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ABSTRACT:

Experimental animals and human post-mortem studies concerning renal effects of tramadol addiction showed histopatho-

logical changes in proximal tubules. This study investigates early changes in function and structure of proximal tubules to tra-
madol addiction. The study included 44 males (G, = 23 controls, G, = 21 tramadol addicts). The measured urinary parameters
were: urinary alpha-1-microglobulin (U.a-m), urinary leucine aminopeptidase (U.LAP), urinary N-acetyl-f-D-glucosamini-
dase (UNAG). Urinary tramadol (U.Tr) was measured in G,. In G, levels of U.a,-m, U.LAP and U.NAG were increased in
comparison with G,. These changes were insignificant. U.Tr did not show any correlation with any parameter in G,. Tramadol
addiction may affect proximal tubules. This study is a Preliminary assessment for the subclinical renal effects of tramadol.
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INTRODUCTION: dol might be ignored in poly-drug abuser popu-

In Egypt, drug addiction is considered one of
the serious problems that worry both people and
the government. It affects young people within
their productive years. It may lead to many prob-
lems such as social maladaptation, decreased
work productivity and job loss (El-Akabawi,
2001).

Tramadol hydrochloride was initially devel-
oped in the 1970’s. It was registered in 1977 in
Germany, 1994 in the UK, and 1995 in the US
(Grond, et al, 2004). Clinical and experimen-
tal studies demonstrated that tramadol did not
induce tolerance and dependence on repeated
administration (Miranda, et al, 1998 and Ki-
tahara, et al, 2009). On the other hand, results
of other studies suggest that tramadol may have
abuse liability under some conditions or in cer-
tain populations (Jjaderborn, et al, 2009 and
Lanier, et al, 2010). Post-marketing surveillance
studies consistently showed that the abuse and
diversion of tramadol was relatively low (Knise-
ly, et al, 2002). However, a significant finding
was that for the cases of tramadol abuse, 97% of
the drug addicts used tramadol in combination
with other drugs or they had a previous history
of addiction to substance of abuse (Cicero, et al,
1999), implying that the abuse liability of trama-

lation (Degenhardt, et al, 2006). Another epide-
miological surveys demonstrated that tramadol
was very popular in the drug abuse population,
which was often used as a substitutive for heroin
and other opioids, or combined with other drugs
to achieve certain desired effects, or to avoid
some undesired effects (Li, et al, 2011 and Liu,
et al, 2011), indicating that tramadol may have a
higher abuse liability when co-abused with other
opioids even though the abuse potential of tra-
madol itself is relatively low.

In humans body, tramadol undergoes exten-
sive and complex metabolism in the liver via
cytochrome P450 system, with 23 metabolites
identified: 11 phase I identified and 12 phase II
conjugates (Wu, et al, 2002). Thirty per cent of
the tramadol is excreted through the kidneys un-
metabolised, while the remaining is metabolised
by O-and N-demethylation, followed by conju-
gation with glucuronic acid and sulphates (Gutu-
stein, et al, 2001 and Leppert, et al, 2011).

Metabolites of the drugs that are excreted
from kidneys may cause cellular damage leading
to kidney dysfunction. Various urinary param-
eters of the kidney such as alpha-1-microglobu-
lin (0, -m) was proved useful to assess functional
integrity of proximal tubules whereas urinary
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kidney-specific enzymes such as brush-border
leucine-aminopeptidase (LAP) and lysosomal
N-acetyl-B-D-glucosaminidase (NAG) are indi-
cators for structural integrity of proximal tubules
(Mueller, et al, 1997).

The present work is a preliminary study to in-
vestigate the effect of tramadol addiction among
Egyptian drug addicts on proximal tubular func-
tional and structural integrity by measuring uri-
nary kidney parameters as indicators of early al-
terations of the kidney normal function.

SUBJECTS AND METHODS:
A) Subjects:

Male drug addicted participated in the pres-
ent study were recruited on voluntary bases from
those attended the out-patient clinic, Institute of
Psychiatry, Ain-Shams University, for treatment
of drug addiction. All participants were subject-
ed to interview using a questionnaire designed
to obtain information on previous medical and
occupational history, medication intake, actual
health status, and subjective symptoms. All sub-
jects underwent a routine clinical examination
and a routine urinalysis. The interview and clini-
cal examination were performed by the clinic
physicians under the supervision of one of the
authors. The drug addicts were excluded from
the present study if they had:

1. A history of kidney disease or any dis-
ease likely to impair renal function or affect the
urinary excretion of the investigated parameters
(e. g. diabetes mellitus, hypertension, urinary
tract disease).

