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Background: Chlorzoxazone (CHZ), a centrally acting skeletal muscle relaxant, is metabolized to 6-
hydroxychlorzoxazone (6-OH-CHZ) by CYP2E1. CHZ can be used as an in vivo probe of CYP2E1 activity in
patients with liver diseases. Pharmacokinetics of CHZ in Thai subjects should be studied for application to
Thai patients.

Objective: The purpose of the present study was to determine clinical pharmacokinetics of CHZ and 6-OH-
CHzZ.

Material and Method: Ten healthy Thai volunteers were included. After an overnight fasting, the volunteers
were orally administered 400 mg CHZ and serial blood samples were collected at 0 (predose), 0.5, 1, 1.5, 2,
2.5,3,3.5,4,5,6,and 8 hours after dosing. Plasma CHZ and 6-OH-CHZ were assayed by reversed-phase high-
performance liquid chromatography (HPLC) with UV detector. The pharmacokinetic parameters including
maximum concentration (C__), time to reach maximum concentration (T__), area under the concentration-
time curve (AUC_ . and AUC, ), elimination half-life (t ), elimination rate constant (K ), oral clearance
(CI), and volume of distribution (Vd) were determined.

Results: CHZ was absorbed into systemic circulation with time to reach maximum concentration (T __) of 2.00
+ 0.82 hrs and maximum concentration (C__ ) of 7.15 + 2.09 ug/ml. It was metabolized to 6-OH-CHZ with T
of 3.05+1.17 hrsand C__ of 1.77 + 0.50 ug/ml. The extent of CHZ absorption (area under the concentration-
time curve, AUC) was 25.47 + 7.11 and 27.52 + 8.05 ug.hr/ml for AUC_ , and AUC, _ respectively. The AUC
gand AUC__ of 6-OH-CHZ were 7.32 + 2.21 and 8.50 + 2.78 ug.hr/ml, respectively. The elimination rate
constant (K ) was 0.48 + 0.10 and 0.40 + 0.13 hr *for CHZ and 6-OH-CHZ, respectively. The elimination half-
life (t,,) was 1.49 + 0.32 and 1.95 + 0.73 hours for CHZ and 6-OH-CHZ, respectively. Oral clearance (Cl) and
volume of distribution (Vd) of CHZ was found to be 15.77 + 4.81 (L/hr) and 33.13 + 9.75 L, respectively.
Conclusion: An oral dose of 400 mg CHZ was used to probe for the pharmacokinetic characteristics of this
drug in Thai volunteers. Those parameters reflected absorption, distribution, and elimination of CHZ in
healthy Thai volunteers.
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Chlorzoxazone (CHZ) is a centrally acting
skeletal muscle relaxant®?. It acts primarily at the level
of the spinal cord and subcortical areas of the brain
where it inhibits multisynaptic reflex arcs involved in
producing and maintaining skeletal muscle spasm of
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varied etiology. The clinical result is a reduction of the
skeletal muscle spasm with relief of pain and increased
mobility of the involved muscles®. Another mecha-
nism of CHZ is to inhibit degranulation of mast cells,
subsequently preventing the release of histamine
and slow-reacting substance of anaphylaxis (SRS-A),
mediators of type I allergic reactions. CHZ may also
reduce the release of inflammatory leukotrienes. In
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addition, CHZ may act by inhibiting calcium influx®.
A previous report showed that the drug is rapidly
absorbed from the gastrointestinal tract®. Onset of
therapeutic activity is observed within 1 hour, with a
duration of action of approximately 6 hours®.

