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ABSTRACT 
The high concentrations of metabolites in the urine of tramadol abusers have made possible further investigation of the metabolism of this analgesic drug. In 
addition to the reported metabolites resulting from O- and N- demethylations, ring-hydroxylation has been detected in this work as a further route of tramadol 
metabolism. GC-MS and trimethylsilyl derivatization have provided the necessary data. Certain assumptions were necessary for corroborating the ring-
hydroxylation route.   
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INTRODUCTION 
Due to dose restrictions, controlled metabolic studies in 
humans may not result in sufficient metabolite concentration 
in urine to allow detection and unequivocal characterization 
by hyphenated chromatographic-spectroscopic techniques 
such as GC-MS. Tramadol is a widely used analgesic drug 
and due to its weak opioid mu-receptor agonistic effects with 
consequent euphoric effects; it is now widely abused1. The 
high concentrations of tramadol and its metabolites in the 
urine of drug abusers have provided the opportunity for 
testing the above statement.   
 
Objective  
The objective of this work was to characterize a tramadol-
related compound detected in the GC-MS chromatograms 
obtained from urine samples of tramadol abusers in routine 
immunoassay confirmation analysis.  
 
MATERIALS AND METHODS 
Urine samples of tramadol abusers were obtained from 
Sharjah Police Forensic Science Laboratory, Sharjah, UAE. 
Sample preparation for GC-MS analysis involved basic 
extraction before and after β- glucuronidase hydrolysis. GC-
MS analysis, both in electron impact (EI) and chemical 
ionization (CI) modes, was carried out before and after 
trimethylsilyl (TMS) derivatization. 
  
RESULTS 
The GC-MS chromatograms of the known metabolites of 
tramadol and the unknown compound X, before and after 
TMS derivatization, are shown in Figures 2 and 3, 
respectively. The EIMS and CIMS data of the compound 
labeled X in the chromatograms in Figures 2 and 3 are given 
in Table 1. 

DISCUSSION 
Hydroxylation of aliphatic side chains and alicyclic and 
aromatic rings is a common metabolic reaction of increasing 
polarity in xenobiotic molecules2. The common practice In 
GC-MS characterization of unknown compounds is MS 
library matching3,4. If this is not feasible, however, strategies 
based on assumptions followed by confirmation provide an 
alternative as has been developed in this laboratory. The 
increase of the molecular mass of a xenobiotic molecule by 
16 Da is almost certainly due to metabolic addition of oxygen 
in the form of hydroxy group to an alkyl chain or ring, or 
oxidation of an amino group to the N-oxide. Both structural 
features, i.e. ring and amino group, are present in tramadol. 
Assigning of either metabolic change can be tentatively made 
by TMS derivatization and the observation of the increase of 
molecular mass by 72 Da or lack of it relative to both 
assumed metabolites, or by 88 Da relative to the hydroxy 
metabolite. Upon following such practice, hydroxytramadol 
has been detected as a metabolite of tramadol in human urine 
as indicated in the GC-MS chromatograms and spectra shown 
in Figures 1 and 2 and Table 1. It is worth mentioning that 
metabolic cyclohexane-ring hydroxylation of tramadol has 
been reported for rats and dogs5. Although the same site 
could be assumed to have occurred in man, as has been 
shown in this study, aromatic ring hydroxylation cannot be 
ruled out. Metabolic hydroxylation of aromatic rings is 
usually favored at electron-rich sites particularly those with 
electron-donating groups6, such as the methoxy and 
cyclohexyl groups in tramadol. Due to resonance and steric 
effects, the position ortho to the methoxy group and para to 
the cyclohexyl ring is favored for metabolic hydroxylation of 
tramadol. 
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Figure 1: Total ion chromatogram of tramadol and its known metabolites as charcterized from MS spectra and of the compound X pending 
charaterization 
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Figure 2: Total ion chromatogram of the TMS Derivatives of Tramadol (1); O-Desmethyltramadol (2); N-Desmethyltramadol (3); Compound X (4) 
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Figure 3: Structures of tramadol and its metabolites 
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Table 1: EIMS and CIMS data of compound X in Figure 1 and its corresponding TMS derivative, compound 4 in Figure 2 

 
Compound RT (min) EIMS 

m/z (% relative abundance) 
CIMS 

m/z (% relative abundance) 
X (Figure 1)  

Underivatized 
10.81 58 (100), 279 (3, MI), 135 (3) 280 (100, MH+), 262 (5) 

4 (Figure 2)  
TMS-derivatized 

10.62 58 (100), 73 (30), 84 (11), 333 (34), 408 (14), 423 (8, MI) 424(100, MH+), 146(24), 409(21), 
321(15) 

 
 
CONCLUSION 
Although the site of hydroxylation has not been 
unequivocally determined, hydroxytramadol has been 
detected and tentatively characterized as a metabolite of 
tramadol in man. GC-MS, with and without derivatization, 
can provide useful information regarding the detection and 
characterization of xenobiotic metabolites providing the 
appropriate strategy of making logical assumptions of 
chemical metabolic changes is followed.   
  
REFERENCES  
1. Tramadol. Drug Enforcement Administration (USA), Office of 

Diversion Control, Drug and Chemical Evaluation Section, 
DEA/OD/ODE; 2013. 

2. Thermo Scientific, Multiplexed Proteomics: Small Molecule Drug 
Metabolism; 2014.  

3. Suheur N, Steinhauser D, Strelkov S, Schomburg D, Allison G, Mortiz 
T, et al. GC-MS libraries for the rapid identification of metabolites in 
complex biological samples. FEBS Letters 2005; 28: 1332. 

4. Mine P, Oliver F. Application Note: Metabolite Identification in Blood 
Plasma Using GC/MS and the Agilent Fiehn GC/MS Metabolomics 
RTL Library. UC Davis Genome Center Davis CA, 95618, Agilent 
Technologies, Inc; 2009.  

5. Wu WNL, McKown A, Gauthier AD, Lones WJ, Raffa RB. Metabolism 
of the analgesic drug, tramadol hydrochloride, in rat and dog. 
Xenobiotica 2001; 31: 423-441. http://dx.doi.org/10.1080/004982 
50110057378 

6. Uetrecht JP, Trager W. Drug Metabolism: Chemical and Enzymatic 
Aspects. Informa Healthcare USA, Inc. New York, NY 10017 C; 2007. 
p. 91.   

 
Cite this article as:  
Babiker M El-Haj. GC-MS tentative detection and characterization of 
hydroxytramadol as a metabolite of tramadol in man. Int. Res. J. Pharm. 
2014; 5(10):757-759 http://dx.doi.org/10.7897/2230-8407.0510153   

 
 
 
 
 

Source of support: Nil, Conflict of interest: None Declared 
 

 
 
 
 
 

 
 

 
 


