25224 Acta Pharmaceutica Sinica 2019, 54(11): 1881 -1887 - 1881 -

“ % ME IR -
25520 hERG BB K-QT LA {EH S R R

weRwE, BN, £ OF, FEE, BEE

¥

(MG /RVE AR 222552 B, 2B e T We /R VE 150081)

R

THEE: 250 o0 JUE 23 ek 2 30T 4 SR 4% B YA I IV AL, o U253 1 22 24 00 e T 3 0 1) 2 B SR N, T K -QT 2R B Ak
RO NE M BRI —, hERG #8255 K DA R MPT O R E 4 E I E s, P RRE
TR 2, Wi KA D) st A& K HYG BRI 32, (R R 280 22 28 B A PR TR A0 AR AR e () 0 O, — 8 43 N PR A3 P Fr Hh 24
1) 70 R0 5 A (1 0 M 25 2 5 77 ) o R T A8 AT I BRI o B0, 5 50 ARl R o 277 AR Bo0 Ak
IO ME R, 3 20 RO B/ H T hERG AEE SO A R . R, SIEAMIE R K-QT L& EMLHI & 2
0 T R 2 S 057 2 A 15 2 AT ) P T B b . AR S EE T L IKr/NERG B 18 Sy 3 BEAE A S A AR DG T 2
PR K-QT L& AE IHLEI, Al AR T & F A FH AR G o 24 L 38 S0 JUT 2 1 LA ST R 26 0 T 90 1) R0 2 S A 4 1L 2 s
WA o

XHEIR): 2 LIEREYE; K-QT L34 1, hERG

FE 525 RIS RAFRINED: A X E YRS 0513-4870(2019)11-1881-07

Advances in research on the mechanism of long-QT
syndrome caused by traditional Chinese medicine
affecting hERG potassium channel
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(School of Pharmacy, Harbin Medical University, Harbin 150081, China)

Abstract: Drug-induced cardiotoxicity is recently a major concern. Cardiotoxicity is the leading cause of drug
withdrawal from the market. Long-QT syndrome is one of the most important manifestations of cardiotoxicity.
hERG potassium channel is an important target of drug-induced arrhythmia and antiarrhythmia drugs. Traditional
Chinese medicine is a traditional medicine in China with a long history and a wide range of clinical use. However,
the multi-organ toxicity caused by traditional Chinese medicine is still a problem to be solved. Some traditional
Chinese medicines already in clinical use have been withdrawn from the market because of their potential cardio-
toxicity or severe arrhythmias. The cardiac toxicity of more than 50 kinds of traditional Chinese medicines causing
arrhythmia was reported, while more than 20 of them are induced by affecting on the hERG potassium channels.
Therefore, finding out the mechanism of drug-induced long-QT syndrome and the regulatory target of drug inter-
vention is the key research goal in today's medical field. In this paper, we summarized the mechanisms of long-QT
syndrome induced by traditional Chinese medicine with Ikr/hERG potassium channel as the main target. It
provides a theoretical basis for the rational use of related traditional Chinese medicine in clinical practice, the
avoidance of cardiac toxicity and the development of regulatory targets for drug intervention.
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1 K-QT4LRETE

K-QT £ &4 (long QT syndrome, LQTS) & 50
VLS ¥ I8 38 T e A DS B B @ TE e, JRAR QT [H)
WIRER LS AE, RO ALE W5 QT I, L
B RN QT R M K A O Bl ik 28 . T 3 7
R UM, T SBBmAY — AR ESRRK, 5T A
A 2 vty HH % 3L = 10 Bl T (torsade de pointes, TdP),
A2 T B0 YR M FEIE ) fE 16 R A, 4y R o R sk
MG RIRAFIE I R
11 ZXMK-QTLHREE

e RMEK-QT 454 1E (congenital long QT syndrome,
cLQTS) & — Fft Hy 5 K] Bk [ 5 &2 52 W) 7 o 119 36 A
O, 124 A1k, B A 17 Fh LQTSES, 1 B2 4
P R B T S R DR ) R AR, B B RMEK-QT 45 & 1E
(F DM, JLrh hERG #H IE 57 % BT 85U LQTS 2 84 /5
30% LA I
12 FBMK-QTHEATE

