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Abstract
Background: One of the most important tramadol
metabolizing enzymes is CYP2D6. The CYP2D6
polymorphism leads to good, poor or no enzyme activity.
Genetic testing helps in identification of high risk addicts
whom to develop nephrotoxicity as well as management of
addicts. The objective of this study is to explore tramadol
induced nephrotoxicity associated with CYP2D6 gene
polymorphism.

Methods: This study included 63 pure tramadol male
addicts subdivided into (30 addicts' without nephrotoxicity
and 33 cases with nephrotoxicity) and 78 healthy controls
age and sex matched to the cases. The main major
metabolite of tramadol mono-O-demethyl-tramadol (M1)
was measured .as tramadol exposure biomarkers.
Biomarkers of nephrotoxicity including urinary neutrophil
gelatinase-associated lipocalin (NGAL) levels were
estimated using enzyme-linked immunosorbent assay
(ELISA), and microalbumin values were measured by
turbidimetric method. CYP2D6 gene polymorphism was
detected by real time -polymerase chain reaction (RT-PCR).

Results: The duration of tramadol addiction was 12.7 ± 5.2
years with no significant association with nephrotoxicity.
The CYP2D6 1/M and M/M genotypes distributions were
significantly higher in tramadol addicts than controls.
Moreover, the M/M genotype or M allele was significantly
associated with nephrotoxicity among tramadol addicts (OR
(95%CI): 13.15 (1.48-111.37), P=0.006; OR (95%CI): 3.20
(1.46-7.02), P=0.003 respectively). There were significant
increases of microalbuminuria and urinary NGAL; markers of
renal toxicity, in homozygous M/M and heterozygous 1/M
genotypes followed by 1/1 (P<0.001, P=0.001, respectively).
Logistic regression analysis revealed that tramadol addiction
and CYP2D6 gene polymorphism were the main predictors
of nephrotoxicity. Moreover, there was a significant
decrease of tramadol metabolites levels among M/M
genotype.

Conclusion: CYP2D6 gene polymorphism is associated with
susceptibility to tramadol induced nephrotoxicity. Larger
scale studies are recommended to confirm previous results
and genotyping testing is recommended for patients
selection treated with tramadol.
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Introduction
Tramadol is a powerful synthetic opioid analgesic agent, used

for treatment of moderate to severe pain. The mechanism of its
analgesic action is complex. Most reports suggest that the
analgesic activity and other clinical effects of tramadol are a
result of opioid and non-opioid mechanisms [1, 2]. In Egypt,
numerous reports of abuse, dependence and overdose have
been heavily demonstrated in the last few years as it is provided
at cheap cost despite of being scheduled [3].

Tramadol biotransformation occurs in the liver. One of the
most important tramadol metabolizing enzymes is CYP2D6.
Metabolism results in o-desmethyl-tramadol, which itself are an
active substance and 2 to 4 times more potent than tramadol
[4]. The CYP2D6 polymorphism leads to good, poor or no
enzyme activity. Genetic variant detection helps in identification
of high risk addicts whom to develop toxicity as well as
management of addicts [5].

CYP450 plays a pivotal role in the metabolism of multiple
drugs and toxins [6]. One of the most important cytochrome
P450 is CYP2D6 which metabolizes many drugs such as
antidepressant and opiates including tramadol. In the liver
tramadol undergoes extensive and complex metabolism via
cytochrome P450 system, which converts it by o-demethylation
into its active metabolite o-demethyltramadol (M1) [7]. M1 is
the main metabolite of tramadol well known for its potent
opioid activities through inhibition of reuptake of monoamines
[8].

