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New Drug Approvals over Three Decades from 1980 to 2009 in Japan
—Their Therapeutic Targets and Biochemical Properties—
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We analyzed the therapeutic target molecules and biochemical properties of 893 new drugs with new molecular enti-
ties approved over three decades from 1980 to 2009 in Japan. According to our analysis of the therapeutic targets, 26.2%
of new drugs were enzymes. Membrane receptors were found to be the second-most frequent molecular targets of the
new drugs, representing 25.3% of the new drugs approved. The biochemical properties of the drugs were found to have
changed over time. Though the total number of new drugs approved from the year 2000 was smaller than that in the
1980s and 1990s, the number of new protein drugs approved in the 2000s, largely recombinant bioactive substances and
monoclonal antibodies, increased significantly compared with those approved in the 1980s and 1990s. The results ob-
tained in this study indicated changes in the therapeutic targets, biochemical properties and therapeutic areas of new
drugs approved over the last 30 years and suggest the aspects of the future development of new drugs.
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1%, Z2<OAMHNIZBZTATEBD, BTN
ZTORKE LTI, FEHRBOESN, FENITEM
T5HOOMERRME, 200, HEKOEDBREIC
HdHEL, BELENORIENMTONT, EHD T
7 2 U =D O RIEEY (¥ 2 XV E) DEFEER
EWWZEEMTERMN RN > 2 &I N TN
5.9 £/, RO “deconvolution” W5, K%
FEMC L VBN ERKIEDOEILDOERICTH S
B A RN R E 2 REMNICHD T EOEEM

HAMNTND. O LML, TOXIBRKFITHBN
ThH, EAEMNNERTH> TidrsT, ENDL
FHENS ORIV ERSDTH S, RKBINZH
BUBESEOREME, BRICIHREEE L TRILZHD
DENTHO, T 5 DOEEN KO R ISFER 53
¥, Wﬁ%ﬁ%a@tE*mwim%m%ﬁmﬁﬁ
i, BUR, I 5ICIESBOFRIBEROD D 2R
aq‘?éi’ciﬁfg ZEEFEZOENS.

BREE DR R O EL R DO W T O R
STITIE, HL< S Tb/ZRTIER<, 1997
FIZ Drews IZX D HIO THEINZEE XD, 7Y
TITEEEROEYEREFOERF LR TS
Goodman and Gillman @ T[SEMi5E D L & FREE
(1996 £ER) VTN X LTV B EHK N, 483 i H D=
HEOENDOpEEIT > Tz, ZORER, 1996 K
MTIE, FHBEEOENEINSEHDIZLLT
500, D05 b EHENTNSEHDODZFNIE 120 F2
ETHBELE.YZDHE, 2002 4 D Therapeutic
Target Database (TTD) IZ2DWT® Chen b D
HIOTIE, FHEEEOENE LT, HEICERS
G UNTBEDOYTHA TN 1494, KN 41 HO,
EHINTNEHDODZFNIL 268 &, 1996 FEDF
NoO2/LEITEmML TWi, /2, 2009 FE 0
Zhu 5@ TTD IZD W T OHEY T, FsEaHic
FRINU 72K 348 L X SITHIML TH O, EED
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ek, 1980-2000 4FEERR) 9 & W 2. BTBLIA
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B IRIZ R — AR —2 ) DEEHIEIE SO
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FHEEEL, ZhEToREINTVWDES
FES0ZHE D (RS FEE S KOS FEHE I
G, B TFERBIZOENZEESE, KZHRK
(G & >\ Eg %8 =%k (G-protein coupled
receptor, GPCR), 7 > F ¥ R)LBIZZEIK, Toll-
like Z &R, BNZEKR, XU UHEHSY 2N
%7 (Penicillin Binding Protein; PBP), %> F ¥
I, BT ZAR—=F—, URY—L, HEEERESY
>)NZ7, DNA RUCRBHIZ, £/, EKRNTO%
& FORIN S, IS, MELENRISE, U
DF 2, BEEWEICST, & TERLITURR
O 2N PEIEE BT R L Tz

BB, MBELFRROSE &1, A A S HE
M, SCEIETEER, SSMKBRAER, T2 1L D%
A - HERIER, TIVIBRRIER, 774 —DORIGS
EEZOEMEFETIHDOE L. ERHOIHEIC
DNTIE, FIT 1980 AL B 1990 AEARHTH TN
TAMINAEZHIEK, FI o AR—F -2 E2EN
ETBHHDITE, EHRNT T T TFs TN
BADBDHH BN, INHIZDODNWTIE, MobkEhn
TWRWEFEDOHDZIEHE L /2.

/2, ENSTELTIDOMEESTE L THE
TERVWDHDIE, BE—OEEEEzRZLTNEEER
S5N25HDODMEMN ST, HEWR S K OERD
AHOBHDIZDWTIE, EMIZK D 08I THM
St RErO7Y IOV TIE, HikkRInE
MIEWICBEET 55 DNV EEE R, PikBEREZ FF
DZEMS, PIRKELTHE L., £/, 1980-
2009 D 30 FEIT BN TEB I NZHHIBEED
5%, 101 FiHIZDWTIE, AKBZICEED DN
RFEDH I, XIERICHA LD HIZT, BIE
PMDA O website IZIR AT X FIIH/E I N THaW
N, N5 BRET O RIC AN THENTL 2.

HEHfRITIX AT 7 b, StatView 5.0 12X 0,
Tukey-Kramer % % F V) T RERE b S OFH BE AR B &
KDz B, ERE SR ERFICEREL
7z,

i o & R

1. Bl S NIcHBAEEROHERE 19802009
O30 FEMICRBINHAENRS EAEELD
mEEIE, WK E 67 MHOIEEEH 2R &,
893 fhH &Tao 7z, AR GAEIEM D5 H

BEMBICADE, BHDVRNOZDIE, 1997 £
14 5 H, KIZD7sino 7= DIE 2003 48 K O 2004 4
DISFHEHTH>7Z. Fiz, mDENh>70DI3 1981
FEDOSTHRETHD, FITEDEDPEIHHIHDOD,
1980-2009 4 D], KGRI N/ZEE G O 5 H IR
R L TETWE (Fig. 1). 72, 30442 10
FERICDTEBRE BN THRAI N EE GO,
H¥EZ, 1980 4EMRITI 367 55 H, 1990 4E LI
286 fiH, 2000 EARIZ1 240 S H Stk &2 L,
2000 FEARTIE, 1980 FEARITELN, K 65%FEEE T
WAL TWE £, 1 FH720OFEHEAIE
(HFEMERR ) Z i L TH, 1980 FFRD 36.8+
3.6 /05 2000 FEARD 24.0£2.4 NEFEITHAALT
Wz,

