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Pharmacokinetics of leflunomide in Chinese healthy volunteers
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ABSTRACT

AIM: To swdy the pharmacokinetics of leflunomide in
Chinese healthy volunteers. METHODS: A single
{20, 40, and 60 mg) and 30-d-repeated (20 mg/d} oral
doses of leflunomide were performed on 18 {12 males and
6 females) and 6 (4 males and 2 females) Chinese
healthy volunteers respectively.  Agmm,. the active
metabolite of leflunomide, in serum was determined by
high performance liquid chromatography (HPLC). Data
were analyzed by a 3p97 program on a Legend computer .
RESULTS: Serum concentration curves of Agpmy, in
single and repeated oral administration of leflunomide
conformed (o one compartment model of the first order
absorption.  Leflunomide was absorbed rapidly with
Ty 21, of between 1.15 h and 2.23 h in single oral
administration.  The major pharmacokinetic parameters
of Armg in 20, 40, and 60 mg groups were T . (h):
211+ 18, 170 + 24, 252 % 26: Tuw (h): 13 £ 12,
1324, 9+ 5; Crx(mg/L); 2,0£0.5, 5.2%0.6,
6.7+ 1.5; AUC {mg-h-L™"). 47 £137, 1344+ 191,
2555 + 907, respectively. In repeated oral admini-
stration, steady state concentration was achieved within
30 ¢. The mean trough concentration was between 32.0
mg/L and 39.7 mg/L. The Cras Trmax. AUG.n
were (41.5+2.4) mg/L, (307+75) h, and (22099 =
1234) mg-h-L™!, respectively. CONCLUSION; The
absorption of leflunomide was rapid, and its elimination
was slow after oral administration. The pharmacokinetic
results showed that it exhibited first order Kkinetic
characteristics.

INTRODUCTION

Leflunomide was a novel isoxazole drug with
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immunomodulatory and antiproliferative  properties  that
was effective in experimental models of autoimmune
diseases and in allo- or xenotransplanmtion["g-], The
antiinflammatory and immunomodulatory characteristics of
leflunomide were first described using two rodent models
of autoimmune discases, adjuvant arthritis, and allergic
encephalomyelitis® . Since those studies, additional
reports have confirmed that leflunomide is effective in
controlling a number of autoimmune diseases in rodents,
including systemic lupus erythematosus, proteoglycan-
induced polyarthritis, organ-specific  diseases, and
autotmmune uveitis'* ~* . Based on those observations,
the effects of leflunomide have been tested in patients
with rheumatoid arthritis and no clinically significant
toxicity was defected at doses of which clinical and
immunological improvements had been detected"™ .
Despite these encouraging results, the action mode
of this immunomodulator was not fully understood. But
there was strong evidence that it had effects on de novo
pyrimidine  biosynthsis,  specifically  dehydroorotate
dehydrogenase (DHODH )}, and inhibited cerlain tyrosine
kinase responsible for signal transduction’’
Leflunomide itself was a prodrug.
absorbed in animals and human, but it was metabolized
quickly into an active metabolite, Aqpzy. in vive!® 11
In phase [l clinical trials, leflunomide showed high
tolerability and efficacy in patients with advanced
rheumatoid arthritis >’ . The purpose of the study
reported here was to determine the clinical pharma-
cokinetic profile of leflunomide through determination of
leflunomide’s active metabolite,

It was well

A and con-

sequently to provide dosage recommendations for phase
Il erials.

MATERIALS AND METHODS

Drugs and reagents Leflunomide (Batch No,
970001, 10 mg/tablet) and Az, standard (Batch Ne.
970025, purity >99.5 % ) were obtained from Cinkate
Corp, USA; acetonitrile, ethyl acetate, acetale acid,
sodinm acetate, and ethanol were of analytical grade.
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Apparatus A Shimadzu LC-6 high performance
liquid chromatography equipment consisted of LC-6A
pumps, SCL-6A system controller, SPD-6AV ultraviolet
spetrophotometric detector, ODS-C18 column (150 mm
x 4.6 mm) (Shimadzu Corp, Japan), and V4.0*
software on a Legend computer.

Subjects Twenty-four healthy volunteers (males
16, females 8, age 20.8 a+0.9 a, weight 60 kg £6 kg,
height 169 cm +7 cm) were involved in the study. All
subjects passed complete physical examination, revealing
no clinically relevant hepatic, renal, cardiac,
hematologic, or other diseases, and all had no other
drugs two weeks before and during the sdy. A
standardized meal was served. Cigarettes and aleohol
were restrained.  In accordance with the Declaration of
Helsinki, all volunteers gave their wrtten consent to their
participation in the study, and the protocol was approved
by an Institutional Review Board of Anhui Medical
University.

Single oral administration  Eighteen healthy
volunteers were stratified randomly into three groups.
Each group, which consisted of 4 males and 2 females,
received single oral leflunomide 20, 40, or 60 mg
together with 200 mL water respectively after overnight
fast. Blood samples were drawn predose and 1, 2, 4,
8, 12, 18, 24, 48, 9% h and 8, 13, 20, 28 d postdose.
Afier centrifugation, the serum was isolated and stored at
—20 T untll analysis.

