AR LONBENEFIINTsaEY—FEY b
AW N FHEIMIZEE B HTSE

B&5:jpn

HhRE

2N H: 2020-09-04

*F—7—NK (Ja):

*—7— K (En):

YRR

X—=ILT7 KL AR:

FiT/:
http://hdl.handle.net/2297/00059277

This work is licensed under a Creative Commons
Attribution-NonCommercial-ShareAlike 3.0
International License.



http://creativecommons.org/licenses/by-nc-nd/3.0/

4
O O
EVIESR
AL 5 o B
T 5o A
T 5 oM HE

K
AL
AL

0

i HF A &L

V.

W R

L (RIEERT)

AR IE 305 7

SFLH 9 H 26 H

ARFRME L CAATHLIEE 4 556 1 1H)

HHFHERMELBEHEFT T 225 ~v—Fy F&2HWCE b

THIMEZ B4 D05

& el e
& Al HT
Bl Sy A
& &g (P)I) =
B Ot K




FAL

3

XEE

Abstract

The objective of this study is to assess the response of telemetered common marmosets to
multiple cardiac ion channel inhibitors and to clarify the usefulness of this animal model in
evaluating the effects of drug candidates on electrocardiogram (ECG). Six multiple cardiac ion
channel inhibitors (sotalol, astemizole, flecainide, quinidine, verapamil and terfenadine) were
orally administered to telemetered common marmosets and changes in QTc, PR interval and
QRS duration were evaluated. Drugs plasma levels were determined to compare the sensitivity
in common marmosets to that in human. QTc prolongation was observed in the marmosets
dosed with sotalol, astemizole, flecainide, quinidine, verapamil and terfenadine. PR
prolongation was noted after flecainide and verapamil administration, and QRS widening
occurred following treatment with flecainide and quinidine. Drugs plasma levels associated with
ECG changes in marmosets were similar to those in human, except for astemizole- and
verapamil-induced QTc prolongation. Verapamil-induced change is suggested due to body
temperature decrease, and sensitivity to astemizole-induced change in marmosets is considered
similar with that in dogs and monkeys. These results indicate that telemetered common
marmoset is a useful animal model for evaluation of the ECG effects of drug candidates

although the influence of body temperature change should be considered.
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P RBERIR T 2T ~—Fky hOLEXNT A= OFMEZ R Lo, E 18FHD aE
~v—Ety OO EBERROBEZOLERINT A —ZEOHER (Table D225, £ TOLERS
7 A—% (PR k. QRS iE, QTc) IZHAZE 2R HNEEN /22 EBRMR Iz, — ), 2 TOLE
BT A =2 B W TEEEICERT A2 RERITILOEI DO LN, TORXLOEZIHREFAIEND
DEALE AE) OFPHEEL W /hEhrotz, MEIE. X0 EEEICEROLER ST A —Z x5t
THERZFHE AT RE 2 REBMETH D LB 2 Dhizi=d, UBEOIEAFHEIZ W CIEEREICM A, A
i s V=,

Table 1 Variations in PR interval, QRS duration and QTc in measured absolute value (A) and
change from pre-value (B) in conscious common marmoset

(A) Absolute value (B) Change from pre-value (A value)
PR(msec) PR(msec)
Time after dosing (hr) Time after dosing (hr)
Time Pre 1 2 4 6 8 24 Total Time Pre 1 2 4 6 8 24 Total
N 18 18 18 18 15 3 18 108 N 0 18 18 18 15 3 18 90
Mean 50 50 50 50 51 52 51 50 Mean - 0 0 0 I 1 0 0
S.D. 4 4 5 5 5 7 5 5 S.D. -2 2 2 21 2 2
Max 56 56 57 57 55 58 56 58 Max - 5 3 3 6 2 6 6
Min 42 43 41 40 40 45 41 40 Min - -3 -3 -3 30 4 -4
QRS(msec) QRS(msec)
Time after dosing (hr) Time after dosing (hr)
Time Pre 1 2 4 6 8 24 Total Time Pre 1 2 4 6 8 24 Total
N 18 18 18 18 15 3 18 108 N 0 18 18 18 15 3 18 90
Mean 27 26 27 26 27 24 27 27 Mean - 0 0 0 0 0 O 0
S.D. 2 2 2 2 2 3 3 2 S.D. -1 1 1 1 11 1
Max 29 29 29 29 30 27 29 30 Max - 2 2 1 112 2
Min 22 22 21 22 21 21 20 20 Min - -1 -1 -1 -1 -1 -2 -2
QTc(msec) QTc(msec)
Time after dosing (hr) Time after dosing (hr)
Time Pre 1 2 4 6 8 24 Total Time Pre 1 2 4 6 8 24 Total
N 18 18 18 18 15 3 18 108 N - 18 18 18 15 3 18 90
Mean 146 144 145 143 148 143 148 145 Mean - 2 -1 31 0 2 -1
S.D. 11 11 13 12 13 10 14 12 S.D. - 4 5 4 5 7 6 5
Max 172 163 171 165 180 150 188 188 Max - 4 5 4 9 8 16 16
Min 123 115 115 117 132 131 133 115 Min - -10 -10 -10 -6 -6 -9  -10

All the vehicle control data (from 18 common marmosets) were aggregated at each time point.



