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Hot Spot in Sports Review on Determination Methods and

Development Direction of Clenbuterol

ZHANG Jian-li*

(China Institute of Sport Science, General Administration of Sport of China, Beijing 100061, China)

Abstract: Clenbuterol is mainly used to treat asthma clinically, but it is also illegally abused in ani-
mal husbandry and sports due to its anabolic effect. The abuse in animal husbandry will lead to the
residue of the drug in animal muscle or other edible tissues. Ingestion of this kind of contaminated
meat by mistake will trigger the positive event of doping control. The number of positive cases of clen-
buterol has been at the top of positive substances list every year since 2014, and the vast majority of
positive cases are related to the accidental consumption of meat food contaminated by clenbuterol. How
to distinguish whether it is food contamination or doping abuse of clenbuterol in doping control has
been an international problem. Therefore, clenbuterol has once again become a hot spot in sports .
In order to comprehensively sort out the research progress of the determination methods for clenbuter-
ol and its development direction in sports, laying a foundation for further related work in the future,
the determination methods of clenbuterol and its abuse in sports are summarized through consulting
the literatures in recent ten years.

Key words: clenbuterol; anabolic effect; doping; determination method
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PRAGERHE: o 1 bR B2 22 F 1992 AE TR C W BAS se BHE B 5B BT . AR, 123 S4ay G
TSR B B A R AE BT . i R RO RN (WADA) AT SE T2 2R, 2014 4ELICE,
SRS AR R B G — B ARV E T2 T A, Horp g R BH PR 5 B A
WL BB TG R N B SR o AR X 53 % SRR ek £ PR A 25 v R 2 B I A T B A R
R PVEA—FIEA 50 Z4E P 25, B — KO R U SRR, Ay ik T 5
ARG L XN EY . ET WP ELA E BT 0 E AL, 78303 %R A Pubmed
ScienceDirect , HFEN KIAF ETBE 27 AR S5 4040 32l 0 GBI “Clenbuterol” B “ W AHFR” B “ WUABHF
7 BATREER, ARG AR AR S SCRRETRE, % 2 ORI 7 TR RITE P B U ) i SR
BUREA T2t , JFELAZRR, M AR F SURARSHR AW %L YR b 3T
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Fig. 1 Chemical structures of clenbuterol enantiomers

1 WFiE

Rl R AR AR & S, 25kl ik H#T H . s SRR P ik k24, WIE T 4y
WA EEL e fe, HEr, s SRS ki gk £ 2 R /i . B ks . W @
AMNE L SIS - BB (GC - MC) R AR @3 — FOSEE % (LC - MS/MS) %5,
1.1 RESHE

GO AT R B Dy RIbR T C 4 5 G P4 & 3 — DU MR S R B R A TR 8 43 b 7 i, Hetle
FERM. WESIT. SR AbiRgE, KIS 2. BAE20 L 0 AR A, Ak
B P 5y BT i 22 R PR T S H R A EAR A IRAR SR ik . B S0P BRI ER (W FR %
RER AR LR, BT S T RO O ) s O B R S ik . 20114E, Zhe SRR ICHE
F T HESR P B U DR E LTk, AR A LT B A R A e SRR P T A &, madlis v
B D _E RS YR R EBUASE RS S T E o 1T TE SRR R AN, MG
$5(0. 1~ 100 pe/mL), FFREAR(0. 1 pg/mL) . 20174F, Wei 250 5T 26 I SR S 0 Sy 40 i
Wy B E R SE ) e AR B I TINE , RORIE S TR REBUE, A HRBRAKT 17 fo/mL. KRG X
AR Gy TR G o MR RIE DTS, N7 748 PRI b v A B 00 SR = H VA T o 5 W
%, RLINTE R T FEI 8 ~ 10 000 ng/mL™' . Huang 55" ¢ KHRIE T R F 5 T AN K iE R B AR 88 o fid G %% 3
BRI G5 JEAT B 5 iR I S R R I S AR Y, 1A R T RSP 4y B BE, [H
B e AR T DA G SR T IR H AR 0 JE R, DT S i T AR R e o BT IR I RCR L R
B . [FAE, Chen S5 QUM E UG 7 0T LA B 1 8 el v 400 20 B BB Rl % AT, el
TSI KRS B TR, %R REMA B REIZ ) B WL I A A — i E |
SEIE iy as
1.2 EHEBIKE

