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Telmisartan in the Doping Monitoring Program

Chih-Wei Chang', Chao-Yen Chen’, Mei-Chich Hsu®"

Abstract

Background: Telmisartan belongs to angiotensin II receptor blockers and is used for treating
essential hypertension and reducing cardiovascular risk. Telmisartan is considered as an attractive
and world-wide popular ARB owing to its numerous merits, e.g., the usage of a tablet per day, good
tolerance in elderly and patients with renal impairment, and high specificity of action. However,
telmisartan is now in a perilous state, because it may potentially elevate exercise performance. Studies
have demonstrated that telmisartan may prevent fat synthesis, enhance execise endurance and post-
exercise oxygen consumption, and increase slow-twitch skeletal muscle fibres via AMP-activated protein
kinase (AMPK) / peroxisome proliferator activated receptor § (PPAR ) pathway. In the end of 2014,
telmisartan and meldonium, which Sharapova took, were simultaneously listed in the 2015 Monitoring
Program by the World Anti-Doping Agency (WADA). Nowadays, meldonium is prohibited so far,
whereas telmisartan is still in monitoring program. WADA would not make the punishment on athletes

who are taking telmisartan, but is currently monitoring the abuse substances seriously. Telmisartan
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could be officially prohibited in anytime, just like meldonium. Purpose: This literature review introduces

the development and clinical indications, mechanism of actions, the link between exercise performance,

metabolism and excretion, detection methods as well as alternative medications of telmisartan.

Keywords: angiotensin II receptor blocker, World Anti-Doping Agency, hormone and metabolic

modulators, hypertension, meldonium
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Telmisartan/z &7 17 55 1 R 12 A8 fH
B (angiotensin II receptor blockers, ARB)
HYEEY) - A 6 5 = I R R KO I 8 R
by o AR HEIEE By B AV EEY 2
— o JA20144E € > TelmisartanEd S5 7 48 fr
Ik ARYZEE #% (Meldonium )  [5]H 7 tH 5L
BfEREE S FfRE (World Anti-Doping Agency,
WADA ) 51| A201 54 #8242 F N KBS
(In and Out-of-Competition) fYE;{EEtE
( World Anti-Doping Agency, 2014 ) - ZH[
WADA B & 35 il FH B 122 TR 88 ) 2 i 8l & e
T#E HaREgR=EnREmBgs
MBI ESWER - 2% 0 L TEEN

FhEE e E B > BRI SAME T 22 R et A R
7| (hormone and metabolic modulators)
Telmisartan Al (R B A B feat & (SRME4E -
FREEE ~ 8FE% » 2016 ; World Anti-Doping
Agency, 2015) - K48 Telmisartanfy) %
ARG PR FEF ~ /F IR - B iE g R
HIRARE ~ fbe A R (REEY) -

&l ~ TelmisartanfyZE 5,25
bt A HEE

Telmisartang {8 B 7 2 (£ 18 &
(Boehringer Ingelheim GmbH ) ZEJig
199 14F-& 0 (EFHEDE4103492A) » DApE
fh#iMicardis® (RbFEEHE ) 1E BN K 3
19984 bifi » HAIE2KT0% (HE % -
M HPUARIR #EM S M B - Bk T 8758
il it B OB o3 BRI PR (diuretics )
Hydrochlorothiazide F1§58E T [HET ( calcium

channel blockers ) Amlodipine& fEELEY 8 77 $E
Bl > iha 5y B FsMicardis Plus® (¥ 2A0REF
$E) FiTwynsta® (fELAEFESE) - B HFIHAGE
AR > HEBXELE G B ES b -
RSHAGERmEYEHZE (Taiwan Food
and Drug Administration, TFDA ) Fri%2¢3T 1]
LR AR R LA RS R R
SRSE ~ 58 E W AT RO EHE K
B B A b ARVER OBEE -

Telmisartan ( Micardis®™) i &ESEHH
20 ~ 40 ~ 80Z 5 » AL AEHVIEEER 1
— ~ RV AR - ] DL S B B M
i BRI GE A 5 =~ R i Bk - R
5SS EZmE > BETBELMEEGHS
fez b B ELA VA 32 17178 56 77 2% 4 i 101 A1) 71