CHZ is almost exclusively metabolized by
CYP2EL1 to a single major metabolite, 6-hydroxychlor-
zoxazone (6-OH-CHZ), which is rapidly glucuronidated
and eliminated by the kidney™. CHZ exists in the
unchanged form in plasma but is not generally found
(< 1% of a dose) in urine, whereas 6-OH-CHZ is pre-
dominantly present in both plasma and urine as a glu-
curonide conjugate®. CHZ selectivity to CYP2EL as
well as its good safety record makes the drug a suitable
in vivo probe of CYP2E1 activity in humans®. It is now
used as an indicator of exposure to organic solvents,
and to monitor liver function before and after trans-
plantation as well as the severity of liver disease, mainly
alcoholic liver disease®. Racial and ethnic differences
in drug metabolism, on the basis of genetic or environ-
mental factors, have become increasingly important®©.
However, no clinical pharmacokinetic data are reported
in Thai population. The pharmacokinetics of CHZ in
healthy Thai volunteers should be studied for proper
application to the patients. Therefore, the aim of the
present study was to determine the pharmacokinetic
parameters of CHZ in healthy Thai volunteers. The
pharmacokinetics of the main metabolite of CHZ, 6-
OH-CHZ, was also investigated.

Material and Method
Volunteers

Ten healthy Thai volunteers (4 male and 6
female) participated in the present study. All of the
volunteers were judged healthy on the basis of medi-
cal history, physical examination, and laboratory test
including liver function tests. They were nonsmokers.
They were not taking any medications and had
abstained from alcohol use for 1 week prior to the
studies. They were enrolled in the present study after
each had given written informed consent. The proto-
col was approved by the Institutional Ethical Review
Committee of Faculty of Medicine, Chulalongkorn
University.

Chemicals

CHZ tablets (Maselax®, 200 mg) were obtained
from the Thai Japan Laboratories Co., LTD. Standards
of CHZ, 3-aminophenyl sulfone (internal standard)
and B-glucuronidase (Type G0751) were purchased
from Sigma. 6-OH-CHZ was purchased from Ultrafine
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Chemicals (Manchester, UK). HPLC grade acetonitrile
and diethyl ether were purchased from Merck.

Drug administration

After an overnight fasting, the volunteers
were administered 400 mg CHZ orally. Breakfast and
lunch were given at 2 hours and 4 hours after the dose,
respectively. Serial blood samples (5 ml each) were ob-
tained from an arm vein at the following intervals: 0
(pre-dose), 0.5,1,1.5,2,2.5,3,3.5, 4,5, 6 and 8 hours
after drug administration. The samples were collected
in sodium citrate tubes, centrifuged, and the separated
plasma was stored at -20°C until analysis for CHZ and
6-OH-CHZ concentrations.

Method validation

Method for CHZ and 6-OH-CHZ analysis was
validated following Guidance for industry: Bioanalytical
method validation (U.S. Department of Health and
Human Series FDA, CDER, CVM. May 2001, BP)®,

Sample preparation

Plasma CHZ and 6-OH-CHZ were determined
by a modification of a reversed-phase high-performance
liquid chromatography (HPLC) assay as described
previously by Frye et al® and Mishin et al®?,

Instruments and HPLC conditions

The HPLC column was a C , reversed-phase
column (250 x 4.6 mm I.D., particle size 5 um). The mo-
bile phase was composed of phosphoric acid (0.5%,
pH 3.5): acetonitrile (70:30, v/v) and the flow rate was
0.8 ml/min. 50 wl sample aliquots were injected onto the
column. The absorbance of the eluent was monitored
by UV detector at 287 nm.

Data analysis

Maximum concentration (C__) and time to
reach the maximal concentration (T __) for CHZ and
6-OH-CHZ were evaluated for each patient. The area
under the concentration-time curve (AUC)., ., , and
AUC, o, c1iz0.5) Were determined by trapezoidal rule.
AUC,, .., Was calculated by the sum of AUC  and
C../ K, C,,was the 8-hour concentration. K is the
elimination rate constant estimated from the slope of
log concentration-time curve in elimination phase. An
elimination half-life (t,,) for CHZ and 6-OH-CHZ were
calculated from the ratio of 0.693 / K . Oral clearance
(CI) for CHZ was calculated from the dose / AUC__
ratio. An apparent volume of distribution (Vd) was

calculated from CI/ K ratio.
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All pharmacokinetic parameters were pre-
sented as mean + standard deviation (SD) and range
in the text and table and as mean + standard error of
mean (SEM) in the figure.