B0 UK BT D A S BN Ao BEIE , SR B R KA T, AR P ALy
Z )i RS BCA TR BB 22 S m SE B B i ik, BADGE . SRk, MEMATT S, HRE
BUGSEOL B EIMEEZE . BHE R UKIERR TN T R B INE e T 4 BT A, B w6
WL SR AT TR S0

B BIKTELEAT AR TR EREEEEER . 40k, ARSI TR 224G Rk
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AT B T I, AR X 302 30 Y& TR R 2 PRSI JR ) b o] o B AR . LR 1993 4R
WE5T A BN B A0 Bk BOR 0 v G4 B AT IR, BB 3R Sk B 3 AN SR B AN
VAL, DIFRPIHE B-AOBIRE A TR R, BT T8 7 A 2wl 0 v SRR B 3 T FUER o Il o 45 5%
BoR, SRHE 7FR LA SR P R R I T B AE O 0. 974 + 0.2 ~ 1. 004 + 0. 5, ¥R AMNETER .
BN BT 53 B AR SR SR AR AT R TR R 5 . BORIRE S AT A R B AR R T
)TN, AR U B-ERBIRE 17T AR W0V o TP 43500} o R 2 10 T2k S p it
TPorBmioe >, SEMEEL . AR, AW B TR T SRS T 8, s
WRIEEET . FUERATAEY . BEARM TS, XUEHHTFEEERN LI, HBME R IKTFES
FEARIFH T #0 & S 25 1)

BYNE HIKBREE 0] FHESR RS A, ]I EAMEEMR . XSERE™ %5 R FH B4 B bk Bk
SO B S SRS BEA T TR, i ORI R, DAAIEIES) TAERAR, e LM
32,0 ~400 pe/Lo SEARESHH F BRI ELTBR A & Sndh, AR, FF= e ar 17 IR BN E Ik
ZREREANEYEA IR P RS, FRRIBRART 0. 2 pg/mL, BIERE T 97%. kTR
R A, MR N BRI T RSB SN i R AR LR B IR P R Y, SR KB AR AT
K)G, J7iEf REE B, KBBRak0. 26 ng/mL, ZRIEFEREINTX0. 003 ~ 10. 0 wg/mL>',

1.3 RHHEHBIEEIMNE

WARAE T, 0045 S8 SO LR AR R i AR R AR 00 € 3 43 B i o T JR0AH €203 v 58 ARG 258 S s de
W DLARS I g, DR MR £ % 2R AN B A 43 A A0aod S L i ) BT A 3 B TR o SRS B
ST 0L AN EF S, R R R A O SRR ERR e — 35 GRG0 5 B A B S
RS T RS BRI, IR E ARSI, WEIT N DR S AR SR T A ik . 2011
A, Liu 5 PRS0 H BEAH RE O 53 ORI S B AR AL U b v SR P B T Ak B B, R
FHAH €0 1% 28 ANEAT I 5 O 4 2 0T DL 508 e Bt A R AU, AR M IRAIRZE 0. 07 pgrkg, LR
$70.19 ~ 192 pg/kg. 20164F, Qiu%E XHFA 1T —Fhidi T8 A BFEAR B AR mr b B 77k, HAZ O
B R WA AR FLI 43 FEN IR R S AR, 65 WA (S S MR IR P i s SRS, KR
3K0. 15 pg/L, ZePEEHE 4100 ~ 1 000 pe/L. i, BEFEA BUEBH T —FhER & 8 F I N At A1 &
W ST A ) B A AL BT 78, R (0 FH R A € 3 58 N PR HP 1 v A B A T 7 TR 25T
TR AR, RN L ] 5 48 2 & A0l P i 2 i M 4 R
1.4 SR - RigE(GC — MS)