FH 24 ) B0 JUE 922 3 5 5] S I BT 3P QT IR I A2
A I ity $ 5 7Y =5 0 By ik R A TR I PR 25 6 IR AR

Table 1 Classification of congenital long QT syndrome

3K A5 M K -QT %5 & 1iE (acquired long QT syndrome,
acLQTS)B, acLQTS A H 24 4 B % 95 4 O WL Bl afin S5k
A OISR, O LR I A B8 2 B A R I 5 R QT )
JASE K O B I R IR ART 8, R YR PR R B — AN T
BRK. 2590 K1 acLQTS 5 2543m | L UL i L
F10) S 1R R AL B IR T W R L - 0 R R B I
S RN, Hork90% LA F 2 2541 Ikr/hERG 18 18
U, T HAT ORI R A F T E, FHLQTS
KA R 2 T B VA 4 B R 32 T T R 0 U A
YR PERE AL R AR A 24 4 I 25 AU B U 9T H A
2 hERGi&i&
2.1 hERG£[H

hERG (human ether-a-go-go related gene) f#]/& H
Warmke ZEMU7E A iR By cDNA FE v B R B, Ja SR (1t 72
F WA hERG % [ 75 A [/ 4L h 3445 ik, H7E Ol
FI5 . hERG ZE KN T N5 L5 Yt ik (7p352-36),
4= 55 kb, L&A 16 NMAME -, B 1 159 N R IR 1
B, BT CABRORA R Th RE PR JEIE, LAY SR 1 I 2
HARRME S Ikr ARALEA,

Type OMIM Gene Note

LQTS1 192500 KCNQ1 Encodes the a-subunit of the slow delayed rectifier potassium channel KV7.1 carrying the potassium
current IKs (slowly activated delayed rectifier potassium current)

LQTS2 152427 KCNH2  Also known as hERG. Encodes the a-subunit of the rapid delayed rectifier potassium channel KV11.1
carrying the potassium current IKr (rapidly activated delayed rectifier potassium current)

LQTS3 603830 SCN5A Encodes the a-subunit of the cardiac sodium channel NaV'1.5 carrying the sodium current INa

LQTS4 600919 ANK2 Encodes Ankyrin B which anchors the ion channels in the cell. Disputed true association with QT
prolongation

LQTS5 176261 KCNE1 Encodes MinK, a potassium channel -subunit

LQTS6 603796 KCNE2 Encodes MiRP1 (mink related peptide 1) , a potassium channel g-subunit

LQTS7 170390 KCNJ2 Encodes inward rectifying potassium current Kir2.1 (inwardly rectifying potassium channel, Kir) carrying
the potassium current IK1 (inward rectifier potassium channel). Causes Andersen-Tawil syndrome

LQTS8 601005 CACNAlc Encodes the a-subunit Cavl.2 of the calcium channel Cav1.2 carrying the calcium current ICaL (L-type
calcium channel). Causes Timothy syndrome

LQTS9 611818 CAV3 Encodes Caveolin-3, responsible for forming membrane pouches known as caveolae. Mutations in this
gene may increase the late sodium current INa

LQTS10 611819 SCN4B Encodes the p4-subunit of the cardiac sodium channel

LQTS11 611820 AKAP9 Encodes A-kinase associated protein which interacts with KV7.1.

LQTS12 601017 SNTAL Encodes syntrophin-al. Mutations in this gene may increase the late sodium current INa

LQTS13 600734 KCNJ5 Also known as GIRK4, encodes G protein-sensitive inwardly rectifying potassium channels (Kir3.4)
which carry the potassium current IK (delayed rectifier potassium current)

LQTS14 616247 CALM1 Encodes calmodulin-1, a calcium-binding messenger protein that interacts with the calcium current ICaL

LQTS15 616249 CALM2 Encodes calmodulin-2, a calcium-binding messenger protein that interacts with the calcium current ICaL

LQTS16 114183 CALM3 Encodes calmodulin-3, a calcium-binding messenger protein that interacts with the calcium current ICaL