2. BIHESNICHFAEEDOENDHD W EHFiE
1980-2009 4 @ 30 ERIC AR S 4172 893 i H D
FERT B R EEROEND S WIE5FREIZDN
THDE, KRESNZHHEDOI BEHRHZNDHOD
W, BEEENETSHDOT, 237 BB, £k
D 26.5% % 58%7= (Table 1). RKITZEHM > 7= DAE
ZRRZEHETZHDT, 227 %H (kD 25.4
%) BV, FDOHH GPCR Z2EHNETDHH DM
185 i H (2K 20.7%) ThHol=. TOfh, EE
INEHERDOEN oD ELTIE, NI
EEWEN 5 MEH, BNZEREZENETSH0
M8 E, R UGS >N E (PBP) %
ENETH2H0051 MBS, £, ENST
IMABHZSEDONTT HE EL2KD 8.6% & D=
(Table 1). XIZ, MG TORBEIIDODVWTHD
&, 2ROHBIREEDIEN T H 2 WIErFHD
BENI 225 THh o7z, mOERMBENZ N> 2
BTl 60 fll & 2K DIER 73 T B WIdH FRED
26.7% % %, KIT%M o7 GPCR T3 43 FEDE
B THdH0, 2D 19.1% % 5D7- (Table 1),
Fle, FONTHEEEME T 4O FHND
0, BENZEARTIIEMIIED >0, PBPIC
DNTIE 51 BETXTOEMIZPBP 1 ThH - 7.
DNA ZEH ETZHDIZDWNT HEEE, AV
DNAD 1 THo=N 10 HENAHINTY
7. Flz, WHEALFEWN ORI X VRS FICERT
LB LENRRE E LT, 17 BB ®H o720,
14 OREHRIEZERT HDTH>/ (Table 1).
3. FHAEREDORENDHD VWENFEEDOAR



606 Vol. 131 (2011)

60
50
[72]
5’40
o
2 i
2 30 = b 1 | Nl M u =
Ha :
q') - | §::3 f:21 | N . -
-220
>
Z
10 i B 1 fE Bl e B EEREB 5 B RRERsE LA B
0_ | | Ll

ST IFLTLLE R QP N Al PP PP g P %?L@Q NN
Year
Fig. 1. Changes in the Number of New Drugs Approved per Year from 1980 to 2009 in Japan

Table 1. The Number and Percentage of Therapeutic Targets and Biochemical Properties of New Drugs Approved from 1980 to 2009
in Japan

Drugs Targets and.

Class Targets and Biochemical properties molecular species

Number % Number %
Enzymes 237 26.5 60 26.7
GPCR 185 20.7 43 19.1
Nﬁggél;){?)rrle Ligand-gated ion channels 41 4.6 5 2.2
Toll-like receptor 1 0.1 1 0.4
Nuclear receptors 58 6.5 9 4.0
PBP 51 5.7 1 0.4
Ion channels 33 3.7 6 2.7
Small-molecule Transporters 25 2.8 12 5.3
Drug Regulatory protein 17 1.9 8 3.6
Physicochemical mechanisms 17 1.9 14 6.2
Ribosome 15 1.7 2 0.9
DNA 10 1.1 1 0.4
Nutrients 7 0.8 — 0.0
Unknown 77 8.6 — 0.0
Vaccines 15 1.7 12 5.3
Radiogen 1 0.1 1 0.4
Large-molecule Proteins and polypeptides 75 8.4 34 15.1
Drug Antibodies 28 3.1 16 7.1
Total 893 100.0 225 100.0
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Bo#HE O30 FEROBEEEN ST 2
BEHROB OB ZEBITED &, KERIEDE
MHO, DIENFIZIE 3 HE, ZWEITIE 15 %
EREBEND S, 30EMITBIZ 1EHLD
SEEAN S (HEEERE) 1, 7.9+0.6 T,
1980 £EX, 1990 4E/C K O 2000 XD AIHEIZ, =
NFEN7.8+0.8, 8.6+1.1 LTr7.4+1.0 &, Hat
MICIIAEERETIRD NN > 7= (Fig. 2).
GPCR Z{EH LT 5 H DL, 1980 448, 1990 448
TR 2000 FERICHTTH S &, FNTN T8 HH,
S EKROS3METHD, HTFEAL TWSHER
MBOH SN, 1EHDOFEHEAHEEKIC
1, MEINARAEEZETRD s a7z (Fig. 3).
ZO30FEREBELT, 14 >F v RIVBEIZRENEK,
%Rk, PBP, 14 >F+x), T AR—
& —, URY—LdH2WNIEMOEESY N0 E
IR & BRI, AR DRERDT TH
2 B IR B DR 501 DA BT 8 BLR e E D 7K
REEEBWDO L Tz, KICPBP 2ENET 5
FHIBEEO KRB OWAITEL <, 1980 F1E,
1990 4E AL K TX 2000 SR TIXENZEN 34 HH, 14
MBI WmEEENEDICONHA L Tk

(Fig. 4). F7=, KBGO FHIBEIEIZ, 1980
FERITITRBINTWAD, 1989 FLI%, 1 HED
KRR o T2, BRI T OIS H BUE B D K
RMEEZOWTHZDOEADOREEIFEL <, 1980
AR, 1990 4R K TX 2000 EARIZ KGR S 72 H
X FNFN 51,19 F 7 TH - 7= (Data not shown).
—, WHEACEN O E OFEIEREL, o
30 fERE, MBI Z LMW REINERICH D,
1980 4E4%, 1990 £E4R K TF 2000 £ TIlEENFh 3
mE, 6 MEKY 8 HEMNKFEINTWE (Fig.
5). £77, BHTOY NI HESEFETIE, 2N
7 HEIEEYVE B R SR TR WA, BN
HO, 1980 A, 1990 FALI TN 2000 FEAATITEN
T320 5 H, 26 MHE KU 29 FHEHNKREI N, £
7z, PURIE 1980 4E 4L, 1990 4E X K TF 2000 4E X
2, ETNENI9ME, 4K ISHEEELL
AR BEENEML TWw/ (Fig. 6). T 0Oft, U
IF OB EBE NS, 1980 £, 1990 £
RKX 2000 FRTIEZENEN 3 HH, 4 BMEKD 8
EH &L TWw/= (Data not shown),
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Fig. 2. Changes in the Number of New Drugs Whose Target is the Enzyme Approved from 1980 to 2009
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=03, WiEERESE (EC4 ) KMUAERKEE#HE (EC6 )
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MEEDTHTH-o> (Table2). —F, SMHEER
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DOBT, EMEZORNELN>ZHDIX, EC3
HDO20MTHD, EClI HTIE 16 FEOEERIHH
BEEDIEN ThH > /= (Table 2).

