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(1. KHMTBE I 12 SR ¥ EEE A LR, KE 300193; 2. JLAUT 44K

P PHEARGRA A, bt

WE: B A TAHENEHRLA TG G
B, FiE R ARG k) P AR S A AL A B
Mtk K R AhAARA BT FESIR N R, VLR &
ARAE 3¢ 4h A2 H 4R B (TFR). 30 min W 3 A2 K #
(PP30) . $h#2 3% J& (AUC) \ ghA2H 4L 6t 18] (D) %9 % "1 5
KR EH R WEAT IR ZH A EF 42
xR K R A £ TFR %9 % vh; R 8 s R 3 St
BORR DR B RERPEAHRRE Y A, HR
KALTEWAE 1 h G, T I DHkF F 6
TFR 442, PP30,D, AUC 3§ A2, 3,10 mg- kg™ ' & Ho AR
JE4E TFR 5 ) 45 42 28.1%,43.0% ;24 h J& & M AR
4F 10 mg- kg~ "4 T 45 42 TFR, % xF PR 40 YL 4% 45 42
27.7% o 3,10 mg-kg™' & ¥ AR AE 4 PP30 % #) 3§ An
42.3% ,42.3% , T4 D 4 %) 3% 4 89.3%,91.5%,
AUC %31 3% 4 30.3% ,74.9% ,10 mg- kg™ '43 7T 1% 24
hJé AUC A R3E ¥, & 3ARE 6,20 mg kg™ ' T4 %
KRR K TFR 5 5 4542 47.9% ,78.8% , 1% 3
%89 TFR 44— F T HEHHEAH 6.4 mg-kg™ 5 24
ARIE 4.5 B 15 mg-kg ™' AL H B KA R BRI 5
A 45 42125.8% ,153.0% , o3& K g B R Ak 5 2| B
FHEHHNEH 33 mg kg™, ZHARIE1.5,4.5
Fo 15 mg-kg~ ' AE KB BT KRB H el T,
1.9 2 3.3 4%, Ll RH IR LB EF PTEH T A
11.4mg kg™, & FHAESTHARELANAR
B EEVER AR RA G TR RRIEIF
KR ARER —BE BRI N RMARAE; M E R,
]
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FHZE i DI HE B A% (erectile dysfunction, ED) J& %
ULAB , 58 [ [ 3 TAEIF 98 et ED & O “PEBR
TE K IS B 25 1) 2l ke A BB 3 31 i 2 R — U R I P
7 F L E MG, FOR WA 40 & UL B B M
b 1.9% , FEAEIR I ED ARG N, 65 % LA
R F LR 65% . MR LAE 1.52 /2B
BAANFRREN ED, Wit 2] 2025 A 5% 3.22 12
NN B BFFETT R AT ED AR 224 25 B
A EE RS B SRR E X,

Fr R IR 2 i BB AE (aildenafil) 2 T B B30T
i 1 IR A BB 2y, BRE ARAF B ] Ab2E 44 0 1-
[3-(6, 7-— &-1-H 3-7-58 A0-3-15 F&-1 H-nk g If:
[4,3-d]BEIE-5-38 ) -4- £ A HOR R 2 13, 5- =
HELIR AT IR AL, 43 F 200 CsHynNe0,S- C, 73 F
T 680.74(488.61 +192.13) (45 LA 1), & )
SOh 7L 02 1 00198.7, [HEBR%E Sk COTD487-4,
HTHAITFE 45 3 22 B 25 W0 % VB Bl R — 156 8 ( phos-
phodiesterase type V ,PDE V ) A R PEI 6/ A, H
ICso° 4 3.94 nmol- L™ ' AHIFFE R 2 5l Py 16d AU A
I8 TR ALt DR f2 ), ASSTE AT ED
A R | A2 28I 24 (I AR I FH 2 A

HN N —SO, OCH,CH,
P Q =B CH CH,CH, HOOC
H,C 2N -HOOC<EOH

e

HN Vs COOH
I
CH,

Fig 1. Structural formula of aildenafil citrate.
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1.1 #h¥,AR5iKH

