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ABSTRACT

Mcthocarbamol enantiomers in rat and human plasma were quaniificd using a stereospecific high-performance liguid ¢chromato-
graphic method. Racemic methocarbamel and internal standard, (R)-{ —)-flecainide, were isolated from plasma by a single-step extrac-
tion with ethy! acetate, After derivatization with the enanticmerically pure reagent (.$)-( +)-1-(1-naphthyl)ethyl isocyanate, methocar-
bamol diastereomers and the (R)-flecainide derivative were separated on a normal-phase silica column with a mobile phase consisting of
hexane-isopropanol (95:5, v/v) at a flow-rate of 1.6 ml/min. Ultraviolet detection was carried out at a wavelength of 280 nm. The
resolution factor between the diastercomers was 2.1 (% = 1.24). An exccllent linearity was observed beiween the methocarbamal
diastercomers/internal standard derivative peak-area ratios and plasma concentrations, and the intra- and inter-day coeflicients of
variation were always < 9.8%. The lowest quantifiable concentration was 0.5 pg/ml for each enantiomer (coeflicients of variation 0of 9.8
and 8.8% for (8)- and (R)-methocarbamol. respectively). while the limit of detection (signal-to-noise ratio 3:1) was approximately 10
ng/ml. The assay was used to study the pharmacokinetics of methocarbamol enantiomers in a rat following intravenous administration
of a 120 mg/kg dose of racemic methocarbamol and to evaluate plasma and urine concentrations in a human volunteer after oral
administration of a 1000-mg dose of the racemate. The methad is suitable for stereoselective pharmacokinetic studies in humans as well

4s 1n unimal models.

INTRODUCTION

(R,S)-Mcthocarbamol, (R,5)-3-(2-mcthoxy-
phenoxy)-1,2-propanediol-1-carbamaie, is a well
known skeletal muscle relaxant which has been
commercially available for over three decades. It
is formulated as a single entity and in combina-
tion with such analgesics as acetylsalicylic acid,
acelaminophen and codeine for the reliel of dis-
comfort associated with acute, painful musculo-
skeletal conditions [1].

Human and animal studies show that about
98% of a dose is excreted in the urine in 72 h,
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with less than 1% as unchanged drug and the
remainder as unconjugated and conjugated me-
tabolites [2-5]. The two major metabolites isolat-
ed in humans and rats are inactive and have becn
identified as 3-(2-hydroxyphenoxy)-1,2-propane-
diol-1-carbamate and 3-(4-hydroxy-2-methoxy-
phenoxy)-1,2-propanediol-1-carbamate [2,3].

The literature contains only limited informa-
tion on the pharmacokinetics of methocarbamol.
The plasma half-life in humans ranges from 1 to
2 h[6,7] and is reported to be between 0.5and | h
in animal models (ral, dog and horse) [3.5.8].
There do not appear to be any major differences
among species studied in the metabolism and dis-
position of methocarbamol [2]. Dosc-dependent
kinetics have been suggested in the rat [8] and the
horse [3].
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Fig. 1. Structure of (R.S)-methocarbamol. The asterisk denotes
the location of the chiral center.

(R,S)-Methocarbamol is a chiral drug (Fig. 1)
which is administered as a racemate. We are not
aware of any published literature on the pharma-
codynamic and pharmacokinetic properties of
the chantiomers. In recent years it has been estab-
lished that non-stereoselective data generated for
racemic drugs can be mislcading [9]. In light of
these obscrvations it is worthwhile to investigate
methocarbamol enantiomers in order to obtain a
complete and accurate understanding of the bi-
ological fate of this drug.

The specilic purpose of this study was to devel-
op a stereospecific assay [10] which could be used
to determine the pharmacokinetics of methocar-
bamol enantiomers in humans and in animal
models.

EXPERIMENTAL

Chemicals and reagents

(R)-(—)-Flecainide (internal standard) was a
gilt from Riker Labs. (8t. Paul, MN, USA), while
(S)-(+)-1-(1-naphthyl)ethyl isocyanate (NEIC)
and (R)-{ — )}-NEIC were purchased from Aldrich
(Milwaukee, Wi, USA). Racemi¢c methocarba-
mol and (R)-methocarbamol were pgifts from
Whitehall-Robins (Mississauga. Canada) and
Lee Labs. {Petersburg, VA, USA), respectively.
Ethyl acetate was obtained from BDH (Edmon-
ton, Canada) and was glass-distitled prior to use.
Analytical-grade hexane and isopropanol were
also obtained from BDH. HPLC-grade water
was purchased from Canlab (Edmonton, Cana-
da). g-Glucuronidase/arylsulfatase (EC 3.2.1.31/
EC 3.1.6.1) from Helix pemuatia was purchased
from Boehringer Mannheim {Laval, Canada).