FEHFE (773U —) THDE, BEOEN
T2 77—, 60fTHo7z (Fig. 7). <
D556, ECLLI4 DHERZEZEMNETH5HDON KRB M

H¥mn£< 64 HHB O, JEX, EC3.4 D 30 %H,
EC5.99 @ 28 54 H, EC3.1 ® 26 4H, EC2.7 ® 24
mEEF W (Fig. 7). TAZTHNDT773IU—0
R &7 BB FE L, ECL.14 275 F6, EC3.4789
f, EC5.99 %2 #H, EC3.11%7 %8, EC2.7777%#
b0, MEEDOELVWEAAS 77 I —DOMBEK B

Table 2. The Number of Target Enzymes of New Drugs with
the Respective Enzyme Groups Approved from 1980 to 2009

FBOHMEZEZAS &, MHBEIMRE—0.137 LB &
BEREICIIMBI I o 72, L L, IXRTORSE
Ty I—IZDNWTHADE, AN MmBEREE
FOMBEOHBDOHEAZ &% &, HEIRENY 0.706 &
IR0 RN D 5Tz,

BEHET 72U —ORERA IR EEE 2 KR H
THD &, 38 i H EmO LW EIE DR IHEE
i3, ECLLI4 772 U—D1DThHD, FX70A
RUEFIIEEOENTH LT ORY T F 2D VL
% 32 @ EC1.14.99.1 @ prostaglandin-endoperoxide
synthase Th>/=. F7/z, EC3.4 773 —TlIHE
3T dH 5 angiotensin converting enzyme (ACE)
FHEHOER Td S BEC3.4.15.1 O peptidyl-pepti-
dase [ U8 HIV EHURHEE DR T H % EC3.4.23.16
@ HIV-1 retropepsin 2%, TNZFN 12 L9 HH
DI TH> /. EC53 772U —TRIWEDHS

EC numb D E
e e e W U R 3 D RE [ B 2 T 5 % BC5.99.1.3 O
ECI 85 16
DNA topoisomerase (ATP-hydrizing) 7326 & H D
EC2 44 15
&> TH0, EC3.1 77 3 1) —TIZ EC3.1.26.
EC3 68 20 13 @ retroviral ribonuclease H 7% 13 4 H O &K &
EC4 ’ 3 loTWk, 7=, BC2.7773IU—TIZEC2.7.7.7
ECS 31 4 @ DNA-directed DNA polymerase 7% 12 i H O &
EC6 2 2 By & 75> TWw/= (Data not shown).
Total number 237 60
10 14
60 g = New drugs 12
=z
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S 50 10 3
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© ®
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Fig. 7. Distribution of Enzyme Targets of New Drugs with the Respective Enzyme Families Approved from 1980 to 2009
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5. Bl S W7cHMAEREOBEN T T TH D

GPCR DOi&%a GPCR #IEM) & F 2 BiiRIE B
X185 MEAFEINTHBD, GPCRIFFEZEIZDW

TEL OFHHABEEOEN LZ> TV, 20D
GPCR Z I 5T TH B &, I 20 DZREK
TW—"7, 41 OEMIZH T s /z (Fig. 8). Kl
SINEHEHEELTE, 7 RLVFY UZBRIKEER
ETDH2HDONEDHEL, S5HHEHTHo/-. 0D
fl, ARFEHBEOLZNWHONSERNER>TNDE
BREADE, RN OZHEEKD 25 HH, X4
SUZRERD 23 ME, TOXEY A RZEEKRD 16

EmE, YEFINa) C2RED 1588, tohz
UEZBRERO 13 EH, FEA A REZEAKRD 9 EH,
éBK,Y//ﬁT/// AR, MERRRER IV E

DB, OO N TUZBIRBEN W, &
WENEHDE, 7RLFU CZEERITETRD
Mo, RIZEMh-7Z0RT7TEFIVa 2R
KO SH, FrnTro b Z/KOTNEN S
T, WMERD2FZBHIZEZ Mo RN U2ERKIZ
D1 & Uf D2 Z KD 2 ff & AZN QI DI o

7= (Fig. 8). =Ofl, 7O A% /1 RZHEKIT 4
i, FEF 1 RZERI3FEIENE /5> Tz,
T TFT T AR, ERRI L | 2R
K, O3 M) ZSREROENL, Theth 1
Tholk.

6. FIHAEEDA T F v XINBZREK, EA
REE, AT FexI, FPTLRR—Y—DER
DFOEE A AT v RIVBIZEEK, BNZE
K, 1 F>FvxI, T AR—F—EEHET
DEFRB BRI TN TN 41, 58, 33 KU 25 FHK
BINTHBY, TNTNOEMILS, 9, 6 LUK 12
M TH o/~ (Tables 3-6). {4 > F v IV HZ
BARD S FEOEMDOHTIE, N2 PT7YE >R
HEMEERHDET S GABA, ZRKa YT 12

FMERT2b00:H%£<, 26 HHH > .
CNITKEE, S-HT; ZBARZER ET 513D 6
mHE, ATPEZHEA T LAF ¥ XV EENET S
OB R IR BN 5 BRI I TWiz (Table

3). EZARTIE, IFEEOZENOHTIX, VLo

DVF A RZARZENET A 7010 BEHIR

60 12
New drugs
o 50 10 z
5 B Target receptors =
5 o
g 40 g8 S
2 2
- =
5 &
o 30 6 <
[0} I 0]
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E & 5
5 & @
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Z 20 W 4 9
X , 5]
5 A Pl @
Q Al Nl R’
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Fig. 8. Distribution of Receptor Targets of New Drugs with the Respective Receptor Groups Approved from 1980 to 2009
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Table 3. The Type of Ionotropic Receptors and the Number
of New Drugs Whose Target is the Ionotropic Receptor Ap-
proved from 1980 to 2009

I;)él&t;?gric Receptor types Drugs | Species
5-HTj; Receptor 6 1
ATP-Sensitive potassium channel 5 1

glgii?inii_n GAB/})A receptor Ei?dzi(r)gzslizt?me 22 1

channels subumt o Others 4
Nicotinic acetylcholine receptor 3 1
Glutamate receptor 1 1

Total number 41 5

Table 4. The Type of Nuclear Receptors and the Number of
New Drugs Whose Target is the Nuclear Receptor Approved
from 1980 to 2009

