Enantioselective disposition of clenbuterol in rats
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Clenbuterol is a long-acting Bz-adrenoceptor agonist, but the desired activities
reside almost exclusively in the (-)-R-enantiomer. Here, | examined
enantioselectivity in the disposition of clenbuterol following administration of
clenbuterol racemate to rats.

Concentrations of clenbuterol enantiomers in biological fluids were determined
by LC-MS/MS assay with a Chirobiotic T column. This method was confirmed to
show high sensitivity, specificity, and precision, and clenbuterol enantiomers in 0.1-mL
volumes of plasma were precisely quantified at concentrations as low as 0.25 ng/mL.
The pharmacokinetic profiles of clenbuterol enantiomers following intravenous
administration of clenbuterol racemate (2 mg/kg) in rats were significantly different.
The distribution volume of (-)-R-clenbuterol (9.17 £ 2.76 L/kg, mean + SD, n = 4) was
significantly higher than that of (+)-S-clenbuterol (4.14 = 1.00 L/kg). Total body
clearance of (-)-R-clenbuterol (13.5 £ 1.8 mL/min/kg) was significantly higher than that
of the (+)-S-enantiomer (11.5 + 2.7 mL/min/kg). Urinary clearance was the same for
the two enantiomers, but biliary excretion of (-)-R-clenbuterol (1.62 + 0.88 mL/min/kg)
was higher than that of the (+)-S-enantiomer (0.45 + 0.23 mL/min/kg). The fractions
of free (non-protein-bound) (-)-R- and (+)-S-clenbuterol in rat plasma were 48.8 +
3.1 %, and 33.1 £+ 1.5 %, respectively. These results indicated that there are
differences in distribution and excretion of the clenbuterol enantiomers, and these

may be predominantly due to enantioselective protein binding.
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Clenbuterol (4-amino-a-[(tert-butylamino)methyll-3,5- dichlorobenzyl alcohol) (LLF

CLN) &, BIRNT FLF Vv B ZREREETHY | 1EHEMARWR#-EZRFS, [E

S B ABMESUE k. RE, BERE IR B L OMEEMER RS CHEIS DS & 5 NIRE T H

D, ZNLEIGOEREFIZNTND & SEARIMIERICL 2 b0 TH S,

Z @ Clenbuterol 1Z—xf DY RIEEREZHF T 5728, ()-Rclenbuterol (LLF R-CLN) &
(+)-S<lenbuterol(LL T S-CLN) 7% 50 : 50 DIRAEW T 5 7 & IR (LL T (rad-CLN) & LT
TR SN TWD, SEFEMEEIT, WEA - EFRNZE L WIS 20 b3, TEEHEDEWIZ
L0 AERICEFTIERSCENEEN 705 Z &8 5, CLN X, B AEHIBIERIZE D
KB ARRIEASC e isthiEEAIL B-CLN (2X %28, S-CLN ([ZiZZ D X 5 R ERIXIEE A
Ele <l MERTRZVvaanrFas Ro LR FEEOEMR & DORIKEZAER %28,
LovL. & ORMEROENBIREICB T 2 HITIT L A LRV, BIFFT 2R A RO
PRI BIER 2R BIERDIZ 5 BMEANTOREDN < R D56 Ked HFKHDR X
DEWERDBS BN LB H D, ZOXIR5GE KFAET L ENnEERD, 20
e, BEART L DERNBEIRRAH LT L2 LITEETHLH, £ TAMETIE, L%
O EWEGHEZEBRET 5720, CLN ORNEIRBO LR RMELZI LT 5 2 &2l
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SR BRI O IRNEIRE & ] 5 2029 B 72 DITid, B0 E L@ FIENME L 72D,
Rl B & V2486 EICE 2Bt 0B LR 55, CLN 132 < ORIE L #E S
ITWDD, ZRHIET7EIERE LTOREETH D, HFREILICHEFIEZRLIZS O
1372 < JIERA A 10 nmol/mL (cu. 2.77 ng/mL) & EERNMEV, £ 2T, /NEIZE T
% CLN St EMARDORNENRE ORGEHIA M Z2ARIRES R AlRe & SN HESHIEE LT,
LC-MS/MS % WA KN O CLN BYEAROREEDHESL 21T -T2, 72, invitro B X

W in vivo IZ81F % CLN NXFEEMEAOHEEZBOF IOV THRH Lz, 62, 7> b
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1. mM#Ed CLN XFERERDEREDHRE