Wistar KB, &, T 330 ~ 540 g; EHIFP/NE,
DL, ShIATE 18 ~ 22 o, H1 T 2 A AR Wy
a8 FT B2 4k, SPF 9, 31 ) & 4% UE 5 : SCXK11-00-
0010, ZHARAE, I fgs kR, & & 100.2% 4t %
20020911, -t 5% 77 45 45 i BLHE 4 R A BR A A $2 4t
P HBABAE (sildenafil) , H I 3% MR ) 25 4 B 2 vl 42
B35 25883002, 28 47 4l0Ks i A Ak oK, S &
99.3% . ERMAR BT Fh S HE (apomorphine hydrochloride) ,
2l 98% , 1L 5 25 T AL A5 T S
1.2 SPFHMGHEEE S EBEARAEHE LK
A1)
1.2.1 FRigiE

ZIESCHR[2, 317517, Wistar K BUTE WA 2. Bk
AERFRIBE S, IR e U1 1, 52 3 Ak T 4 A4 )L
PO B R TR AT MIBAZE g 4R . A 47 543k,
5 R A B KA (S ¢ L™ RO M PE20 45
(Nippon Becton Dickinson Co., Ltd)#Hi% , 3L 5/0 Jo
PG JC IRBE 5 AR e £ 3k MR s s RO E T
— 2 BT i R BRI 28 O LA 6/0 224K [, 2
IR 2545 2 TP-400 B [T S 4 BE#% 5 RM-6300
JGEABRCSEAGE BT AP-641G I R A8 I 5 E
AN T, {5 5 4 RM-6300 fij A & MP-100
RYGE, ATIELR T A/D B dfe B R AE CREEDR
300 Hz) , I 45 5075 5 A2 Tt AL, LL Acq-
Knowledge v.3.5.7 #AF#HATEEE B 0 A b 3L
1.2.2 BEDEBFLEAXNREARER

FARGEE K s E s, K E 30 min, 77
P [ Eh I Sl 38 A M 4T i S AR R PR AT
R BAZEFETE 2y, % gl kAL U 30 min
DA B 08 20 A P s T 1) 7 A S e BA 25 3 i T o
AR 08 7 1 R R T T S BT F P R 100 g -
kg ' AR 4 mL-kg ™' BIRIBER E MM 3.5 h D)
b AT B R G A BT N X WSS R 5 e B
kG ST BT N HE ) s N 2 B S . B S
K3 ok g 2y (GERE IR TR 3, 4 2 )5 60
min M Z5245)5 24 ho IRF 08 5 A A X B (4
T 0.5% R ILLF 4R A, CMC-Na), 225 Rl %
HARAEAL (1,3, 10 mg-kg™"'), BHAE X3 B8 R pY Hs R E
M3 mgkg™")o YIRMAWEB S L, 4RI N 5
mlkg ™o BRI & 45 R, 20 2 I A TEAMI |

W€ A I B NRIE ZER S, WZ R 4 SRR
1.2.3 WEER

ST DL 45 8 B AR (time to
first response, TFR) , B[ 25 7~ Bi] s Ay il 21) 55 — i 2y k2
S A= B TA] () 530 min P 5082 0B (peaks with-
in/per 30 min, PP30) , Bl 30 min PN 4R A P4 1 H P04
AL UK B 5 B M % TR (B (tonic peak pressure,
TPP) , B I 2 UK PN T R X - L G2 18 35 31 2 —
B, FRAERR A X K I [1] 1) s {1 8 25 1P e s
(burst peak pressure, BPP), R 7E 5 il P4 5 {9 2
fil bt B A PRI g A R AR B ) fie s I s ke
FFEE} [A] (duration of erection) , BRIV E 7 3 21 56 il 44 14
JEAH 109% L) _F B 455 22 B 8] (min ) 5 P TR 28R
T (area under curve, AUC), BIUG [z W 3 42 ) [|] 26 LA
RN iR AR, D E JT IR DL 2,
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Fig 2. Sketch map of measuring for intracavernous
pressure. TEFR: time to first response. TPP: tonic peak pressure.
BPP: burst peak pressure. D: Duration of erection. AUC: Area

under curve.