Several aspects of toxicokinetic properties of tramadol are not
clearly understood especially the relationship between CYPP2D6
gene polymorphisms and tramadol toxicity. The highly
polymorphic CYP2D6 plays an important role in determining the
pharmacokinetics of tramadol and in predicting its adverse
effects [9]. CYP2D6 genotype determines the level of the
enzyme activity (‘phenotype’). Individuals may carry either two
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functional wild-type alleles, or one functional wild-type allele.
Different CYP2D6 genotypes may be zero (poor metabolizer),
one (heterozygous individual (HZ)/intermediate metabolizer),
two (extensive metabolizer), and three active genes (ultra rapid
metabolizer). The clinical effects of the CYP2D6 poor
metabolizer genotype on pharmacokinetics of tramadol have
been recorded in healthy volunteers and addicts. Tramadol
abusers with ultra-rapid CYP2D6 metabolizers are at high risk for
adverse effects or even intoxication [10].

Tramadol induced renal dysfunction is uncommon clinically
[11]. Metabolites of drugs and toxicants that are excreted from
kidneys may cause cellular damage leading to renal dysfunction.
Urinary biomarkers such as microalbumin and neutrophil
gelatinase-associated lipocalin (NGAL) proved clinically to be
useful for assessment of functional integrity of glomeruli and
proximal tubules [12].

Although the frequencies of CYP2D6 mutant alleles have been
studied before among Egyptian population, but little is known
about the relationship between CYP2D6 polymorphism and
tramadol induced renal dysfunction [13]. Therefore, the aim of
this study was to explore the possible association of tramadol
addiction and its induced nephrotoxicity with CYP2D6 gene
polymorphism.

Materials and Method

Study population
The current study was approved from the institutional review

board, Zagazig Faculty of Medicine. This study included male
tramadol addicts, ranging in age from 20 to 50 years, on
voluntary bases, from those attending Psychiatry out-patient
Clinic, Zagazig University Hospitals for treatment of drug
addiction from May 2015 till June 2016. This pure tramadol
addicts subdivided into (30 addicts without nepherotoxicity and
33 cases with nepherotoxicity) and 78 healthy controls age and
sex matched to the cases. Participants were excluded from the
study if they have history of kidney disease, urinary tract
infection, heart disease, hypertension, diabetes mellitus, and
cancer. Individual who had a previous or present exposure to
agents capable of damaging the kidney (heavy metals such as
lead, cadmium and other nephrotoxins such as organic solvents),
regular and prolonged treatment by drugs affecting the kidney
(e.g. aminoglycosides, antivirals…) were excluded from this
study. All participants were subjected to interview using a
questionnaire designed to obtain information on medical,
occupational, family history and addiction symptoms.

Sampling

Blood sampling

Venous blood samples (3 ml) were drawn from all subjects
after an overnight fast and divided into two portions: 1 ml of
whole blood was collected into tubes containing ethylene
diamine tetraacetic acid (EDTA) for detection of CYP2D6 gene
polymorphism by TaqMan real-time polymerase chain reaction

(RT-PCR). Serum was separated immediately from remaining
part of the sample and stored at -20°C until analysis.

Urine sampling and analysis

A midstream urine sample will be collected by each
participant into sterilized plastic container and centrifuged at
5000 rpm for 5 min and then the clear supernatant was
collected and stored for further analysis at -20°C.

The microalbuminuria as a sensitive one of kidney function
tests was assessed. It is defined as an abnormal increase in
albumin excretion rate/mg of creatinine in urine sample.
Microalbuminuria was analyzed by TINA -QUANT on Cobas 6000
analyzer (Roche- Diagnostics, USA) as per description of
Hofmann and Guder [14]. Urea was measured by urease GLDH
method. Urinary and serum creatinine concentrations were
assessed by kinetic Jaffie method using Cobas 6000 (Roche
Diagnostics, USA) according to Tietz [15].

Assessment of urinary major metabolite of tramadol

The main major metabolite of tramadol: mono-o-demethyl-
tramadol (M1) was measured in urine. Urine samples were
assessed using Immune analysis EIA kit (Immunalysis
Corporation, USA), DRI®. This kit is a homogenous enzyme
immunoassay kit using monoclonal antibodies which can detect
mono-o-demethyl-tramadol (M1) the major main metabolite of
tramadol in human urine.

