WXEE  4BBLUSHBRRILFFRRRASIZAFS—E (type IV and type V cyclic
nucleotide phosphodxesterases) eSSk X t—?—E’]b":ootU;;iE%H’] R4
K&:E#E 7T

<Introduction> , _
HRAORIRI VLA FRREIX. cAMP, cGMPERIET HRILA FRS-Z VBN LR T 57T
ML OT5—E TINS5 —HEE CAMP. cCGMP  Table | Summary of PDE isozyme familics

0. FEHIET S BRXILAF F-RRA Ix Family  Characteristics K,(uM)  Tissue distribution  Examples of inl;jbitoxs

(No. of genes) cAMP; cGMP

' T7_t (PD E) 0) A} 2D 0) ﬁiﬁ -G*IJ iﬂ] én-c l' ) % e I-E' PDE‘I (3) Ca’*/calmodulin- » 1-30; 3 heart, brain, lung, vinpocetin, zaprinast
= N stimulated smooth muscl
£, HELEWICH VT, PDE (ZEEHEN. RIGEE. meo SGMP.stimulated 50; 50 P gr::l,e heart  EHNA

tung, liver, platelets

SEHEEHIEETE. BEFIzG TS, }5 FUSE{ETF  PDE3Q) cGMPeinhibited,  02;0.3  hoart, lung, liver, miltinone, cilostamide

cAMP-specific : adipose tissue, platelets, .
L NN VA cardiac muscle
0) ﬁgﬁayﬂ 0) *ﬁ Iﬁj Tib\ b, 11 0) 77: U I‘ 7] ﬁéh PDE4.(4) cAMP-specific, 4;>3000 kidney, brain, liver rolipram, denbufylline
. _ : cGMP-insensitive lung, immunocytes piclamilasi, CDP840
TULVA(Table 1), i %, PDE BT 20 FE P28 E cilomilasi, roftumilast
N o 7" ié 7" = PDE5 (1) cGMP-specific 150; 1 lung;xll:latelets, 1liciclneyl zi.ldeu:ﬁl, z?anTosé .
< 5 b A h N vascular smooth muscle dipyridamole,
J:Uiﬁ% E,] o ﬁ] Eo) = hﬂ L M 3!5&#{&4] < PDE Bﬁ = PDE6 (3) cGMP-specific 2000;60 - photoreceptors sildenafil, zaprinast
=i ? Py = . - : dipyridamole, E4021
ﬁl] 0) E“ ’ﬂ':Fﬁ E ﬁ’]ﬁb > ﬁﬁjj ’HEE 'E-' &) é T_&) (‘ - % P DE PDE7 (2) cAMP-specific, 0.2;>1000 T lymphocytes, none selective
. s - N _ high-affinity skeletal muscle,
I73)—ITBRIRMGAFRIASFRICSERINA TS, - brain, heart, pancreas
PDE8 (2) cAMP-specific, 0.06; notactive testis, ovary, liver, none selective
*E}F}’f’—e'i‘ ﬁﬁéiuﬁ“ﬁg,\@ﬁm O)T:&)IZ PDE4 IBMX-insensitive skeletal muscle, heart,

kidney, small intestine

. PDE9 (1) cGMP-specifi 17 kidney, liver, 1 elect
(low Ko, cAMP-specific PDE)[HEHID . HiEF 25 S0 (OUE il wotacte, 017 Kby e g, oooeslocive

. _ . . PDE10 (1) cAMP-specific 0.05;3.0  brain, testis none selective
J:U‘%E'D?ff’\@ﬁﬁﬁ o)T: &) '; PDE5 (CGMP-blndmg, " PDEIl1 (1) dual-specificity 0.7;0.5 skeletal muscle, none selective
’ kiduey, liver

cGMP-specific PDE)BEFI O AR E T4 o7=. o son-selective inbibitor; catfeine, teophylline, pemtoxifyline, >-iscbutyl-1-methylxantiine,
<PDE4 Bﬂ % ﬁqlo) ﬂ %> : reference: Essayan (2001). J. Allergy Clin. Immunol., 108, 671-680. )