Triadin knockout ~ 615441 TRDN Encodes triadin gene of chromosome 6g22 which may reduce triadin-mediated negative feedback on the

syndrome L-type calcium channel, resulting in augmentation of ICaL, prolonged action potential duration

Timothy syndrome  N/A CACNALC Encodes the a-subunit CaV1.2 of the calcium channel Cav1.2 carrying the calcium

Jervell-lange- 220400 KCNQ1 Encodes the a-subunit of the slow delayed rectifier potassium channel KV7.1 carrying the potassium

Nielsen syndrome 1 current IKs

Jervell-lange- 612347 KCNE1 Encodes MinK, a potassium channel g-subunit

Nielsen syndrome 2




FRARIE AR 252 hERG #1EIE B -QT SR & LN I BT Uit fie - 1883 -

2.2 hERG$#i®&

2 TIEIE (ion channel) A& 41 B IS I 1) — PoRp ik 1%
RS A B A, RGOSy T 2T B sk v fLIE, B
BAGEBEEM AT E YA E FaEd. Bl
J# (ion channelopathy) & fii 9 fi5h B i 78 V. Fp 7 ) 2k
DRl A AR B 3R S A 28 - d 1 1) 45 A B T e S
WS BN R R AR B ) B KL, TR R A S R T
I o

hERG % i 1) 45 18 18 A1 5 119 48 38 B 0 4 3t 1kr

B AR A AR A B S R, R 0 LA
SE AL 2 M1 G IR &0 K SA R A Bfg E
X, W€ A& B A B AL I 2 (action potential duration,
APD), J& /Uo 2 R AR RO A O i 25 WA ) B
HE 5 03,
221 hERG#@iELEH) hERG I [K 4 i B B %
FE AR B A B T Ik () o 3L 5 minK 4 5 1 5 TE
H K minK AH ¢ 25 11 MIRP1L 3£ [7] 2H B P i 305 48 3R
R EIE . hERG 138 18 A& H KCNH2 2 [K 4 15 1)
AN EEFIAF R 1) o M 356 4 R 1) DU SR A, o ) 2 o 5 - 38
i, BT A S LR 3387 6 NI IE ) a 2 e
Bt (S1~S6); #& Huii (C i) F1 2 i (N ¥ii); S5 Al S6
2 1Al FLIX

S1~SAF R — N EIEZ X, FES 5T
hERG ¥ T4 K1 . S5~S6 2 5 T 2 X, H A K
I 28 R BEFR N P EA, 4/ o I 3 T (1) S5-P-S6 45 14
X 35 SR AR TE — T W A Tl aE L, B B e e
F o JEIEFL AL Bl — ey S B L E R, 2
V2 PUO R H 23 I 45 6 0 05 . S4~S5 2 [R] 1)
B2 J S6 Fr BL It C A i bz @ & 4 11, JE RGBS 1], 7
hERG 1838 S FIN AT DLR E M B . S5-P 3R [A] () B4
T 39NE IR, ILIX 2 5l s & Tk .
C Kuii & A — N H W 45 & 3 (cyclic-nucleotide-
binding domain, cNBD), X & [ Jifi ¥ iz it 31| 9k 7 & &
AR o N R i 7 38 18 1Y) 26 B0 I 72 ks AR
7E N i BT 135 AN &I R T B — MRFIR 10 5 A0 A5 5 1%
S5 % () 45 K 5 (Per-Amt-Sim, PAS), X} 2& 19 3z % Al
YT hERG I IE KI5 A HEAEH . S6 451 & A M
SR DT A R R LR R R Y652 K T & R F656.
XA E B IR I A R F 45 & R IR M B, Xt 24
W) 55 PR S5 K B m SR R 77, 2 K 2 S hERG BH T 24
B TR S AN Sy S 5 0
222 hERG${HBEMIEHME ARTRKZHEE
143 0 T PP 2R T N-ZLR TR HL), hERG 1@ TE 11 2%
iR T C-BURE, 2 — Mg kg R . ZiEiE A
FURRRF &, RIVEP T © K96 L Bs B, 768 Mk