A stock solution of (R,5)-methocarbamol was
obtained by dissolving 10 mg in 100 ml of water.
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Working solutions of methocarbamol in plasma
and urine were then prepared to give final con-
centrations of 0.5, 1. 2, 5, 10 and 30 ug/ml. A 10
pg/ml aqueous working solution of the internal
standard was preparcd by dissolving 1 mg of (K)-
( —)-flecainide acetate in 100 ml. The 0.2% solu-
tion of (S)-(+)-1-(1-naphthyDethyl 1socyanate in
ethyl acetatc was madce by diluting 20 ul of re-
agent in 10 ml of solvent.

Instrumentation

The high-performance liquid chromatographic
(HPLC) system (Watcrs Scientific, Mississauga,
Canada) consisted of a 390 pump, a 481 variable-
wavelength UV detector set at 280 nm and a
3390A integrator-recorder (Hewlctt-Packard.
Mississauga, Canada). Electron-impact mass
spectra were recorded on a double-focusing mag-
netic sector instrument {Kratos MS-30, Man-
chester, UK). Optical rotations of the derivatives
and of (R)-methocarbamol were measured in a
Perkin-Elmer 241 polarimeter (Rexdale, Cana-
da). UV spectra were recorded on a PU 8700
scanning UV- visible spectrophotometer (Philips,
UK). NMR spectra were recorded on a high-res-
olution Bruker AM 300 Fourier transform spec-
trometer (Bruker Spectrospin, Milton, Canada)
with tetramethylsilane as internal standard. Sam-
ples were mixed with an IKA Vibrax UXR me-
chanical shaker (Terochem., Edmonton, Cana-
da), centrifuged with a Clay-Adams centrifuge
(Parsippany, NJ, USA), and heated in a Reacti-
therm block (Pierce, Rockford, 11., USA).

Chromatographic conditions

A Parusil 3 silica analvtical column (250 mm
x 4.6 mm 1.D)) (Whatman, Clifton, NI, USA)
was used for the chromatographic separation of
the diasterecisomers. The mobile phase was a
mixture ol hexane and isopropanol (95:5. v/v)
and the flow-rate was 1.6 ml/min. A silica Prep-
Nova-PAK HR column (6 ym, 100 mm = 25
mm 1.DD. PrepPak cartridge, Walers Scientific)
was uscd for the semi-preparative separation of
methocarbamol diastereomers. The reversed-
phase analytical column, gBondapak C,5 (5 um,
300 mm = 3.9 mm 1.D.)., was purchased [rom
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Waters Scientific. The fused-silica Chirasil-Val
I11 gas chromatographic capillary column {50 m)
was oblained (rom Terochem (Edmonton, Cana-
da), while the DB-5 (50 m) and DB-1 (50 m) col-
umns were purchased from J & W Scientific
{(Rancho Cordova, CA, USA).

Sample collection

One rat was sacrificed (cardiac puncture) 1.5 h
alter intravenous administration of a 30 mg/kg
dose of {R.S)-methocarbamol. Another rat un-
derwent surgical incannulation of the jugular
vein, A 120 mg/kg dose of (R,S)-methocarbamol
was administered intravenously and blood sam-
ples were collected from the catheter at 0, 15, 30,
60, 90, 120 and 180 min. In one human subject a
blood sample was taken by venipuncture 3 h after
a 1-g oral dose. The 6-h urine output was collect-
ed and a 1:100 diluted sample was analysed di-
reclly according to the above procedure. A simi-
lar aliquot was incubated with f-glucuronidase/
sulfatase at 37°C for 18 h and subsequently ana-
lysed. After centrifugation, plasma samples were
stored at —20° until ready for analysis.

Sample analysis

Following addition of 0.3 ml of internal stan-
dard solution, plasma and diluted urine (1:100,
v/v) samples were basified with 1 ml of 1 A/
NaOH, and 5 mi of ethyl acelate were added.
After mixing on the mechanical shaker (20 min).
the samples were centrifuged at 1000 g {5 min).
The organic phase was separated and evaporated
Lo dryness under a stream of nitrogen. The resid-
ues were reconstituted in 1 ml of distilled ethyl
acetate, and 80 ul of the NEIC reagent solution
were added to each tube. The mixtures were vor-
tex-mixed for 5 s and heated at 85°C for 12 h.
After derivatization the samples were evaporated
and reconstituted in 0.2 m! of distilled ethyl ace-
tatc. Aliquots of 0.03-0.15 ml were injected into
the HPLC apparatus,

Accuracy and precision

The accuracy and precision of the method were
evaluated by analysing four replicates of spiked
plasma samples at cach of three concentrations
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against a calibration curve. The accuracy waus
evaluated as error percent, [(mean of measured
— mean of added) / mean of added] x 100, while
the precision was given by the inter-day and in-
tra-day coefficients of variation (C.V.). The inter-
assay reproducibility was also evaluated by com-
puting the mean + S.D. of the slope for different
calibration curves at four different days.