Repeated oral administration  Six healthy
volunteers including 4 males and 2 females were given 2
tablets total contaiming 20 mg of leflunomide together
with 200 mL water once daily for 30 consecutive days.
Blood samples were taken predose from 1t0 30 d and 1,
2, 4, 8, 12, 16, 20, and 24 h postdose on d 30.

During the whole study course, subjects were
instructed by the investigator to report immediately the
occurrence of any adverse events.

Analytical method The concentration of Ay iz,
active metabolite of leflunomide, in serum was analyzed
by high performance liquid chromatography. The mobile
phase components were sodium acetate-acetic acid (0.0
mol/L) and acetonitrile (67:33, v/v, pH 4.6).
Ulraviolet wavelength was 290 nm. The flow-rate was
| mL/min.

The peak areas of the Az were plotted versus the
concentrations of the Ammg. Values of unknown serum
drug concentrations were determined from calibration
curve.

Human serum standard solutions A -y, was
dissolved in acetonitrile and distilled water (1:1, v/v),
then differem amount of this solutions was added into
blank 3-mL glass tubes and evaporated 10 dryness by
nitrogen. The residues were dissolved with 0.2 mL
human serum to make Ay of 0,195, 0.39, 0.78,
1.50, 3.125, 6.25, 12.5. and 25 mg/L, respectively,
as serum standard solutions.

Serum extraction procedure  Serum sample
200 uL, ethanol 200 pl., distilled water 200 pL, and
ethyl acetate 4 ml. were voriex-mixed in a2 10-mL glass
tube for 1 min. After centrifugation at 700 x g for 20
niin, the organic phase was aspirated, The remainder
was extracted by addition of 4 ml. ethyl acetate again as
described above. The two organic phases were mixed
and evaporated 0 dryness under a gentle steam of
nitrogen at 35 T in a water bath. The residues were
reconstituted with 200 pL of ethanol, and 30 pl of
samples were injected into the chromatography .

Pharmacokinetic calculations Pharmacokinetic
parameters were calculated by 3p97 program.  Maximum
drug serum concentrations ( Cp,, ) and time of their
occurrence ( Tr,y) Were taken directly from the observed
data.

RESULTS

Methed validation In the conditions as
descriped above, no significant interfering peaks were
observed. ‘The relention time of Ampm, was 6.4 min
(Fig 1). The calibration curve of Ay, in serum was
in good lincarity over the concentration range of 0.195 -
25 mg/L, and the coefficient of correlation was 0.9996.
The regression equation was A =2140.3 + 46753C (A
peak areas, C: serum concentrations). The limit of
detection was (0. 195 mg/L, and the average recovery was
(89.4+2.2) % - (95.3+3.7) % over the range of
0.195 - 25 mg/L (Tab 1), The within-day and
between-day reproducibility was shown in Tab 2, and the
coefficient of variation was all below 10 % .

Tab 1. Average recovery of Amyyy. n=5. xts.

Concentration Peak area Recovery
/mg-L"' Serum sample Standard %
0.195 8 59 485 8984 £ 307 95+4
3.125 160 838+ 8 732 172 179+5 92 93 +4
12.50 390719+ 17858 6AM+I1ZH6M R2.4+13
KL 2489 146219841 2785 768+90 271 89.4+2.6
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Figl Sepamtion of A]j‘lm- A: A77|715 standard. B: Blank serum, C: Amminserum.
Tab 2. Within-day and between-day reproducibility of Tab 3. A;;7 serum concentration-time data following
Arnims - single oral administration of leflunomide 20, 40, and 60
mg in 18 volunteers. n=6. x=ts.
Concentrafion. Coefficients of variation/ %
mg-L~! Within-day Between-day Time/h Serum concentration/mg- L.~
- e 20 mg 40 mg 0 mg
0.195 6.3 7.3 - . -
1;‘;%“’ 5‘1’ E’-;’ 1 0.9£0.4 1.6£0.1 2.3+0.8
o 1'8 2 2 L1£0.4 3.0£1.0 5.2¢1.4
) ) 4 1.7+0.6 3.9+£0.4 5.9+1.3
8 2.3+0.5 1.3+0.4 1.3+1.7
] 12 1.8+0.6 1.6%1.4 T4
Single oral administration Data of drug serum 18 1.820.5 58+0.7 5.1+1.4
concentration of different times in three groups (20, 40, 24 21204 4.420.8 6.0£2.3
andﬁ()mg) were shown in Tab 3. 48 1.8+0.5 5.5+0.8 T 8+25
kinetic o: calculated b 9% 1.920.6 5.1%0.8 7.9+1.9
Pharmacokinetic parameters were calculated by 3p97 ¢ 1.320.3 3.240.5 5.0%1.1
program, and Cog; and Ty, were taken directly from the 139 1.3£0.4 23204 38411
above data, Drug serum concentration-time curves of  20d 0.58+0.23 1.5%0.5 2.3+0.7
28d 0.202+0.023 0.2920.10) 0.920.4

20, 40, and 60 mg groups conformed to one compan-
ment modef of the first order absorption. Pharmaco-
kinetic parameters of three dose groups were shown in
Tab 1.