PDE4 IR E T BHFEAEMBOTA ICHEERLTS U FHIDRIRH PDE4 Bﬂiﬁﬂ rolipram (X5 E T8
PRERE SURREERZR T HCENTENTIS, ChoORIM S, PDE4 FAEHRIE. [E 3‘2“ﬁﬁ§
12 HFAEM AR B(COPD). TRE— R B RB KUZ OO REMREERRICERIN TS, LAL,
PDE4 BAEHIIEX. WO DRBRTELVENER (B, 1B, THAE)EEET 5128 REBRTHWS
NTLDEDEAL, Fz, BHERE., PIRAHERD PDE4 £HETBEABREDVEDTHIEEZD
hTW5, BAEOBIZE T, rolipram X PDE4 BERBAEFEMEICH=1 pMEYHE VBTN T PDE4 BERICHS
T A(Kp=3 nMICEASTRENTz, COEEA D, PDE4 I3 rolipram [T L TEEME, ERNEO200OMEE
(conformer) CHEEL TLBELSE IR TRENT, {EHFE PDE4 conformer |5 ED[PH]-cAMP D 53 &%
fIckY, —A. SHEME PDE4 conformer [&[*H]-rolipram ﬁﬁ%ﬁl:&‘”ﬁ\tﬂ Shd. BHME PDE4
conformer &, FEOBBATIZEVTIE, BEMY rolipram $&AEELELTENS . EHFE rolipram §F
| AR S<RBEL T HOT, PDE4 FEHILAH A SE10 &4 (BHFAE PDE4 conformer DFEE)

[Z&YNEMZERL T DAIREN A $H D, ETT.PDE4 [HERITERINIERO/EREEZALMIZTS
=812, in vivo DEMIET LERAW TS EHFME rolipram #5 & FBELOELE~DBEEER R, =, in vitro TD
PDE4 [HEHI Dt R I= 9 DUERZEREILE=,

RN, RV YR (Suncus murinus: SvA9 R RZ) ZFRALT ex vivo [ H]-rohpram HERBRETAo=. Ay



Table 2 Inhibition of rat PDE4 activity, and affinity to the high-affinity rolipram
binding site in membranes of S. murinus and rat

Table3 Emetic aéﬁvity and inhibition of ex vivo [*H]-rolipram binding of PDE4
inhibitors in S. murinus

Inhibition of PDE4 activity; Inhibition of [3H]-rolipram binding;

Dose Incidence of Emetic activity;  bibition of ex vivo )
(mgkg!,ip) vomiting episodes 15‘1)5o (mg kg, i.p) PHI-rolipram binding;

1C5) (nM) K; (nM)

rat S. muriml.;
denbufylline 850 =70 6.5%x 1.0 6.4+ 0.2
Ro020-1724 14,000 =+ 3,000 262 N.T.
rolipram 1,200 = 100 29+03 25£05
piclamilast 1.1 +0.1 0.67 £ 0.08 0.79 £ 0.19
CDP840 161 133 10£+3
cilomilast 170 %5 40=£9 N.T.
YM976 43 %038 132 N.T.
BAY198004 1,500 =+ 200 15+1 N.T.
roflumilast 0.49 = 0.01 0.77 £0.18 N.T.
AWDI12281 81=%16 61 = 14 N.T.
KF19514 290 %30 0.74 % 0.05

0.92 = 0.25

PDE4 activity was evaluated with 1 pM cAMP. [*H}-Rolipram binding assay was conducted by incubation

with 2 nM [*H]-rolipram for 4 h at 30°C. Compounds designated with bold letters indicate those used in the
ex vivo [*H]-rolipram binding assay. Each value represents the mean %= s.e.mean of 3 to 6 experiments.
N.T.: not tested.