Measurement of urinary NGAL

The neutrophil gelatinase-associated lipocalin levels (NGAL) in
urine were measured using commercially available kit
(MyBioSource, San Diego, CA, USA) according to the
manufacturer’s recommendations. NGAL is a small protein
expressed in epithelia of renal tubules. A renal expression level
of NGAL is dramatically increased after kidney injury within 2 h
of the insult, making it an early and sensitive biomarker of
kidney injury.

The assay is a sandwich enzyme-linked immune-sorbent assay
(ELISA). The micro-wells were coated with a monoclonal
antibody against human NGAL. Bound NGAL is detected with
another monoclonal antibody labelled with biotin and the assay
is developed with horseradish peroxidase (HRP)-conjugated
streptavidin and a color-forming substrate. The color intensity is
read at 450 nm in an ELISA reader. The color intensity
(absorbance) is a function of the concentration of NGAL
originally added to each well. The results for the calibrators are
used to construct a calibration curve from which the
concentrations of NGAL of test specimens are read.

DNA extraction

Genomic DNA was extracted from EDTA whole blood using a
spin column method according to the protocol (QIAamp Blood
Kit; Qiagen GmbH, Hilden, Germany) DNA was stored at -20°C till
the time of use.
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Amplification of CYP2D6 gene polymorphism by
TaqMan real-time PCR (RT-PCR)

The sequences of the primers and probes used in this study
are listed in Table 1. Primers and probe for CYP2D6 were
designed using the Primer Express software, version 1.5 (Applied
Biosystems, Foster City, CA). For CYP2D6 and albumin, primers
and probes were used as described previously by Schaeffeler et
al. and Aarskog and Vedeler [16, 17]. Primers were purchased
from MWG (MWG-Biotech AG, Ebersberg, Germany), and
probes were obtained from Applied Biosystems (Foster City, CA).
Real-time PCR amplification was done using the ABI Prism 7700

sequence detection system. Amplification reactions (25 μl) were
carried out in duplicate with 20 ng of template DNA, 1X TaqMan
universal master mix buffer (Applied Biosystems, Foster City,
CA), 300 nM of each primer and 200 nM of each fluorogenic
probe. Thermal cycling was initiated with a 2 min incubation at
50°C, followed by a first denaturation step of 10 min at 95°C,
and then by 40 cycles of 15 s at 95°C and of 1 min at 60°C. In
each assay, a standard curve was recorded and a no-DNA control
was included. Relative quantification CYP2D6 amplification data
were normalized to albumin as an internal reference gene using
the 2-ΔΔ Ct method [18].

Table1 PCR primers and probes sequences for detection of CYP2D6gene polymorphism.

Gene Primers and probes sequences PCR product size

CYP2D6 F:5'-CTTCACCTCCCTGCTGCAG -3' 89 bp

 R:5'-TCACCAGGAAAGCAAAGACA -3'  

 Probe: 5'-FAM-CCGGCCCAGCCACCATGG-TAMRA  

Albumin F:5'-TGTTGCATGAGAAAACGCCA-3' 72 bp

 R:5'-GTCGCCTGTTCAACCAAGGAT -3'  

 Probe: 5'-FAM-AAGTGACAGAGTCACCAAATGCTGCACAG-TAMRA  

Statistical analysis
Statistical analyses were performed using the Statistical

Package for the Social Sciences for Windows (version 17.0; SPSS
Inc., Chicago, IL, USA). The results for continuous variables were
expressed using descriptive statistic (mean ± standard deviation)
and were analyzed using ‘‘t’’ test. Allelic and genotypic
frequencies were compared and statistically analyzed using the
Fisher’s exact test and Odds ratio (OR) with 95% confidence
intervals (95% CI). Conformity of genotype distributions with
Hardy-Weinberg (HW) equilibrium was evaluated by Chi-square
analysis. One way analysis of variance (ANOVA) test was done to
compare different parameters between more than two groups.
Logistic regression analysis was used to evaluate the association
between two continuous variables. For all tests, a P-value<0.05
was considered to be statistically significant.

