very severe
general condition, which is caused by drug overdosage and
impaired function of important organs responsible for eli-
mination of endo- and exogenous substances from the body.
Of special interest is their effect on the kidneys, failure of
which may lead to disturbed functioning of all the organs.
Available literature contains few reports on nephrotoxicity
associated with sporadic or permanent usage of these sub-
stances. Such studies have been conducted mainly in vitro
[3], although there were trials to demonstrate an associa-
tion between kidney impairment and histological findings
on autopsy in heroin addicted individuals [8].

Function of the excretory organ in individuals addicted to
opiates may be affected by a number of factors, including
individual response of the organism, applied dosage, to-
lerance and adverse effects caused by this group of drugs
[16]. A distinct diuretic or natriuretic response is observed
regardless of the route of administration. In physiological
conditions the endogenous opioid receptor system does
not exert any significant effect on renal excretion. On the
other hand, its activation is associated with a significant
effect [22].

Thus an adequate selection of indicators enabling early
detection of renal function impairment is of utmost signi-

ficance.

The aim of the study was to evaluate the effect of opioids
use in association with other factors, such as HIV and HCV

Table 1. Demographic data of heroin addicted individuals and healthy controls

infection, kind of addiction, and duration of drug abuse on
renal function.

MareriaLs AND MEeTHODS

The studies involved in total 116 individuals, including 83
subjects taking intravenous injections of heroin in the past,
and 33 healthy individuals who constituted the control gro-
up. Demographic data of the addicted individuals and the
control group are presented in Table 1.

Every person was informed of the aim and methods of the
trial and gave informed consent to participate in the study.
The study protocol was approved by the Bioethics Commit-
tee at Wroctaw Medical University (No. 157/2010).

The levels and activity of renal function parameters were
evaluated in urine, which was collected into polyethylene
containers without any preservatives. In order to eliminate
the morphotic elements, the urine was centrifuged for 15
min at 3000 rpm immediately after collecting. It was stored
at-80°C until examination. Virusological studies (HIV, HCV)
were performed on blood collected for clot, which was sto-
red at 4°C until examination.

The evaluation of renal function was based on urine levels
of the following parameters: IL-18 (interleukin 18), NGAL
(human neutrophil gelatinase-activated lipocalin), the acti-
vity of: GST-a - alpha glutathione S-transferase isoenzyme
specific for the proximal part of the renal tubules, GST-nt -
S-glutathione S-transferase pi characteristic for the distal
part of renal tubules, collecting tubules and loop of Henle,
as well as the levels of ,M - B,-microglobulin, a micromo-
lecular protein.

Number of Age (years) Gender
Study group bi -
subjects X +SD from to female male
Heroin addicted 8 3220 7.30 2 51 2 53
individuals
Healthy controls 33 27.53 5.82 21 40 20 13
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Table 2. Renal function parameters in heroin-addicted individuals and in healthy controls

Values of renal function parameters

Investigated para- Heroin addicted individuals

Control group

meter
X +SD from to X +SD from to
IL-18 [pg/ml] 37.42%% 59.94 1.40 505.40 892 5.04 0.20 18.60
NGAL [ng/ml] 0.59* 1.15 0.10 8.20 0.26 0.24 0.10 1.00
GST-a [ng/ml] 6.28 12.63 0.20 75.80 242 2.00 0.20 7.00
GST-m [ng/ml] 1n.75 31.90 0.40 280.00 6.06 3.06 1.30 15.0
B2M [ng/ml] 0.51%* 1.07 0.10 9.10 0.19 0.09 0.10 0.50

Statistical significance of differences in mean values of the renal function parameters between heroin addicted individuals and healthy controls at: * p=0.04, ** p<0.001.

