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ABSTRACT

AIM: To gudy the stereoselectivity in trans-tramadol [(x)-trans-T] metabolism and trans- O-demethyl tramadol
(M1) formation. METHODS: (+)-, (-)-, Or (&)-trans-T was separ ately incubated with rat liver microsomes in
vitro. The concentrations of (+)-trans-T and M1 enanti omers wer e determined by high performance capill ary
eledrophoress(HPCE). RESULTS: When each enartiomer of (£)-frans-T wasincubated with rat liver microsomers,
the metabolic rate of (+)-trans-T was lower than that of (-)-trans-T. Thekinetics of (+)-, (-)-M1 formation was
found to fit the sngle-enzyme MichaglisMenten model. The V., and CL,, of (+)-M1 formation were lower than
those of (-)-M1 formation. When (x)-trans-T was used as the substrate, the metabol ic rates of (+)-, (-)-trans-T,
and the formation rates of (+)-M1, (-)-M1 decreased to different extents. Dextromethorphan (Dex), propafenone
(Pro), and fluoxetine (Flu) couldinhibit both the metabolism of (£)-trans-T enantiomersand the formation of M1
enantiomers. Pro and Flu were shown to enhance the stereosglectivity in both (2)-trans-T metabolism and M1
formation, and Dex could only enhance that in M1 formation. CONCLUSION: (1)-Trans-T metabolism and M1
formation were sereosalective, (-)-trans-T being preferentialy metabolized and (-)-M1 being preferentially formed.
There was interaction in metabolism between ()-trans-T enantiomers. Dex, Pro, and Flu had different effects on
the stereosel ectivity.

INTRODUCTION N-demethyltramadol™™. Among the metabolites, M1 is

Trans-tramadol [(%)-trans-T] hydrochloride, a
chiral compound, isused asa centrally ading analgesic.
(+)-, (-)-Trans-T take as the action mainly through in-
hibiting the reuptak e of serotonin and norepinephrine,
respectively™. In human and rat, the drug is mainly
metabolized in theliver to form fivephase | metabolites,
with the main pathways being O-demethylation to
O-demethyltramadol (M1) and N-demethylation to
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an only active metabolite, and (+)-M1 has ahigh affin-
ity to the opioid receptor!™. Paar et al reportedthat (+)-
trans-T was sereoselectively metabolized through
O- and N-demethylation in vitro, (-)-trans-T and (+)-
trans-T being preferentially metabolized, respectively.
It was proved that M1 formation was carried out by
CYP2D6in human,

Recently, we found that the pharmacokineti cs of
(£)-trans-T and M1 was stereosd ective in vivo™®®. In
order to explore the mechanism of the sereoselectivity
in pharmacokinetics, we had sudied thedidribution in
centra nervoussystem and rena clearance of the enan-
tiomers of (#)-trans-T and M1linras®”?. The am of
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Structures of (£)-trans-T and its phase I metabolites, M1,
N-demethyltramadol (M2), N,N-did emethyltramadol (M3),
N,N,O-tridemethyltramadol (M4), and N,O-didemethyl-
tramadol (M5). The chiral centers are marked with
asterisks.

this paper was to investigate the sereosd ectivity in
(2)-trans-T metabolism and M1 formation, and also the
effects of some inhibitors on their stereosd ectivity.

MATERIALS AND METHODS

Chemicals and reagents (+)-Trans-T hydrochlo-
ride (purity 99.8 %) were obtained from Shijiazhuang
Firgt Pharmaceutica Factory (Chind). (+)-, (-)-Trans-
T hydrochloride and M1 were kindly provided by
Grunenthal Gmbh (Stolberg, Germany). Cis-T hydro-
chloride (interna standard) was a gift from Chemica
Department of Jnzhou Medicine College (China).
Sul fobutylether-b-cyclodextrin was a kind gift from
Lanzhou Institute of Chemica Physics, the Chinese
Academy of Sciences. Nicotinamide-adenine dinucle-
otide phosphate (NADPH, reduced form), dextro-
methorphan (Dex) hydrobromide monohydrate,
propafenone (Pro) hydrochloride, and fluoxetine (Flu)
hydrochl oride were purchased from Sigma (USA).

Preparation of liver microsomes and condition

of incubation Six Sprague-Dawley (SD) rats (& , 244
g+15 g ) were supplied by the Animal Center of Hebel
Medica Univergty. Microsomes were prepared by us
ing dif ferential ultracentrifugation®. Protein concen-
trations were measured by the method of Lowry et al,
using bovi ne serum abumin as standard®.