1.3 MEBARAZBEMHEERBONE

Wistar KR 60 2, &R EREHLS4 6 4, &4 10
HH A 5 2078 kBRI T 47 o 000N 5204, 4 2 #5ak
B — 2 GHAT ARSI BS ARSI, R IR T
ARXFHRA . AP m SR, 3 d JFiFTRem. &
FARXT IR AT BRI 25T 0.5% CMC, 32 iR 2 44
ZHABAE 2,6,20 mg kg™, BHMEXT BRZH 25 v MR AE 6
mg kg™ BN ig 525 AR 10 mL-kg ™' 4
245 60 min SR FHSURR FEAR IR SH 250t 2 AR A, 5k
HITE 9.5 V, AR 40 Hz, FIELHE T 50 ps, 10 55 H
RO Ih 22 B 2R e i esfa], B TFR.
1.4 XEB/NRIENBERNE

E WA /NEL60 L, (R4 #5218 ~ 22 gMfE T/



+ 222 -

Chin J Pharmacol Toxicol 2005 Jun; 19(3)

60 H)o 2S00 1.3, Z325)5 60 min, it
AN HRE T, BEIE TP IAMENE/ N 1R iES A
WP/ IS BRAS T JE HP R BB 1 R SR L P g 1] (R4
FERRIND) , L% 30 min PIAERE/INBRIETE AOUEL

1.5 BB RERL v 2 s TR, RA ¢ K56
FURAN ] 2 ] 32 B 2 S g 1

2 HG#R

2.1 EMAHEEREARIDEZABOZ N

1 G5 R R, RERTESE = =R & T B s i
PRI TFR A <, 25 F Z1iRAE 1 h J5, TFR 4%
SRR 4%, 1,3,10 mg- kg™ " r W45 T 14.8%,
28.1% (P <0.01), 43.0% ;24 h J5 % HARAE 10 mg-
kg~ MTE AT 45 56 TFR, 5506 BB 4 HU 546 56 27.7 % o
2.2 EMARERTERE KRR E AR

KEGE S 457 ZHAAE 1 h )5, PP30 #5001, 525
FIXF R 2 b, 2 AR AE 1,3, 10 mg- kg™ ' 43 51384
11.5%, 42.3%, 42.3% ;24 h J5 X%} PP30 JCHH 5%
M, PEHLARAE 3 mg- kg™ ' 45245 )5 30 min, J8 A 34 N
PP30,24 h JCHH 5, 45 R L3k 2.

2.3 EHIBIETFEXRIEFEHEHZMm
RERAESE = =R 4 TP MES & 5 i +F
SR T4 . KRB ig ZHRAE 1 h 5, #hif
SEFIRIRE N, 3, 10 mg- kg™ " AT f e £ 4L i) a] 43 51
1/ 89.3% , 91.5% , 24 h J5 X FkeFi Lk 1] JC B
WM, PEHABAE 3 me-kg!ig J5, W AERK
EEFFEEITR], 24 h TCH] sz, S5 0LEK 3,
2.4 ZEAPIEXFEREARIEREEIEEENIZNE
F AEREY, B 1,3 B 10 mg-kg™' K
VYRR 3 mg-keg ™' ig Z5 24 J5 %) TPP JCHH 52
2.5 ZAPIEXFEREAREBRLZEEEENIZIE
ZHABAE 1, 3 & 10 mg-kg ™' X PG HIARAE 3 mg-
kg~ ! ig 4525 )5 % BPP JCHH RN, 45 L3 5,
2.6 BEMBIENFEARDEEIMZ TERY
A1
KERHEH AT EBIAE 1 h 5 AUC 3,3, 10
mg- kg™ 'R AUC 230341 30.3% , 74.9% ,10 mg-
kg™ MR f# 24 h J5 AUC BHEBZEK . PEHIARE 3 mg-
kg™ 'ig 5245 W 1 h AUC W] 34,24 h JCH
25 R L3R 6,