Results

Clinical and biochemical characteristics' of the
studied group

The duration of tramadol addiction was 12.7 ± 5.2 years with
no significant association with nephrotoxicity. There was
significantly higher microalbuminuria and urinary NGAL levels in

pure tramadol addicts as compared to healthy controls (P<0.001
for each), while we didn't find any significant differences
between two groups as regard age, serum creatinine and urea
(Figure 1).

CYP2D6 gene polymorphism among pure tramadol
addicts and healthy controls

Genotype and allelic frequencies of CYP2D6 gene
polymorphism in tramadol addicts and healthy volunteers were
presented in Table 2. The genotypes distributions were in Hardy-
Weinberg equilibrium in each studied group.

The wild (1/1) genotype of CYP2D6 gene was prevailed in two
groups (healthy controls (71.8%); and in pure tramadol addicts
(48.4%). The minor allele frequency (MAF), M allele, was 16.7%
in controls and 33.3% of tramadol addicts. The 1/M and M/M
genotypes distributions were significantly higher in tramadol
addicts than controls (1/M: 36.4% vs. 23.1%; M/M: 15.2% vs.
5.1%). Risk of tramadol addiction was significantly higher among
patients carrying 1/M and M/M genotypes than those carrying
1/1 genotype (OR (95% CI): 2.3 (1.10-4.94), P=0.003; OR (95%
CI): 4.4(1.27-15.09), P=0.01, respectively) or at least carrying one
M allele than among patients carrying the wild allele 1 (OR (95%
CI): 2.5 (1.43-4.36), P=0.001).

Table2 CYP2D6 genotypes and alleles frequencies in pure tramadol addict's and healthy controls, 1=wild allele; M=mutant alleles of
CYP2D6, i.e., alleles 3, 4 and 5; OR: odds ratio; 95% CI: 95% confidence interval, * P significant<0.05 compared with controls.

CYP2D6 gene Healthy controls Pure tramadol addicts OR (95% CI) P

 n=78 n=66   
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 n (%) n (%)   

1/1 56 -71.8 32 -48.4   

1/M 18 -23.1 24 -36.4 2.3 (1.10-4.94) 0.03*

M/M 4/4 4 -5.1 10 -15.2 4.4 (1.27-15.09) 0.01*

Allele 1 130 -83.3 88 -66.7   

Allele M 26 -16.7 44 -33.3 2.5 (1.43-4.36) 0.001*

CYP2D6 gene polymorphism among pure tramadol
addicts with or without nephrotoxicity

We further analyzed our data by stratifying tramadol addicts
according to the presence or absence of nephrotoxicity. The
tramadol addicts had higher frequencies of CYP2D6 M/M
genotype (25% vs. 3.3%) and M allele (44.4% vs. 20%), while the

heterozygous (M/1) genotype was not significantly different
between two groups. It was evident that the presence of the
M/M genotype or M allele was significantly associated with
nephrotoxicity among tramadol addicts (OR (95% CI): 13.15
(1.48-116.73), P=0.006; OR (95% CI): 3.20 (1.46-7.02), P=0.003,
respectively) (Table 3).

Table 3 CYP2D6 genotypes and alleles frequencies in pure tramadol addict's without or with nephrotoxicity, 1=wild allele; M=mutant
alleles of CYP2D6 i.e., alleles 3, 4 and 5; OR: odds ratio; 95% CI: 95% confidence interval, *P significant<0.05 compared with tramadol
addicts cases without nephrotoxicity.