W4 EIH T vk LT, CHIROBIOTIC™ T (ASTEC, NJ) % MW /-, K 0 AKHEE 2 M
T LD, HEgfres (MS/MS) #H\We b Z A, RHIEEDER TFIRILZ CLN £ B2EA3
(2 0.25 ng/mL TH Y, R- B3IV S-CLN % BAF/rHET & 7, ME#iiE 0.25-50 ng/mL @
HPHICRB W CHEBMEEZ R L, B- 8L SCLN OB (R?) 13 0.9999 35 L 180.9998 T
bHoiz, S HIZ, inter-assay variation (23515 % CV fiiX. B-CLN 7% 1.4~3.6%. SCLN
M 1.83~32% OFEPFANTH >7-, Intra-assay (28T 5 CV fEIZ, B-CLN 7 1.0~ 4.3 %,
SCLN 28 1.4~3.2% O#ENTH 7=, ZDOZ 0D, AFIEICE W THENL L= JIEED
BEMIRG O EE 2D, AHEEE CLN BHEEOUEIZHSHESTE D EBL 5N
720
2. Invitro 5&UV in vivo IZ$11% CLN HFEEMEOEEEHICEET 515

CLN Yt RS5MEIR O in vitro (Z361) D EAMOATE & ZEMHIZOWTHAE L7z, U Uik
FEER (PBS. pH 7.4) 3L U7 v MEFIZIBWT, 37C T 72 KA o F 2X— M &AT
o7, R- BEIOWSCLN REE, WTNbEAT 52 &< BE—EEEL R, WThok
HETICENTH, AL MRITE Z 502 EREhT,

T RLT Y v B ZRBREERICIEE LT DX DNLO 2 #k T V3 — VI, BRE
KT THARE#BT L2 ZLPMbNTWD, £ 2T, @fettd X ORISR TICBIT 5
CLN OZEMS L UM EEHIZOWTRE L7z, £7°. SCLN ([Z8@tEg&i & LT IM
HCl KSR A ER S HT2 L 2 A, 24 FEETT 2 JRRB L 220 | SBEEVESIE T CIIH AL

LI ENRESNTZ, —J7. SCLN (ZoRHEHEMESfF & LT 0.1IM NaOH /Kisik 2 FH S
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TTIE. WL LTARLETH D Z LRI,

W2, invivo \ZBT DM EEMBOKRGIO=H, RCLN 27 v MIRAELZE Z A,
B 5% 0~72 el O], MAEHIC K EETH S S-CLN T8 Shiehnodz, Leh-> T,
7w MO #G% 72 RO, CLN OMAZBIIEZ bW AR Ehi, £z,
B 54% 24 R O[], JRAICISWT HRPEERITBII S g h o 7o, ZORERIL, oot
EFIZIBWT CLN [IHAEBMMAE Z 2 E WO RRICIKT 26D Th o7y, ZTOHERKLE L
T, BOEE LZEE. CLN o H NI N8 < | AN 2 DI 53 72 B R 2 )
STl EFEZ b,

3. CLN DZYHMIHEITHRNBRBOLFFRK

(rad-CLN %7 v h~E5ZOMEET, R, BLOMETTREZHE L, &2 RO
BB/ R A —Z 2B LTz, (rad-CLN 2 mglkg Z 8RNI 5-1% ., #5081 5 9 B %
TOMBEPREILSCLN 235 < - L 5 5-1% 12 R LUK ik R-CLN 23 < #E% L 7= (Fig.
1), B- BEX O SCLN ® AUCon IE, £ F41 1.25£0.18 pg-hr/mL, 3L 1.51+£0.35 pg
‘hr/mL RS, BEERETHERETRO N R >T2, —, RCLNO®E 7 V7T
7+ A(CLtot) 1% 13.5 + 1.8 mL/min/kg T®»H Y. S-CLN : 11.5 + 2.7 mL/min/kg £ 0 & K&
oiz, RCLN OAAR (Vds) 1% 9.17 + 100

100

2.76 L/kg THYH, SCLN:4.14+1.00 L/kg X

D HLABEICKE Do 7-(Table 1.),

Concentration
(ng/mL)
>

1

(rad-CLN 2 mg/kg % FRlRNF 54 D JRH AR
0.1 r r Y r Y =
PR EZHE LI A, R-BXW 0 12 24 36 48 60 72

Time (hr)
S-CLN @ 24 HEEHEEHER1T 19.7 £ 1.2% P & Fig.1. Plasma concentration versus time curves for
(-)-R-clenbuterol (closed circles) and (+)-S-clenbuterol
(open circles) after i.v. administration of 2 mg/kg
M22.3+1.5% THYH ., SCLN OFNAHEIZ  (rac)-clenbuterol to rats. (n = 4, Mean + S.D.) *p < 0.05,

(-)-R-clenbuterol vs. (+)-S-clenbuterol.