GC — MS AESAATE A B 23 B P AT i i 5 5 ShRE I — R B 2 B iR . se B4 e
NFBY RN o3 A TR, T 2473 SR H A A0 A AR BB 1] 35 B R R R VX
FRNHIRBUN R AEAS . SR GC — MS Kl 5 4 45 27 i 4 1y ARG 0 4035k e 6 FH B 777 o Gonzdlez —
Antufia R FRE 0 ZARICE & BB RER, v AR AR T, 82 8E, ARG
P IR R T IE 0. 050 ng/g. Yang 5540 Al H GC - MS ., AHEIE — =HPURATHHIPBTE (GC -
MS/MS) FIAAH A3 — 550 BETHE (GC — HRMS) 3 7 76 AH ] i AR 2 5 A v v 45 57 1 I 1 ol ik
ITHRFTE, 25980 . 3R Eao R 45142, 0. 03, 0.06 ng/mL, HH1LLGC - MS/MS X T IR
Wb v SR RS I SR AR . G4, MEVAE A — R S AR M PRI A B AR T — R ARR
WFEATEA . Lin 555k H B BE0FE A A 41k 2 BT BUR S AT AR R, R A v B4R
BT T GC-MSIE, KPR UK0. 2 ng/ml, JLATFIREISR A TR BRARAEAR I, Ak, 8
VR BRSPS RN MR AT, B, AE S SRS RIS L R AR 2
2RO R PR ) ST A R ARSI AR ) S TR N S AR I 2 SR R A — e . R ERT GC -
MS JEAS I AE o] & PEZHZRAE PR s SR P I R b - T T 5%, AR IR SR A GC — MS R
ARSI, 7 1643 5 Ml I AR AR R () AT B 56 I floe 1 B 2%

1.5 WHEEE - BERIEE(LC — MS/MS)
FERAH AT — S (LC — MS) BB T/, 2425 SR 450385 3 SR F GC — MS JAAG I 58 2 4
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B, i GC — MSTEAYATAC AN 2%, Te sl AT TR, AOGER TR A, 3820k 52 45
JERE e . 21 22T, LC — MSHR AR BIPRE L e , Bk 2 09 WF 50 R G i A BOR
o R BRI R ST . (ELC - MSEAR T, LC - MS/MS FEfEHm 381t . & REE . B E R
B DL RS P L A5 i, AE e BB AN 7 AR B 2 R, IEFEA RS W T 2 ek, B2
ALFG AR AR T R O B BRI ORI T L A, X SR )
FEAR Y S50 ST 4 A RIS G

