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ai-Adrenoceptor Subtype Selectivity and Organ Specificity of Silodosin (KMD-3213)
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The selectivity of silodosin (KMD-3213), an antagonist of o;-adrenoceptor (AR), to the subtypes (aja-, oyp- and
oip-ARs) was examined by a receptor-binding study and a functional pharmacological study, and we compared its sub-
type-selectivity with those of other o;-AR antagonists. In the receptor-binding study, a replacement experiment using
[*H] -prazosin was conducted using the membrane fraction of mouse-derived LM (tk-) cells in which each of three hu-
man o;-AR subtypes was expressed. In the functional pharmacological study, the following isolated tissues were used as
representative organs with high distribution densities of o;-AR subtypes (o;5-AR: rabbit prostate, urethra and bladder
trigone; o;p-AR: rat spleen; o;p-AR: rat thoracic aorta) . Using the Magnus method, we studied the inhibitory effect of
silodosin on noradrenaline-induced contraction, and compared it with those of tamsulosin hydrochloride, naftopidil
and prazosin hydrochloride. Silodosin showed higher selectivity for the a;5-AR subtype than tamsulosin hydrochloride,
naftopidil or prazosin hydrochloride (affinity was highest for tamsulosin hydrochloride, followed by silodosin, prazosin
hydrochloride and naftopidil in that order) . Silodosin strong antagonized noradrenaline-induced contractions in rabbit
lower urinary tract tissues (including prostate, urethra and bladder trigone, with pA, or pKb values of 9.60, 8.71 and
9.35, respectively) . On the other hand, the pA, values for antagonism of noradrenaline-induced contractions in rat iso-
lated spleen and rat isolated thoracic aorta were 7.15 and 7.88, respectively. Selectivity for lower urinary tract was higher
for silodosin than for the other o;-AR antagonists. Our data suggest that silodosin has a high selectivity for the aj5-AR
subtype and for the lower urinary tract.
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NETNRBEE /2~ AR LM (tk-) Mz i A
(ATCC, USA) L, B L THERALZ. b, #Hilg
1% 10% FBS (Fetal Bovine Serum) &N 1% X=1

ARV T RYA T %EE T D-MEM (Dulbecco’s
Modified Eagle Medium) {Z#&H T 5% CO,, 37°C
DEMLITTREEL -,

2. EEREHY HRER SRR ICIX, HABA
R (KE : 3.51—4.67 kg, dtilis N A4k
X&tt, &%) MU Sprague Dawley (SD) SR
Zw b (9—10 ffk, KE :287.8—3%4.2g, HA
T2 —tkXatt, |\R) Z2HEH Lz B

13, fER (20—26°C), fHIE (35—65%), 12 RfH D
WY 7 )V DOIRE FCTHEF L 7.

BB, AERZ, T EE TR R R
HMEERDOFF 25T, R FEEE OB R
HARTA > (1413, 1987 4F) ITHEMLL THEL
z.

3. EREY FEEICHEAL2EMT, ok
> ((=)-1-(3-Hydroxypropyl) -5-[ (2R ) -2- ({2-[2-
(2,2,2-trifluoroethoxy) phenoxy ] ethyl} amino) pro-
pyl] -2,3-dihydro-1H-indole-7-carboxamide ) , 1 fi#
LA ((—=)-(R)-5-[2-[[2- (o-ethoxyphe-
noxy) ethyl] amino ] propyl] -2-methoxybenzene-sul-
fonamide hydrochloride), =7 hE" )L ((£)-1-
[4- (2-methoxyphenyl) piperazinyl] -3- (1-naphthyl-
oxy) propan-2-ol) (EA L, F vt 35T KR
fh, #nAc), #5222, WB4101, BMY7378,
JIVT7 RLF1U 2 (NA), s> 753, 3
IVFaxTur, Hgarv ey, EEyurs 5/
o—)b (A E, Sigma, USA), NV R~ (L
BRIt RIRROVNMREEE Tk Ut 31
), RMNNVEY—IL - FRUTL (KRHAR
Rt KRR), AHARRK (REUETIHGHK
Aath, #E), RUTFL A2, BUX
(Tris (hydroxymethyl) aminomethane), EDTA (eth-
ylene diamine tetra acetate), ¥, U > _/KFE S
N LCAE, FhI140T7 A4, 5250,
KEEAET B U D A FesisE T2, K,
PAFINZIEFT R (DMSO) (FHFA TR Y
MR att, BUER R ORI ERISE Tkttt KB,
D-MEM (Dulbecco’s Modified Eagle Medium) , PBS
(Phosphate Buffered Saline), X=— U >—ZX kL
T2 Gk, 1 rEbBY U