Table 3. Renal function parameters in heroin addicted individuals and in healthy controls in relation to urine creatinine level

Values of renal function parameters in relation to urine creatinine level

Investigated parameter Heroin addicted individuals Control group
X +SD from to X +SD from to
IL-18 [pg/mg of creatinine] 30.85% 31.52 1.90 172.67 8.66 5.84 0.18 23.80
NGAL [ng/mg of creatinine] 0.50 0.87 0.03 571 0.27 0.24 0.04 0.96
GST-a [ng/mg of creatinine] 5.47 10.36 0.09 78.14 2.76 2.78 0.18 10.18
GST-m [ng/mg of creatinine] 12.99 43.26 043 392.71 6.33 3.70 0.63 14.25
B2M [ng/mg of creatinine] 0.67 1.95 0.03 16.25 0.20 0.11 0.06 0.49

Statistical significance of differences in mean IL-18 values between heroin addicted individuals and healthy controls at: * p<0.001.

The levels of IL-18, NGAL, B,M as well GST-a, GST-Tt activity
were measured by the immunoenzymatic ELISA method
using specific antibodies (manufactured by IBL, Biotron,
Bioporto-Diagnostics), while the level of creatinine was de-
termined by means of the immunological fluorescence po-
larization method with a VIVA Analyzer, Siemens.

HIV and HCV infection were ruled out on the basis of negati-
ve ELISA test for antibodies, anti-HIV and p24 antigen as well
as anti-HCV respectively. In order to confirm HIV infection,
western blot examination was performed, while to confirm
HCV the PCR method was used. The number of CD4 lympho-
cytes was determined by means of flow cytofluorometry.
The PCR method in combination with RFLP was used to de-
termine HIV and HCV viremia as well as HCV genotyping,

Statistical analysis of the findings was performed by means
of Statistica PL 9.1 software. The Shapiro-Wilk test was used
to evaluate normal distribution of all the investigated para-
meters. As none of the parameters, except for the urine cre-
atinine level, revealed normal distribution, non-parametric
tests had to be used: the Kolmogorov-Smirnov or the Mann-
-Whitney U test, depending on the size of the investigated
group. Relationships between the observed parameters were
analyzed by means of Spearman’s linear correlation coeffi-

cient or the ANOVA rank Kruskal-Wallis test. Values p<0.05
were considered statistically significant.

Resutts

Mean levels of IL-18, NGAL and B, M were statistically signi-
ficant in the group of heroin addicts in comparison to con-
trols and were: 37.42+59.94 and 8.92+5.04 pg/ml, 0.59+1.15
and 0.26£0.24 ng/ml as well as 0.51¢1.07 and 0.1920.09 ng/
ml respectively. The values of the remaining parameters,
despite lack of statistical significance, were also higher in
individuals taking heroin in comparison to healthy subjects.
Table 2 presents mean values of individual parameters of
renal function for both investigated groups.

Moreover, the levels of creatinine in urine differed statisti-
cally significantly (p=0.05) in both the investigated groups
and were 1.4420.82 mg/ml (from 0.09 to 3.58 mg/ml) in he-
roin addicted individuals and 1.14+0.49 mg/ml (from 0.35 to
2.21 mg/ml) in healthy controls.

In order to eliminate the effect of the volume of diuresis and
personal features on enzymuria, values of the parameters
were calculated in relation to the urine creatinine level
[14,19]. The values are presented in Table 3.
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Table 4. Renal function parameters in heroin-addicted women and men

Values of renal function parameters calculated in relation to urine creatinine level