(angiotensin-converting enzyme inhibitors,

ACEl) 2% % » Al EOHIEZE - R
FoOMEBERIETC NG - k& HEEEEE
ARBEEY I » M —EEEH B mEYEMH
(United States Food and Drug Administration,
FDA) FEEH » WL BRI 2K B
TAISEPRE R RS BRI B > Telmisartantty
EME—JEEN T (European Union) 3¥5E IR
{RCMMESETZHJARB -

JEAH > Telmisartan (22 4 Ve B A 4148
IR E R D HEEFE RN 2
# (McClellan & Markham, 1998; Sharma,
Hollander, & Koster, 2005 ) - H§ FdTelmisartan
AL RIFREFFEER M - BRRERE =
AR B R — R —§ER AR KR
fem TR ERIETEME (Vidt, 2008 ) o ¥R
SEEEFAYEER] > Telmisartan B 2T AG T - 42
LR EI S 5 Telmisartan ¥ b 281 22 AR B
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42 Hg FH Telmisartanfie 2 3554 - FTDIAE
A E R Telmisartan Jl| 55 B2 52 2 UJES M)
G712 fE == (Boehringer Ingelheim-GmbH,
2013) -

PR A CEIH #7502 3 F 21K 6 98 v TR
{HACEIg [HErbradykininfJ &A% - 1A xR
FEERZIZATEIER o BRI - —f% AT 52 ACEI
NEE » GBI ARB - ARBER T 116
PR R LOEFE S LR ~ R PR B 8 R Fe i
EVS =21 20 N AR SR = S NG DS DN a2
IhEE (Fogari et al., 2001; Llisterri Caro et al.,
2001) -~ ;AEER MR (Pavel, Benicky,
Murakami, Sanchez-Lemus, & Saavedra,
2008 ) B 2[R EC e BT 24 BN RY s (Li
etal.,2010) -
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B2 (renin) —IME & JJZ (angiotensin )
— I & Nd (aldosterone ) %4t (RAAS) &
BENE AR B ] - R K ERER
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(angiotensinogen ) AR METREIZEL > X
&S sR ) Z /LR (angiotensin-converting
enzyme, ACE ) EHARMERSIEN > Wi#
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JRUAHAE R GeE M )~ BEREE R (5 nsh K
)~ N RE (PRt ) - (i
RASTE ~ BT - fERTIRRAAS EHYEEYIH
EPFEZEHIEIAE (direct renin inhibitors )
ACEI ~ ARB ~ & Fa+E+7%] (aldosterone
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Bl — ERMERREEER (RAAS) BERTRRAASHIHTR I ESEY)

ERIOE © Zaman et al. (2002) o

B B EWHMETRZER (angiotensinogen ) FEIARLIME TR /IR » A MAE R ZE(LES (angiotensin-converting
enzyme, ACE ) #EUARLMAETR IR > Ai#E L ERIZNFEZE (JCZAT1EZH8 [angiotensin 1T receptor type
1) M USE (ISR R G0E M) - BEEIRERER (WEmsn/KAes ) - A4 RE O RumtE) -
fEMRRSTE ~ MEETHE  (EFHRRAAS BV EREEY)H HHEE ZHIHI (direct renin inhibitors) ~ [ 5&)]
ZHEHAREIHI] (angiotensin-converting enzyme inhibitors, ACEL) ~ [ 55 7 Z 1 HEHET] (angiotensin I1
receptor blockers, ARB ) ~ B[E 77 (aldosterone antagonist) - [fj Telmisartan/&>—ARB » 0] DLJEHS ELiEE

MG IEAT 1288 - (Rl BRI RIEEE -
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antagonists ) (FFEZ > 2012 ; Zaman, Oparil,
& Calhoun, 2002 ) -