Emol=n, B UT T A% 4.9 £+ Table 1. Pharmacokinetic parameters of CLN enantiomers after
i.v. administration of 2 mg/kg (rac)-CLN to rats

0.7 mL/min/kg & X O 45 £ 0.9 R-CLN S-CLN
Dminke b A E sl b o gy AUCo (g rML) 125+ 018 151+ 0.35
=, I 3
mLiminxg 78 + MRT  (hn) 112 +20 60 +07 *
o " e tn (D) 191 +55 141 +51 *
oo oo MIFPAREACHIFIEREZ o (mUminkg) 135 + 18 115 2.7 *
Vde  (LKg) 917+ 276 414+ 1.00*

HE L& Z A, PRI R-CLN 7.7 : - .
Moment analysis of CLN from plasma concentration after i.v.
administration of (rac)-CLN (2 mg/kg) to rats (298 + 27 g, n = 4). *

+ 1.8% BIORNSCLN 3.3+ 0.4% < gltggglﬁtagtt t(cai'i:’\ftffarence between R-CLN and S-CLN at p < 0.05;
HY . B2 V7 F 2 Z(Clbie) 1Z. 1.62 + 0.88 mL/min/kg 35 X1 0.45 + 0.23 mL/min/kg
ToH Y RCLN Ol 4 5ABICKE Do To, 5 BTk 2 I ARZLIREERIT 5%

AiItE & RIS E D DEIE /NS WA, PEIERIC B Tl b IR R 2 7R U 72 13 IR BE
MmTH-o7,

WU 31T B PR D ZEZ I DT 57201, (rad-CLN + _f5IENE 1% D 4 1
PARD MIEHIREHB MG Lz 25, R- BEX O SCLN DA 4T XA FE YT 1 (F)
1392% BLU102% THY ., FEREIRONRD -T2, I BT, insituINFEFRE LT
BN —T D OWIEEZRDTZE 2 A, BR- B3EL O SCLN OWIGHEE, 5% 10 43Tk
31.7% B LT 32.0% THY ., 30 0 TIE 72.9% BLUT73.3% Th o7z, WIGBFEIZINT
IR R Y LGNSV A WA Rl

Mg 2 X7 IERE G TR % in vitro TORIMEIEIEIZ XV RO TZFER, R-BIT

\

S-CLN 0I5 o _7 EREE T HRIT, T L1 488 +3.1%FB L1331+ 1.5% THY

HAMEARETHERZEZNRD OGN, ZOREED . Vds 7 RCLN DIE9 N REL Role—
ELT, MEh & o R AT ROECE DD EEZ SN, L, Vds DT
RCEMHAT 2T TRVEEZEZLND, fFbhiz CLN OB, + a5
B4 DR TR, E 7o BEEIEEOWE 2 6  IFIEER DA EHEL Shu, CLN b

FRMERDIGITEERIZBIT 270, Vds I bRELZ JFL VD EEZ LN,



Afin 5% PR R - I R HE RS 70s D IR & LA
TOFo7FREICH D LB BND,
(rad-CLN §#lRN#G-1% 36 IRffH o T,
iR, itids KOV N ORI R B A I E

HERIR BE I D AR P IR B D b

(Kp ) XLV Ky fEZHH L 7= (Table
2), 1Tl & Bhgl2 1) 2 S-CLN DX

<L Kps IV PR OMARICBS N TH

S-CLN DIE o nNHEIZRE hoTz, 36

e TR Sz Ky fEoZER 1L, SCLN

#H S D, Ziud S-CLN ORIEHREELC
INETOMRMELY . SCLN DIE 5D Clier 2/hE <

J D IMAEFIREIL S-CLN DIE9 AEne Tllsng, &6

Table 2. Tissue-to-plasma concentration ratio (Kp) of R-CLN and S-CLN
at 36 hours after intravenous administration of (rac)-CLN.

R-CLN S-CLN
Liver  Concentration (ng/lg)  17.72 + 5.19 2285 + 4380 °
Ky 528 + 219 2485 + 582 °
Kop, 1 10.03 £+ 4.16 73.10 + 1711 °
Lung Concentration (ng/g) 10.21 + 8.12 984 + 7.48
Ko 263 = 1.04 975 + 469 "
Kop, 1 501 + 197 28.68 + 13.79 ©
Kidney Concentration (ng/g) 6.90 + 2.19 1077 + 191 "
Ko 1.99 £+ 0.65 1184 + 302 °
Kop, 1 379 =+ 124 3482 + 887"
Mussule Concentration (ng/g) 1.85 + 0.31 1.71 + 0.28
Ko 058 =+ 0.28 191 + 060 °
Kp. 1 1.10 + 0.54 561 + 175°
Plasma Concentration (ng/mL) 3.92 + 2.22 095 + 0.28 °

(rac)-CLN (2 mg/kg) was administered intravenouslyto rats. At 36 hours after
administration, rats were decapitated and the plasma and tissues were isolated

and weighed. Each value represents the mean + S.D. (n =5).

* Significantly different between R-CLN and S-CLN atp < 0.05; Student’s t test.
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