Investigated parameter Women (n=20) Men (n=63)
X +SD from to X +SD from to
IL-18 [pg/myg of creatinine] 45.55 46.11 418 172.67 26.17 23.89 1.90 113.98
NGAL [ng/mg of creatinine] 1.02% 1.52 0.07 571 033 0.43 0.03 2.59
GST-a [ng/mg of creatinine] 5.48 9.15 0.20 34.72 5.46 10.78 0.09 78.14
GST-m [ng/mg of creatinine] 28.56 86.53 0.64 39271 8.05 8.78 0.43 38.37
B2M [ng/mg of creatinine] 0.48 0.47 0.07 1.61 0.73 222 0.03 16.25
Statistical significance of differences in mean NGAL level in relation to urine creatinine level between heroin addicted women and men at: * p=0.01.
Table 5. Renal function parameters in individuals addicted to heroin and in patients with mixed type addiction.
Values of renal function parameters in relation to urine creatinine level
Type of addiction
Investigated parameter
Heroin Mixed
X +SD from to X +SD from To
IL-18 [pg/mg of creatinine] 29.64 27.8 3.67 128.79 32.68 37.43 1.90 172.67
NGAL [ng/mg of creatinine] 0.63 1.09 0.03 571 0.30 0.25 0.04 1.08
GST-a [ng/mg of creatinine] 5.90 12.37 0.09 78.14 4.82 6.31 0.12 2791
GST-m [ng/mg of creatinine] 15.55 55.16 0.43 392.71 9.1 10.45 0.64 42.10
B2M [ng/mg of creatinine] 0.74 232 0.03 16.25 0.57 121 0.04 5.38

Analysis of mean values of renal function parameters after
dilution of urine demonstrated only a statistically significant
increase in the level of IL-18 in the group of heroin addicted
subjects (30.85£31.52 pg/mg of creatinine) in comparison to
the control group (8.66+5.84 pg/mg of creatinine). Values of
the remaining parameters did not differ statistically signi-
ficantly between the observed groups, although the values
were higher in heroin addicts. A difference on the border
of statistical significance (p=0.06) was demonstrated for the
level of §,M in heroin addicted subjects in comparison to
healthy subjects.

No effect of age on the values of investigated parameters was
demonstrated in both groups; however, a relationship was
observed between the level of NGAL and gender in the group
of heroin addicts. Its mean level in women (1.02+1.52 ng/mg
of creatinine) was statistically significantly (p=0.01) higher
in comparison to men (0.33+0.43 ng/mg of creatinine). Also,
adifference on the border of statistical significance (p=0.07)
was demonstrated for IL-18 level. Mean values of this renal
function parameter calculated per milligram of creatinine in
heroin-addicted women and men are presented in Table 4.

The group of individuals addicted to psychoactive agents is
very heterogeneous - most of them sporadically took other
drugs in the past, and some of them were addicted to seve-
ral narcotics. Two further subgroups were separated on the
basis of psychiatric assessment and ICD-10 classification:
individuals addicted only to heroin (50 subjects) and indi-
viduals with mixed addiction (33 subjects). No statistically
significant differences were found in the mean levels of IL-
18, NGAL, GST-a, GST-1t and B, M calculated per milligram
of creatinine between the above-mentioned subgroups, as
presented in Table 5.

Furthermore, values of the renal function parameters cal-
culated per milligram of creatinine were not affected by
such factors as addiction period, duration of the longest
bender (continued daily drug use) as well as purity of he-
roin. In subjects using in the past so-called compote (con-
taining solvents used for its production: acetone, vine-
gar, synthetic resins) and so-called brown sugar (the most
contaminated kind of heroin), the levels of investigated
parameters did not differ statistically significantly. Renal
function parameters in the group of heroin addicted indi-

1217



® Postepy Hig Med Dosw (online), 2013; tom 67: 1214-1221

Table 6. Renal function parameters in heroin addicts in relation to the kind of heroin taken in the past.