Theincubation mixtures contained microsomal
protein 0.6 g/L, MgCl,6 mmol/L, Tris buffer (pH 7.5)
29 mmol/L, different concentrations of (+)-, (-)-, or
(2)-trans-T with or without Dex, Pro, or Flu asthe
inhibitor. After 3 min pre-incubation at 37°C, thereac-
tion wasgtarted by adding 25 ni. of NADPH 4 mmol/L.
The final volume was250 L. Thereaction was al-
lowed to proceed at 37 °C for 90 min with constant
shaking, then stopped by adding 10 . ammoni a solu-
tion (25 %) and cooling on ice. Preiminary experi-
ments showed that the formation of M1 enantiomers
was linear with respect to the incubation time and the
microsomal protein concentration.

Determination of the enantiomers of (£)-trans-
T and M1® After addition of cis-T, the enantiomers of
(¥)-trans-T and M1 in the incubation products were
extracted with ethyl acetate. After centrifugation at
2000xg for 10 min, the organic layer wasremoved into
another tube and evaporated to dryness under a gentle
sream of nitrogengas. The resduewas redisolved in
200 L of water, then an aiquot (30 ni) was removed
out for high performance capillary e ectrophoresis
(HPCE) andyss. Electrophoretic experimentswere
performed in a P/ACE 5000 automatic €lectrophoresis
appar atus equipped with an UV detector (Beckman,
California, USA). Data were collected with Gold
software. The capillary was a fused slica onewith a
total length of 37 cm, an effectivelength of 30 cm, and
an inner diameter of 75 mm. The background electro-
lyte (BGE) contained Tris buffer (pH 2.5) 40 mmol/L
and sulfobutylether-b-cyclodextrin (chiral selector)
0.8 mmol/L. The sampleswere injected into the capil-
lary by electrophoreticinjedion at theanode. Thesepa-
ration was performed a 25 °C with a postive voltage
of 15kV. The UV detector was set at 214 nm.

Data analysis The metabolic rates of ()-trans-
T enantiomerswere obtained by dividing their depleted
concentrations with the incubation time. The forma
tion rates of M1 enantiomerswere obtained by dividing
their concentrationsin the incubation productswith the
incubation time. For M1 f ormation, the maximum ve-
locity (V,.,) and apparent Michadlis-Menten congtant
(K.) wereobtained by fitting the data to the Michadlis-
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Menten model. Theintrinsc clearance (CL,,) was de-
fined astheratio of V, /K. All datawere expressed
as meantSD, and dtatigtical analysis was carried out by
unpaired ¢ test or paired ¢ test (for the comparison be-
tween the enantiomers), with P<0.05 as the minimd
level of dgnificance.

RESULTS

Electropherogram Under the analytical condi-
tion selected, the enantiomers of ()-trans-T, M1, and
cis-T could be well -separated. There was no interfer-
ence from the incubation products or caused by the
inhibitorsused. Using the interna standard method,
chromatograms were analyzed by measuring peak area.
For the determination of the enantiomers of (£)-trans-
T and M1, thewithin-day and between-day RSDs were
lessthan 15 % and 20 %, and relative recoveries were
94 %- 106 % and 90 %— 107 %, respectively. Thelimit
of quantitati on was 0.04 nmol/L. When each enanti-
omer of (+)-trans-T was used asthe substrate, (+)-M1
was formed from (+)-trans-T, whereas (-)-M1 was pro-
duced from (-)-trans-T. Thus, there wasno chird inver-
sion between the enantiomers of (£)-trans-T (Fig 1).

Stereoselectivity in (+)-frans-T metabolism and
M1 formation Inthekinetic experiments, seven dif-
ferent concentrations of (+)- and (-)-frans-T (2.5- 100
nmmol/L) were separately incubated with four rat liver
microsomes. The metabolic rate of (+)-trans-T was
lower than that of (-)-trans-T (Fig 2). The kinetics of
(+)- and (-)-M1 formation was found to fit the single-
enzyme Michaelis-Menten model. The V.., and CL,, of
(+)-M1formation werelowe than those of (-)-M1 for-
mation (Tab 1). After M1 (50 nmol/L) being incubated
with gx rat liver microsomes under the same experi-
mental conditionasfor (x)-trans-T, the concentrations
of (+)- and (-)-M1 decreased by 42 %+12 % and
38 %14 %, respectively. Further sudy showed that
M1 enantiomers had s milar rates in phase | metabo-
lism (Fig 3).