Nuclear receptors Receptor types Drugs|Species
Aldosterone recptor | Aldosterone recptor 1 1
Androgen receptor Androgen receptor 5 1
Estrogen receptor Estrogen Receptor 9 1
Glucocorticoid receptor | Glucocorticoid receptor| 25 1
Vitamin D receptor Vitamin D receptor 6 1
Progesterone receptor |Progesterone receptor 1 1
Peroxisome prolifer- |PPAR« 3 1
ator-activated recep-
tor (PPAR) PPARy 2 1
Retinoic acid receptor |Retinoic acid receptor 5 1

Total number 58 9

FEENRDLL, 25mETH . THNITHE,
IZ OS2 BFEREENET 28, FERNE
KE, PHRRRE B MLERIE DR M OB SE /R 78 9 i
H, 43> DZAKZENSEHEE, AIFIR
BB RE TUIEE, WREDIRHREN 6 MEAIHE N, 7
S ROTCEZBRERDOLVF ) A DR EENET
5HDHAENSE (Tabled). 1A F ¥ RILD
6 FEDEMNOHFTIX, Y ROBYU Y% Cafl
Pz EETH LM Cat Fr ) 2ENETEH
DONHmHEL, I5HEO-> . TNITHE, EA
KGEHEEET 2L DY A 7D Nat F ¥ R &R
ETHHFEHEN 9 ME, 51T, KF Fvxb
R ETHARIIBEED 5 MEREN KW
(Table 5). %7z, T AR—%—DFEMIT 12 ff

Table 5. The Type of Ion Channels and the Number of New
Drugs Whose Target is the Ion Channel Approved from 1980
to 2009

Channels Channel types Drugs | Species
L-Type voltage-dependent 15 1
Ca?" channel
T-Type voltage-dependent
2+
Ca?* Channel Ca2* channel 1 1
Ryanodine Receptor (skeletal 1 1
muscle Ca2* release channel)
K™ Channel |Voltage-dependent K™ channel| 5 1
Voltage-dependent Na* chan- 5
nel protein type 5 subunit o
Voltage-dependent Na™ chan- 5
nel protein type 10 subunit «
Voltage-dependent Na™ chan- 1
Na* Channel | nel protein type 4 subunit o 1
Voltage-dependent Na* chan-
nel protein type 1 subunit « 1
Voltage-dependent Na™ chan-
nel protein type 5 subunit o
Na* Channel, K+ Channel 1
_ Glutamate-dependent Cl—
Cl~ Channel channel 1 1
Total number 33 6

HV, E/TIVRIT AR —ZEENET DH
DD L, B4 /7051 REEHIEAED solute
carrier family 12 member 1 ZfZ(1) & 3 2 FRIKD 4
mETDOE—~&LMNh>7= (Table 6).

7. FRUAEEOHBERE S N, UK —L
DM FOERE  HAeFAE Y >N, Ry —
LEREN & 2 HRRREIIENTN 1T RO 15 &
HAEABEINTHY, TNZFNOENT 8 K Tf 2
TdH o7z (Tables 7 and 8). HEEEFEHI Y > /N7 DR
TlE, GTP GBI NI EDOF 27U > B &EN
ETHHON6MHEE, HRBEL, FNT, IMKE
BEHIEATFOY >F O E T (AT % EK
ETRHIHEEE S MEMNAHEIN TV, Z0ENI,
1M1 BB OREEBINTH o7z (Table 7). F
Z, URY —AZENSTIT2H0IE, 30S kU
50SD2HEEIEMETHHDITHNN, TNENG6
KO 9 FHENEE I LT/ (Table 8).

8. MHAERELCKTZ2VELAZRICHEDK
&, 97F>, §oNIEEEMERUREDOSF
B B eENEEICDOWTAS &, 17 8
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Table 6. The Type of Transporters and the Number of New
Drugs Whose Target is the Transporter Approved from 1980
to 2009

Table 8. The Type of Ribosomes and the Number of New
Drugs Whose Target is the Ribosome Approved from 1980
to 2009

Transportes Transporter types Drugs | Species Ribosome Ribosome types Drugs Species
Proton pump Potassium-transporting 4 1 Ribosome 30S subunit 6 1
ATPase alpha chain 1 Ribosome
Ribosome 50S Subunit 9 1
ATP-binding cas- |ATP-binding cassette 1 1
sette transporter transporter A1 (ABCA1) Total number 15 2

Monoamine transporter 4 1

Sodium-dependent dopa- 1 1
mine transporter

Sodium-dependent nor- 3 1

Monoamine Trans- | 2drenaline transporter

porter

Sodium-dependent nor-
adrenaline transporter, 1 1
Sodium-dependent

serotonin transporter

Sodium-dependent 3 1
serotonin transporter

Solute carrier family 12 4 1
Sodium/Potassium [member 1
/Chloride Trans-

porters Solute carrier family 12 1 1
member 3

Synaptic Vesicular |Synaptic vesicular trans- 1 1

Transporter porter

Cholesterol Trans- |Niemann-Pick Cl-like
porter protein 1 NPCIL1

Mitochondrial car- |Mitochondrial carnitine/
nitine/acylcarnitine | acylcarnitine carrier pro- 1 1
Carrier Protein tein CACL

Total number 25 12

Table 7. The Type of Regulator Molecules and the Number
of New Drugs Whose Target is the Regulator Molecules Ap-
proved from 1980 to 2009

Regulator molecules |Protein/Polysaccharide| Drugs |Species

GTP binding protein |Tubulin S 6 1
Blood Coagulation | pithrombin 111 501
actors
Calcium-Binding Protein | Calmodulin 1 1
Cancer-Related Protein Eigtgrrllustine Binding 1 1
Heat Shock Protein |HSP90 1 1
Synaptosome Associ- Synaptosome Associ- 1 1
ated Protein ated Protein 25
Mucopolysaccharide |Hyaluronic Acid 1 1
Oxygen Carrying Protein | Hemoglobin Subunit 1 1
Total number 17 8

HOHHGHEE S U ORE SN, ORI
148D >, XTF KT YN OFEREK, H
RO VA 4 DR RIICHEEG T 2 b Dhehn
FN2HETOREINTHY, ENEFTXRTILHE
HIDOULEREBINTWianho/z (Table9). 77
F I ROY N HEEYBEICDOWTHASL E, £
T3, 15 ROT5 MENHEGEES LU TRESI N
THD, TNTN 12 KU 34 O G e O T FENEE
Wiz (Tables 10-12), 77 F > LTRSS
<KRFINLHHER, FiEz HBs &9 2 BRI %
TOFThHhol. TOMDRL AT IV OE
LATANAZEZPIRETHMLUARL ARG T 7 F
2 ERR I NZLINITRT 1 HUREICHL,
1 ENAIH SN TW/= (Table 10). & > )87 %
EEMBEIZDOWTIE, 1 9 FREICZEOBEENA
HaEnsZ &3k, <31 7FEC1I DN
2 ENERINT W/ (Table 11). F£72, Hifk
WDOWTHDE, TOEMIZI6EDD, HRBE
HELTOMBEIZI2Z THN, TDHEEHED
2> =D FT CD20 Jifkd 3 fhH &, fErYsrTFE
H-0OFEEL, BEREICHERDEVWHDTH
> 7~ (Table 12).