Tab 1. Effect of aildenafil on time to first response( TFR)
TFR/min
Drug/mg-kg ™'
Baseline 1 24 (h)
Control 6.6+1.8 8.5+1.9 7.4+£2.2
Sildenafil 3 6.8+x1.7 6.2+1.9"" 6.9+1.6
Aildenafil 1 6.9+2.0 7.3+2.1 7.2+2.2
3 6.6x2.1 6.1£2.0"" 6.2+1.4
10 6.6+2.4 4.9+1.2"" 55:41.7%"

Control group was given 0.5% CMC 10 mL-kg™!, aildenafil or sildenafil was given 1 h ig before the second apomorphine stimulation. x * s,

n=14-15. ** P<0.01l, compared with control group.

Tab 2. Effect of aildenafil on erection times within 30 min( PP30)
PP30
Durg/mg-kg ™'

Baseline 1 24 (h)
Control 3.6x1.1 2.6+0.9 3.0+0.8
Sildenafil 3 3.7+1.6 3.7+1.47 3.2+1.0
Aildenafil 1 3.1+1.1 2.9+1.4 3.1+£1.7
3 4.1+1.0 3.7+1.5° 3.2+1.3
10 3.8x1.4 3.7+x1.2°° 3.3x1.1

See legend of Tab 1 for treatments. ¥ + s, n=14-15. *P<0.05, ** P<0.0l, compared with control.
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Tab 3. Effect of aildenafil on duration of erection

Duration of erection/min

Drug/mg-kg ™!
Baseline 1 24 (h)
Control 3.9+1.5 3.0+1.5 3.8+1.7
Sildenafil 3 4.0+1.5 50+1.9"" 3.4+1.6
Aildenafil 1 3.6+1.6 2.8+1.3 2.8+1.8
3 4.3+1.6 5.6+1.7"" 3.4+1.6
10 4.0+1.5 5.7+1.7"" 4.4+1.9
See legend of Tab 1 for treatments. % + s, n=14—15. ** P<0.01, compared with control.

Tab 4. Effect of aildenafil on tonic peak pressure(TPP)

TPP/kPa
Drug/mg*kg ™'
Baseline 1 24 (h)
Control 8.1+2.0 7.9+2.7 7.7£3.1
Sildenafil 3 7.5+1.7 9.1+£2.7 7.1£2.0
Aildenafil 1 8.5£2.8 8.4+£3.3 8.7+1.9
3 8.3+x1.3 7.5+2.1 7.7+£2.5
10 7.5+2.1 8.4x£2.0 8.7£2.7
See legend of Tab 1 for treatments. x + s, n=14-15.
Tab 5. Effect of aildenafil on burst peak pressure( BPP)
BPP/kPa
Drug/mg-kg ™'
Baseline 1 24 (h)
Control 12.4+4.1 11.1+4.0 11.7+5.2
Sildenafil 3 11.9+3.1 11.9+3.6 9.9+3.7
Aildenafil 1 12.1+5.3 11.9+4.0 11.2+2.5
3 12.0+4.0 11.5+£2.5 11.7+4.9
10 13.1+5.6 10.9+2.0 12.3+5.1
See legend of Tab 1 for treatments. x +s, n=14-15.
Tab 6. Effect of aildenafil on area under curve(AUC)
AUC/kPa* min
Drug/mg-kg ™'
Baseline 1 24 (h)
Control 13.1+3.1 10.9+3.8 10.2+4.7
Sildenafil 3 13.3+4.2 17.4+6.1" " 9.0£3.0
Aildenafil 1 12.9+3.5 10.1+£3.6 10.6+5.0
3 13.2+4.2 14.2+4.8" 11.5+3.8
10 13.4+4.4 19.1+4.0" " 14.2+4.8"

See legend of Tab 1 for treatments. % + s, n=14-15. *P<0.05, ** P<0.01, compared with control.
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2.7 WEBKRBIAZERESDEBRPHOZ MW