Interaction between (+)-frans-T enantiomers
Separatdly usng (+)-trans-T (12.5 nmol/L), (-)-trans-
T (12.5 mmol/L), or (¥)-trans-T (25 mmol/L) asthe
subgtrate, the interaction between ()-trans-T enanti-
omers wasinvesigated in Sx rat liver microsomes.
Compared with those when (+)- or (-)-trans-T was used
asthe subgrate, the metabolic ratesof (+)-trans-T enan-
tiomersand the formation rates of M1 enantiomerswere
lower when the racemate wasused as the subdrate.
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Fig 1. Typical electropherograms of rat liver microsomes
incubation using (¥)-trans-T (A), (+)-trans-T (B), or (-)-trans-
T (C) as the substrate. 1: (+)-M1; 2: one enantiomer of cis-
tramadol; 3: (-)-M1; 4: anoth er enantiomer of cis-tramadol;
5: (+)-trans-T; 6: (-)-trans-T.
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Fig 2. Metabolic rate vs substrate concentration plot for the
metabolism of (£)-trans-T enantiomers in rat liver
microsomes. n=4. MeanxSD. "P<0.05, ‘P<0.01 vs
(+)-trans-T.
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Tab 1. Kinetic parameters for the formation of M1 enan ti-
omers in rat liver microsomes. ‘P<0.01 vs (+)-M1.

Specimen K, /mmolx* ¥V /nmolxnin®y® CL;,/mLxnin™xy*

()M ()M ()M ()-My (H)-My ()M,
1 33 3B 29 51 088 1.44
2 32 42 26 5 078 1.28
3 3 3 31 53 082 1.40
4 39 3% 25 51 062 1.42

MeantSD 3644 38+3 28+3 52+2° 0.77+0.111.39+0.07°
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Fig 3. Metabolic rate vs substrate concentration plot for the
metabolism of M1 enantiomers in rat liver microsomes.
n=3. Mean=SD.

The metabolic rates of (+)- and (-)-trans-T decreased
by 20 % and 5 %, respectively, and theformation rates
of (+)- and (-)-M1 decreased by 60 % and 10 %,
respectively. The ratio of (-)/(+)-trans-T metabdic raes
increased from 1.2+0.1to 1.540.2, and theratio of (-)/
(+)-M1 formation rates increased from 2.0£0.2 to
4.240.4 (Tab 2).

Inhibition studies Using each enantiomer (12.5
mmol/L) of ()-trans-T as the subdtrate, the effects of
Dex, Pro, and Flu on the metabolism of (%)-trans-T

Tab 2. Metab olic rates of () -frans-T enantiomers and for-
mation rates of M1 enantiomers in rat liver microsomes
when (+)-, (-)-, or (¥)-trans-T was used as the substrate. n=6.
Mean+SD. "P<0.05, ‘P<0.01 vs (+)- or (-)-trans-T as the
substrate.

Substrate Metabolic rate/ Formdtion rate/
nmol- min*. g* nmol- min*. g*
(+)-trans-T (-)-trans-T (+)-M;  (-)-M;
(+)-trans-T 2043 61
(-)-trans-T 24+2 1341
(H-trans-T 16+£3° 2342 3+1° 1242

enantiomersand theformatiom of M1 enantiomerswere
investigated in Six rat liver microsomes. In the incuba-
tion mixtures, the concentrations of Dex, Pro, and Flu
were 20, 20, and 5 nmol/L, respectively. Dex, Pro,
and Flu could reduce the rates of both the metabolism
of (£)-trans-T enantiomers and the formation of M1
enantiomers. Pro and Flu could increase the rati os of
(-)/(+)-trans-T metabolic ratesand (-)/(+)-M1 forma
tion rates, but Dex could only increase the ratio of (-)/
(+)-M1 formation rates (Tab 3).

DISCUSSION

Inrat liver microsomes, the metabolic rate of (+)-
trans-T was lower than that of (-)-trans-T, which indi-
cated that (£)-trans-T metabolism was sereoselective.
Meanwhile, the 7, and CL;, of (+)-M1 formationwere
lower than those of (-)-M1 formation, which indicated
that M1 formation was a so dereosdective. These find-
ings werein agreement with theresults found in human
microsomes by Paar et al®.