9. ZOMDOFHAEEDENTFHD W (EHF
#  PBP MU'DNA 2 &ET2H DI 51 kY
10 B H > 720, ENEEThEzin1 D& L TRL
7z. Toll-like ZAKIT 1Ry, 1 B TH 7. K
FRMEEMICOWTIE, BEELamEl T2 M
H, kX bro>FoL 8PS KUOATUYVER
TFUFEY > EETHEEZR) By NI DL
(Y) MBHo=H, #%FIE CD20 ki1 v
UL OY) EGLEZHOTHD, A TR
PURIZHEL THO, BEHEEELEL T, 118
0 (1), 1HEELE.
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Table 9. The Type of Physicochemical Reactions and the
Number of New Drugs Whose Mechanism is the Phys-

icochemical Reaction Approved from 1980 to 2009

Reactions Physicochemical targets|Drugs |Species
Adduct formation .
with acrolein Acrolein 1 1
Binding to peptide gly- .
can precursor Peptide glycan 2 1
Binding to bile acid |Bile acid 2 1
Complex formation . 2t
with copper ion Copper ion (Cu*") 1 1
Binding to iron ion Iron ion (Fe3*) 1 1
E)lgdmg to phosphate Phosphate ion (POj™) | 2 1
Binding to VEGF165
(Aptamer) VEGF165 1 1
Ternary complex for- |5-Fluro-2"-deoxyuridine-
mation with Inhibitor- |5’-monophosphate 1 1
enzyme (Enhancement | (AUMP) - Thymidylate
of enzyme inhibition) |synthase (TS)
Singlet oxygen pro-
duction (impairment |;
of tumor cells and Singlet oxygen 1 1
blood vessels)
Production of singlet
oxygen and reactive |Singlet oxygen and
oxygen radical (im- |Reactive oxygen radi- 1 1
pairment of neovascu-|cal
lar endothelial cells)
Free-radical scavenging | Free radical 1 1
Hemostasis, fibril for-
mation and regression {zlelfc,l:erl wall of a blood 1 1
by surfactant action
Dissolution of choles-
terol gallstone Cholesterol gallstone 1 1
Release of polycarbophil | Polycarbophil 1 1
Total number 17 14
% £
IR SFANTHERENE L WEREITH D,

1980 4 LUK,

TWRWRILTH %, 4

AlEl, DRENTHT D IO 30 [ O Fr G 7

DM Z A T=H, i HE R RO 5 TH 27
BIIEEE T, KRITK 20% DZBRAENENWTHD,
DER DIIEFKIT BT D 2N S EE T DR B FIE -

HeFF D 2 WITRBHIANDOBE G AR ENWZ &N 7

ZD30FEMEADE, DNETK
INHHRBEEREO MBI LT TH0, £
MRHEDHESRNHT L WEE GO DI KB E 1

=
(370

Table 10. The Type of Vaccines and the Number of Vaccines
with the Respective Type of Vaccine Approved as New Drugs
from 1980 to 2009

Vaccines Antigens Drugs|Species
Hepatitis A vaccine |Hepatitis A virus 1 1
Hepatitis B surface an- 3 1

tigen

Non-infectious subu-
nit derived from hepa- 1 1
titis B surface antigen
(Recombinant)

Hepatitis B vaccine

Attenuated measles- 5 1

Measles-rubella vaccin )
easles-rubella vaccine rubella virus

: . |Human papilloma vi-

Cervical cancer vaccine rus DNA 1 1

Varicella vaccine Attenuated varicella 1 1
virus

Japanese encephalitis |Japanese encephalitis 1 1

vaccine virus

Hemophilus influen- .

zae type b vaccine Tetanus toxin 1 1
Pneumococcus 1 1

Pneumococcal vaccine Pneumococcal capsu- 1 1

lar polysaccharide

Diphteria toxin 1 1

. Influenza virus
Influenza vaccine (H5Nlstrain) 1 1
Total number 15 12

L. FHEEEO MBI L Thah, HEDH
LZVIIZAEREENETHEEGOEEICE, KE
BERIZALNTEST, £, HILWEZEHLDN
IZBEEBENWHINTVWBEZEIME S, 5%
25 OREIR O FHREEANTH R IR O E /2 kEm &
BOTNWS ZENEZD., 2REL TIIREIND
EHELEOHBEERNWAT B, M— & NI
EME R OPURDESE T, ZZ 1980 FERD
20 KO 9 fHE DS 2000 FRD 29 O 15§ H &z
D, TNZTNOFRITKE I NEERBIT HD D HE]
BHTI%ME 17.9% X THEIML TW=. ZOnHT
FIZDWTHD E, 1980 FERD Y 2 )X 7 WG kY
BOERHDIZA AU & INF THo 2,
2000 AR TIE, WARRHEAEE LT o712 C O
1 MEZRE, IXNTEETFHBAKEZSTH
0, AEINE 29 MENERS 20 5 FRENSR5
HbDOTHoTz. £, Pilkd 1980 FATIZTRT
%EE/ AT CES=H DA, 2000 ERICIETAR
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Table 11. The Type of Polypeptides and Proteins and the
Number of Polypeptides and Proteins with the Respective
Type of Polypeptide and Protein Approved as New Drugs
from 1980 to 2009

Table 12. The Type of Antibodies and the Number of An-
tibodies with the Respective Type of Antibody Approved as
New Drugs from 1980 to 2009