CYP2D6 gene Tramadol addicts without nephrotoxicity Tramadol addicts with nephrotoxicity OR (95% CI) P

n=30 n=36

n (%) n (%)

1-1 19 -63.4 13 -36.1

1/M 10 -33.3 14 -38.9 2.05 (0.70-5.99) 0.19

M/M 4/4 1 -3.3 9 -25 13.15 (1.48-116.73) 0.006*

Allele 1 48 -80 40 -55.6

Allele M 12 -20 32 -44.4 3.20 (1.46-7.02) 0.003*

Clinical and biochemical parameters in tramadol
addicts among different CYP2D6 genotypes

We further analyzed Clinical and biochemical parameters in
tramadol addicts among different CYP2D6 genotypes to assess
the effect of each genotype on these parameters. There was a
significant increase in microalbuminuria and urinary NGAL and a

significant decrease in tramadol’s metabolite level, o-demethyl
tramadol (M1) in homozygous M/M and heterozygous 1/M
genotypes followed by 1/1 (P<0.001, P=0.001, P<0.001,
respectively). However, we didn't find any significant differences
in other parameters between three genotypes among tramadol
addicts (Table 4).

Table 4 Clinical and biochemical parameters in tramadol addict's among different CYP2D6 genotypes, * Significant difference with in
CYP2D6 among tramadol addicts.

Parameter

Tramadol addicts
P

n=66

1-1 1/M M/M

n=32 n=24 n=10

Age (years) 31.1 ± 6.7 33.4 ± 7.1 32.6 ± 7.9 0.21

Duration of tramadol addiction 11.5 ± 5.9 12.6 ± 4.8 10.8 ± 6.9 0.45

Serum creatinine (mg/dl) 0.71 ± 0.24 0.75 ± 0.25 0.76 ± 0.28 0.61

Serum urea (mg/dl) 11.4 ± 1.8 11.9 ± 1.6 12.1 ± 1.1 0.15
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Micro albuminuria/U.cret. (μg/mg creatinine) 49.7 ± 13.9 64.9 ± 17.8 75.4 ± 19.1 <0.001*

Urine NGAL(pg/mL) 29.7 ± 10.2 30.2 ± 6.1 38.4 ± 5.3 0.001*

Mono-o-demethyl-tramadol (M1) (ng/ml) 381 ± 8.5 241 ± 10.5 101 ± 6.5 <0.001*

Logistic regression analysis for prediction of
nephrotoxicity in tramadol addicts and healthy
controls

Univariate logistic regression analyses were performed to
clarify the main predictors' nepherotoxicity. CYP2D6 gene

polymorphism and tramadol addiction were selected as
significant predictors associated with the nephrotoxicity. Our
findings revealed that tramadol addiction and CYP2D6 gene
polymorphism were significantly predictors of nephrotoxicity
(odds ratio: 2.358, P<0.001; odds ratio: 1.987, P=0.001,
respectively) (Table 5).

Table 5 Logistic regression analysis to predict of nephrotoxicity in tramadol addicts and healthy controls.

 Unstandardized coefficients
Standardized
Coefficients 95% C.I.  t P value

 β Standard error β Lower Bound Upper Bound   

Constant 6.45 1.09    4.73 <0.001

Tramadol addiction 0.92 0.18 2.358 1.47 3.79 3.67 <0.001

CYP2D6 gene polymorphism 1.03 0.23 1.987 1.28 2.98 2.98 0.001

Discussion
Pharmacokinetic studies have shown that CYP2D6 plays an

important role of in tramadol metabolism. The variability of
tramadol pharmacokinetic properties has been related partly to
CYP2D6 polymorphism making it a current topic of investigation
to understand the inter-individual difference to help clinicians to
individualize the drug treatment by selecting appropriate
therapies [19].

Many renal diseases are associated with substance of abuse
by varied mechanisms. The majority of these substances, or

their metabolites, are excreted via the kidney. Some substances
may be directly or indirectly nephrotoxic. A number of
mechanisms are involved such as rhabdomyolysis,
atherosclerosis, hypotension, hypoxia and acidosis [20].

