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og-adrenoceptors are widely distributed in the human body and play important physiologic roles. Three o-
adrenoceptor subtypes (a;a, i and o;p) have been cloned and show different pharmacologic profiles. In addition, a
putative og-adrenoceptor (oy subtype) has also been proposed. Recently, three drugs (tamsulosin, naftopidil, and

silodosin) have been developed in Japan for the treatment of urinary obstruction in patients with benign prostatic hyper-

plasia. In this review, we describe recent o;-adrenoceptor subclassifications and the pharmacologic characteristics (sub-
type selectivity and clinical relevance) of o;-adrenoceptor antagonists.
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Table 1. Cloned «aj-Adrenoceptor Subtypes

Nomenclature 1A o op
Amino acid residues 466 520 572
Agonist Noradrenaline Noradrenaline Noradrenaline

A61603
Antagonist Prazosin Prazosin Prazosin
Silodosin BMY 7378
5-Methylurapidil
RS-17053
G-proteins Gy/11 Gg/11 Gy
Gene ADRAIA ADRAIB ADRAID
Chromosome 8 5 20

Noradrenaline is selective for oy subtype, as compared with o, and o, subtypes.
Prazosin is a non-selective antagonist for three subtypes. Silodosin: KMD-3213.
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Fig. 1. Amino Acid Sequence of Human o;, Adrenoceptor
Dark circles represent different amino acids from rabbit «;, adrenoceptor.

B EICHEETS. WInd THIKEREO GEH {K recombinant receptor & A {KIZ 73 A L AR THE

B AR5 {K (G-protein coupled receptor, GPCR) BE L T W 5 2% {K native receptor (D 3K FH 2 Hy Kk 1

Ty IU—IZ@Y. REBELT, EhaaP7% Mt XN, WERICEWHEBEIEO B 5 2 &R

A7 D7 2 RELH% Fig. 11TRY. IN/z. TNDA, —EHOHIS R D o, BT H
2-1. EEFMEM Jso-—— rInk3E A7) EBRWT, BRETICEDLY TSI 7 L5

FD oy ZBRET T A T E2EEMCHRE S E, FHNIXIIT BT B I N 39

fli 2 QPR DHFEDNTARS N, Z Ok REWEMD oy b7 5 1 73RN % Table 2 1T

BB TYA TR DY R A RS &N R, o BB E L TRAICAR I N
HoNERo7z /7, BEEMICEHEIEEZZE prazosin (X, s, o, p $RXTCOH T H A 71T



189

Table 2. oy-Adrenoceptor Phenotypes and Pharmacological Characterization
G Protein  Phenot Affinity
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Fig. 2. Comparison of Binding Affinities for Silodosin, Tamsulosin, and Naftopidil at Recombinant a4, oy and a;p Adrenoceptors

Expressed in CHO Cells
3H-prazosin binding was competed by three drugs.
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Fig. 3. Comparison of Effective Concentrations of Noradrenaline to Produce Contractions in Rat Thoracic Aorta, Rat and Human

Mesenteric Arteries and Human Prostate

«; Adrenoceptors involved in the contractile responses are predominantly o, subtype in rat thoracic aorta, o;p and o, subtypes in rat mesenteric artery, a;g
subtype in human mesenteric artery and o, (or o) subtype in human prostate, respectively.
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Computer Modeling of Interaction between Silodosin and Human o;, Adrenoceptor

Dotted lines show electrostatic interactions between functional groups of silodosin and amino acids of transmembrane domains (I-VII) in o, adrenoceptor.

This figure shows a view from extracellular side (modified from Ref. 12).
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Fig. 5. Effects of Drugs on Constitutively Inactive (A) and Active (B) Receptors

Silent antagonist=neutral antagonist.
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BANREHINTWS, 2051 TOEMZ, Bl
TZBERIERICTHE LW/, silent antagonist
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&, ap T F A TR E W RRITEE 2 R T
ZENGINoT O ouyn & g T H A T DR
EVE, @ED TEWY., LaD>T, o, o™
TH A TIZDNWTIE, Fig. 5(A) OREMEH ghig 2
RKEATUTEEZDEEZASND. KEN o ﬁlﬁﬁ
DY T 5 A TERE ERERRAITE R IR 9 % 28
Table 3 IZ/;r L7z, 1F & A E A inverse agonist ’CE@
> 7278, TRUTTRRMICERT %
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FRT—4). 2 12B, HREEMEDN & W ZEK
i, —MRIZ, YOAZXEPEEELARSTDHY ZiR(k
IZ & % i AE desensitization &, #H i NKG A inter-
nalization {Z & % downregulation #ZJTW5 & &
ALNTNS,