HRAZERBED1ETHY. IBHOHARICK{ER
&3, In vitro DIEFTAD. [*H]-rolipram [ R4
AR DM RE 5 <
AEH. BRXEAERSYIDOREIZIER—THo
f=. 50 PDE4 [HEH| (PDE4 BB R T B EDRE
[ckEHEEHL. [*H]-rolipram ﬁﬁﬂﬂ%%ﬁ@gﬁ
ESLHOBEDEETT Table 2)E RV IRIKERE
RIS L. B R RERE L, TORER. 51
BT RTH. RUHVRATIRHZFE L T=(Table 3),
ZlTC.BHEERETIEMEZRAVIRIZERELE:
RICBIZHEHL . invivo TOEMIZLLBDOEHRM
1% rolipram & HELD EHEEA T, 5ODILEY
1. B FBIIEE 5 D ex vivo [*H]-rolipram #5& &
EF R 5 EREMNIZRE D S =(Figure 1, Table 3).
PDE4 [HEFIDIERFE#E T DI EEL invivo T
BRI rolipram A EMIEF S BT HEEEICE.
SN EH SN (Figure 2), COFERIE.
PDE4 AEHITERSN HEH 1%, MO ST

rolipram & & BRI D 5 F (HFRFIE! PDE4 conformer

DOEE)NFEETHAHLEZERCRETHEDTH S,

SO TRAL, 208

ID,, (mg kg, ip.)
denbufylline 3 Ny 9/10 14 44x16
2 5/10
1 4/10
0.7 2/10
rolipram 0.5 515 0.16 021 %005
0.25 4/ 5
0.1 /5
piclamilast 5 10/10 1.8 72%26
25 6/10
1 ‘ 2/10 .
CDP840 30 8/ 9 20 11
20 3/10
10 2/15
KF19514 0.1 10110 0.030 0.020 % 0.001
005 - 7110
0.025 5110
0.01 0/10
'Emesis was smdiedby' id of jting incid (oumber of ders per number of animals

tested) of emesisepisodes. Afier administration of the drug, the animals were watched continuously for 120
min, EDso values were evaluatcd by analysis of percent occurrence of emetic incidence versus log dose

ID,, values of inhibition of ex vivo [*H]-rolipram binding are ca]culamd from data in Figure 1
and expressed as the means == s.e.mean.

H

LI

[®HIrolipram bound (% of control)

ke
R 17 174 [‘I
n
n n
2 1w o c 8w o ™ 8 8 &
P o T = o 8 2 g
o °O d°
o £ 3 3 <
£ s L] 3 o
2> g T a £
S s F} 3 T
a = K ° X
H a
3

.dose (mg/kg, i-p.)

Figure 1 Inhibition of ex vive [*H] rolxprambmdmg to brain membrane of S. murinus by the
PDE4 inhibitors. Drugs were intraperitoneally admini d 30 min before preparation of
‘brain membrane fractions, [*H]-Rolipram binding assay was conducted by mcubaﬁon with 3
oM [*H]-rolipram for 30 min at 30°C. Results are expressed as the means + s.e.mean of 3
experiments, The asterisks, * and **, indicate significant differences at P<0.05 and P<0.01,

respectively, compared with vehicle-administered animals (Dunnett’s tes).

100 o . = Figure 2 Correlation between
0,016 emetic activity of the PDE4
104 4e inhibitors and inhibitory activity of
ex vivo PH]-rolipram binding. The
compounds included in these

analyses are as follows: denbufylline
(1), rolipram (2), piclamilast (3),
CDP840 (4), KF19514 (5). The

emesis EDgq (Mg/kg, i.p.)

0.1 diagonal line represents the line of
unity. The inset-values, r and P,
0.01 . . — indicate the correlation coefficient
0.01 0.1 1 10 100  and the probability of error of the

ex vivo 1D (mgfkg, i.p.) Pearson's regression analysis.’

L7=A'->T.PDE4 HHEHIOIEL ZRIEMAETR/PRIC #mzzat&)(\%ifohém:oa)ﬁ,ﬂi‘ nﬁiﬁﬂi
rolipram & & EREI A~ DBRFEAS in vitro THIMEEWEIERTHETHSB.