Renal function parameters calculated in relation to urine creatinine level

Subjects taking in the past so-called

Parameter
compote (n=39) brown sugar (n=40)

X +SD from to X +SD from to
IL-18 [pg/mg of creatinine] 2749 27.63 1.90 128.79 3451 35.82 3.49 172.67
NGAL [ng/mg of creatinine] 0.56 1.06 0.03 571 0.46 0.69 0.04 3.93
GST-a [ng/mg of creatinine] 4.70 7.90 0.09 3472 6.64 12.69 0.12 78.14
GST-1 [ng/mg of creatinine] 7.70 8.98 0.43 36.56 18.32 61.42 0.51 392.71
B2M [ng/mg of creatinine] 0.87 2.7 0.03 16.25 0.53 0.91 0.03 498

Table 7. Renal function parameters in subjects addicted to heroin who took or did not take cocaine in the past

Renal function parameters calculated in relation to urine creatinine level

Parameter Subjects who did not take cocaine in the past Subjects who took cocaine sporadically
X +SD from to X +SD from to
IL-18 [pg/mg of creatinine] 32.27 31.42 3.67 172.67 29.17 31.98 1.90 128.79
NGAL [ng/mg of creatinine] 0.41 0.55 0.03 3.18 0.60 1.14 0.04 571
GST-a [ng/mg of creatinine] 4.49 5.66 0.26 26.93 6.62 14.04 0.09 78.14
GST-m [ng/mg of creatinine] 9.19 10.22 0.64 38.37 17.49 63.12 0.43 392.71
B2M [ng/mg of creatinine] 0.81 2.51 0.04 16.25 0.50 0.87 0.03 498

Table 8. Renal function parameters in subjects addicted to heroin who took or did not take amphetamine in the past

Renal function parameters calculated in relation to urine creatinine level

Parameter Subjects who did not take amphetamine in the past Subjects who took amphetamine sporadically
X +SD from to X +SD from to
IL-18 [pg/mg of creatinine] 35.51 23.95 3.49 68.90 30.29 3241 1.90 172.67
NGAL [ng/mg of creatinine] 0.69 1.08 0.04 3.18 0.48 0.85 0.32 57
GST-a [ng/mg of creatinine] 16.85 2471 0.85 781 4.08 5.98 0.09 3473
GST-1 [ng/mg of creatinine] 10.22 11.61 1.23 34.77 1333 45.67 0.43 392.71
2M [ng/mg of creatinine] 0.35 0.38 0.08 133 0.71 2.06 0.03 16.25

viduals in relation to the kind of heroin taken in the past
are presented in Table 6.

Cocaine and amphetamine are psychoactive substances with
aproven nephrotoxic effect. In the investigated group none
of the subjects was addicted to these drugs; however, in the
past cocaine and amphetamine were taken sporadically by
38 and 74 patients respectively. Tables 7 and 8 present renal
function parameters in subjects addicted to heroin in rela-
tion to the past usage of cocaine and amphetamine.

Concomitant occurrence of HIV and/or HCV infection is
an important issue affecting the health condition of indi-
viduals addicted to psychoactive substances. The infec-
tions may additionally deteriorate their health status, as
both viruses exert a nephrotoxic effect. Our studies de-
monstrated only the effect of HIV infection on NGAL and
B,M levels, which in subjects free from HIV infection were
0.39:0.1 ng/mg of creatinine and 0.33+0.44 ng/mg of cre-
atinine, while in the HIV (+) group they were 0.53+0.1 ng/
mg of creatinine and 1.60+3.58 ng/mg of creatinine respec-
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Table 9. Renal function parameters in subjects addicted to heroin in relation to HIV infection