Results

The present method used for determination
of CHZ and 6-OH-CHZ in plasma showed high sensi-
tivity with clear separation of peak of CHZ, 6-OH-CHZ,
internal standard and any endogenous substances
(Fig. 1). The least-squares regression analysis gave a
mean linear correlation coefficient of r2 = 0.9999 and
0.9989 for CHZ and 6-OH-CHZ, respectively. The intra-
day and inter-day of low, medium and high concentra-
tions were in the acceptable range (%CV < 15%). The
accuracy of low, medium and high concentrations were
within the acceptable limit 85-115%.

The mean + SD and range of demographic
data of all volunteers are presented in Table 1. The
volunteers were aged 26 - 38 years (33.80 + 4.85 years),
weighed 41-70 kg (57.60 + 7.93 kg), and had a height of
150.0-175.0 cms (160.0 + 0.09 cms). Their body mass
indices (BMI) were within the range of 18-25 kg / m?.
The clinical laboratory data of all volunteers were pre-
sented as mean + SD with ranges shown in Table 1.
They were in good health with normal liver and renal
function.

All volunteers completed the study with no
adverse events observed following CHZ administra-
tion. CHZ was rapidly absorbed with the maximum
levels of CHZ reached within 1 to 3 hours in most
volunteers, presented by T__ of 2.00 + 0.82 hours, and
the mean maximum concentration (C__) of CHZ was
7.15 +2.09 ug/ml. CHZ was rapidly metabolized to 6-
OH-CHZ with the peak concentration of 6-OH-CHZ
(C,.)177+0.56 pug/ml,and T__ 0f 3.05+1.17 hours.
Representative mean concentration-time profiles of
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Fig. 1 Chromatograms of standard 6-OH-CHZ, internal (3-
aminophenyl sulfone) and CHZ in plasma sample
with the retention times of 5.4, 8.3 and 11.2 min,
respectively

CHZ and 6-OH-CHZ are shown in Fig. 2. The area
under the concentration-time from 0 to 8 (AUC ) was
25.47+7.11and 7.32 + 2.21 ug.hr/ml for CHZ and 6-OH-
CHZ, respectively, and area under the concentration-
time from 0 to infinity (AUC ) was 27.52 + 8.05 and
8.50 + 2.78 ug.hr/ml for CHZ and 6-OH-CHZ, respec-
tively. The K, values calculated from slope of elimina-
tion phase of CHZ and 6-OH-CHZ were 0.48 + 0.10
and 0.40 + 0.13 hr?, respectively. The elimination half-
life (t,,) was 1.49 + 0.32 and 1.95 + 0.73 hours for CHZ
and 6-OH-CHZ, respectively. Oral clearance (CI) and
apparent volume of distribution (Vd) of CZX appeared
tobe 15.77 +4.81 (L/hr) and 33.13 + 9.75 L, respectively.

Table 1. Demographic and Clinical laboratory data of 10 healthy Thai volunteers enrolled in the study

Mean + SD Range
Age (years) 33.80 +4.85 26-38
Weight (kg) 57.60+ 7.93 41-70
Height (cm) 160.00 + 0.09 150.0-175.0
Body mass index (BMI) (kg / m?) 22.56 + 2.20 18.22-25.25
Glucose (Normal, 70-110 mg/dl) 88.30 + 7.44 77-100
Creatinine (Normal, 0.5-2.0 mg/dl) 0.74 +0.22 0.5-11
SGOT (Normal, 0-38 U/L) 21.20+5.51 14-28
SGPT (Normal, 0-38 U/L) 17.80 + 9.02 9-37
Alkaline phosphatase (Normal, 39-117 U/L) 63.50 + 13.17 44-93
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Fig. 2 Mean (+ SEM) plasma concentration-time profiles of CHZ and 6-OH-CHZ (n = 10)

All pharmacokinetic parameters of CHZ and 6-OH-CHZ
are presented in Table 2.