BB -—ARB » Telmisartan ol 4547 &
) I LR T R0 »
BEEGEOERK 2 (G protein-coupled
receptor ) FiE > T Ao lIAT < iE
(angiotensin II receptor type 1) AT,
#% (angiotensin II receptor type 2) - AT,
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e 5+EYi/EA (Dinh, Frauman, Johnston, &
Fabiani, 2001 ) ° AT $:5 582 359 fa ALk
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helices) (De Gasparo, Catt, Inagami, Wright, &
Unger, 2000 ) - Telmisartant DIHEE %A1 B
HBAT #7288 » REZA =[ERE > A
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L A HE6 BT E RS (Phe™ ~ Phe™
Trp™ Kz His™®) 45& 5 = ~ carboxylic acidBi
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4 (Miura et al., 2008) - [t = {# B g -
Telmisartan o] DUJEH BN (E A AT %
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Bt~ TelmisartanBlEEFRIEM
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GWS501516Z 1992 F i S =
iR (GlaxoSmithKline, GSK ) #FHHHY
—PPARGS (peroxisome proliferator activated
receptor &) MYEOH - FEHN T T35 X AH
Endurobol - JH % ¥4 2 i A B PR G BR HY o 258
g > FIRY R AEHE EEE L ME 5N - 2
1220074 - ABEYVERBETEGERK
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ks ( Sahebkar, Chew, & Watts, 2014 ) - [5]—
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#ZFRGW501516 8 FHAMPK ( AMP-activated
protein kinase ) / PPARSFEIE KIEFEFF/NEEHY
BRI o 1 [E R N BT RE P R R
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. Telmisartanf{bEERE XA E R R AT 1232 B8 11 £ 220 B
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71 ¢ Telmisartan o] DLFHEE S L BASIEAT 1788 » BN — ([ E AR AR FLAT 12 8 LU A lE4E S © imidazoleFR
S PMEFETHIREERE (Asn™) 454 - biphenyl-methy  ELE BT P IZFECBLTHIREERE (Phe™ ~ Phe® ~ Trp™ Kz
His™) & ~ carboxylic acidBL{ir fAIZFEABLS LM (Arg' FrLys'™) &héy -




[ R H1 4R EEESE W The New York
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B72 (Behar, 2011) o GW501516{F{iZ4E
uh > NS S ERE 0 WADARKHESI A
2009 A B AR EE B M3 JHAY H N ZEEE (gene
doping ) WiZEEIL T HAgks /5% (World Anti-
Doping Agency, 2008 ) - 20124F i G2 %% % B
RIBR AT SAX7ir 52 R AR ERETE] (hormone
and metabolic modulators) N ZFHYE
( World Anti-Doping Agency, 2011) -
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2010) > PPARSE{UFIE 2 v A fIl A Y BE
EONFAEENE - A AEE 25 (Brunmair
et al., 2006) o ZTIEENYIIFZTEE E Telmisartan
T #E HH AMPK/PPARSFE I A5 A & ¢ (He
et al., 2010) -~ BEAEEBN /1 IR R HYE
FOMRE ~ BEE ML 4ERTEL B (Feng et al.,
2011) - BESATERRIR bR 25 5 EE Y 3 51
el EEH 2 EE 5  ZanklFE 5 H
Hk FH — R ) & Y Telmisartan 7] 45 25 Y 0 19 28
HIFTERERE ~ 03 N R 4 B 2K BE R B AL 1 JBR
5% (Zankl et al., 2010) -
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GWS501516 > B EAFI A201 S #HE) RS K
FIMYEEEETER 0 WADARF A 1¢201 54 #E1Y
& E R ENIR RS RE s
Telmisartan g 743/ 7 28 &) 208 FH AV#E% - =H]
BB A T RE IE L 51| A B AREE -

{fi ~ TelmisartanfyEEyydh /&
B f e /5 0

Telmisartan& 2RV UL K2 5547 > KA
fR0.SEUNFNZ RS MFREE (Chw)
4% S5 A BT 2R 5 42%-58% o T B HALY By
24/N\Hs > BsFR B ARBH Y (Boehringer
Ingelheim GmbH, 2013 ) - Telmisartan{f /)R
SHMERHRE - —IHEERE SR (Stangier et
al.,, 2000) &5 FHEAA (182455%) [C]
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Telmisartan » DUST 43¢5 PE BT 42 Telmisartan
KON ERE AR - HEERER
%3648/ N\ RIH K ZRYBERR - 120/N\EH %
90% A _L (Y EEY)ED R HERR - 144/NFH 1% 56758
HEbR o BLEAARBAN[E - TelmisartanfR/V &

BB PERR - K20 A & MRS e DURE T
HERR > AL > Telmisartan K 26 ] 71 2 {F Hr 2535
(>98%) » DEFRKIRFHEHR (<1%) -