Antibodies Antigens Drugs|Species
Molecules Polypeptides/Proteins Drugs | Species CD3 | |
Interferon (IFN) 13 1
Anti CD antibodies CD20 3 1
Erythropoietin 3 1
CD33 1 1
Granulocyte colony-stimulating 3 1
Cytokines |factor (G-CSF) Anti-epidermal growth
factor receptor mono- EGFR 1 1
Interleukin-2 2 1 clonal antibody
Basic fibroblast growth factor Hepatitis B immune
(bFGF) 1 1 globulin (human) HBs 2 !
Plasminogen activator (PA) 9 1 Anti-human epidermal
R growth factor receptor-2 | Her2 1 1
a-glucosidase 2 1 antibody
f-galactosidase 1 1 IL-2 Receptor 1 1
N-acetylgalactosamine-4-sulfatase 1 1 Anti IL Antibodies IL-6 Receptor 1 1
Enzymes O“L‘Ifi“ron‘dase 1 1 Anti RS Virus antibody |RS Virus 1 1
agalsidase o ! ! Anti TNFa antibody | TNFa 2 1
Alglucerase ! ! Anti-human lymphocyte | Tlymphocyte sur- 5 1
iduronate sulfatase 1 1 immunoglobulin face antigen
Imiglucerase 1 1 Anti-VEGF antibody VEGF 2 1
Rasburicase 1 1 Anti-human thymocyte
immunoglobulin Human thymocyte 1 1
Receptors Soluble Tlémor Ne)crosis Factor 1 1 Antih | N
Receptor (sTNFR nti-human lymphocyte
immunoglobulin Human lymphocyte 2 1
Insulin 9 1
Anti-tetanic human im- Tetanus toxin 1 1
Growth hormone 3 1 munogloblin
Glucagon 1 1 Anti-human IgE mono- IeE 1 |
clonal antibody g
Hormones | Gonadotropin-Follicle-stimulat- 1 1 ;
ing hormone Immunoglobulin unkown 5 —
Insulin-like growth factor I (IGF-1) 1 1 Total number 28 16
o-Human atrial natriuretic 1 1
Follitropin o 1 1
Blood coagulation factor VIII 4 1
e f— % > N 2 . [m]
Blood coagulation factor IX 2 1 VCE{K?@‘@Z’{Z’S Lo THY ’ EUH—J’ Sz 15
< Y - < SN
Blood coagulation factor XIII 2 1 A2 20 THN5R826DTHo . i
- > S O HH - N
blood coagulation factor V F, INSOEFEROEMNOAMIC>TETS
Blood 1\ pva) and factor VIII (FVIIIa) | ! 1 PO - L
coagulation @ and lactor a D, SBISIEMNL TW ZENRBINS., —
factors : : - "
Antithrombin III (AT IID) 1 1 75, VE FARE Y D B e T 75 W EE 38 5 oD 5y E%Ui, 1980
Complement Cl1 inactivator protein| 1 1 FRITEEN, 2000 FRTRFLSPEALTHD
Thrombomodulin « o RS T 2P0 TH 5 O R AL LTS BIE
Prothrombin (Coagulation factor IT) 1 1 DA FE LIRS TFHICE > TR I N D
Plasma |Albumin 1) 1 THHIEMDE, SHEBICZORmAKIIVEL
rotein : cgy = =
P Haptoglobin L] STBL ZEMEABND. ZOfM, kEhE(Lz
Others |Alveolar surfactant 1 1 LTWEHDIZ PBP 2EMETAH4AEMENH >
Total number 75 34

2. T30 FEMOPIENE & & O RYYE DI
DO BEICIIRERBTI RN S 28, —REGE
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DIEFEHET, HEENIKREL<HEILTHBD, 2oH
THREREEGZEHDD PBP 21EH T 554
BORPDPIEZELVWHDTHo7Z. ZOHHELT
i, AFTU MR EAT RURE (MRSA), N
>aAxA > UMEREKE (VRE) 72 & O HiE#iR
PRYYE ORI 2R, BIETIE, iEpENZ
DEL %D 5B OMBERIIEEEL, R ED
BIER DM T, KRELMESIERL, PRCRIME
FOE TREOHIAEWEITED, I5ICX0EHD
BRICEDR2bDZ2RWHT ZEIEIAES Tldk
<, EHMZIEMEOREIZEL <7/->Tw
202 L2517, REICBT DR DESENR
TE D IERGLAE DIREEEE D S BIERE DIBEEITH > T
NWBZ ER2DRENEZEND.

FRGEE O ) FTh HBEROHEMEICONT
#% &, ECLEE, EC2HF MU EC3 BEICIE, FRAVEE
FHHELL, NSNS AIMENSHERDZL M-
7, FTH EC3 BEICITEMNBE RN E o 72,
Zheng 531%, AT IZHEMIED S DML NIEE
IZiE, = DRERN ORI EE DI - HERFICB G L
TW5HDELTH, FHIREEORIMNEHL W
LEMELTHY, BREENELEGRITHHT
BEL2HDEEZOND. BEOHBEOREAIHS
N5MHmBEEICDONVWTIE, 2RMICIIEEN SN
&, MEEHZRBHMEMICH B, prostaglan-
din-endoperoxide synthase ¥ & HIEZX T O
REFIRERKICHAD LD, | EREEHEIC 38 % H
LA ENZEE UL, 1 ENOEEZEIC L RE L)
AHINBNHDHH D, T, ENEZORLE,
RIS EIC &> TR I N2 MBEICENRD 5N
T, A EBRISIRER O INE 7 EATK & < BIfR
LTWBbZENEZLNS.

=7 TdH 5 GPCR OFEFEIZDWNWTIE, &<
MHRFEINTWSY RLFU R, YEFI)ILaY
CROZFEKIHERTEH0, MUOEZOHTHAT
DZREWIERT 2 ONENho 120, HE, #Hiz
ICZ DREEEMHH S MIZ I N T ERZBIR S DI I
<, OBZTNSEENETEZHOBEL TN Z &
MWRBINS.

ZOMORE L FERICBNWTIE, FNENEEN
MEBOSANEDENTWS, A4 F v IV
SZHEMETIE, GABAL ZAKY T 12y b a Z2IEH
ETHERNYDTEE CRIEEMNZEDELL & HD