Repeated oral administration Data of drug
serum comeentration of 28, 29, and 30 d were shown in
Tab 5. Those suggested drug serum concentralions in
six healthy volunteers reach steady state level afier oral
administration of leflunomide 20 mg once daily for
consecutive 30 d.  Mean trough concentrations were
between 32.0 mg/L and 39.7 mg/L. Within a period
of oral administration on d 30, data of drug seram con-
centration of different times were shown in Fig 2. Drug

o one
Main

serum  concentration-time curves  conformed
compartment model of the first order ahsorption.
pharmacokinetic parameters were shown in Tab 6.

Adverse reaction In the whole sudy, cither the
single or in the repeated oral administration of
leflunomide, no adverse reactions were observed. We
had only found that WBC of ome female volunteer
significantly lowered than nommal level on d 28 in
repeated oral adminisiration, but it restored W normal
range in 2 weeks after stopping administration



- 554

ISSN 16714083 Acta Phanmacol Sin B 40 2002 Juns 23 (6)
E-muil aps@ il shene . ac.en Phin/Fax 86-21-6474-2629

Tab4. Pharmacokinetic parameters following oral administration of leflimomide 20, 40, and 60 mg in 18 volunteers.

n=6. xxs.
Parameters 20 mg A0 mg ol mg
k/h! 0.6£0.3 0.38£0.17 12414
ko/h! 00034 + 0. 0003 0.0042 £ 00005 0.0033 20,0003
Tia/M 2.2£9.8 2+8 1.2£0.8
il 211+18 170+ 24 252 + 20
F—y ) 1312 13+4 9+3
Crogn/ 8L 2.0+0.5 5.2£0.6 6.7¢1.5
AUC/mg-h-L™! 047137 1344+ 191 2535 £ 907
Cl/f(Len ) 0.032 £ 0.007 0.030+0.004 0.026 + 0.009
V/F (Lh 1) 0.AL£0.10 0.30 +0.04 0.390.10
Tab 5. Trough concentration of A;; following oral - 45
administration of leflunomide daily for consecutive 30 din 3,
6 volunteers. % 40
=]
H
. Serum concentration/mg* L~ £
5
Subjects 428 429 430 xS g 3
- ) - : w
1 36.83 36.20 8635 36.5:0.3 D 2 4 6 8 10 12 14 16 18 20 2 4 26
2 29.31 30.24 40.26  39.7£0.8 N
3 37.41 45.33 M6T 36415 Time/h
4 31.30 31.25 3.47  320:18 ) . . L
5 2 B0 %5 M0:lY Fig 2. Aoz serum concentration af different time in
6 %.95 37.32 716 37.1420.19 six volunteers. %= s.
i o3 35.4x29 36424 Asnm appeared to be linear over the dosage range of
5 mg to 25 mg daily in 6 month phase [l rrals, Mean
Tab 6. Main pharmacokinetic perameters after oral Plasma half-fife was 360432 h, with total plasma

administration of leflunomide 20 mg once daily for 30 d in
6 volunteers.

Parameters xts
Cone/mg L™ 41.5+2.4
Trm/h 0775
AUC, _5y/mg-h-L~! 22099+ 124
Co/mg+ L1 38.4+2.1
DF/ % 14x6

C,: average concentration; DF: peak-trough fluctuation

DISCUSSION

Leflunomide has demonstrated clinical efficacy in
theumatoid anhritis.  After oral administration. the
highly non-poiar leflunomide was metabolized completely
during first pass, and 99 % of its primary, pharmaco-
logically active metabolite, Arpiz,, was bound to plasma
proteins, primarily albumin.  The phammacokinetics of

clearance of 0.30 mL+kg+h~'. The less non-polar
Az was cleared via several metabolic pathways,
including biliary and urinary excretion' .

Our results indicated drug serum  concentration
curves, either in the single or repeated oral administration
of leflunomide, conformed to one compartment model of
the first order absorption. Moreover, leflunomide was
metabolized into  Agpe, rapidly,
eliminated slowly, and serum concentration of Ammg
increased porportionatly with dosage range 20 to 60 mg,
which conformed to foreign data''.

This investigation indicated that repeated oral
administration of leflunomide 20 mg once daily for
consecutive 30 d, the serum concentration neared steady
level, mean trough concentrations were between 32.0
mg/L and 39.7 mg/L. All these observations were
consistent with that the effective therapeutic dose of
leflunomide treating theumatoid arthritis was between 11
and 25 mg with oral administration. The effective
concentration of Aqzwy, was 13 mg/L above.

and A'.'?ITZ[) was

The mean
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sleady concentration was between 30 mg/L and 40
mg/L. which could produce stable therapeutic effect.
All of those suggested oral administration of leflunomide
20 mg once daily would produce clinical therapeutic effect
in theumatoid arthritis, and provided dosage recom-
mendations for phase [l trials.

On the basis of results of adverse reaction, although
no adverse reactions were observed, we should heed
adverse events. especially changes of blowd cells.
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