HE R, 31X — 4 P AT BRI A0 ) FL 3 5 R A K B A H
fr2 W &, @ MRIE W S B R EEBEaE P, A
S 2hVE B A7 3 A R AR fb e FE e,

2.3 hERGEBEMEYIERK

hERG i 18 & [t 1 159 /™2 L M4 B, 1 B 7E M
M (endoplasmic reticulum, ER) wF #EAT 1 1%, DLA %
RN E O, £ THEERHET
AT S MAR, —BEA/RAEWTE, 00 7%
HE A58, WIEE A § 4N & A1 (coat protein I,
COP II) %A T4z & 5 /R AR, AT 58 Bk BB
FEAVAE U Ji5 4 2 42 2 24 o 3 T4, 2 A sl 2 11 A
L H . hERG I 7 N 51 I H 47 B Al T 2 2% 1
FEAR R GRS . R 58 8 E 70 (heat shock protein,
Hsp70) 25 ¥ & B 1) hERG & A 4T &, 1l # K 378 &
4 90 (heat shock protein, Hsp90) £ 5 J5 # hERG & H
() R, I T DL R T B I B R AR O (R
hERG f&.#4 .

hERG i i& [f] & fi ik 72 52 21 ™ 4% 1) 5 2 42 1l
(quality control, QC)I*1, 7 i Jii (W, hERG & [ A& HT
B UK AR R B I, 5T B LR R R 2 R
1 2 & (unfolded protein response, UPR), 1% 4 4 Jii
WA S 8 f2 B2 (endoplasmic reticulum stress, ERS), Bij 1k
ANIEWIT SR A R M s . R AT& 1 hERG
B A 8% Hsp70 AH B 4E H & A C K ¥ (C-terminal of the
Hsp70-interacting protein, CHIP) 57z & #xic, H H1EER
FA it A 3 i P 5 A % %% (endoplasmic reticulum-
associated degradation, ERAD) #J1#l] 4 fi# .

o 58 B 105 S 45 L 43 BT R B, R R B AR R B AL
hERG & H 4 72 W 5 I Hh, 275 73 5T 0 135 kDa
2k, T RSCRA ) B E vy R A S A R b DL S A b
Bef g AEAE, Won 4y 1 5 &N 155 kDa 2% 7
24 hERGIBESLQTS
24.1 hERG5acLQTS hERG s i fLi 0 2
HEA 5 K PR 7K 70 3 1) s, A6 T 396 986 1P 90 4 AR S8 1) 1)
A B HE B B 28 P i K 1 P S B R o Th), AE O Jis N L
TS6 Fr BUA AN J5 & IR & HE R Y652, F656, 2 i 5 Al
JIE A& I EBEAL A, 2595 Y652, F656 75 7 il i
I S - SAH TR, 456 A2 ], 2208 1 G P I 24
Y5y Ty BALEIEIE N A BRI, T/ Ikr, 5% acLQTS.

I 31 N UK HL SR A e I a2 hERG FLIE A
Jis (R g5 bt — 20 B, FLIE & FF R, ASH 1 o e s
A DY B B K 28 [ S8, SEAIESE T 25904 hERG #
JEATE A A i el

2 H AT A 1k, 156 Ff 24 9 K 0 i) hERG 38 1 1fi 5]
FEC QT [A] HA L < B8 4% vy HH % 7Y = 4k 00 B o 3, B8 O
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M R W PO a2k H 259, 460 8 K29t
FE RO 24 PUTE 24 W PUE 24 At IR 24555 (http:/iwww,
crediblemeds.org/)*"181, ix L& 24438 ik B #2521 hERG
WIE ThAE, BRI hERG & [ #5109 #4412 (trafficking)
(023 FR M ek /b i 2 1 R I8, SR I B 1 P AP 4
EALHNH hERG D RE, FHULMETEME. KU, Ikr/hERG
PRI TE A2 7 AR B M O AR SO I 7 A B A
242 hERG5%XMK-QTLEZAME HhERGEIE
RAFFT LM 2 B LQTS & BT A 5 R MK -QT 25 & 1E
30% LA _E, HALHIKE AL 3 /i © hERG H: A Py R
R RAR B L 55 1) 7 500 AN e 5 1R T AR 3L [R]
BEWC B ke JEIE ; @ hERG £ [K 45 3 948 J5 & B
[P T e O, 5 0E 0 28 2 R 2% A 1Y Ik 3 18
DiRg R, @ TN RAE, FEUE A KIS E A fEG
(trafficking-deficient), & & ¥ A il #4 hERG & A 4 it B
TE P 5 X HR A5 4 - T e ko E 3 1) B D
[ BAIG T Ik FELR 2 FE
3 HEEIF %L acLQTS BIHLE