CETITHBRTEREIE, H<ETHBZ7O—
DT EINTTIA T EEEMBICETRIEZA
T.f975 5% recombinant receptor DEERTH 5. Lz
Mo T, ARHEHE native tissue TRIL Z & Z -
TWENENMT, BFZETS. T7abb, AERHE
% native tissue T, ayp, oy 71 7 HRERAITE
HZER> TWBHHEME, ap 7% 1 7 ORERRAINE

silodosin |3 oy

Table 3. Classification of Representative «;-Adrenoceptor

Antagonists

. Subtype
Antagonist b o o o
& selectivity 1A 1B 1D

Prazosin A=y p=0yp Inverse Inverse Inverse
Terazosin QA=0OUp=0QIp Inverse Inverse Inverse
BMY 7378 Olp > 0l A =0l Inverse Inverse Inverse
Silodosin TN Silent — —
Tamsulosin = oja=apZayp Inverse Inverse Inverse
Naftopidil D= oA =04p Inverse Inverse Inverse

Inverse: inverse agonist, Silent: silent antagonist (neutral antagonist).
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Table 4. Distribution of oy-Adrenoceptor Subtypes at mRNA
Level

Tissue Species 7N B op
Liver Human ++++ + +
Rat — +++++ —
Heart Human +++ + +
Rat ++ +++++ +
Prostate Human ++++ ++ +
Rat +++ ++ +
Brain Human +++ + ++
Rat +++ +++ +++

Brain: cerebral cortex.

A : mesenteric artery

100+
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2
5 754
g
+= 501
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[+ .
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X

0_ T T
-9 -8 7 -6 5 4
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o 75
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2 O prazosin 3n

8 7 6 5 4
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SN (Fig. 6(A)). ZDfEHR%Z Table 2 IZ/:RL 72
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2.0 oyp BT A TR ELIE W3 silodosin DR
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)., WiFhic®X, E MERD o BT 51 T2
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N bhfblfcibW)ﬁ\f%H('C%é BB, InEH
LU CHBRE N DI E aging & OB T, b M
B oI THATREERIEITHEN oga V5 g Y

100+

751

50+
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254 O silodosin 1nM

100+
754
501

m control
O silodosin 1nM

8 7 6 5 4
log[noradrenaline](M)

Fig. 6. Effects of Prazosin and Silodosin on Concentration-response Curves for Noradrenaline in Human Mesenteric Artery (A) and

Prostate (B)

After recording the control responses, prazosin (3 X1072M) and silodosin (10~ M) were treated and then the responses to noradrenaline were examined.
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Genome Proteome
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ATWS GaX#iad). $abb, 1 EEOER
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(04T}

o4n

Fig. 7. Pharmacome Theory Showing Functional Diversity of a Single Protein Derived from the Same Gene
Two different phenotypes of «; adrenoceptors (a5 and o) are proposed to occur in native tissues after modification of o, protein.
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I, o OXRBRIIFEHTERW, Lo
THETHE, oL ‘ﬂ‘754 TN, o BETFHERT
12 & 5%, native tissue (2B W T B 72 & 06 %2 52
7z, aa EI3HES 7‘&%@%?&0)*3‘7 T4 TEER
501 TW5 (Table2). ZDFHITIXE 575N
WMETHDM, 7/ L, TOT7F—L7ZF TEEHA
TEBRWZAEMARNAK native tissue ICHEET B Z &
ZEWRL, SROEMEREZEAD L TEHTER
WwZeEBbnr.,

o BT I AT E a0 75 AT OEBEN I E
w13, silodosin DI D s IR 7 > I b
(5-methylurapidil % RS-17053) 1Zx3 2 #f1ED
EWIZH S, Silodosin % tamsulosin L, oy 74
A TTH ajp 751 TEERD E ORI Z2 /RT3,
5-methylurapidil % RS-17053 1% oy Y74 1 712l
O TCERWERMEZRY (Table 2) .32 £72, oa,
i, oyp BT A1 TICEE M D prazosin % oyp #
RY >HTZZAFTdH2BMY 7378 b, o B 7
& A TS B BAPEEK W, Table 212, 70—
Z 2T ENTE s, g, oyp D recombinant receptor
MR B A EME & native tissue TH 5 7=
o BT TORMEEE LD TRL .