RESULTS AND DISCUSSION

Methocarbamol is a relatively simple molecule
which appeared to be readily amenable to gas
chromatographic analysis. However, reactions
with trifluoroacetic or pentafluoropropionic an-
hydrides, followed by chromatography on a Chi-
rasil-Val III column, failed to resolve the
gnantiomers.

Efforts were then directed to the preparation of
diastereomers by reaction with enantiopure de-
rivatizing reagents including (- )-menthyl chlo-
roformate,  1-[(4-nitrophenyl)sulfonyl]-L-prolyl
chloride, { —)-z-chlorophenylacetyl chloride and
(R.R)-0O,0-diacetyltartaric acid anhydride. These
reagents did not react with (R.S)-methocarba-
maol, either al room temperalure or afler heating.
However, following rcaction with (8)-(+)-
NEIC, the peak representing underivatized meth-
ocarbamol disappeared from the gas chromato-
graphic trace (DB-5 column). Unfortunately,
chromalographic peaks corresponding to the dia-
stereomers werc not observed on this trace pre-
sumably as a consequence of thermal instability
(numcrous unidentified peaks were evident in the
chromatograms). Gas chromatography was ncv-
ertheless useful during method development
since the derivatization reactions could be opti-
mized by monitoring for the disappearance of
underivatized methocarbamol.

The reaction with NEIC does not occur to any
significant extent under ambient conditions and
while higher temperatures (up to 110°C) could
reduce the reaction lime to aboul 4—6 h, the in-
creased proportion of interfering by-products {(as
evident by HPLC) was unacceptable. The reac-
tion was considered complete when the peak of
(R.5)-methocarbamol disappeared (rom the gas
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Fig. 2. Chromatograms of (A} blank rat plasma spiked with 5 ug
of racemic methocarbamol and internal standard, (B) plasma
sample taken from a rat 1.3 hafter intravenous administration of
a 30 mg/kg dose of racemic methocarbamol and (C) blank rat
plasma. Peak | is the derivatized ( R)-flecainide; peaks 2 and 4 are
the diastereomers of (S)- and (R)-methocarbamol, respectively:
peak 3 is unidentified.

chromalogram; this was accomplished afler heat-
ing for 12 h at 85°C. Efforts to facilitate the reac-
tion by means of microwave irradiation were un-
successful.

Methocarbamol enantiomers were not re-
solved under reversed-phasc HPLC conditions
but were separated by normal phase with satis-
factory results (¢ = 1.24, R, = 2.10). This al-
lowed sufficient discrimination of an unidentified
interfering peak from the first eluting diastereo-
mer (Fig. 2). The diastereomers of methocarba-
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mol cluted at 33 and 41 min (Fig. 2) while the
internal standard, (R)-(— )-flecainide, derivative
cluted at 12 min. Guaifenesin, a possible product
of methocarbamol decomposition, does not in-
terfere with the assay as it was lound to elute,
after derivatization, at approximately 20 min un-
der our experimental conditions.

For the purpose of structure elucidation, the
diastereomers were isolated from the appropriate
HPLC eluent fractions. Samples submitted for
mass spectral analyses were obtained by combin-
ing several fractions eluting from the analytical
column, while optical rotation measurements
and NMR analyses were determined following
solation of the respective diastereomers on the
preparative HPLC system.

The direct inlet electron-impact mass spectra
of the corresponding diastercomer fractions were
superimposable. While they lacked the molecular
ion (m/z 438), they contained fragments of diag-
nostic valuc which indicated that derivatization
takes place on the alcohol OH. Plausible frag-
ments are suggested in Fig. 3. NMR spectra also
confirmed the structures of the two derivatives.

The UV specira of the diaslereomers were su-
perimposable and showed maxima at 206 and
280 nm. The latter was used as the HPLC analyt-
ical wavelength.

The optical rotations of the diastereomers were
determined by polarimetry (sodium D linc, 589
nm). The first-eluting derivative was levorotatory
while the second-eluting derivative was dextroro-
tatory. A sample of pure (R)-methocarbamol in
methanol examined under the same conditions
gave a positive optical rotation.