29075 RO IR 1 O 0T A SR A B2 DT I P )
R 0 U R A 25 R T el ) E R ], LQTS 2
O EFE PR B BRI, 25 2 I BT 4 1 I R A
H, FEAR 2 5 R TT H A 8 A A B AT O 34,
R BE 5 % 2500 A I g, — 6 DR NI PR A 1 o
245 1 1) DRI VS 7 19 o U 25 1 B0 5 1 A 7 L O 2K T A
1B T I HR], 2R 50 A3 il R FH o 2477 AR A
w0 I T 1, AL G AR o IR AE B AT B T AL A L 3
B (NEER R I W) L RIS 2L AR T 3R A
31 HLEBKESH

LA SCHERPAR S, A B0 28 0 4F F I I IR
F R 25 B 48 RS e RLRE TR B VR AR
NS ERE VBT ORI B H R
HIE S SRS
32 HLEKREPAM S REIERIS

CLA 10 2 P 24 B0 A 2k B B 1 B, )i
Ly 5 RN 155 5 SR AE Y, e R R N
SKUREE 22 Bl AE ViR o 2 SR IE e 5 O JULAC 6 A 4
B CERwR A I KN L e S S N TR NS
PSR, 5 AL SRR BCOE R, HAE G IR L p
28 I 52 s 4, IS0 A BRI B R N R A
Tk 22 75 2 A 2 b SR AR 0, 51RO R AR
RN S 5 S AL AL, PASEVE OBl i 22 K s %
PRI AR 22 L, N2 AT A I A VR FE B AR, 368 1 7 35 L
SO AL T DO RETT BOO AR W . (HERTIA IR 23
O T 2 BB G R A9 300 B A A ERE, 2 H AT OT
Ji& R 2 RIE R A A R PR A R

33 BuLEKENFIShERG @&

2515 )% acLQTS 90% LA b i@ i )1 i] Ikr/hERG 18
88, R SCHRIF 4 SR B A A R, RIUA DT
WA R FEHE B E T AS B AR
ZLAE P F | AR BB 55 AR 26 5 20 R Pl b 2 i o) 2 18
TR hERG BB IE 1M B0 R o LU L5128 L
b JE L P hERG B 38 38 B0 A 2R 1 T 25 14y o
331 BJEXW. BB MR S0 &% I
FRBA AR A% G0 K SR 24 PR ) (1 i S 55 B SE R 1 A=
Bz —, H B A 53 1 hERG 47 38 1 BEL W7 1 =Y.,
Je SR AL 1 i S8 I 2= A BHE ) O B I 1) 32 B 2%
R4y 2 —, {E3R 1A hERG il iE 1) HEK293 41 il v, (1
LTI 7 hERG FEL 5 9 M g P 21
332 HIBRMIE B s B2 B R R AL B R AR K
1 % SEH 2R S SRR 1) E B A —, A
FE 2 B ) B B R B 3 A K B A AL AT B R, R H AT
B 2 3 o 5 ) SR R A R AR A [ A LA I R
FEAE P,

333 MRRW ML EE S5 G RHEN
IR 5y 2 — o 2 AR, WL SR i 5 e 3
RV I TR R FE 06 1 b 1 1) nERG 4 LI, A A3 00 UL
S i 52 AR B ) A, AT DA e T T O O 28
334 BiRZE BEMRREATHEMRTHEMAAY
seb A FH I 5 S R 28 AT A, e T SR B R BT
(R ] LA L 40 i NERG 47 L 37 ZE K &2 B A [
PP O R P