Renal function parameters calculated in relation to urine creatinine level

Parameter Subjects free from HIV infection (n=61) Subjects with HIV infection (n=22)
X +SD from to X +SD from to
IL-18 [pg/mg of creatinine] 29.77 32.78 1.90 172.66 33.85 28.24 3.67 113.98
NGAL [ng/mg of creatinine] 0.39% 0.10 0.03 571 0.53 0.10 0.07 1.19
GST-a [ng/mg of creatinine] 6.24 11.85 0.12 78.14 3.32 3.34 0.09 15.0
GST-m [ng/mg of creatinine] 14.49 50.21 0.43 392.71 8.84 8.90 0.92 36.56
2M [ng/mg of creatinine] 0.33%* 0.44 0.03 2.69 1.60 3.58 0.07 16.25
Statistical significance of differences in mean renal function parameters levels between heroin addicted subjects HIV (+) and HIV (-) at: * p<0.025, ** p=0.03.
Table 10. Renal function parameters in subjects addicted to heroin in relation to HCV infection
Renal function parameters calculated in relation to urine creatinine level
Parameter Subjects free from HCV infection (n=7) Subjects with HCV infection (n=76)
X +SD from to X +SD from to
IL-18 [pg/mg of creatinine] 26.34 14.65 5.19 44.54 31.27 32.67 1.90 172.67
NGAL [ng/mg of creatinine] 0.21 0.20 0.03 0.53 0.53 0.90 0.04 57
GST-a [ng/mg of creatinine] 6.08 7.64 0.26 17.42 541 10.61 0.09 78.14
GST-1 [ng/mg of creatinine] 13.58 14.35 0.64 38.73 12.94 45.04 0.43 39271
B2M [ng/mg of creatinine] 0.29 0.23 0.1 0.80 0.71 2.03 0.03 16.25
Table 11. Renal function parameters in subjects addicted to heroin in relation to HCV genotype
Renal function parameters calculated in relation to urine creatinine level
Genotype
Parameter
1(n=16) 3(n=23) 4 (n=6)
X +SD from to X +SD from to X +SD from to
;flfe[a‘;gn/m; 299 3232 190 1879 3901 4158 704 17268 279 1803 566 4500
':??rta[:m? 023 020 007 08 080 139 008 571 044 041 007 119
iﬂ:;{:g{;’g 091 199 017 7814 457 612 012 2791 324 465 009 1263
iﬂr’;a[;gl/::? 835 695 078 2118 2539 8071 043 3271 395 15 251 655
BMIO/MG —5) o33 003 1 041 056 004 269 020 007 013 08

of creatinine]

tively. Tables 9 and 10 present renal function parameters
in subjects addicted to heroin in relation to HIV and HCV
infection respectively.

No association was found between the analyzed renal func-
tion parameters for individual genotypes and HCV viremia
(Table 11).
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The occurrence of renal function impairment in the course
of HIV infection s significantly affected by the compromised
activity of the immune system expressed by the number of
CD4 lymphocytes and viremia. Analysis of obtained results
indicated only a statistically significant correlation (p=0.04)
between the level of IL-18 and viremia (IL-18 level = 0.13 x
107 x viremia + 26.658; r* = 0.21). A diagram illustrating the
above relationship is presented in Fig. 1.

140

120

-1ES 0 1ES 2ES 3ES 4E5 SES

Fig. 1. Relationship between the level of IL-18 calculated per milligram of
creatinine and HIV viremia

Discussion

The examinations revealed elevated levels of investigated
renal function parameters (IL-18, NGAL, glutathione trans-
ferase isoenzymes a-GST, n-GST and ,-microglobulin) in
drug addicts in comparison to the control group. The levels
of IL-18, NGAL and ,M were found to be especially statisti-
cally significantly elevated in comparison to controls. The
first reports suggesting a nephropathic effect of heroin
were published as early as in the 1970s (HAN) [8].

High IL-18 activity may point to the mechanism of induc-
tion of the inflammatory response in the renal epithelial
cells, and its constant expression may be important for
the reactions of immediate damage. Data from the litera-
ture indicate that intravenous administration of heroin
induces an immunological response (high level of IgM
antibodies), which is a reaction to the drug itself and
associated contaminations. Such a reaction was absent
in the case of heroin inhalations [9,10,19]. A number of
histological changes were described in persons taking
heroin intravenously - numerous deposits of IgM and
IgG antibodies and complement C3 were found in the kid-
neys [8,9,10]. Morphine also causes interactions between
connective tissue cells and macrophages, both local and
those present in pathological conditions. Moreover, pro-
longed abuse of heroin contributes to increased activity
of T lymphocytes [4, 12,23].