DBV o R R

MR R - Ry T RFH S BT D ER
B 4% — (147 B i B 07 0 S B A BRI 2 TR A 55
1Y - WS Wk 7% 0 BRI ZE SR
P 7 A A HEm Ay EfgE (recovery )
T B 6 25 2 A R AV RN AR PR (limit of
determination, LOD ) FE =GR (limit of
quantification, LOQ) ; Z3#7 HEE E 50Uk
KE (precision) ~ MERERE (accuracy ) -~ #E
BEME (selectivity ) MAZEM: (stability) - 3
RRERAE Telmisartan iy g 75 7% 2 A 2 R34
(F—) » AR AR ENTE
11 AR 2 DA e {2 B AR I S S R R K
5% » TelmisartanfR Fy 5 — L RESAK I 38 111 7 AF
ORI ELE 0 #limidazolelzEiibiphenyl-methyl
BE - e a DR YIRS T+ & 7 A
fa%% ( Torrealday, Gonzalez, Alonso, Jiménez,
& Ortiz Lastra, 2003) - Z¥kaEn 7720 E
EMRE ATZED ppb (ng/mL) - REZEA 5
o A NER > ETelmisartanfE A K EFLS]
AEEE > HNSHENNEY S TERE
HR b Telmisartan G IEEEER - B FHE A E L
Bl -

B ~ Telmisar tanfFfREEY) 5%

e

DB R S el S [48 » TRE
BEE A OF 3 - IRARBERUREKE - $HE T
2 WRFF B ThRE BT & > ISR &
BHE4EE  BUSE  WEAEERRE
2] o Telmisartanfs 7725 BAH A ARBEE 2 {8
o M—RK—$ENAE - BFBIERE
EURAE - EE-AVENERYE  HEE A
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Fe— BN Telmisartank i 5

KR % e T3k EUHRIR  E SR E PN
1 R SRR T A e E3 I ng/mL Torrealday et al. (2003 )
2 SRR AT A AU IS 0.5 ng/mL  Shen, Jiao, Li, Shi, & Zhong (2005 )
3 g AR ET A — R E R 0.05ng/mL  0.5ng/mL Lietal. (2005)
4 W PR SRR A RS 0.5ng/mL  Nieetal. (2005)
5 RIR FEECE—EIN /M HYEE  15ng/mL 50 ng/mL M. Zhang, Wei, Zhang, Nie, & Feng
Hzs (2006)
6 Mm% ARG AR S 12 ng/mL  Ferreirds, Dresen, Alonso, & Weinmann
(2007)
7 RK SRR T A RS A 113 ng/mL  Ferreiros, Iriarte, Alonso, Jiménez, &
IS Ortiz (2008 )
8 I TRAH A — SR E R Ing/mL  Yanetal. (2008)
9 RIK ERORAH T A2 0.02 ng/mL 1 ng/mL  del Rosario Brunetto et al. (2009 )
10 M4 SRR A —E IS I ng/mL  H. Zhang et al. (2009)
11 mE TRARENT ARl s 2 ng/mL  Gupta, Jain, Lukram, Agarwal, &
Dwivedi (2011 )
12 Rk Sy VEER S 11 ng/mL 36 ng/mL Yilmaz & Basan (2015)

BRI © AT E TR -

TEERE SR T BRIV EER > (RS
FHE 2R -

A MBRA 2 8EY)  RETEEEY)
B/ 482 B AME FERAASHY L = I BR 247
HE ZANHIK - ACEI ~ ARB ~ BE[E i 45 b1
B HEREEY - —REIE - R 265
HENEREET R o HAMAOF R~ $5HET
PHESR ~ p-PHERR] (p-blockers) - o, fHETH

(a,-blockers) ~ o, B E| (ay-agonists)
S ERRFE PR (peripheral adrenergic
antagonists ) ~ EIFEIIRIMNE §F75RE] (direct
arterial vasodilators ) RN{EAREIS I E N -

ACELF B 1 MBS 5 o 1230 2 5 L B
G - R S ) R
R JIZRIL > [HErbradykinin e A I 1 3 EH A T
EERYBEHIER - B ATy R ZE2BLHT]
RZE o ACETE/VEEEER - JRg 84 i % 9 8
J& » RS M B M s 8 T AR A i e I 8
A flbradykinin 73 % » 1E20%HI (L & &
HEREZIZAYEIEH > HACEI#IARB—£E » 22
A AR (Schwinghammer, 2015) -