7273, 2000 EARIZIE 2000 £ 7 DN LA EVLE
FTLBEGHED 2 MENERINZOAT, TOHEIT
Al N T, LaL, GABA, ZEKIL, #
Bovr7az—y FROMEKESNTED, Y712y
NMZEBMICERT 250, &2 WIEHRR2A 1k
BT TIHERT D H00HM 5, GRAEDEN
FRBEENEZEZOSND 20 £/, 1 F2F v %
JLTUX, 1990 EARICIE L B Ca2t F v RILMZFD
2 < & HDEMN, 2000 FRICA->TETEILZY
UM BERREINTVAICEET, 4%I13, T
BN EHZNEHEED P/QBID Ca F ¥ Il
WERHER 26 Gbt, BIMERREICHAMEIRIGE
MREHETDHONRDENDEEZSNS. 2D b
T AR—H —, BEERETY >N RO R — A
WZDOWTIE, 1 DDENICHT DIRER, £/, W
MALEI R E R T 7 F DNV TIE, 120
RIS KRN DOHFURITK T HIE#ED, 24K mE
B 25052 3otz 7z, 1980 4
R 1990 FRTIE, & >N\ 7 HEEYEICBN
T, A2y —7x02, A1 2AVHHDNET T
A2 )= 2T T4 N—%—]2E DA
En o, EFEIZINSDUNDL L D TRENE|
HEINTBD, 5% OEBNILNS T ENR< R
BN,
INETOHFHRBBEEDS S, BEEENETS
EEMIL, BITROBZHEZHEDTWEN, 2006
FE, MENEERTHL 70T 7Y —LEENET
ZHLNY A TOEEZEL TRILTY I THKR
SNz TOT7 Y — LAOIEEFENI N ADIED,
RIE, REREAOEYE, I5ITE0N< DOl E
HEOWEEBMESINTHD, 8 JO0577Y —A
R & T HHREEDHIGIND. £, 25
RZRER & T 5HEHENTIX, GPCR Z2EMRNET 2
FHBEEORIZ, ZThET1HEBEN>/ CC
FENA VZEARS (CCRS) ZHER & T 2 BHEH
Ox QI NRIH I N, EE, TR SR
ENEETHHEEBHLNIINTBD, TN~AD
CCRS AN DZ AR OEGEH/REINTEH D, 03 <
FEOZIISHOZOMOENZE MR ET D EIEH,
DEBFERDZDBDEEZIOND. Tz, &IF,
Toll like ZEREKREZEN ET HRET > PO —X %
EET A1 IFE RDPAIHENZ. ZOZHEKRIC
HNSDHDY A TNH D, ZDHEENDEGH
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B EOF IR DORER) & 725 TREM NS 2 5
hé PUREZEFITDWTIL, 1980 £ALITIX T
707 DL N TEREIN TN ZHDN, 1991
B2/ 70—FIVHKREEROLOES T
-CD3 2VRER I 1, 2001 4EICIE s LA ARDE
7 O—=FIHURD N5 XY X TERI N, B
ZOEREEHITH L WHIKRERESNEHINTE
TWa, 35, TFETIE, T/ 70—FWiko
E*mkbfwgmLﬁ#rém&“”iﬁ#%®
R & LT GPCR ET N b72 &, [tk Tl
BEINBMh O BERELTOrREEBHTET
W3, JZFIZDNTH, 2009 EITKES N
ML Z LR 2 i R O —< 1 )L ARER T 7
F 2, Hﬁﬁuéht#vu75/Aﬁ%f HLlL
AR 7 F 2 TH DU T MG RERE RS G I T &
?/;ﬁbhéijk,ﬂ4177/nywﬁﬁw
EHAMES, BLETHEEANS I 5ITehmb 2%
A U7 Fia g Bl mn > T ENEHA 5.

EEH DO D RN > 7= Drews (2 X 2 &4 D
BT TIE, NREHET 483 HEHOEEFZDS S, K
HEPNE L TEN > EDIEZEIEKRT, 2KD45%
YD, RIZENSTDONEEFERT28%dH D, HHY
DHEALZE IR EN TER WY “BENAH 200
THEFEELTZ. Y ZDHED Zheng 512K 5 1174 5,
DN TOMFTIE, mOBLWENIIEET, 2F
D 42% % 58, RITZHEERD 22% ke E, FERN
AHDEHE DT 2% 12725 TWiz, 19 %FHEDORRIE
T, BRPOBEELNEZENTHD, B
NTNEHDTOLE TN, ZRIKRIT L NEE
FOENEBRLZEERNPEMTSZENTEIN
2. ODBRETERINZHEDRTEEEHEMLIC
WTHADE, 1980 FELISED 10 Eﬂi@l:*nu@iﬂ’,
FHREE L TIE, BN TFEL TEREOEIGH R
H4<, PBP Z2fZNET 5B DERINT, WM
MIEAH6NT, BREENE LZEERISE DA
e EKBIN TS ZENBZALND.

HAMIZIE, ZNFETEERDOEBRE MO EE
MEWEREBZMRIZ, ke > N\NT G E S
&@A%ﬁzﬁméﬁwtbfﬁbm&47mzﬁ
MmOBFENMTONTHD,D 5%, £TEITHLWL
Ao A L EEROAIIZITON, HER
BN T b0 EEZEZIEN 5.

LlE, BAEFHINTVDIRELRDSIbDLL %

% 2O 30 FEMITRR S N7ZH BB EE O EH
=AY J OVEALE R BIC D W T DN S, FE4 Al
HENZHHBEEOENH 2 WId s T, LD
MDA/ > TWVWD Z EAUREI N,

HRUS R & 2 WIS ELFR B ZE G T % Sl
EHREAETEITHEML TWLH, 215 D0END
W E L E R OBERL, BIEFEAEINTHS
BRI DR R N5 DFBIREED H U J 2K
5 ETHERDBOTHD, FHOMTHERIT, Zh
S5O EbDEEZD. £z, %ﬁ%ﬁ%ﬂ
HIZ BT BHER & D W35 T-FE D Z 4 DR
me,éb_@&wﬁﬁ@b,@ﬁéﬁwéﬁﬁ
NH 5, BIE, SEOMEICHS, FHBEEOE
T T Oy TRl DRI 75 B HE RS 2 3 2 - T
EZIToTHD, TS ORERESHBIEEEAIHICH
Y E G ER, S TEOERICHELDDDITT
H5HDEEZTNS,

SHOFRIEHE DN B 5 WIRIEM ) TR O3
MHECTDONWTHD E, REHMOESE &EHIT,
BB 2 WIRTE T A8, (EREFE ISR > T
WD, TS H5EETHERINRELIAbHD &
EAD. SROMFERIIBNT, 1ENH SN
VIEMED FHED 72 D OF B EEAIN M B R ZE A5
&, MBEND WS DITIE, HEEHRETSY >NV
ERT 260, MICFNRKIEIE, T77F > RE
NHO, FHEHENLWHDIZIX, BEFE, GPCR,
F 2T v RIVBIZEER, BNZHRER, 1 F2Fv=x
JV, URY—L, PBP XU DNA 2 ET 5D
DONRHo. £z, TNSOHIMNBETSHD &
LT, NI HEEEMEROTENSD > .
PBP U)X DNA &9 2B D%, BN 1
FTHOUIRNS < OFBBEENAIH I N TN S,
PBP iIZDWTIZ, ¥, W< DhOfEED PBP %
MEIELTHD, BixsHED PBP NEMIZA
5ZEbHD. FIZE, 74 XRTFYFNUD
L, TANVAF L, ANVEFLFT MU DTALIRZ
PBP @55, ¥IZPBP3IC, v 7FVFI AT b
J 7 A1E PBPIb IZ, 7 ¢ F 3 413 PBP1 (la,
1b, 1c) kU 31z, L7 HIXRCERFIINIZ
PBP1, 2, 3D XRTIZ, @mWkEaHMEZRT R
ENmsn, —HEIC PBPIZ 1 DEESWVWIINRWN.
PBP [ZDWTIX, 4lE, HEAHEESL TEFEC
EEZ, EMIZ1D&ELZ. £/, DNAIKZDOWT
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b, DATIF, ANKTSF>, FFHUTS
Fo, X TISFUEDNABEOY 7=, T5=
JIZHE L, HE-DNAEZEZBRT 228, 1K
AT7 IR, FHIWND Y, SZAAF, TEY
O3 RZREIEDNA 27 I)VFIET2D0THD, &
RN DWW TR — &3 F AW, SN,