THEIRED o) 25 K%E ayp &EFZ % &, prazosin
BMED aa, g 7517 EEBITTHBIRED
A T THA T ITHEET D20, FERIRIEZR
RN EITis%. THREICHEET 2 o *“"’ﬁﬁi
%oy EE A DL, prazosin 13 IME FEIRA)EY 12
5. ZHIUTH LT, silodosin &, aja & oqp Y7 5
A TIEHMED D, MEN ap Y75 A THENL
DGE, TEIRIEEIRA uroselectivity & 785,

5. ay 7 RL T o 2REEREROIRIR

MDA TI—=IT I VREREHREEHICER
95, 2N, EilE, OIEXR, AizARIER
EWVo Tz oy ZHEREBEET DD BEENE L
T B E0Wbns, 4539 M*ﬁﬂ”ﬁ@ o ZERER
Y 7 3% prazosin fx N F D % &
derivatives (doxazosin, bunazosin, terazosin 7% &)
13, MEOZFEKEERNE L THAE SN &S MER
I Td 5. Prazosin K UNE DFEBRD, o ZH
KO3 DDYTH AT (oua, o, caup) ITIERINA
ThdZEFBETHRE, Linl, ZoHMME
OTmy Kp 2107 M AT S RIRE) 729, mE
DY TEZA TN s THN aup THNRITR o I

3E {K quinazoline

WifERZER L T, Mm% % QAR SR IREE) S B
BT 5., ZNH oy WD R BEEMEAET &&
ABNTW5S, LN UBTETE, FAETFORIRS
fi 2 OEIMLERERE (AT HEZE, CaF v IV
I B ZRER L E) NEFEINLZD, o
R DR FEREE U COBRRMEAMEITEL KT
LTWa, ZhRODEASNZON, HHREE
B E U COKEHATH 5. 49 2T, &l
E AN DEINZ K 2 TEIREEEE DI & D R
OERDERTD. 51T, FIVIRD o ZBKE
FERY & U TR ¥ & 117z tamsulosin O)‘%%“E’\J%hﬁ
EHHD, o EBWEOHIHIITTEIT MR ICHE
S/ EVNS THIBEE TE /R, 5‘&0) prazosin Jz O}
FOFHBAENME 2R ELZDIZH L, tamsulo-
sin [ FEBIREE o LR ZERA NS HRE L THFE
INHDIETH B, 3530 X 5|27 tamsulosin 1L, &
A58 OB rsii P IRE LA 2T 2 720K
LT, FrfitkZF728 Tdh 5. Tamsulosin DKL
INZHEW T, naftopidil & U THITIZ/R D silodosin
EWS o BWIENHREINZ. TNH53D0 o i
Wik DY 7 & A 7RI R O SEB 221 R % Fig. 2
J OF Table 3 12759, Tamsulosin IE, oya, oup, Gip
IRTOYT I A TITEWBFAMEZ R T, oaa &
op IER E VWS HEH H 5. Naftopidil 1%, 9
RXTD o YT A T THIEIZEND, ap BT
A TERWENOHEDDH D, INITHL,
silodosin 1%, EICHENZEZL DT ap (KL oqp) B
TEATIRERNTH 5.
PEREEGEEDORENEM D, MK LK
ML E WD ME D o ZEREWRITER T %729
uroselectivity Z£f o 7z PN BRI NS, FINLER,
H%%%E%KOD o 7 RLF U ZHREN aja XId o
PYITHATTHDIE, MED P THA1TIEE
M EIC KD aga 5 g BRLICE(LT D2 EZE A
&, o X o 75 A TR ISIED S, X
D uroselectivity DEFWHEP LR D THAD. ZTD
S OFEMBIIONENEITL TNWE T EXKD,
RFD 3 F o bl R BN R I TN, BERE
WO FUT R IT TR o N2 2 &2 T 5.
BRIR b, o W 2 REIRIRE G U 72 BT E &
IR5DN, EYME(RL > 2)ThHb. HIAK
A D o Tm[ﬂlf%(ﬁ%bfhéc‘:
BESENRECHBS T 28 L2 X< AT



196

Vol. 126 (2006)

%3738 ZORRZHSMNICT 5729, bbbl
prazosin 2 2 @ v MiZES5L, oy 7 KL F U
BRI T B ER N, TOREE, prazo-
sin BRI GIC LD, D, W RBEIRO o 7 R
LY Z RN 5, upregulation % 32
7.3 Upregulation 2342 Z % &, Z&MEEOBMIC
KOYAZAMTHT BDEZHENTTHEL, ZDOHER
EEEEDS SN <125, D, LT ADER
ANZALEEZEZLNTNS., BEDE 512 5H%
T, 7v RBH#IRICHBIT S upregulation 13, a;p B
THA T ORRNIREMCE D Z ENHBHLE R
FRT—F). BE, 7 BREIROIHEIX s Y
TIA TN L TERIN TS, prazosin £
BHICKDEERTTYA TR as D5 ap ITAA
VFITTDHENSERNEGE SN (Fig.8). Z
DFRERIT, BIChAXRZE N TOEERILIZEK D o T
TIATOEGERNVEZEES. FL T A,
supersensitivity = U THI#RIC & 5 & IMEFRLE, Eh
bap TN TORBFLOEHEBEBRL TWD A
7, KRZSHBRIEW.