335 MHEZER MERMAET I ZHEDITE  HsE
A T EEY T SRR, 2 R, B
BRI . AR, 75 HEK 293 41 f A 4 B2 3=
RE 0 i) hERG #1188 , - 2 i W E (1Cs) A~ 11.8
0.9 umol-L, # KNI (Ena) 7 82% + 2%, & X IE
WA 2 25247 241 hERG HL It B T 711201,

34 =F|iL

341 MWUEMMARAE SWHEWIERZY)
fIRH A 2 000 2 F 1) 5L, FEH T 505 R E E
e MG BE RN 45 IR 55 2 PR IR IT . AL A
(As,0,) 157/ fitk 7 (arsenic trioxide, ATO), 20 {4 70 4
R, F ] B T 5K = 0 52 B R 0 S AR g i
%5 (acute promyelocytic leukemia, APL) 3% 4 1697
YEFH, MIRESEE, As,0, N & Kk P Blowfe i 1tk Stk B
PRGN L V6 T 1 R 2, T ) L AR TE T SRS
Bl A A FHEY . (E ARG &1 3 B R M O 2R S 3
7 E M B R BRI T AS,O4 I PR M. B, LQTS /& As,O,
YRI5 3] 1) e i AL D A R e

3.4.2 As,0,if% acLQTSHIHLE]  As,O, EHE: 4l i
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hERG % At (1% £ 160 38 V. J5 485 717 11 2 A A B Pl 0 AT 75
& acLQTS, iX th /2 255 acLQTS ¥ % WALH] . 4 F
FEE W, As,O, 3 i1 )i /b Hsp70.Hsp90 5 hERG 2 [A] [
AHEAEH, F & E RIS, PR K hERG I E &
RKIE, A% O BERR L IREA . JF Rk I Sk IR 7~ SPL & UK
BN hERG JA 3 T AT H Kk M E A 1, 2 542 hERG
HIE B, As,O, 18 it Spli& 12 52 M hERG Ji# 1E K 1A 75
& acLQTSB,

TSR, As,O4 77 A A KO A 5 48
PR 5 8 A RN o JUL 240 B 9 T %5 DA O, e e v PR AR
(reactive oxygen species, ROS) 1) T i ~ Ca?* (1) 3§ i A0
1 caspase-3 RIS I A F o As,O, 15 500 I £F 4
A FH AR B AT 4 e A AR K R By I o W R IR L R
B 7= A2, K hERG 188 T8 AR LI & 4 55 3 i H kI A
I 2 O WLAH B Hh B A hERG AT Kir2.1 25 FH 7K, M
ek QT A B ZEES, g — Dt K, /NE & H
(caveolin) & —2KZ 5 M/ N (caveolae) HI%E &
B, AR 2 M E A N s i R T R P 4
HI4E L, /N85 B -1 (caveolin-1) F2 /N 58 B (1 1) — i lE
A, 520 Mo JE T i hERG 3 38 A7 76 A48 ELAE 9% Honr bA
111842 hERG & 3R 1%, H 2 5ACH 44 T 41 f i
| hERG @& 1 N 77« ML 72 K B As,0, A2 18 it 171
N E -1 RIS, (2 A hERG & 1 #E N g 4
R it

I AE R B, & BE 9E 4% 5 RNA (long non-coding
RNA, IncRNA) 1 £ 5 As,0, 1% & acLQTS 1 #L i o
Kcnqlotl A& — Ff % i 22 3 [ LncRNA, #7 A 50 i
KEBARPERH, I BAENLER IR 7R
5. W R I, As,04 7E 44 A1 A4 Py 3 401 il Kenglotl
[M2RIE, R W As,0, 7 F 111 acLQTS £ /b #f /3 /& i Ln-
cRNA Kcnglotl/Kengl i #% /1 5 167, R4 H 7T 2 A
AL R, As,0, 17 K acLQT HIHLI 7T §E 2 il it 4% iz #)
il &% T# hERG JE1E & H FIFRIA
35 NEERH,