~  RIZ. 11{A®D PDEA REH| (1. &V PDE4 BERMAE FHOMEE H]-rolipram #E SFAF FHDRS
B3 LI EA S HTHS Table 2)FBIRL. ThEOILEMOHEMAIN cAMP BIHT B
FZHREILT=(Figure 3, Table 4), 1 1EDESYIE. WFhEpTRLF) U SBRREBECERINESYMNK
i B2 BT WIS HRRA N O cAMP B%18/NE 1=, PDE4 [HEFID cAMP 8k B4ERI. It AN [*H]-rolipram

WHEmE

SEMEDMELAIELT-AS . PDEA BERIEE E I DS E (AL A >T=(Figure 44, B), LI=hioT,

B #ANE! PDE4 conformer A%, KB B #HEMEAND cAMP B DR [CEAELTWAIENTE SN . &
M rolipram #5& SPALIXAN Wl»{"%ﬁl- SHLTNAI LA S, BHERICEESEL T SESh S RNEMiE
AN E 23 &L\’C{k cAMP g[in%ﬁ*ﬂi PDE4 conformer [Z& 2> THE SN TWSAREHEAEZ bN



Table4 Pharmacological effect of PDE4 inhibitors on rat cortical

25+
neurons and mouse T-lymphocytes ;“_? bl
8 = 1inM
CAMP lation in . inhibition of allo-MLR; 2 £ 10nM
. 100nM
EC,, (nM) IC,, (nM) <
° 1pM
§ S 10 uM
denbufyiline 4,200 340 = 110 =
Ro20-1724 950 1,600 = 400 :
rolipram ) 140 77 £23 a
piclamilast 150 0.83  0.08 2 ;‘;
< [ :
CDP840 2,000 B3x5 ) N :
romil ) rolipram piclamilast KF19514
cilomilast . 7,300 300 % 100
YM976 460 20+ 2 vehicle . 10 nM isoprotereno!
BAY198004 11,000 3,000 = 1,160 * Figwe 3 - Effects of PDEA imhibitors on the intracellular c AMP level in cultured cortical neurons. Cells
. roflumilast 56 44+12 were incubated for 10 min at room temperature with various concentrations of the PDE4 inhibitors and 10
AWD12281 5,900 . 59+ 6. nM isoproterenol. Results are presented as the means + s.e.mean of 6 experiments. The symbols, ## and ++,
KF19514 P 20 % 10 indicate significant differences at P<0.01 compared with vehicle-treated cells and 10 nM isoproterenok

treated cells, respectively (Student’s unpaired t-test). The asterisks, * and **, indicate significant

. ECy, value of cAMP accumulation was calculated from average of cAMP contents from

differences at P<0.05 and P<0.01, respectively, compared with isoproterenol-treated cells (Dunnett's test).

6 experiments. ICy, values of inhibition of allo-MLR are calculated from each of three
experiments, respectively, and described as the means = s.e.mean.

: A 100000 T 10000
_60 —hH. IhoDEEMDTY 2/ \BRO IEHEH]D E, 10000 9 5 1.1-0 E 1000
HIYEFRLEENTL1=(Table 4), Y RBKES RIS R T g
(allo-MLR)HIHIfERIZ. I & ¥ PDE4 E25R[H ) ":: 5 K 0220 £ ",) sopess

slope=0. % % ope=0.
EEMOBRSL Hrolipram B AREFEDOR 3 mmeon  E 080, P01
. 1 10 100 1000 10000 1 10 100 1000 10000
SO A IZHBILf=(Figure 4C, D), SO TEM D, PDE4 inhibition [Gso (nM) - PDE4 inhibition IC 5 (1M)
TU2/SEROIEFEICIZ . IESAE PDE4 conformer B : D =
EEEME PDE4 conformer DA AR5 LT uu? §’ o 1 &%
WBZEAHRENS, ChOORR L. Bk : N
g 10 8

SVMOBHEAE rolipram S BRI A~DHAE £ I I A
, N , g 1 =085, P, £ $ 1=0.67, P<0.05
FE TS U1 Tk, PIRERE R SR T R R
b\%ﬁ%ﬁj‘éd)(iﬁ'@%écté;ﬁb’(‘b\%o inhl‘biﬁ()ltl of rolipram binding K ; (nM) inhibition of rolipram bindingKi(pM)