2. Aprevious or present exposure to agents
capable of damaging the kidney (heavy metals
such as lead, cadmium and other nephrotoxins
such as organic solvents).

3. Regular and prolonged treatment by
drugs affecting the kidney (e. g. aminoglyco-
sides).

4. Dental mercury amalgam fillings as it
may affect the kidney.

Forty four Males were then included in the
study. The tramadol addicts group (G,) was com-
prised of 21 males (age: 18 - 40 years, mean +
SD: 28.71 + 6.64, addiction duration: 6 months

— 17 years, mean = SD: 4.41 £ 4.12), Another
23 healthy non-addicted males (G,) (age: 19-38
years, mean + SD: 25.44 £+ 5.25) were recruited
from relatives of the addicted participants after
applying the same exclusion criteria and clinical
examination.

B) Biological Sampling and Methods:

Morning urine sample was suggested as the
best sample for detecting early kidney abnormal-
ities (Zuppi, et al, 1995). Spot morning urine
sample was collected by each participant who
was instructed to void the urine sample directly
into 100 ml sterilized plastic container and cen-
trifuged at 4500 rpm for 5 minutes, and then the
clear supernatant was distributed in polyethylene
vials (1.5 ml capacity). One vial was used on the
same day the urine was collected for measuring
tramadol using Immunalysis Tramadol EIA kit
(Immunalysis Corporation, USA), and the instru-
ment Biolis 24i Premium (Tokyo Boeki Medical
System, Japan). According to the manufacturer
of the kit, the method has 100% correlation with
GC/MS when 200 ng/ml cutoff calibrator is used.
The rest of the vials were stored at -20°C without
preservatives until analyzed within 2 weeks for
the assessment of:

1. Tubular function by measuring urinary
alpha-1-microglobulin (U.a,-m) using ELISA
method kit (Assaypro, USA).

2. Tubular structural integrity by measur-
ing urinary activities of Leucine-aminopeptidase
(U.LAP) using kit from Randox (UK) and N-
acetyl-B-D-glucosaminidase (U.NAG) using kit
from Diazyme (USA).

3. Urinary creatinine concentration (U.Cr)
using kit from Greiner Diagnostic GmbH (Ger-
many).

Spot urine measurements were used because
it has been shown that urinary protein/creatinine
ratio (Lemann, et al, 1987) and enzyme activity/
creatinine (Jung, 1991) in a random urine sam-
ple correlate with 24-hour urinary excretion and
eliminate variations caused by changing rates of
urine output and provide a measure independent
of urine concentration.

C) Statistical Analysis:
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Data were presented as mean = SD. Student
t-test was used to compare between the means of
parametric data, while Mann-Whitney test was
used for non-parametric data. Correlation coef-
ficient (r) was calculated to test the association
between two quantitative variables. P-values <
0.05 were considered statistically significant.
SPSS version 16.0 was used.

RESULTS AND DISCUSSION:

Among G, data of the present study (Table 1)
showed a positive correlation between age and
each of U.LAP (r= 0.492. P= 0.017) and U.a -
m (r=0.521, P=0.011). Also, regarding the age,
the present results (Table 2) showed insignificant
difference (P> 0.05) between G, and G,. Urinary
parameters of function and structure of proximal
tubules was increased (Table 2). These changes
were statistically insignificant (P > 0.05). Fur-
thermore, U.Tr/U.Cr showed no correlation with
any of the measured urinary parameters in G,
(Table 3).

Results of the present study (Tables 1 and 2)
demonstrated that structural and functional in-
tegrity of proximal tubules are deteriorated with
age, supporting the report that structural and
physiological changes in the kidney are associ-
ated with aging (Musso, et al, 2011), and that G,
matched with G, to avoid the effect of age on the
measured urinary parameters. Substances with
the potential to be abused may have direct or
indirect effects on physiologic mechanisms that
lead to organ system dysfunction and disease. A
multitude of renal diseases are associated with
drug abuse because of many different substances
used with widely varying pharmacologic effects.
Such drugs have been associated with several re-
nal syndromes by varied mechanisms (Kimmel,
et al, 2001).