), FBS (Ztplisitklatt, ®u0), PHI-7
T EALEER T EKRLS, KW Th
> 7.

vaRyy, gy LAOT Y, FTREDI,
WEE 7 53 >, WB4101 KT BMY7378 1345 % FT
%, DMSO IZTIEML 7=, TN HEiRE, 28
HEEEHB TIIWI N D assay buffer (Tris-HCI 50
mmol/l, EDTA 1mmol/l, pH7.4) IZCHFRL .
Tz, HEEMEMEBRTIE, ORI ERIINIV
< (FLERY > )LHR @ NaCl 0.6%; KC1 0.03
%; CaCl, 0.02% Je ONELEE 0.31% (w/v)), HEES A
A0 ERMOERE T 5 2 RIS AR A
®, 77 bEDIVERIIAEKZE AW THRRL JHH
U7z, NAAEMAHKRIC TEMR, FRLUZ.

4. EEBRFZE

41. Eb o-AR YT 5 M TSREFERAER
Br#& %, BUXL 7= LM (tk-) A assay buffer %
A, @E P (Model XL-2020, FIffFS
ARt ICTOKG T TEFHELIEE, Z2AREGH
O (CRSL, HAr THsRA St 10Tl s
(2000 g X 10 min, 4°C) L7z, fgonz bz 5
IZ 5 B OB (Optima TL, Nvw 7 < >R ath)
W2 TR BfER% (80000 g X 30 min, 4°C), LiE %
assay buffer TH&E L T H 21572
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HadiEr) Z11-o 7. BRIBHEZE oa-AR IZD N TR
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v = R N R & W TRUEE P 2 3
Tl ERFRBRAESIET, HBRYLZADOD 1
umol/l1 ZHE F TORELDRDZ. ORI 2D
o-AR Y7 F A TR B BRI B ORI 2 B
L, ThezEgy L A0y, F7 D), H
fe 752> >, WB4101 I BMY7378 D2 5 &
bedg U7z,
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BRI F OFIRE, REKR OB =AE (o
-AR),92) SD Z#Z v ~ DOME (eup-AR),® 3)
SD RIEZ v S DM RENK (up-AR).? TN SH
MAEAZ, 37°C T 95% O, KU 5% CO, IRGHT A
%385 L7z 10 ml @ Krebs #& % 7= L 7= organ bath
IR L 7=, NAICCHERBL ISR T2 0k
> ORI Db)'ﬂfﬁaﬂ, N SNy Qu
>, FTREDIWKRCERET 5 2 DN LK
L7z

5. T8 ZEKHEGHBICBVL TS,
M5 %5 5 % Graphpad Prism® version 3.0 (Graphpad
Software Inc.) ZHAWTHENT L7z, £, ffFEER
Kk 0ESN~=T —4 % Schatchard fig#r L, [*H]-
T DH a-AR YT 5 A T % Kd E
(FRiEERD) 2ROz, RIT, BHFERIZEIDKE
Mo [PH]- 75V 2 UG IR 5 HE R & 7E
RL7ZDB, KEMOD ICs E (50% HERE) %
BHUZ. IKHHEEHEH? W PHI-79V> >
BE (L), &5/ 1Cs i, KdEzmAWnT, XK=
L0 oR //&U\%E o-AR JEWEED Ki fii (FH
EER) E=RMUZ