2. TIEY~Y—Fky FOLEBRNRT A—FZHT B~ NTF LA v F v 2 NVHERDOER
27—y bOVAFOHA A F v RAMERICHT B ISR T 5720, v AT
A A F ¥ FVHER 6 EHlxaEr~—Fky MCERZTUROES L, LDEXASTA—F0D
BACEFMMG Lz, £72. 7 74 N E AWV Tl PR IR RS 2 R L 7e, R L~ v
F A AT ¥ FAER & Z OO A 4T v FOVERER L O %2 7~ 3 (Table 2),

Table 2 Molecular weight, cardiac ion channel inhibitory potential and time points for ECG
parameters determination and TK assessment of test articles.
' ) ICs0 ( UM) Time points (hr post-dose)
Test article Molecular weight HERG Cavl2 NavLs %Cét%mirsggi%tsr Plsqsergguer:ﬁ]?nutre
Sotalol 272.4 1114 1933 70139  1,2,4,8,24 1,2,4,8
Astemizole 458.6 0.0009 1.1 3.0
Desmethylastemizole 4445 0.001 N.D. N.D. 124,624 1240
Flecainide 414.3 15 27.1 6.2 1,2,4,6,24 1,24
Quinidine 324.4 0.72 6.4 14.6 1,2,4,6,24 1,2,4,6
Verapamil 454.6 0.25 0.20 325 1,2,4,6,24 1,2,4,6
Terfenadine 471.7 0.0191 0.93 2.0 1,2,4,6,24 1,2,4,6

Wbt atr~—t Yy MIBWTLEKER %4 U, Sotalol 1 QTe #EE % .
astemizole |% QTc ZEf % | flecainide |X PR #ZE&. QRS £ LY QTe iE R %, quinidine X QRS
ERFE LD QTe LK %, verapamil |3 PR ZEE R X QTe IERE % | terfenadine (£ QTe IEE % 5]
#2Z L7z (Figure 1), W ALOZAL bffakHE A W ZFEG LV AEE W TZFE O 708 & 0 ARIREE
H DT LY L L OFHER A TR &7z (Table 3), Verapamil @ QTe #E& LIS D2 L ILEG K IZ
BOWTHlEEINTEY, £/, aEr~v—Fty MIBWTELRRD Lo o 0ER T
A—ZFERRIZB N T HHEDN 2V, Verapamil $5:-% O QTe JERIIMAIRIE T & R <HHBAL T
7z (Figure 2), Z OZLITARRIR TICME S IR ETH D LB 2 b, RIRIETIC L 5 QTe
ERITE FRA XIZBNTHRE SN TWD, E7o, RRE T OB IEICITREADEEERH D Z &
DHESIN TR, KREBE/MEELLORES W, PMLREYTELLTV, > T, Zhbne BT
IS D720 verapamil # 5% D QTe LR, b b, B—2 A X, =7 A V)L &k L CTIRE
RN 1200-VI0 FREDTH D atr~v—Ft y MIBWTOLBOONTHATH D L HX LN,
UUEORERED | R TIC L2 RN EZ RO T, 6 RO~ /VFLHA 42 F v RV EA
Ot MLERIZHTHEARN Ty ~—F Yy MZBWTHRERICHRH SN EE X T,
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Figure 1Effects of sotalol (A), astemizole (B), flecainide (C), quinidine (D), verapamil (E) and
terfenadine (F) on ECG parameters in conscious common marmoset.

Time course of ECG parameters after oral administration of sotalol, astemizole, flecainide, quinidine, verapamil
and terfenadine are shown in change from pre-value. The closed symbols represent statistically significant
changes from the corresponding vehicle control value (p<0.05, compared with the vehicle-treated data). #:
Judged to be significant and the symbols were filled since the changes noted in 2 common marmosets
exceeded the range of any vehicle control data, although the statistical analysis was not conducted. Data are
presented as mean.



Table 3 Summary of the change in ECG parameters induced by multiple cardiac channel inhibitors
in common marmoset.

Number of time points at which

ECG LOEL (mg/kg)
Test article ECG change was noted
parameter A A A A
Sotalol QTc - 15 0 5
Astemizole QTc 30 30 3 4
QTc 45 15 3 4
Flecainide PR 45 45 2 3
QRS 45 45 3 3
o QTc 50 10 4 5
Quinidine
QRS 50 50 2 1
) QTc 150 150 2 2
Verapamil
PR - 150 0 3
Terfenadine QTc 100 30 5 6

The lowest observed effect level for ECG parameter change by each test article and the number of time points
at which change in ECG parameter was noted are summarized. LOEL: the lowest observed effect level. A:

Absolute value. A: Change from pre-value.
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Figure 2Relationship between changes in body temperature and QTc after oral administration of
verapamil.
The relationship between QTc and body temperature after oral administration of verapamil is shown. Individual
common marmoset data at all the ECG evaluation time points are plotted.
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IZBW T, astemizole |2 X5 QTe ZERIS L U verapamil (2 & 2 QTe i # kR < &2 CToLERZL
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IFe LV asr~—%Fty NOLTPERE F TRV ERHINL TV o7 (14.5 (5L EOTREE,
Astemizole ¥ 5-% @ QTc iEE 21X, RO hERG LETENE %2 R > desmethylastemizole @
BG83 RESNTEY, Table5 (IRT@Y, 2Fr~—Fky b B b, E—=ZNAX I=TA
P DOEFEIZEB W T QTe EE DR D B L=z 5t 0 |2 astemizole & [F% LI E o
desmethylastemizole 23 H &1 CV %, Astemizole & desmethylastemizole D& H ORI E CTL
BIsé, atr~v—Fty h&b FTIEREY 10 5L LOTEBERH 5 Z &5 astemizole (2 &
% QTe ERAZB U CIIMENGFIET A AREMES RBR STz, L LR s, BE—J A XBLOH
ST APNEDUBIZBNTEIRERET DT ENE, B —FE Yy MI—RRIZIHRK
FHIIC WSS 2D OETE L [FREORSEEZFF oL E X b,



Table 4 Plasma unbound levels of sotalol, astemizole, flecainide, quinidine, verapamil and
terfenadine, at which ECG parameter changes were noted or reported in common marmoset,

beagle dog, cynomolgus monkey, and human
Plasma levels showing the ECG

Changed Ratio
Test article ECG changes (ng/mL) M7 Reference
parameter CM H D&M CM/H D&M
H: Redfern, et al., 2003
sotalol O&T‘;ﬁ o 3875 120556' (D) 3073 13-38 13 H: Gotta, et al., 2016
P g D: Herbert, et al., 2011
H: Redfern, et al., 2003
. QTc H: Vorperian, et al., 1996
Astemizole prolongation 0.247 <0.0165 N.A. >14.5 N.C. D: Toyoshima, et al., 2005
M: Ando, et al., 2005
QTc
prolongation o o i i e H: Salerno, et al., 1986 H:
Flecainide proloization 1838 669 (D) 996 2.7 1.8 BergenhoI’m, et él., 2017
D: Herbert, et al., 2011
QRS 1838 669 (D) 256 2.7 7.2
widening ) )
H: Redfern, et al., 2003
QTe 163 97-224 (D) 395 07-17 04-10 H:Bergenholm, etal., 2017
Ouinidi prolongation (M) 166 D: Toyoshima, et al., 2005
uinidine ' N
D: Cros, etal., 2012
QRS 240 599 (D) 908 0.4 0.3 M: Ando, et al., 2005a
widening (M)N.D. M: Akabane, et al., 2010
o olc?nTthi . % NA. N.D. N.C. N.C.  H:Bergenholm, etal., 2017
Verapamil PR (D) 17.6 D: Herbert, et al., 2011
prolongation 45 94 (M) N.D. 0.5 2.6 M: Ando, et al., 2005
H: Redfern, et al., 2003
. QTc (D) 6.52 D: Van Deuren, et al., 2009
Terfenadine prolongation 0.05 0.09 (M) N.A. 0.6 0.008 D: Webster, et al., 2001

M: Ando, et al., 2005

Data for common marmosets are based on the results of this study. Data for beagle dog, cynomolgus monkeys
and human are reported in the literature. N.A.: Not available due to a lack of protein binding ratio data. N.D.:
Not detected even at the highest dose. N.C.: Not calculated. CM: Common marmoset, H: Human, D: Dog, M:
Monkey.

Table 5 Plasma concentration of astemizole and desmethylastemizole at QTc prolonged dose
in human, common marmoset, monkey and dog.

Unbound plasma concentration Total plasma concentration
Reference
Species (ng/mL) (ng/mL)
A D A D A+D
Redfern, et al., 2003
Human <0.0165 N.A. <0.5 7.7 <8.2
Vorperian, et al., 1996
Common
0.247 1.15 31 61 92 -
marmoset
Cynomolgus
N.A. N.A. 10 230 240 Ando, et al., 2005
monkey
Beagle dog N.A. N.A. 13 15 28 Toyoshima, et al., 2005

A: astemizole, D: desmethylastemizole, N.A.: Not available due to a lack of protein binding ratio data
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Figure 3 Relationship between ion channel inhibition and change in ECG parameters (QTc (A),
PR (B), QRS (C)) in common marmoset.

X axis shows a ratio of unbound plasma concentration / ICs for each cardiac ion channel and Y axis
shows change from pre-value in QTc, PR interval and QRS duration.
Astemizole+desmethylastemizole is not included for the relationship analysis with Cav1.2 and
Nav1.5 because ICso for Cav1.2 and Nav1.5 of desmethylastemizole have not been reported. The
closed symbols represent significant changes from the corresponding vehicle control value. #:
Judged as significant since the changes noted in 2 common marmosets exceeded the range of any
vehicle control data, although the statistical analysis was not conducted.
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