HAT, PRGN EAZ 2l 512478 SRR IN ) 32 ZERE AR . Nicoli %' R F T 3 B B8 va S TR AH
a3 — BT R o] SEIURE P S RS IR AT, R HHBR vTIR 5 pg/mL, %7 IRRENSAS IR R IR
FH 5 BRI B 24 RIRAE FH M . 2015 4F, ST N DYl F7E 2R 8 AH ZE BU/L.C — MS/MS 4: H 34347 7%
TR 16 Fh B2 AR A R BE T P g EWF5T, Horp SRR P iR BR W3k 0. 01 pg/L, ZRMEVEIH
$30.01 ~50 wg/L'”, Jrik AR REVEE . RUETEE T, XA RSN EEER . TE
S, SR v SRR B2 B B 0 24 6 AR AR R XU A A Y, 3R S R B XU R s i ok
P51t S ) 55 o Chen 58788 ) 32 3 AR R HLB [ AH ZE B RIS LC — MS/MS 6 4= v v
RS TR, UEEER 10 g, e eREP KL IR 4 0. 058 4 ng/g. 20154, KHHEME
B BN ST T — T B0 o 1BV SR S Wi BUE AR A v s O R B B 744k, LC — MS/MS #3517
RS0 ) 53 B 7 1% o M T A 3 5 1 SR A BNV R 3R 5 W B I A Bk A AR B R B Bk ) i U R R i T 2.7 ~
3.44%, BAMHLC-MS/MSEAR, Tkt tHIR{CA 0. 01 ng/g, & N A 0.03 ng/g™, W LIRLF
B A0 P b e R I R B I . B I Hh v B A B R ) L DL SR A X A A
PR F S5 SR TR AL . ke . BRI SR )P FT A PRIME HLB [ AH A AR HE A L.C — MS/MS %}
NP R SR IR T, J7iE D, KRN0, 16 pekeg. BE H SRR BRI T A
e —IWEEMBRRNE, Hol W5 — M s GRS M TS0 . Duvivier % #3774 BA W8
JRE WS LC - MS/MSHE I 7, BT LC - MS/MS B i RABHIRAE SR i, [if3i% 07 1L RE%
HRERDL 1 em A ALK RGN B & 58 SR D IR H 22, MO A ROl i B2 24 S 41 nl 38 3P PR A 4k
P, TERE T ORMLAEHR , REZA BHIFEIBA % LC — MS/MS BB 92 28 7 A [ L P 2H 2R A £ 5 v o
BRI E T %, R HHBRTE0. 008 ~ 0.5 pg/kg JEIHIA , 30T LU 2 A £ i v v &4 2 0 5k B8 M
BRSPS AR R TS, IEASRARIE S LR, T HEARILEA, GG/,
FEh 2 T2 R A SR 00, B A 27 B8 T R ALE P B — SO B AR 40 55 i ] 58 b FH 7 Az
Solheim %5 SR H 22 it LC — MS/MS X Ifil 4 p v SR B BEA TR, 45 5R & B, HAIE LR 80 pgwt
WS, TSR ARSI EIRZ G 3 d, BAEARTESIR . % 2 T 540 TF ol fa & (R 17
365 d, ASRA B MGG RERG IBY R AR T . LC — MS/MS VA RN VS £ 4k 452 il Ay 47 SR I 453 3, e
SRR N E ST .
2 (KB I R IER RN E

S B TE WADA B4 BRI 28 W TOIs S v, BT 3R . FRAMYZE B & A b
o FESEHARTOUE, wWORE P4 RIHEFE AT RE, — MU i 2R, WZs) B
W CREPHIFERANRN ™ 53—l R R, BIE A T SRR Ts R &5

B FIRK SE AR 2 B R I8 E e S ol bl s G, RS, s CRER A& s Y i
EHAT . REIEASREE A &SR E g R A A, 4. . BRI SR P R R IR UK
SRR, JEHAE . ERBHMERE TN BRI, A RIZ 8N G AR I o v SRR P I P R —
HESAT . MUREFEXAN R, B2 AR R WAAEIEN . I WADA 2370 00 5 R 45
SR TN, WADA AR 2R S2 00 5 32 vl SRR 2 P BB RAE R AEE N, e L
SEYERE—ANEGE K. 215 T 201245 LSk WADA 7E4ERTE Bl Py A 0T B 5256, 58 4 25 00 va S HR 2 B
PERE (BRE 20214511 H, WADAGHEE B £ 20194F), 48 RER, WAIEY CESLZHER Y
AEBHIE BB 2 W 24 A R . FEBHPE VA R & B, 3830 BUS TR E ORI W 51 & % a5 I vk ik
EHEW ., EATT ML FIRGI AR, B0, BRI R A, Rk 24 G 45
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Sl AR AR R ) S — PR SR T T L
A1 2012 ~ 2019 4F WADA £ A BRYEIB P A 0] B0 S50 S 40 14 ) 3 S5 20 BH 1 s
Table 1  Clenbuterol identified by WADA accredited laboratories in ADAMS from 2012 to 2019

[tem 2019 2018 2017 2016 2015 2014 2013 2012
Number of L. 31 31 31 34 35 32 33 34
Number of C. 199 320 294 349 314 251 183 98
Number of A. 1825 1823 1813 1804 1728 1479 3320 2279
Ratio of C. (%) 10.9 17.6 16.2 19.3 18.2 17.0 5.5 4.3