ICso
L

1+—
Kd

S 51T, Kifl D& EfE & LT pKi fEIZ A
%, % u-ARY T 517D pKifEk D ayp-AR I3
T D oya- L ap-AR 75 1 TR %, FNF
N oua/oup LR ayp/eayp FbE L THEE L 72,

WRENEEHARBRICBLNTIE, oy —5%
Schild f@#r L, 10 L FORITEK D pA, fE GRS
TR IRy D — RO HHAR 2 2 657200 IR A S

Ki=

TRESE 2 DICHERFEAHEREE O EIRED
B EUE) KT Schild plot D Z 2R L 7=,
pA,=log (CR—1) —log [B]
R @ SEWALIE Fif B OVILE % D Y FE— Bt R D

ECs {ﬁ (50% IXHEHR % 52 % NA ORE) D,
B : L& U 7= SR

28, pA, ENEH TELWEEIZIL, Schild fi#
27D, WiE U7 GARIRE OB E— R R &

D pKb i GG HEWEE & ZAIKE DOREE O Rt
EROEMEE) 2BHLE 5T, &HEHEED
PA; XIX pKb EXR D, THBREEZEHR Ii%ﬂ?&bf:.

& R

1. EbM - ARYTHA4 TZRBEBEEAR
t b a-AR B 7% 1 T2 EEEGHBROKEER, PH]
- 753 1% 100—3000 pmol/1 12 /0 T HIFI#E &
R L7 aa-, op- MO ogp-AR 2R3 % [*H]-
75 2@ Kd fEIZENEN, 116.1+4.5, 27.4+
1.2 % 7X69.1+3.8 pmol/l TH - /~.

20 RS KRUETE o-AR IEME D& o-AR H
THZA4T (oua- oup- X a;p-AR) 1K 5 Ki &
e TX aya-AR GEIRPEZ Table 1127859, oya-AR (2%
9% Ki {13k~ L A0 > (0.012 nmol/l) =3
0O R > (0.039nmol/1) > 7 5 > > (0.12
nmol/1) = WB4101 (0.17 nmol/1) >+ 7 RE )L
(23 nmol/1) >BMY7378 (75 nmol/1) DJETH D,
ORI GRS LA DY IR E W ERNEE
~U7z. —4, B op-AR KT % Ki fili 13 Hi s
752> (0.028nmol/1) >HEY LA O >
(0.12 nmol/1) >WB4101 (1.1 nmol/D) >0 K >
(6.5nmol/1) =7+ 7 FE )L (7.8nmol/1) >

Table 1. Affinity and Selectivity for Human «;-AR Subtype of Silodosin and Other o;-AR Antagonists

Ki value (nmol/1)

o;-AR subtype selectivity?

Compound
aa-AR ap-AR ap-AR aya/oyp Tatio ayp/oyp Tatio

Silodosin 0.039+0.006 6.5+0.6 2.2+0.1 162 2.95
Tamsulosin hydrochloride 0.012+0.002 0.12+0.00 0.030+0.005 9.55 3.80
Naftopidil 23+7 7.8+0.0 4.4+04 0.372 1.78
Prazosin hydrochloride 0.12+0.01 0.028+0.002 0.078+0.007 0.204 0.316
WB4101 hydrochloride 0.17+0.01 1.1+0.1 0.22+0.04 6.03 5.01
BMY7378 dihydrochloride 75+21 28+7 0.431+0.06 0.389 64.6

The Ki value in the Table presents the mean +standard error of 3 experiments. @) The subtype selectivity (oya/cyp and o;p/oyp ratios) was calculated from the
ratio after converting the concentration, specifically, using 10M [M=pKi (a;5 or a;p) —pKi (a;p)].
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BMY7378 (28 nmol/1) DJiE, F7/=, t b ap-AR
IR 22N Y LA A0 > (0.030 nmol/1)
=15~ 5> > (0.078 nmol/1) >WB4101 (0.22
nmol/1) =BMY7378 (0.43nmol/1) > 0O K3 >