Since theratio of (-)/(+)-trans-T metabolic rates
wasmuch lower than that of (-)/(+)-M1 formationrates,

Tab 3. Effects of dextromethorphan (Dex), propafenone (Pro), and fluoxetine (Flu) on the metabolism of (+)-frans-T enan ti-
omers and the formation of M1 enantiomers in rat liver microsomes. n=6. Mean=SD. "P<0.05, °P<0.01 vs control.

Parent metabolism

M etabolite formation

Inhibi tor Rate/nmol- min™- g* Ratio Rate/nmol - min?- g* Ratio
(+)-trans-T (-)-trans-T ()/(+)-trans-T (+)-M1 (-)-M1 G)/(+)-M1
Control 20+3 2442 1.24+0.10 6+1 13+1 2.02+0.24
Dex 13+3° 17+3° 1.39+0.19 1+0° 6+1° 4.6+1.8
Pro 8+2° 13+3° 1.68+0.25° 2+0° 5+1° 3.6+0.7°
Flu 442° 10+3° 3.3+1.4° 2+1° 8+2° 4.3+1.4°
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the stereosdl ectivity in M1 formation wasmuch higher
than that in (£)-trans-T metabolism. There might be
other pathway that preferentially metabolized
(+)-trans-T. But, the preferential O-demethylation of
(-)-trans-T could play an important role in the sereo-
selectivity in (£)-trans-T metaboli sm, which might be
the main reason that (-)-trans-T was preferentially dimi-
nated from blood in vivo™. In phase | metabolism, M1
could be further demethylated to form two other
metabolites. Our resultsindicated that the f urther me-
tabolism of M1 was not stereosdlective.

It iscommon that the enantiomersof chiral drugs
may be metabolized by the same enzyme at different
rates. The enantiomers of (£)-trans-T might compete
the O-demethylation and give rise to the possibility of
an enantiomer/enantiomer interaction. Conseguently,
the O-demethylation of (+)-trans-T wasinhibited more
intensely than that of (-)-trans-T, and the sereoselec-
tivity in (£)-trans-T metabolism and M1 formation was
enhanced.

The O-demethylation of Dex is catalyzed by
CYP2D1inSD rat and CYP2D6 in human, and is used
as ameasurement of CYP2D6 and CY P2D1 activity™.
Inrat liver, Prois metabolized to omega-OH-Pro, not
5-OH-Pro which is the mgjor metabolite in human
plasmd™. Proisaspecia rat CYP2D1 inhibitor™. As
the subgrates of CYP2D1, Dex and Pro might com-
pete for the O-demethylati on with the enantiomer s of
(2)-trans-T, theninhibited (£)-trans-T metabolism and
M1 formation. Their effects onthe sereoselectivity in
(£)-trans-T metabolism and M1 formation were much
different. Pro could preferentialy inhibit (+)-trans-T
metabolism and (+)-M1 formation, and enhance the
gereoseectivity in (z)-trans-T metabolisn and M1
formation. Dex could induce greater inhibition on (+)-
M1 formation than on (-)-M 1 formation, and only en-
hanced the stereosdlectivity in M1 formation.

Fluis metabolizedin theliver by N-demethylation
to an active metabolite- norfluoxetine (N-Flu). Both Flu
and N-Flu are potent inhibitors of CYP2D6 in vivo and
in vitro™. In this study, the concentration of Flu was
only one-fourth of that of Pro or Dex, butitsinhibitory
eff ect on the metabolism of (x)-trans-T enantiomers
was greater than that of Pro or Dex, and its inhibitory
effect on the formatiom of M1 enantiomers was lower
than that of Pro or Dex. It might bedue to thefact that
Flu and/or N-Flucould inhibit other metabolic pathways
of (£)-trans-T. It had been reported that Fluand N-Hu
were also the potent inhibitors of CYP3A4 and

CYP2C19™¥,

The inhibiti on studi es might provide convincing
evidence for the invol vement of CYP2D1 in the me-
tabolism of (£)-trans-T enantiomers and the f ormation
of M1 enantiomers. CYP2D1 isknown astherat coun-
terpart of human CYP2D6™". Because in vitro and in
vivo sudies had shown that (£)-trans-T and its enanti-
omers were metabolized in asmilar way in rat and hu-
man'>¥, these results would cal the attention to the
possibleclinical interaction when (£)-trans-T is admin-
istrated s multaneoudy with these inhibitors.
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