STFELTIEIDNALDEL, ZhEENELZ

ER2ARZETEET 51213, SEOSENEY &
BEZTD, G, SSITHN< L, FEMamET
THIELEBMBEEEZOND.

=

REFERENCES

1) ZhengC.J.,HanL.Y.,YapC. W.,JiZ. L.,
CaoZ.W.,ChenY. Z., Pharmacol. Rev., 58,
259-279 (2006) .

2) van Es H. H. G., Arts G.-J., Drug Discov.
Today, 10, 1385-1391 (2005) .

3) Muller G., Drug Discov. Today, 8, 681-691
(2003) .

4) Sams-Dodd F., Drug Discov. Today, 10, 139-
147 (2005).

5) Zheng C.J.,Han L. Y., Yap C. W., Xie B.,
Chen Y. Z., Drug Discov. Today, 11, 412—-420
(2006) .

6) Terstappen G. C., Schliipen C., Raggiaschi
R., Gaviraghi G., Nat. Rev. Drug Discov., 6,
891-903 (2007) .

7) Drews J., Proceedings of the Roche Symposi-
um ‘‘The Genetic Basis of Human Disease,
Human disease—from genetic causes to
biochemical effects,”” eds. by Drews J., Ryser
S., Blackwell Science, Berlin, 1997, pp. 5-9.

8) Drews J., Science, 287, 1960-1964 (2000) .

9) Goodman L. S., Gillman A., “Goodman and
Gillman’s The Pharmacological Basis of Ther-
apeutics,”” 9th ed., McGraw-Hill, New York,
1996.

10) Chen X., JiZ. L., Chen Y. Z., Nucleic Acids
Res., 30, 412—415 (2002) .

11) Zhu F., Han B., Kumar P., Liu X., Ma X.,
Wei X., Huang L., Guo Y., Han L., Zheng
C., Chen Y., Nucleic Acids Res., 38, 787-791
(2010).

12) Tsuji K., Jpn. Pharmacol. Ther., 37, 457-495
(2009) .

13) Pharmaceuticals and Medical Devices Agency:
( http: // www.info.pmda.go.jp / shinyaku /

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

shinyaku_index.html), cited 20 October, 2010.
““New Drugs in Japan,” 1980 edition—2009
edition, YAKUJI NIPPO LIMITED., Tokyo,
1980-2009.

U.S. Food and Drug Administration, Drug
Approval Reports, ¢http://www.accessdata.
fda.gov/scripts/cder/drugsatfda/), cited 20
October, 2010.

Therapeutic Target Database, Bioinformatics
& Drug Design Group, Department of Com-
putational Science, National University of
Singapore, (http://bidd.nus.edu.sg/group/ttd
/ttd.asp), cited 20 November, 2010.
DrugBank Database: ¢http://www.drugbank.
ca/), cited 20 November, 2010.
Nomenclature Committee of the International
Union of Biochemistry and Molecular Biology
(NC-IUBMB): <http://www.chem.qmul.ac.uk
/iubmb/enzyme/) , cited 20 October, 2010.
Zheng C. J., Han L. Y., Yap C. W., Xie B.,
ChenY. Z., Drug News Perspect., 18, 109-127
(2005) .

Immnig P., Sinning C., Meyer A., Nat. Rev.
Drug Discov., 5, 821-834 (2006) .

Coleman K., Drug Discov. Today Ther.
Strat., 1, 455-460 (2004) .

Katz M. L., Mueller L. V., Polyakov M.,
Weinstock S. F., Nat. Biotechnol., 24, 1529—
1531 (2006) .

Projan S. J., Curr. Opin. Microbiol., 6, 427—
430 (2003).

Achermann G., Ballard T. M., Blasco F.,
Broutin P. E., Biittelmann B., Fischer H.,
Graf M., Hernandez M. C., Hilty P.,
Knoflach F., Koblet A., Knust H., Kurt A.,
Martin J. R., Masciadri R., Porter R. H., Sta-
dler H., Thomas A. W., Trube G., Wichmann
J., Bioorg. Med. Chem. Lett., 19, 5746-5752
(2009) .

Zeilhofer H. U., Mohler H., Di Lio A.,
Trends Pharmacol. Sci., 30, 397-402 (2009) .
Fernandez S. P., Mewett K. N., Hanrahan J.
R., Chebib M., Johnston G. A., Neurophar-
macology, 55, 900-907 (2005).

Richard S., Drugs, 65 (Suppl. 2), 1-10 (2005) .
Genin E., Reboud-Ravaux M., Vidal J., Curr.
Top. Med. Chem., 10, 232-256 (2010).
D’Alessandro A., Pieroni L., Ronci M.,
D’Aguanno S., Federici G., Urbani A., Recent



619

30)

31)

32)

33)

Pat. Anticancer Drug Discov., 4, 73-82

(2009) .

Wu X., Lee V. C., Chevalier E., Hwang S. T.,
Curr. Pharm. Des., 15, 742-757 (2009) .
Kalinowska A., Losy J., Expert Opin. Inves-
tig. Drugs, 17, 1267-1279 (2008) .

Cheng J. F., Jack R., Mol. Divers., 12, 17-23
(2008) .

Hoffman E. S., Smith R. E., Renaud R. C.
Jr., Nat. Rev. Drug Discov., 4, 879-880

34)

35)

36)

37)

(2005) .

Reichert J. M., Curr. Pharm. Biotechnol., 9,
423-430 (2010).

Govindan S. V., Goldenberg D. M., Scientific-
WorldJournal, 12, 2070-2089 (2010).
Hutchings C. J., Koglin M., Marshall F. H.,
MAbs, 2, 594-606 (2010) .

Takatori T., Seisakuken News, 24, 24-27
(2008) .