(2.2nmol/1) =2+ 7 FE )L (4.4nmol/1) DJET
HV, BRI >D ap KO ap-AR 1T 2 BN
ML aa-AR TR T2 ZNIC i L TR 2R L
7z. £72, oua-AR NOEREZ IR L2 LT A,
aa/ogg HLIZ ORI > (162) >y LA AT >
(9.55) =ZWB4101 (6.03) >BMY7378 (0.389) =J 7
~rEDIL (0.372) 2 7 5 > > (0.204) DI,
op/ ayp H1E BMY7378 (64.6) >WB4101 (5.01) =
Wy L AOY > 3.80)=20Ry > (2.95) =5
7 hEDI (1.78) >R T 5 > > (0.316) DJiE
ThHO, ORI Lz o-AR #ERE O F
THRbEWD aa-AR ERMEZRL 2.

2. HEBHHABICKTS NAFEPEICHT S
EH Y FRHAIIAR, Ty N R & O
Ty MMEH B E R B D NA 23 % i E— i
Hi# 2 Z N ZF N Figs. 13 1TR7. Winb K
AR 1T 3BT 2 NA 7% FE e O 32— B Bl AR 2
REKGFENICERY 7 S8k

20 RY 2 ROETE a-AR BB O £ Ff 4 H A
I BT 5 pA, Xid pKb il f OF Schild plot D =
% Table 2 IZ/RT. U HFHIHFISARITH T % pA,
X3 pKb EIHE#ESY L2022 (9.93) =3O RYy
> (9.60) > T T (19) >F 7 FEDIL
(6.69) DIETH>7=. UHFHHIRE KK =
AEICBWTBFEMRONMEZ R U, —H, Tv
N HIIR I K% pA, fEIRIERE 7 5 2 > (9.34)
Sy LAATS Y 8.64) > ORI (715>
F7 hEDIL (6.30) DJE, v bEEHBEREIR
29 % pA, EIZERE Y A A0 > (9.82) >
T 90N> u Ry (1.88)=F 7 hE
P (7.48) DIETH O, >0 R > OhE&
EHREIRICH T 5 pA, flld FEIREEITHT 5 pA,
i3 pKb fEIZEE U TIRMEE /R L 7.

20 RY 2 ROEH a-AR BB O £ Ff 4 H AL
RRIZHK T % pAy 1T pKb fE & D KD 72 TR IS %
R 1% Table 3 1Z/R9. MBI A S 2 Fi AR D#E
R, >OR> > Q) > LAZTOY > (19)
>FT7REDI>QS5) BT (0.04) O
Jig, HaEsKEARIC AT B AR DOZRES >0 R

P2 ) > LAATDY Y (1.3)>F 7 REY
I (0.2) > 7 > > (0.05) DIETHD, >
ORI G L 7= o-AR EREOF TR D EW
RINIIRANOBIEZ R L2, 72, R RO =
RN OB BRI RANOZTN LR TH - 2.
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Fig. 1. Effects of Silodosin, Tamsulosin, Naftopidil and
Prazosin on Noradrenaline-induced Rabbit Prostatic Con-
traction

Concentration-response curves, expressed as percentages of the maxi-
mum contraction elicited by noradrenaline, were obtained in the absence

(open circles) or presence (closed symbols) of increasing concentrations of

each antagonist equilibrated with the tissue for 1 h. Each point represents the

mean=+S.E. of data from at 4 preparations. NA: noradrenaline, [NA]
represents the concentration of noradrenaline (mol/1).
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Fig. 2. Effects of Silodosin, Tamsulosin, Naftopidil and
Prazosin on Noradrenaline-induced Rat Spleen Contraction
Concentration-response curves, expressed as percentages of the maxi-
mum contraction elicited by noradrenaline, were obtained in the absence
(open circles) or presence (closed symbols) of increasing concentrations of
each antagonist equilibrated with the tissue for 1 h. Each point represents the
mean+S.E. of data from at 5 preparations. NA: noradrenaline, [NA]
represents the concentration of noradrenaline (mol/1).
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Fig. 3. Effects of Silodosin, Tamsulosin, Naftopidil and
Prazosin on Noradrenaline-induced Rat Thoracic Aorta
Contraction