The increased level of NGAL observed in our studies may
evidence ischemic injury of the renal tubules. It seems to
be induced by a potent contractile mechanism of heroin
on renal blood vessels. It is believed that a combination
of several drugs is burdened with higher nephrotoxicity

than the use of one drug [20,21]. In the performed studies
sporadic use of cocaine apart from heroin did not have
any effect on renal function. On the other hand, subjects
using opioids and amphetamine revealed a significantly
higher level of a-GST than the group of addicted subjects
not using amphetamine.

Elevated levels of GST-a in the group of drug users taking
additionally amphetamine in comparison to controls may
suggest that these individuals develop damage of the pro-
ximal tubules, as the GST-a isoenzyme is located mainly
in the proximal tubules. Xenobiotics may destroy every
segment of the nephron; however, most susceptible are
the cells of the proximal tubule, as they reveal the highest
metabolic activity and a very high osmotic gradient. The
proximal convoluted tubule, contrarily to the distal convo-
luted tubule, possesses a less tight epithelial layer, and the
cellular transport of the majority of xenobiotics occurs in
this part of the nephron [15].

Many reports contain information on the nephrotoxic ef-
fect of amphetamine derivatives [2,5 6,14,21]. Nephroto-
xicity may lead to transient injury of the renal tubules,
hyponatremia, which is closely associated with increasing
levels of ADH, and damage to the proximal renal tubules,
which is evidenced by the GST-« increase revealed in our
studies.

Elevated levels of §,M found in addicted subjects with HIV
infection in comparison to both control subjects and ad-
dicted HIV(-) subjects demonstrate that concomitant in-
fection has a negative effect on renal function. This has
been confirmed by literature data[1,11,13,17,18]. The most
common renal pathology in the course of HIV infection
includes focal segmental glomerulosclerosis as well as glo-
merular immune complex deposits. Also the inflammatory
process induced by HIV presence plays an important role
in kidney failure. This is confirmed by the observed asso-
ciation between IL-18 level and HIV viremia.

The obtained findings did not show any significant influ-
ence of the kind of heroin on renal function. However, the-
re are reports in the literature on an association between
the incidence of focal segmental glomerulosclerosis (FSGS)
and purity of used heroin. It is assumed that contamina-
tions added to heroin in order to increase the drug volume
may induce an immune response and evoke inflammatory
processes [7,23].

ConcLusIoNs

1. The present study proved that drug abuse exerts an unfa-
vorable effect on renal function. Renal injury in individuals
addicted to drugs has multifactorial character and is also
affected by concomitant HIV infection and other substan-
ces taken simultaneously.

2. Among the investigated nephrotoxicity parameters, of
special diagnostic value in the evaluation of renal function
in drug abusers are IL-18, NGAL, and 3, -microglobulin.

1220



Jacek Gasiorowsk et al. — The investigation of specific biochemical markers...

REFERENCES

[1] Ajaelo 1., Koenig K., Snoey E.: Severe hyponatraemia and inappro-
priate antidiuretic hormone secretion following ecstasy use. Acad.
Emerg. Med., 1998; 5: 839-840

[2] Ando M., Yanagisawa N., Ajisawa A., Tsuchiya K., Nitta K.: Kidney
tubular damage in the absence of glomerular defects in HIV-infec-
ted patients on highly active antiretroviral therapy. Nephrol. Dial.
Transplant., 2011; 26: 3224-3229

[3] Barroso-Moguel R., Mendez-Armenta M., Villeda-Hernandez J.:
Experimental nephropathy by chronic administration of cocaine in
rats. Toxicol. Sci., 1995; 98: 41-46

[4] Bhat R.S., Bhaskaran M., Mongia A., Hitosugi N., Singhal P.C.: Mor-
phine-induced macrophage apoptosis: oxidative stress and strategies
for modulation. J. Leukoc. Biol., 2004; 75: 1131-1138