EHREMW TFR R FARABERK, 45T
ZHARAE 2, 6, 20 mg-kg ™! ig P AE K[ TFR 4351
Uik 41.8%, 47.9%, 78.8% , ffi ZE K Y TFR 45 %4
— TR RN 6.4 mg- kg™ PEHBIBAE 6 mg-
kg~ ! ig ARATf /N TFR WA 4656, 45 R I3 7,

Tab 7. Effect of aildenafil on latency time in emas-
culative rats
Drug/mg* kg ™! Latency time/s
Sham 17.6 £3.8
Control 32.2+£7.9%%
Sildenafil 6 26.1£3.57
Aildenafil 2 26.1x£5.5
6 25.2+5.6"
20 20.7+3.9""

Sham group and control group were given 0.5% CMC 10 mL-kg™!,
aildenafil or sildenafil was given 1 h ig before the electrical stimula-
tion. x+s, n=10. “P<0.05, " P <0.01l compared with

control; ## P <0.01, compared with sham group.

2.8 TETINRIENEER I

ERUNRG T ZMIRAE 1.5, 4.5 K 15 mg-kg ™!
ig A SE < A AT B2 U AR BT 40 0 4 R 37. 8%,
125.3%F1 153.0% , HAE A 1 4 42 75 AR IR 52 3 AR
FARAK T A HN 3.3 mg-kg™'c 30 min P
JEERECH 1.1 = 1.3, B 1E 5 X B0 2D, 25
PUNR ig AT ZWIAE 1.5, 4.5 % 15 mg-kg™ 1]
/NS YR B 334 1.7, 1.9 A1 3.3 f%, He
T UEK S BT AR ALK BTG 8 11,4 mg-
kg™ SRR 8,

Tab 8. Effects of aildenafil on sexual function in
emasculative mice

Drug/ Latency time to Times to mounting
mg-kg ™! mounting/’s within 30 min
Sham 27+5 5.3x1.9
Control 48+ 12%# 1.1+x1.3%*
Sildenafil 4.5 15£9" " 4.0x2.1""
Aildenafil 1.5 40+ 12 4.1+1.9""
4.5 215" 43+1.8""
15.0 15£5°" 5.8£1.2""

Sham group and control group were given 0.5% CMC 10 mL-kg ™!,
aildenafil or sildenafil was given 1 h ig before putting female mice
into the cage involved male mice previously. x = s, n = 10.
**P<0.01, compared with control; *# P < 0.01, compared
with sham group.

3 iFig

) 222 )56 1) A SR 2 0 i ot O 14 045 #5 Jk
I AZBH o B 2SR AR AR S il A8 52 32 R 58 I % R
B R BEARE B RE fi 22 SCIC , 4E 7 BH 25 22 OIS
Lehile R i R 2 Sl 2234 - 2 TV E IR L
Bido NA AT L4 R A AL TR A, o 78 L 9
/D T T A A B i A 5K T B 25 SR, DhAE AR
NPIZER NS . FEdEA IR S i A i EF sk R R, NO
R OCHEEAE ] . fhae 24y (TP RK/SM D) 51k S
2870 B N B2 AL NOS 5 18, BB NO, NO ittt A
A1 L, 5 M P ) S P IR AL (GC) 254,
fi cGMP H4 /I, cGMP 5 8 3 G B cGMP KAk
MR FlIE LS &, S RN Ca®r W BT FE, (H3h
ok B A AT 3, T LIRS, AR R, [] i gz
I OB 3 ST /e K, S ot 98 T A2 BEL 9
2. MM GMP ¥R Z GC L B IR — i i
(PDE) AT, GC AIfdf GTP 43fi#ky cGMP, i34,
i PDE A il cGMP 73 8 5 GMP, fifi Ho B2 7R B
FAZSZHZ04 PDE 225 PDE V. PDE 1 i 57 m] 41
il cGMP 14 73 A% , SiE < 5 5 G 40 i D3 /A4
UEAER, e PDE 1 55 4 s ISR ZE TR YT ED U5
TS 7@ 7k >80 3t ED YT 1 25
THRE TR IRAE