Concentration-response curves, expressed as percentages of the maxi-
mum contraction elicited by noradrenaline, were obtained in the absence

(open circles) or presence (closed symbols) of increasing concentrations of

each antagonist equilibrated with the tissue for 1 h. Each point represents the

mean+S.E. of data from at 5 preparations. NA: noradrenaline, [NA]
represents the concentration of noradrenaline (mol/1).
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BN L T EHENS, RBRRIIZYTH
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Table 2. pA, or pKb Values of Silodosin, Tamsulosin Hydrochloride, Naftopidil and Prazosin Hydrochloride for Noradrenaline-in-
duced Contraction in the Isolated Rabbit Prostate, Isolated Rabbit Urethra, Isolated Rabbit Trigone of Bladder, Isolated Rat Spleen
and Isolated Rat Thoracic Aorta

pPA, or pKb values

Compound aja-AR a;3-AR ap-AR
Prostate? Urethra? t]?il;ggg) Spleen? Tﬁﬁ)‘ﬁiﬁ} ¢
Silodosin 9.60+0.059 8.71+£0.09 9.35+0.159 7.15£0.05 7.88£0.05
(0.98+0.32) (0.67£0.09%) (1.00+0.18)
Tamsulosin hydrochloride 9.93+0.079 9.00£0.06 9.48+0.149 8.64£0.06 9.82£0.06
(1.16£0.27) (0.61+0.18%) (0.91£0.20)
Naftopidil 6.69+0.059 6.48+0.11 6.80+0.07 6.30+0.07 7.48+0.06
(1.13£0.21) (0.93+0.39) (0.91+0.25) (0.69+0.23) (1.14+0.23)
Prazosin hydrochloride 7.91x0.02 7.96+0.04 8.10+0.05 9.34+0.13 9.17+0.06
(1.08+0.09) (0.85+0.13%) (0.97+0.18) (0.56+0.26™) (1.11£0.23)

Each value in the Table presents mean+S.E. of 4—5 animals. Each value in a parenthesis presents the slop of the Schild plot. @) Rabbits, b) Rats, ¢) pKb
value. *: p<{0.05: Significantly different from the unity at p<0.05 by paired-f test.

Table 3. Selectivity for the Lower Urinary Tract of Silodosin, Tamsulosin Hydrochloride, Naftopidil and Prazosin Hydrochloride

Selectivity for the lower urinary tract?

Compound Prostate Urethra Bladder trigone
vs. Spleen vs. Aorta vs. Spleen vs. Aorta vs. Spleen vs. Aorta
Silodosin 282 52 36 6.8 158 30
Tamsulosin hydrochloride 19 1.3 2.3 0.2 6.9 0.5
Naftopidil 2.5 0.2 1.5 0.1 3.2 0.2
Prazosin hydrochloride 0.04 0.05 0.04 0.06 0.06 0.09

a) The selectivity for the lower urinary tract means the ratio after converting the concentration, specifically, using 10M (M=pA, or pKb (prostate, urethra or
trigone of bladder) —pA, (spleen or aorta)).

SkEEZLNS. VIR a-AR B 7 5 1 7 DH T ayp-AR 1T mﬁﬂ@
ARRBRITBNWT, O R 23 oa-ARITH LT EETHIEVWNHERTEZ ENDG, KRR
MWEME 2R L, ap-AR ® 162 f%, op-AR @ ﬁbht?7htvw®mﬁA”éE%%T%6

55 f% (Table 1 Offi, 162/2.95 XDHEH L) &, LEDbLNS.
D TEWEZRLZZENDS, aa-AR ITERME HRER SR EABRIC B W T, > O R 2id oa-AR

MHdEEZOLGND, D o-AR EWFHK TH 51 BT YA TINEEICEFEET 2T R
ey L2000 > ROEET T > D& o-AR R (AR, JRE R OBERE =M D NA FFEIL
YT HA TR BERER, @BEORED LT M2 BREERENICHHIL, Zom33EERY LD