[5] Bingham C., Beaman M., Nicholls A J., Anthony P.P.: Necrotizing
renal vasculopathy resulting in chronic renal failure after ingestion
of methamphetamine and 3.4-methylenedioxymethamphetamine
(cecstasy>). Nephrol. Dial. Transplant., 1998; 13: 2654-2655

[6] Cunningham M.: Ecstasy-induced rhabdomyolysis and its role in
the development of acute renal failure. Intensive Crit. Care. Nurs.,
1997, 13: 216-223

[7] Decelle L., Cosyns J.P., Georges B., Jadoul M., Lefebvre C.: Acute
interstitial nephritis after cocaine sniffing. Clin. Nephrol., 2007;
67:105-108

[8] Dettmeyer R., Wessling B., Madea B.: Heroin associated neph-
ropathy- a post-mortem study. Forensic Sci. Int., 1998; 95: 109-116

[9] Gitman M.D., Singhal P.C.: Cocaine-induced renal diseases. Expert.
Opin. Drug Saf., 2004; 3: 441-448

[10] Jaffe J., Kimmel P.: Chronic nephropathies of cocaine and heroin
abuse: a critical review. Clin. J. Am. Soc. Nephrol., 2006; 1: 655-667

[11] Kamar N., Izopet J., Alric L,. Guilbeaud-Frugier C., Rostaing L.:
Hepatitis C virus-related kidney disease: an overview. Clin. Neph-
rol., 2008; 69: 149-160

[12]Kapasi A.A., Coscia S.A., Pandya M.P,, Singhal P.C.: Morphine mo-
dulates HIV-1 gp160-induced murine macrophage and human mono-
cyte apoptosis by disparate ways. J. Neuroimmunol., 2004; 148: 86-96

[13] Kopp J.B.: Renal dysfunction in HIV-1- infected patients. Curr.
Inf. Dis. Rep., 2002; 4: 449-460

[14] Kwon C., Zaritsky A., Dharnidharka V.R.: Transient proximal
tubular renal injury following Ecstasy ingestion. Pediatr. Nephrol.,
2003; 18: 820-822

[15] Lock E.A.: Senstive and early markers of renal injury: where
are we and what is the way forward?. Toxicol. Sci., 2010; 116: 1-4

[16] Mercadante S., Arcuri E.: Opioids and renal function. J. Pain,
2004; 5: 2-19

[17] Muramatsu T., Hora K., Ako S., Tachibana N., Hora K., Tanaka E.:
The role of hepatitis C virus infection in glomerulopathy. Hepatol.
Res., 2000; 18: 190-202

[18] Nakanishi K., Yoshimoto T., Tsutsui H., Okamura H.: Interleu-
kin-18 is a unique cytokine that stimulates both Th1 and Th2 re-
sponses depending on its cytokine milieu. Cytokine Growth Factor
Rev., 2001; 12: 53-72

[19] Nzerue C.M., Hewan-Lowe K., Riley L.JJr: Cocaine and kidney
of pathophysiologic and clinical perspectives. Am. J. Kidney Dis.,
2000; 35: 783-795

[20] Palacio M., Romero S., Casado J.L.: The use of biomarkers for
assessing HAART-associated renal toxicity in HIV-infected patients.
Curr. HIV Res. 2012, 10: 521-531

[21] Perneger T.V., Klag M.J., Whelton P.X.: Recreational drug use:
a neglected risk factor for end-stage renal disease. Am. J. Kidney
Dis., 2001; 38: 49-56

[22] Sezen S.F., Kenigs V.A., Kapusta D.R.: Renal excretory respon-
ses produced by the delta opioidy agonist. J. Pharmacol. Exp. Ther.,
1998; 287: 238-245

[23] Singhal P.C., Kapasi A.A., Franki N., Reddy K.: Morphine-induced
macrophage apoptosis: the role of transforming growth factor-p.
Immunology, 2000; 100: 57-62

The authors have no potential conflicts of interest to declare.

1221