+ \L == A Figure 4 Comparison of pharmacological activities of PDEA4 inhibjtors in elevation of cAMP levels in
*E}f% 0) %I:I %75 = PDE4 Bﬂ = %“ 0) ﬂliu_t "‘"E cortical neurons (A, B) and inhibition of mouse allo-MLR (C, D) with inhibition of rat PDE4 catalytic

"’E Fﬁ ;a&— {E—Fé 'I'-_" . .é E) ‘ :H’.—L :J\*: ﬁ ,{/E Hq & 0) ﬁ%ﬁ% activity (A, C) or displacement of [3H]-rolipram binding to rat brain membrane (B, D). The compounds

included in these analyses are as follows: denbufylline (1), rolipram (2), piclamilast (3), CDP840 (4),

BIOIZIE, BBEBIEDRUMEEMERITTE i ) T tuens nerares b oot ppmiaton Tre kit s Fr -
tﬁﬁ;}r@ & %): k biﬁ_{nﬁ'é h éo é ':.'> l:~ ﬂi‘é Ei@ indicate the comrelation coefficient and the probability of error of the Pearson’s regressinn analysis.
HICEIbh ST, D BB rolipram & & EMI%E invivo THALLBLMESMOERHRLEESTHS..
<PDE5 [REHIOF%E> ; | e , '
PDES ¥, EI-MEF:E5 . S8 TBHS LCI/MRISSBL T 5, PDES BEFIE. Hln/MiiEm. 5
WRIDMER. B LTS T EHMEEREETHIENTENTNS, KM T= PDES IEH sildenafil .
[REBRADOEBHEMESE . BHOHETLOBBIENTHD, IWMUEERRGIL. PDES EHID
BEEFMISOICERGTAERTHS EFSIUV Y FOMm/MRIL. S PDE3 (cGMP-inhibited,
cAMP-specific PDE)& PDES &5 T\, MIFIR0D cGMP $5L\[% cAMP 0 £ R &Y /MR EE(E
PifilEh , EIRM PDES FERIO f/MREEIDFIERIX cGMP EDEMENLTLSIEAHL MO TIVS,
PDES [HEHIDIERM D, KF31327 (3-ethyl-8-[2-(4-hydroxymethyl-piperidino)benzylamino}-2,3-dihydro-
© 1H-imidazo[4,5-g]quinazoline-2-thione dihydrochloride)% B H L 1z(Figure 5), €ZT.KF31327 D %E{TLTH
‘FEEN TS sildenafil IZT 58V EBAREICL, REBCARICEMAG oH o om,
H% BHFCE(ZUT=, KF31327 (%, PDES # sildenafil kY43 <R 6 HC™ 0 HN\)\L”%L
FL1=(Table 5), RIGEERMGBHTAOS, KF31327 IEFiEHmmE h vl

HN

ERITHT=(K~0.16 1M), KF31327 (3 PDES [HLTEUERIE ¢ L - i
#RUI=AS. PDE3 [ZHLT ICx=38 iM EBULEASLREENE by’ ()
BLTUL V=, KIZ, collagen TEEEIN S Fl/MigE RIS hs e Chy

®9 % KF31327 & sildenafil DNHI4E A% LB L 1=, Nitroglycerin KFa1327 sidenafi

Figure 5 Structure of KF31327 and sildenafil



- ’ Table 5 PDE inhibition profiles of KF31327 and sildenafil in
(_ M{tgiﬁ EE%’]) T’?E TT.KF31327 & collagen 'C‘“,%\ﬁé?h cach PDE isozyme (PDE1-5) fraction prepared from canine

. trachea and PDE6 prepared from rat retina
BT IM/NMEDESEE 0.1 pM UL TFORETHFIL. ZO R