ARB[fTelmisartan¥l| R B #Zest&Eop »
HerErEgh2hgE » (HHEEY ] DIWE S

mH HAEB NS MR EEY) - ARBT]{h
BMERITRINFEZREAT, » FMERITE
HHSEER - WR=FR > ©H8HEARB
AAECIHRFEMEBEE - HAERITHE - &Y
FERUR ~ - BT HERR A
HARME - BEYRRGZEBYIRE 3
REH ZZHE Ik FHEEYIHN D7 AR PN g
FHERAER > E R EE K
R =R AE BB 2%
BT DA HE S ik RE T BEBR EL B 2 R EEY) -
—MMmE - MARAARBR /D& & £ RIE
H > AEHWMACEIE A > HEZHK
A PR~ 2R i R S R E A
( Schwinghammer, 2015) -

EEE R MER S E Sy 2R 4 > I
HEE ZAYE M 2 R RUR » HRERZ
RIARSE BT - BEE SR EEE A
e o B e F5 DUBI I S S IR PR fe 118
PE B AR EE » B RIS BEE
PURIA B R B E > (R RAEH
LN (Spironolactone%6i ) - EIfF
BEEme - B 10%H95% B g L B AE

(gynecomastia) o Spironolactone N H F A
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R ERMER SR 3 R R (RAAS) IIPLRIRZEY)
SR/ B () BE (i R) R (R/R) B RiEE
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P
it

kg
BRI (direct renin inhibitors )

Aliskiren ( Tekturna®) 150-300 1 &

&k ) Z AR (angiotensin-converting enzyme inhibitors, ACEI )

Benazepril (Lotensin®) 10-40 152 &
Captopril ( Capoten”) 12.5-150 2543 &=
Enalapril ( Vasotec®) 5-40 152 =
Fosinopril ( Monopril®) 10-40 1 N
Lisinopril (Prinivil®, Zestril®) 10-40 1 N
Moexipril ( Univasc®) 7.5-30 18k2 PN
Perindopril ( Aceon®) 4-16 1 5
Quinapril ( Accupril®) 10-80 152 5
Ramipril (Altace”) 2.5-10 152 =
Trandolapril (Mavik") 1-4 1 P
&R I Z I R HET (angiotensin 11 receptor blockers, ARB )
Telmisartan ( Micardis®) 20-80 1 =
Arzilsartan ( Edarbi®) 40-80 1 i
Candesartan ( Atacand®) 8-32 15%2 P
Eprosartan ( Teveten” ) 600-800 18%2 i
Irbesartan ( Avapro”) 150-300 1 P
Losartan ( Cozaar”) 50-100 1552 &=
Olmesartan ( Benicar”) 20-40 1 P
Valsartan ( Diovan®) 80-320 1 iy
FE[E|EaT5 77 (aldosterone antagonists )
Eplerenone ( Inspra®) 50-100 152 =
Spironolactone ( Aldactone® ) 25-50 152 e

ZORIACH © Schwinghammer (2015) o

5 BTN R BRI T R YY) I SSEFI PRI K THE T BB AELE - BRI R RN LA -

= MERJIRNEZHEHET (angiotensin II receptor blockers, ARB )
AT IR BV ERCR A B HE TR

Telmisartan 42%-58% JE20% 24/\I% 1%/99%
Azilsartan ~60% -7 11/\BF 55%/42%
Candesartan ~15% -7 9/NIF 33%/67%
Eprosartan ~29% EN-Z 5/NBE 30%/70%
Irbesartan 60%-80% A 11-15/]\8F 20%/60%
Losartan ~30% T 10% 6-9/\F 40%/55%
Olmesartan ~26% =z 13/\i% 43%/55%
Valsartan ~25% JE40% 6/NEF 13%/83%

BERIZE © FEFEZ (2012)

ZEhE (hirsutism) APEREERSEEAEE T M5 KK Telmisartan R FH #4251 A 5l
( Schwinghammer, 2015) - BEFEFRIEE - g A TS - ACEIEIARBE A

BN IEAESAE (R B 4G I FH Telmisartanie  FF e BRAY B BEEEY) - &P EOMH LAY BE
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MBS #—8 o (EEEsT = P By A E
BhEEEE > PR R IEAE AR FH Telmisartan = &
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B R HER RS > R EEY
TRk A J77E K EIEA -
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