The ( +)-diastereomer that elutes at 41 min un-
der our chromatographic conditions corresponds
to {R)-(+)-methocarbamol as confirmed by de-
rivalizing and injecting a sample of pure (K)-
methocarbamol. By exclusion the (—)-derivative
was considered derived from (5)-( — )-mecthocar-
bamol. Reaction of the racemate and the pure
(R)-{+)-mecthocarbamol  with  (R)-( —)-NEIC
was equally successful and showed the expected
transposition of retention times of the deriva-
tives.

The extraction of methocarbamol isomers and
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Fig. 3. Electron-impact mass speetral structures and proposed fragmentation mechanisms of the most diagnastic fragments of metho-

carbamo! derivatives.

(R)-(— )-fleccainide was performed under alkaline
conditions in order to eliminate possible interfer-
ences from phenolic metabolites and endogenous
plasma constituents, and to facilitate a compiete
extraction of the basic internal standard. Ethyl
acetate was preferred to diethyl ether, hexane and
chloroform as extraction solvent because it gave
a better recovery of methocarbamol. Samples of
1 and 10 ug/ml were analysed in duplicate and
comparcd to samples derivatized directly without
extraction. The amount of methocarbamol re-
covercd was 0.93 and 0.94 ug/ml (mean 93.5%) at

TABLE 1
INTRA-DAY ACCURACY AND PRECISION (n = 4)

Concentration {ug/ml) Error (%) CV. (%)

the low concentration and 9.0 and 8.7 ug/ml
(mean 89.5%) at the high concentration.
Excellent linearity was observed between
methocarbamol derivatives/internal standard de-
rivative peak-area ratios and plasma congentra-
tions (range evaluated: 1-30 pg/ml racemale).
Typical calibration curves gave the following
equations: ¥y = —0.05 + 0.86x for (S)-methocar-
bamol and y = —0.10 + 0.99x for (R)-mctho-
carbamol with r = 0.998 and 0.999, respectively.
Inira-day precision and accuracy (Table 1) were
satisfactory as were the inter-day precision and

Theoretical  Measured (5 (R) (s (R)
(s (R)

5.00 5.50 5.50 10 10 0.91 091

1.00 0.96 0.89 -4 -11 2.08 1.12
0.52 0.51 4 2 3.80 3.90
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TABLE I}

INTER-DAY ACCURACY AND PRECISION (1 = 4)
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Caoncentration (pg/ml) Error (%) C.V. (%)
;hcorclical Mcasm;:d | S (;_ (?)_ (R)
(5) (R
5.00 5.10 510 2 2 39 39
2 4

0.50 0.51 0.52 9.8 8.8

accuracy (Table 1I). The slopes of the curves did
not change significantly on four different days;
the mean for (8)-methocarbamol was 0.83 =+
0.05 and 1.03 £ 0.03 for (R)-methocarbamol.

The lowest quantifiable concentration was set
at 0.5 ug/ml for each enantiomer. If a 3:1 signal-
to-noise ratio criterion is applied, a detection lim-
it of approximately 10 ng/ml could be claimed.

In order to assess the applicability of this ana-
Iytical method to pharmacokinetic studies, plas-
ma levels of methocarbamol enantiomers were
measured in one rat at 1.5 h after intravenous
administration of a 30 mg/kg dose of racemic
methocarbamol. The concentration of (S)-meth-
ocarbamol was 2.38 pg/ml whereas the concen-
tration of (R)-mcthocarbamol was 0.99 ug/ml
(S5/R enantiomer ratio = 2.40). A plasma sample
taken from a human volunteer 3 h aftera 1-g oral
dose contained 2.57 and 2.16 pg/ml (S)- and (R)-
enantiomer, respectively (S/R = 1.19). A 6-h
urine specimen contained 12.8 and 11.2 pg/ml
(total output of 3.61 and 3.16 mg) (§/R = 1.14).
An aliquot of the 6-h urine specimen was ana-
lysed following incubation with f-glucuronidase/
sulfatase at 37°C for 18 h. In this casc the total
output was 62.6 mg for (S)-methocarbamol and
51.3 mg for (R)-methocarbamol (S/R = 1.22).
The recovery of the (R,8)-methocarbamol initial
dosc excreted in 6 h as unchanged drug was
therefore (0.68% while the totul drug (unchanged
plus conjugated} was 11.3%. All these single-
point data are comparable with previously re-
ported non-stereoselective data [2.3,6,7].

Plasma time-courscs of methocarbamol cnan-
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I'ig. 4. Plasma concentration time profiles of methocarbamaol
enantiomers in one rat following a single intravenous dose ot [20
mg/kg racemic methocarbamol.

tiomers in one rat after intravenous administra-
tion of a 120 mg/kg dose of racemic methocarba-
mol arc depicted in Fig. 4. Plasma concentrations
of the two enantiomers differ significantly. The
causc for this observed stereosclectivity remains
to be determined.
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