(% sildenafil £FIZE LI E THot=(Figure 6A). D EENThDIE Lo oTPPR e e €0
ML THHBEROD cGMP B1E L. cAMP B E{LLA Kena sldenatl
Motz (Figure 7A), LT=H3> T, nitroglycerin Z£7E T Tld, KF31327  PPEI 380 % 30 780 £ 110
= £ BIU/MEDBEMBERE GMP BO L RARETHEE o s momerom
EZbhd, —A. nitroglycerin JEFFFE T Tl KF31327 (L n/ PDE4 800 =350 22,000 4,000
ROBEMHIERE(L 10 MEDEEL. COLSEAD oy oo £ 000 Py

IC,, values were determined using | uM [*H}-cAMP as substrate for PDE1, PDE2,

BRXILAFREIXWNTE LR L T=(Figure 6B, 7B)., —hl=%
L T. 10 uM sildenafil (THIZAD cGMP E# L RS E71=I2bh e
5T, M/MROBEEMHLLE AT, ZDRERIE, nitroglycerin JEfF7E T TD KF31327 [2& B IL/MROD
BEROHUHFERIZIX, cAMP 20 EEHABELTIVDEEZ SN D, Sildenafil IXHIAN cAMP B% LR
HMNotlEM D, BIREED KF31327 D{EMIE PDE3 BN EE THL AN H D, ST, /MR
EETVELAEDDIEZROMRETIL PDE3 & PDES OBALIFEBRLTEY. cAMP & cGMP LI E Hi3E/E
. Ri/MREADEEMELLTRAMIZELTWD EHERISh TW S, L1=At>T, 5L PDE3 BE%ER

- &HT5IEREHIAL PDES AEHELS KF31327 DR . <00 IERORECEN THIAEN
h$Hd,

A + nitroglycerin . ) A + ritroglycerin
16 :
100 8 ' @ cylc oV #
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Figure 6 Inhibitory effects of KFS 1327 (gray bars) and sildenafil (hatched bars) on — "
collagen-induced platelet aggregation in rabbit washed platelets in the presence (A) and vehicle KF31327 sildenafi
absence (B) of nitroglycerin. Platelets were pre-incubated for 5 min with 10 pM ) | . . . .. .
nitroglycerin and each of drugs at indicated concentration, and then challenged with 2 pg Figure 7 Cyclic nucleotide levels in rabbit washed platelets after 5 min incubation
ml" of collagen for 10 min. Values represent mean = s.c.mean (n=4). **: P<0.01 compared with drugs in the presence (A) or the absence (B) of 10 pM nitroglycerin just before
with vehicle. ##: P<0.01 KF31327 vs. sildenafil. KF31327 (A and B) and sildenafil (A) the induction of aggregation by collagen. Values ate presented as means £ s.c.mean
y ion dependently inhibited platelet aggregation verified by max-t test (P<0,01). (n=3). **: P<0.01 compared with vehicle. # And ## P<0.05 and P<0.01 KF31327
vs. sildenafil. cGMP level (A and B) and cAMP level (B) were concentration
dependently i d by of KF31327 verified by max-t test (P<0.05).
<F&H> ‘

PDE4 FREFIDEEIZHEULVT, ex vivo DRERIZKYBIVEFA OIEME RS NS A rolipram #5 & #BAL
O &4 (SEFE PDE4 conformer DIAE) A HEEIL TLNDoEESEBALT=. DI, in vitro DEERIZ & YHER
HEAD cAMP EDFAHIZIE. SEHE PDE4 conformer NS LTWNATEERLIz, LML, Blz&{L3
BICEHAE rolipram #EA BN OBRMEZBE TSI 5L CIEEERLRAEEROS BIZRETHY.
in vivo CHROEHHE roliprém EETMESELAMESMIDFEREVWSIRY) VT FEERTT H2L
W TEt=, —7 . PDES AEHOBFRICENTIE., HRLE KF31327 £RHL sildenafil LHELT.
KF31327 I3 #5518 PDES [HEHIT. sildenafil &Y EERMIZM/MRA cGMP 2% LR SH . sildenafil &[F]
£ EOi/MMRFREINFIERZRUR, £i-. KF31327 (X350  PDE3 [EEEM%EH L= PDES HEHRITHY.
DIMEROREICANTHSARMESHH LR,