Discussion

The result of the present study demonstrated
that CHZ was well tolerated. No adverse event was
detected. It has already been known that maximum con-
centration (C__) and the time to reach the maximum
concentration (T__ ) show the involving the rate of
drug absorption. The present results showed that CHZ
was rapidly absorbed with time to reach peak concen-
tration within 2 hours. The area under the concentra-
tion time-curve (AUC) is a parameter indicating the

extent of drug absorption into systemic circulation.
The AUC, _ of CHZ determined from the present study
was 27.52 + 8.05 pg.hr/ml. Other parameters indicated
that CHZ had a short elimination half-life (t ), high
clearance (ClI) and large volume of distribution (\Vd).
A comparison of pharmacokinetic parameters
of CHZ between healthy Thai volunteers and other
ethnic volunteers is shown in Table 3. T__ of CHZ in
healthy Thai volunteers was equal to that of healthy
Japanese volunteers. The elimination half-life (t ) of
CHZ in healthy Thai volunteers (1.49 + 0.32 hours)
was slightly longer than that of healthy Japanese
volunteers (1.09 + 0.20 hours) and healthy American

Table 2. Pharmacokinetic parameters of CHZ and 6-OH-CHZ in 10 healthy Thai volunteers

CHZz 6-OH-CHZ
Pharmacokinetic parameters
Mean + SD range Mean + SD range

C,..(ug/ml) 7.15+2.09 9.89-4.91 1.77 + 0.50 2.78-1.01
T .. (hr) 2.00+0.82 3.00-1.00 3.05+1.17 5.00-1.50
AUC_, (ug.hr/ml) 2547 +7.11 34.16-15.70 7.32+2.21 10.63-4.88
AUC,_ (ug.hr/ml) 27.52 +8.05 39.44-16.58 8.50 +2.78 12.14-5.25
K, (hr?) 0.48 +0.10 0.62-0.34 0.40 +0.13 0.59-0.21
T, () 1.49 +0.32 2.01-1.12 1.95+0.73 3.32-1.17
Cl(L/hr) 15.77 + 4.81 24.13-10.14 - -

Vd (L) 33.13+9.75 51.98-19.85 - -
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Table 3. Comparison of pharmacokinetic parameters of CHZ in healthy Thai, Japanese and American volunteers

Pharmacokinetic parameter Thai Japanese®® American®
X+ SD X+ SD X +SD
(400 mg CHZ) (250 mg CHZ) (500 mg CHZ)
n=10 n=20 n=10
T of CHZ (ug/ml) 2.00 +0.82 21+10 -
T,, of CHZ (hr) 1.49 +0.32 11402 1.09 +0.20
T,, of 6-OH-CHZ (hr) 1.95+0.73 - 1.28 +0.23
Cl of CHZ (L/hr) 15.77 + 4.81 13.0+45 13.92 + 4.98

volunteers (1.10 + 0.2 hours). Similarly, t, , of 6-OH-
CHZ in healthy Thai volunteers (1.95 + 0.73 hours)
was longer than that of healthy Japanese volunteers
(1.28 + 0.23 hours). Oral clearance (Cl) of CHZ in healthy
Thai (15.77 + 4.81 L/hr) was slightly higher than that
of healthy Japanese volunteers (13.92 + 4.98 L/hr) and
healthy American volunteers (13.0 +4.5 L/hr). CHZ is
almost exclusively metabolized by CYP2EL1 to 6-OH-
CHZ®, Racial and ethnic differences in drug-metabo-
lizing ability associated with genetic or environmental
factors are well recognized®. Therefore, racial and
ethnic differences in drug metabolism and inter-indivi-
dual variability may be the reasons for the differences
in the pharmacokinetics of CHZ in healthy Thai,
Japanese and American volunteers.

CHZ can be used as a selective in vivo probe
of CYP2EL1 activity in humans®19. It is now used to
monitor liver function before and after transplantation
and the severity of liver disease®. The present study
yielded pharmacokinetic data of CHZ and 6-OH-CHZ
in healthy Thai volunteers. The data of T __ of CHZ
and 6-OH-CHZ with the range of 1 to 3 hr may suggest
the appropriate time point to monitor the level of 6-
OH-CHZ/CHZ ratio that is used to indicate CYP2E1
activity in the patients with liver diseases.

In conclusion, pharmacokinetic characteris-
tics of 400 mg oral dose of CHZ were reported in healthy
Thai volunteers. These parameters reflected absorp-
tion, distribution, and elimination of CHZ. The data
may be applied for clinical use in Thai patients.
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