L. : laboratory; C.: adverse analytical finding of clenbuterol; A. : adverse analytical finding of anabolic androgenic steroids in class S1; *:
there are another 190 atypical findings in addition to 199 adverse findings in this table in 2019(2019 4F 55 4% % ¥ tH %k 55:2¢ 7 I 31 199 {3 41,
AT 190 -l MRV I 45 AN AR M)

TE e U BRI SR AR BT R, WADA 1B BRI LG 0 s A B L), %95
FIAE 2011 450 2017 4F S0 5 & 2 KR 75 R . WADA {255 — R P 7R . sS4 DG B R BH
AU BERR ] s W] R, R E IR T A AT RE R TR s i R B SRS T, (HEE RS
L% IEZ K ZE M E . WADA ) ZRFEIHR R : RE e RIRIIEOR H 45 503, BHREAEsk & A1)
KR E O 5 YL A B i i i) 24 ar RIBH A, H AU AN RE S 58 2l i A 4 AR R X 43
SR P HRIE . FaR R AR WADA XT s 4 27 [ S SR, oA > ar Al I AR Y
PRI SRR 15T 510

BAE20134F, HUAFHIFAIBASE H 17 3 i) PRV v v A 25 T oo e e g 4 1) L 451 DR X 4324 5
AEIEHEEN R P TREE™ . DL E MBS R, BT i e S M S A e 2R, H
TEPR A R B ASm) 0 25 B ARSI i 220 R 2 (B R B A B,-S2 R ahidi vk, Al v B %
(RIS 2 TC B, AR TEE . %, s ehe BRI LAMNE AT A e, (SRR RN &
AT E BB LA S ST REAS ], R, Wb S5 A4 A 2H 21 rh 5k B8 AR PR U v A i) L £51)
WREATEZE R, T LaAM GBI e B |, B8 F RS 500 H N HRIF 7k, |5t
THIER e R PRI AR, THEE 1. 2. 3 dNS B SRR E RN AL R, SHWARIE
(0. 7 Z2ADOVE R IR R P Z B . R 26 17 i 532 1838 (55 L4521 ) 4 | e A T R A 24
BV RS Z AT, AT HIRE T R, SHWRINILEIER: . FRBASERIES pe weRP 5, &
UEPESENIT R, SHH < 0.9; ZHUEMEIEART R, S > 0.9, BUCPEABELIR. SHAE 0. 91EMHE
I 5 57 350 H BTGP A S0 R Ay e 24 TR 1 U v R B DX 3 ) RBEBEE 1 R, R e {e
NHEE T R ORI A LS T HIE S . (HAEFZER S (LA . SFR ) LA R A Fh
FRF RO SN LA R, G TSR
3 #HitERE

TR RER RS . ARG WMINHL | ST HELEIE. JEREG SRS XA M IIGIT
YEM, HAER—AHA 50 ZAEDI i 258y, SEfEWIicte . J7RUR 2 . 1697 S0 F EI0E /NS A
TEERIGYT b8 i s DTRR . BEE R I HOR (28 e, v SRR B R 5 ik 2 s 1 ik |
BANE IR . BAHARELINE . GC - MSLIK LC - MS/MS Z5 R [E & SR B . BT, %25 44
714 1L.C — MS/MS,

H T R i XHAAE A E A, & EASCE P TR e hE A L ARk, (HH
TE2EREVOAA T SUS R I LG AR EEA L . HET, 1230 SO IEAIZGEIEN s SR 2 1 AL i brifk
ANE], IER A, AR A SRS I 2 TR X 4302 30 S RS IR TE S I SRS B A AR TE R i
B — PO, BB EEWM . 20174F 10 H, R 4RI OER 2 T &Ry
A RN 55 23 BT 1R BRI 2%, T RUHE A4S ve B P AE N I IR S A Rl R, B ) & e % K
PETF L X — R R, BOCRUETE v SR AR SUE EIE I, X2 R USSR
H AR T 2 —,
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