Although total protein in urine provides in-
formation of severity of proteinuria, it is protein
type that renders a more specific picture of protein
composition of urine. Data of the present study

Table (1): Correlation Coefficient (r) between age and urinary parameters of G,:-

U.NAG/U Cr

U.LAP/U Cr

U.al-m/U.Cr

Age 0.057

0.492* 0.521*

*r is statistically significant as (P < 0.05).

Table (2): Comparison (Mean + SD) between variables of the different studied groups:-

Parameter Gl G2 P
(N=23) (N=21)
A) Age (years) 2544 +5.25 28.71 £ 6.64 >0.05
B) Tubular Functional integrity
U.al-m/U.Cr (ug/ mg cr) 7.70 £5.18 10.42 +11.89 >0.05
C) Tubular Structural integrity
U.NAG/U.Cr (U/mg cr) 9.15+6.21 11.35+9.57 >0.05
U.LAP/U.Cr (U/mg cr) 5.52+3.68 7.45+14.03 >0.05

N (Number of volunteer).

Table (3): Correlation coefficient (r) between different urinary parameters and level of Urinary tramadol

in addicted group:-

Uninary parameter G2
U.Tr/U.Cr
UNAG/U.Cr 0.104
U.LAP/U.Cr 0.095
U.al-m/U.Cr -0.252

r is statistically insignificant as (P < 0.05),

U. Tr/U. Cr (Urinary Tramadol urinary creatinine ratio),

U.a1-m/U.Cr (Urinary alpha-1-microglobulin urinary creatinine ratio),

U.LAP/U.Cr (Urinary Leucine-aminopeptidase urinary creatinine ratio),

U.NAG/U.Cr (Urinary N-acetyl-p-D-glucosaminidase urinary creatinine ratio),

G2 (Tramadol addicts group).
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(Table 2) for the effect of tramadol addiction on
proximal tubular function showed an increase in
the urinary excretion of o -m in G,, suggesting
impairment in renal proximal tubular reabsorp-
tion function, but the increased level was insig-
nificant when compared with G . This suggestion
is supported by other investigators who reported
a histopathological changes in renal tubules due
to tramadol alone in animal experiments (Atici,
et al, 2005) and in human post-mortem micros-
copy examination of a young patient who died of
fatal tramadol intoxication due to acute tubular
necrosis of the kidney (DeDecker et al, 2008).

Many enzymes have been detected in urine
and a few appear to possess diagnostic relevance
in recognition of renal injury. Choice of investi-
gated urinary enzymes in this study was made on
the basis of site specificity.

Data of the present study (Table 2) for the ef-
fect of tramadol addiction on the tubular struc-
ture showed an increase in the U.NAG and
U.LAP excretion, but the increase was insig-
nificant when compared with G,. The increased
leakage of enzymes characteristic of these cells
results from tubular damage, suggesting the pos-
sibility of a nephrotoxic effect of tramadol ad-
diction. This suggestion is supported by other
studies elsewhere that revealed proximal tubular
histopathological effect due to tramadol alone
in human post-mortem (DeDecker et al, 2008)
and experimental studies in animals (Atici, et al,
2005).

Limitation of our study is that the number
of participants classified as addicted was quite
small. It was reported that both younger age and
high doses were identified as risk factors for ad-
diction (Edlund, et al, 2007 and Wasan, et al,
2007) and therefore the addicted out patients
might have been reluctant to participate in the
study realizing that they had addiction prob-
lems.

Conclusions:

Tramadol addiction may affect the function
and structure of proximal tubules, although U.Tr
level showed no correlation with any of the mea-
sured urinary parameters of proximal tubules.
Albumin is the major plasma protein, and protein

uptake is via a constitutive reabsorption pathway
in the proximal tubule cells (Christensen, et al,
2007). The structural and functional changes to
the proximal tubule cells are a key contributing
factor to the development of excessive albumin
loss in urine (albuminuria). Albumin present in
the urine is often the first indicator of glomerular
damage (Thrailkill, et al, 2009) and a decline in
renal function. Therefore, the effect of longer ad-
diction duration on the function and structure of
both the glomeruli and proximal tubules needs
further study.
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