R I I I Sy o X P 1 2 24 0 sl ), il e A
TR 2 B 2 AR 5 | P 4 A i 3l Pl 5 R K
PRI AR 3 BUAE I 25 R A48 | ok s nH
I8 (penile erection, stretching and yawning syndrome )
S, PR} PE/SYS LRk, Hovh, B 288 1 gl ]
AT S B 2R TR AR A T T AR A Y T 20k B HL )
BTGBl o AERTF S WE R R PE I 3l )
IR AR T ) {8 40 e ) 25T AR AR kS TFR, 1
TNBZE IR, SEAS PSR EE I ], TR AR T T
AJHFEE 24 h AT RK, R — 2 B0 70 AR R AL
WA ; R/ EH 3 d 5, FERCR KCFRRIR, 23
SWTETIRE T B TR IR, Z 1R ARt BA B R i
feRErESRENE I .

VR AW B 5E 245 R R W1, 2% HJIR A X NO B¢
WOEW] WA AT, HoMLH 5 PDEV £ i1 A
K(GORMG A2 , FAR AL B2 FL A kA ik —
LT

Bt AW 2 B 25 A PR R DT R HE B A
E=Rs
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Effects of aildenafil on penile erection

WANG VVei—Ting1 , ZHAO Zhuan-You'* , HE Xiao-Yun', LIU Hou-Xiao', TANG Li-Da', LIU Bao-Shun’
(1. State Key Laboratory of Pharmacokinetics and Pharmacodynamics , Tianjin Institute of Pharmaceutical Research ,

Tianjin

Abstract: AIM To develop a new drug for pre-
vention and therapy of penile erectile dysfunction.

METHODS

recorded in awake male Wistar rats were injected

Intracavernous pressure  was

subcutaneously with apomorphine, aildenafil ( 1-
[ [ 3-( 6, 7-dihydro-1-methyl-7-oxo0-3-propyl-1 H-
pyrazolo [ 4, 3-d ] primidin-5-yl ) -4-ethoxyphenyl ]
sulfonyl ]- cis-3, 5-dimethylpiperazine citrate) was
then given 1 h before a second dose of apomor-
phine. The time to first response (TFR), peaks
within 30 min(PP30), erection strength, duration
of erection (D) were measured before and after
drug administration. The latency time of erection
was recorded in emasculative rat model, and the
latency time and times to mounting were measured
in emasculative mouse model. RESULTS  The
apomorphine-induced increase of TFR was signifi-
cantly shortened by 28.1% , 43.0% , respective-
ly by aildenafil 3, 10 mg-kg™' 1 h after adminis-
tration. The efficacy lasted for 24 h at 10 mg*
kg_l. PP30 increased by 42.3%, 42.3%, D
prolonged by 89.3% , 91.5% and AUC elevated

300193, China; 2. Beijing Wannianchun High-tech Co. , Lid, Beijing

100080, China)

by 30.3% , 74.9% , respectively 1 h after ailde-
nafil 3, 10 mg- kg™ ' administration as compared
to control group. The emasculation-increased la-
tency time of erection was shortened by 47.9%,
78.8% after aildenafil 6, 20 mg-kg™' adminis-
tration, with EDsy 6.4 mg-kg™' in emasculation
rats, and the emasculation-increased latency time
to mounting was shortened by 125.8% , 153.0%
with the dose 3.3 mg-kg ™' required for recovered
to normal after aildenafil 4.5, 15 mg-kg™'. The
times to mounting increased by 1.7, 1.9 and 3.3
fold, respectively after 1.5, 4.5, 15 mg-kg™'
with the dose 3.3 mg-kg ™' required for 11.4 mg-
CONCLUSION
Our results demonstrated that aildenafil ig has

1 - . .
kg™ in emasculation mice.

ameliorative efficacy on sexual function.
Key words: phosphodiesterase inhibitors; ailde-
nafil; penile erection; latent period
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