Prazosin £ G2 KD ap Y751 T HRRK
2 B4 upregulation 97 % & W S FERIE, AMANT
g T TIATH, aa B TYATEFRBY, H
Wi b SNz IREBICH D Z &L &R T 5. Figure
812, BIELNOLNMNEZ TV AIEMETFZRT.
Prazosin K% 5DF v T, a7 51 713k

untreated

] |

(04T

FRAVICIE VL S 7 RBE Dy, SUINTEME I 73— )b
TIUIHEATRIBEIhZREICHD EEZSN
D, TORR, g BT HZ AT, EITHEE
desensitization % <%}, HAZ NG A internalization
EHINEAN T DR RIC K B ZBARE D> downregu-
lation WO A ZZIT TS, ZOLIBEHERD
R ET2D g BT 5 A 7 OIEE(LIREEDY, inverse
agonist T& % prazosin 12 & D FEIE AL IRAEICB] &=
RIN, F0OhEHE downregulation 23 S N T2
BRI 2EH5 A5 &5 <N,
Prazosin Effi#¢ 57 v MZBWT, appg V75 A7
@ mRNA BIZE{LNResnah->7kIl &H, up-
regulation 2% ayg U7 ¥ A T DEGHMEEL D b,
MRLANJREDEENIC KD ERLINTNDS T EE2/RR
T 5.

— 75, silodosin Z 2 @G L7 v NEBEIR
T, o ZHEROBEETTHA T DEIGITEMZ
R507, supersensitivity HE R I Nan-o7 G
RET—F)., ZOFREIL, silodosin id prazosin &
Bz, REHRGETHRL I RAZEERILIIKN
Z & %89 %, Silodosin & prazosin OEWIE, 1)
silodosin 7% agx BB TH D DIZH L, prazosin i
YTEATIERATHS Z &, 2) silodosin I3 si-
lent antagonist T&H 5 DTN L, prazosin |3 inverse
agonist ThHHZ &, METHD (Table3). Z D
EHREVNDZD, silodosin EMFEETH o 97

prazosin-treated

NA
o D
(047 1B
' W

Fig. 8. Possible Mechanism of o;p Adrenoceptor Upregulation after Chronic Treatment with Prazosin in Rat
A part of ajp adrenoceptors may be internalized and be downregulated, which might be blocked by administration of prazosin.
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A TRFENEREEZITT, PLIRAEFE
FRIUIZ< Mo EHERL TH5S,

RIS HRAE R PE D SRR B OB EITIE, o BT
ENEHMICEO#EHINS. TERE o 25K
LT, LI 2REEI LIS WEY OB FEDN
WSEENDHLUTH 5.

6. &EHYIC

o 7 RLFU R, YeFIVaU 2K
REEDHIZ, HSTHLWZBEKRTHS. Rkl
D, FTHREBIZBITLZEEENRBEINT, o %2
FERIIBHOHN 2R TEZ. 2 TEYMFENTIED
HAT, Bz W=D S BLRE WA R
MEL2ELENDDHDH. Lnrl, &EMITIE, b
DERNITE T HHEAEZH S NITT 2 T EMHET
HDH. ABEHTIE, ZOX5RhILzeEr, TE
HIZTERKMB R Z AT, o ZHRRPFIEOBK
ICDWTIRAR /=, Y, tamsulosin, naftopidil,
silodosin & W o 7= HEREEIRE I, DAEOH
BEENFLEBS>THELZDOTHD, HAE
J=RLTW3 LS THMETIERL., Izt
2T, o TEEROHEME - BWIRIEN S 5ITHE
U, KO0 KWEYPEENRRIC/RS T &2 MR LT
W,

HEE  AMREERTIDCHRED, WHKRFE
S ML BEER GBREGFE), IHBRER
G B%) omhzE”RE. ZZCE#REERT S, £
Fz, AWFUE—EF, FHEPREE LU 21 iid COE
752 hOEMEZT T o k.
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