/NEERE (berberine, BBR), W #R i &, /& — Fh M
/INBE Ja IS I WAL A R 4 S T S A K A DR, I PR 2
B TR 9T A0 YIRS FIRIK o
351 INEEWMMBEBIER AT EAWIRIT
R TR A B R e AR . B H
AL, BE A B SR AWIR N, K IZ 25k B A
Z PR R, QR RE PR PO R PO R R A .
ANBET T2 1 25 BEAE R AE G ML T T L T AR
il B A E R RN I 50 E
35.2 NEERERVLBEEM  — E Ok, DNEERIR K
AR AR BEAG, B IS 50 AS & 4 e A 3 23 PR A

L, AR % &Y. BRI Z () iE B
N, NBE MG A G AR IR 22 4. 2014 4 — TUHE AT
e, /NBERE AT 875 T 0 LY D A S Ak SR DNA 3
i, W ANE AR IERE AR . AN BT /) BE
IKARATEEY . Z9AR30 12 M e I, &/ BERR
JINBERG AT B 4T 1R IR SO AN AR AR R R, ELAR A Zh
RO T /NBEmR . AR e B0 — S/ B e 40 1) hERG il
TEEE AR O A EEE . T /N BERR ) T R O T M X
WGz, KT /DN B o JUE 75 M PR BPF 5 A R b 22
353 /NEEWXI hERG HHBEMIER CA#Hkid, /)
BENH 5 hERG JH 18 S6 15 5 1) 9 A 75 7 ik % 5k IR ik JE
(1% & R Tyr652 F1 2K 15 & R Phe656) AH L F I, S#
W S I TORE B REZH B R ) hERG JBTE . 7E % 1A hERG
JHIE 1) HEK293 21 iy | /NBEGE AT hERG FEIAL [ 1Cs, A
3.1 = 0.5 pumol-L, BH i hERG il i& Jf %iE K 2 /F H ff
Hﬂ' %% [39,40] R

HE— B 7T R B, hERG 818 [ 75 & ik & 2k 1R %
5E Tyr652 1 Phe656 % 1A 24+ FH W hERG 18 18 [ OC B
BRl -0, 259 5 FOAE EAE O R FERRL T o /B
B 45 4 Tyre52 Fil Phe656, B 3 & B #4 hERG Jf 8 & (1
IFa) £ G 5 ) I 190 3 i, 38 00 BR 24 hERG 8 £ 1 1 BE
filt, AP A 242 K hERGEIE E A Rk . HEAH
A BE & /N BEDR B 3% 5 hERG IBIE 45 &, S8 R 438,
SR H s e,

ITAESR, W PR b B /N BE BRI B 40 B8 24 40 6 o) T
FH S0 1 P 06 1A 110 22 245 T 245 TR R 3R AT VR T, I I/
BEWR S Bu A RIS (8 2> 19 58 6 hERG 3838 I 4 )
A, W 5L R I/ B AN e s W A, i
TS T ) 2 3 B X9/ NERG 38 3 (1 B A 4K 3 e
[] 5 HOk 52 0 hERG J8E 3)) /) %, H4E1 R hERG il iE
1142, #f hERG il 18 AU, 38 N5 & acLQTS MUK
36 RIEEmLE
36.1 REFEMAAMRE R FERMZ,
BECT (MR AR B2, 7R In RS O A $0E 71 5
A HOE LRI B B B BH B VS 1 Th Rk, B TR T Sk
Jii~ B BB A EAE, BN T OB . R
93 B, (evodiamine, Evo). % %< ¥4 I Bl (rutaecarpine,
Rut). LA R4 ¥ (dehydroevodiamine, DHE) J% fiff #
22/ (hortiamine) & H: 5 21 AE MBS 43
362 REEWAMAIEMER O MLiMEREM
VERT: 5l #e O3t 28 R I & A 475K . A BF IR
TEUR, 2 S R A B RAE 0 R K B0 LA B, R A B 2
W 502 B 25 S0 52 2R B v] 0 22 AN O LS+ FELIAL (A
B ELIA B R L B IR ), ZE KO R0 E )
PEHAL I FFZET (8] @ HUmIER],; @ HiREImAEH;
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@ 5% i e R BRI I 2R 45 A4 2%

363 REWEWAESLQTS 7EHKiAhERG I F.5)
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