Data of the present study showed a significant increase in
urinary microalbuminuria and NGAL (P<0.001) among tramadol
addicts compared to healthy controls. These results indicated
that structural and functional integrity of both glomeruli and
proximal tubules are deteriorated with tramadol addiction
(Figure 1).

Figure 1 Clinical and biochemical characteristics of the studied groups.

Using urine samples for detection and quantitation of
tramadol metabolites has many advantages such as being non-
invasive and large volumes and large number of samples can be
easily collected [21].

This study highlights the CYP2D6 allelic variants’ distribution
among Egyptian tramadol addicts. 66.7% of the tramadol addicts
had a wild type of CYP2D6 allelic variants (*1) and the most
common inactive allelic variants were (*4). 60% of tramadol
addicts had a wild type of CYP2D6 allelic variants (*1) and the
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most common mutant allelic variants were (*4). Comparing
cases of tramadol addicts with nephrotoxicity and addicts
without nephrotoxicity as regard to the genotypic allelic variants
of CYP2D6 gene, nephrotoxicity cases showed a significantly
lower wild genotype 1/1 compared to addicts without
nephrotoxicity (36.1% vs. 63.4%, p<0.001) with a higher
frequency of mutant genotype 4/4 (25% vs. 3.3%, p=0.006). We
are in the same line with Ibrahim et al. who studied CYP2D6
allelic variants among the Egyptian tramadol intoxicated patients
[13]. Moreover, the highest concentration of mono-o-demethyl-
tramadol (M1) was recorded in homozygous 1/1and
heterozygous 1/M genotypes followed by M/M. In accordance
with our results Halling et al. who found that individuals with
mutant CYP2D6 alleles (e.g. *3,*4,*4xn,*10,*17or*5) had minimal
or absent enzymatic activity with higher tramadol concentration
[4]. Albumin present in the urine is often the first indicator of
glomerular damage, and a decline in renal function [22]. Results
of the present study for the effect of tramadol addiction on
glomerular function showed significant decrease in
microalbuminurea in tramadol addicts as compared to healthy
control, suggesting glomerular damage. This result is accordance
with finding of other investigators who reported that multiple
histological changes in the form of atrophied glomeruli with
collapsed tufts, wide Bowman's space, degenerated tubules and
cellular infiltrations were observed in experimental rats given
tramadol chronically for 30 days [23, 24].

Recently NGAL is considered to be one of the earliest and
most robustly induced proteins in the kidney after ischemia or
nephrotoxicity in animal models. Importantly, NGAL protein is
easily detected in the blood and urine soon after renal damage
in pre-clinical studies [25]. These findings have initiated a
number of translational studies to evaluate NGAL as a novel
biomarker in human renal disease. In the current study tramadol
addiction affected proximal tubular function showed an increase
in the urinary excretion of NGAL, suggesting impairment in renal
proximal tubular function, and tubulointerstitial nephropathy.
This suggestion is supported by other investigators who
reported histopathological changes in renal tubules due to
tramadol chronic toxicity in animal experiments, and in human
post-mortem microscopy examination of a young patient who
died of fatal tramadol overdose due to acute tubular necrosis of
the kidney [23, 26, 27].

Conclusion
CYP2D6 polymorphism is positively affecting the tramadol

induced renal dysfunction in tramadol addicts. This study
represented that CYP2D6*1 (wild type) was the most common
variant among Egyptian population and CYP2D6*M, mutant
allele, was predominant in tramadol addicts with renal
dysfunction. We found a significant higher concentration of
tramadol metabolite (M1) level in CYP2D6*1 allelic variants
compared to other variant, which clearly pointed to the
tramadol induced renal toxicity is largely induced by tramadol
with minimal role of M1. The current study results are restricted
by some limitations such as the relatively small number of
studied patients, especially in subgroup analysis, so further
multicenter studies are warranted involving larger sample of

tramadol addicts to clarify tramadol toxico kinetics in each
specific phenotype and search for other important interactive
genomic markers.
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