ERHOR R THo 2. —F, F7REDILIZBN =2y RIS T I >F T REDIL
TIE, oya- XX ap-AR 1239 % Ki fli 2 X ayp-AR DIETH > 7. BINIRKEOER=MATICBNWT, &
1259 % aya-AR GEIRPEA Takei » DG & Fin BEEDIORIVIINA OERRIGEZE TS E7~

STCWe, ZHUIKEREY T > Rl E DR DE M, ZOBRKRI, 7L 7Y CHTIEOER Y
WZEkBEEBEAOGNSD, KB THEoN/T 7 b LAOT XA IHFERIZBW TRz D &
E?W@aWAR”ﬂiéKﬁﬁicmARﬂ*E FARTH D, 1617 AR HE %ﬁ%bfw%%@&
ICFAES % & MRNIRHAREA Z AW TR s Nz EZZoN5. —FH, aprARDNEEICHEETS T v
ZFNDEFF-HLTWEZE, S5ICFTREY h%&%ﬁ@NAm%Wm;ﬁié%ﬁwm@ﬁ
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SWERR T oV O >EB®Y LA > O Ry
O>F T REDIVDIE, Fi, ap-AR NEEIZHEF
19 2 M8 KR ENIR D 2 AUIIERE ¥ L A 0 > > g
T > ORI ZFTRNEDIDIETH
D, B b o-AR EEMdZ HW=8 7% 1 TEM
PEEFEMZERLZZENS, >0 R IIHEAERN
128 ayp- X ayp-AR 1T EHE#E U T aya-AR 12 B BN
2R T EMNRB SN/, Yamagishi 519 [3BEIC
HERHHEIIIRICBWT, 2O R o-AR
R TH D7 2L 7 K OFEFH L ZIEIC
KU TIRHE Y LA 02 CILEcs 2 EHiIER 2~
I, Ty MEHEEREIIRIC ST S EEUERITE
ey LAAOY Izl TiHWZ E2HE Lz A
HEBRICBVWT, MREEME THL NAITKDH
FLUZIEICHLTH ORI 727U >
W2t B EEFUER ERERERZ R L. LS
T, ORI TERREE D ara-AR ITERT
IZHE A LT NAITE D aga-AR 24 U 7= UG 2 0
U, TFERREEHLAR T OB 2 &N 5 2 LAUR
Bz
PIEDFERMNS, >0 R 13 aja-AR BRI
W TH D Z EAVHIHL 72
BEEFTKIZ7O0-Z 7 3NEZ3FD o-AR Y
TEATNZ, BT S5 ICEBIMETH D an
L, EBETH S o ITKG3T D HENRE SN
TWnD, BOSFEYLERNCFEE ZE SN THRN
HOD, b bFiL R ORE S A I o
MESHFLEL TSI ENREZIN TN S, 020K
REBRICBWT, BT 7V > > OUHF FEREM
RRITHS 2 HAEIE ona-AR I D Z 12 i
LTEMN 2 EMS, ZOMMBPIC oy MELTF
FELTWBZENEZEND. UHF FEIREHRR
I3t b TOWME ERRIC o 2NHEICBE 595 2 &
Mo, WARBRBOERENS, PORSITE MEH
RINLAR D NA BFRIHEICH L CHREMRZ2RT &
EzoNns,
WTHUZLTH, >0 R TR IRM oa-AR G
Wik ThH O, HEY LD, FTREDILKD
W7oV D IXFNFN, aa/oup-, op- L OVFIE
BRI o- AR EWETH 2 Z LGS Nz, L
o T, ORI UIETERED aa-AR IZHD
TEWEBIRZ/RL, BZIRIEARIEIC L S PJEIR RE
DENWEAELRVED I ENRBINT.

BEE  AMROFEMBEHED, THhELD £
LleFy e R TERKAE R L, A
H R, EAEHK, HEERERICE < EHB L
ES
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