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Papaverine ( Cerespan ®) 

Thai J Pharmacol 

Papaverine bU'Ua<1m<1<1t1~vnn benzylisoquinolines ~~<ln\ll 1vi'~1nm~iJu bb.imtliiN<i 

m~uH.t'lf1'1'1m.i1~~1nm1vnn ilu ~u '1 t\llt1iiq'l'lll~b.iu~ a Yi1 'l tinli'1m d m1mJ'l1u<iu~1 t\lltJ 

m '1'11~0'11mdab1t1u'll a~ Nir~'l1"' a (lJ b~ a (lJ 'ii~ ii mTtl1 m 'l'lf1 u m1uut~ m1'l1 (lJ ~1'll<M'11<i a \lJ b~ a \lJ 

'lum1i;l1~\ll<llt11~11l'~n<i11 .imJ1'1'1Ul1f111U\ll papaverine bV1L'W<lltl1~b'l'IA'lf1tl ri1u corpus 

cavemosum Yi1 'l '11' <l~A'lfl\llbb~~~11vi' 'ii~ 1~hhm 'l'lf1 um1fmnm1~<11't11n WA'lfltl 1aibb~1~1 

Papaverine Yi1 'l '11'm1l.J bVlJV'U'll <l1bbi'l<lb:/lt1l.JJ11t1 L 'Ub'lf<lclfltlll.J b tla l1tJU'll<l1<lltl1~b 'l'IA 

bb<i~~ NU1'11 <i <i \lJ b~ <i \lJ bb\ll1'll <11 a1m~ ~1n <i11<1 \lJ <11 ~1th 1 ti rim1'11u au ~1'11 <11n'11aJbdm1t1u -
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u<1~m·m~'llil1'llil'lil'lfl'll11il 1 u~<j'lil n<11n 1 um1Yi1 'l ttLnlili:.rn!il~nri11 Lnlil'illnm1~ papaverine 

iiu5'lm'>Yi1'l1'W'llil'llel'W1m1 phosphodiesterases Yi1'l11'Lnlilm1.t'l'llil'l cAMP LL<I~ cGMP ~'ll'il 
v d ~I .J v 1 < d 

'11'W1'Yll u'W second messenger 'lf'lfi'l~lil'WLil'W 'lflJ protein kinases A LL<I~ G 'lf'lfl1UfllJnl'l , , . . 
YJl'll'W'llil'l calcium channels LL<I~ gap junctions 'Wilfl'illnilmili:.rniiuii~ voltage-dependent 

calcium channels l\l<IL 'l1ri1d'Yi1 'l M'>~vlU'llil'lLLflm:iitilJ l 'WL'lf<1'1'llil~n<i'1m if m~tJU<l\il<l'l ill hlri 
" 

~ ~ 

f11'lll'IJ'llil1'1J 1M il'lfl'lll\il 

Papaverine ~mtl~tJ'WLLtlm~!ilrn\'Juri1u 'lmy ill'i1fl~'l1l'llil 'luwmai.i1tl1~mru 1-2 

'lllJ. Lrl ilQlilLV11 u ili'ti1~ L wA111'1~!ilua'lfllil 1 m~illilU'>~lJlru 1 0-30 mYi '11'1~ 1 M'm 1~!ilulil'l " , 
nri11ill'i1t11~:1J1ru 115 'llil~1~!ilua~a\il 1 m~illil td il 1 M'iii'1ti'll'Wllil L Yi1il'W1'll'l'l1<1illil L~illil l'i1fl~'l " , 
1l'llil'll il'ltn 1 uL d il L~ il'llil'l ili'ti1~L wi'lmuni11'11t~fo1ilu1 uwmai.i1mn 

il1m15u 1i.iVl'lti1~ml'i''il1nm151il papaverine LVl l'Wili'ti1nwA1iii'mi tl11ilu1nru~51il 
M'm~illil m1LnlilLdm~mau '!ti 'luili'mnwi'I (corporal fibrosis) ~'lill'i!Lnlil'il1nm11~fl1milil'l 
Ltiil'l'il1nm1<1~mti'llil'ltnil pH Ail'WV1'l~1t11~mru 3-4 (m'il~lilnlil~nilu~ pH \j'lni1 5) 

<:$ d'.J Q d d QI <>J c:$<V Q 

ll<l~nl'lUl\ill'i!U'lJ il'l L 'W illtlil'illfinl'Ju\iltll illnl'lil'W 'l 1'1ill'il'WUlJL'll'W il1tll~L 'Wi'ILL'IM\il1'Wl'Wl\l\il 

ti n&l ( muni1 4 'lllJ.) m'intiil'l'illnm ililtlf.11'1B1iii'mu 1 u <Ji'm~vl''lnri11 m1L vl1J~'W'llil~1~vl'u 
Lill.I hll' transaminases l'WL~illilll<l~lilu5mau 

Papaverine Ml!J h''l urJtl1ti l 1fl'lllil~il illnl'>'>'WLL '>'l 1'1'tl1ti~ilLL u1 l U!Jl1'ilnnlilil11~il'lfl 
" , " 

'llllilLL~'llil1mui'.:ililtln&i Li'W sickle cell anemia, thrombocythemia, polycythemia, multiple 

myeloma, venous thrombosis, hyperviscosity syndrome LW~ l'Wn'JW~'W 'lLi'W penile 

angulation, penile implants, Peyronie's disease, corporal fibrosis fll'l 'l11'1ii'1timllJ'l~l1\il1~i''l 

1 u rJ~fi1<i''l liii'Zumilm~illilLL~'l!il1'11~il LLilfl 1 w1u m1LL 'W~il1 'l i11'1'tl1tinlilu1L1ru~il\iltl1~mru 
" " 

1 -1 o u1Yi '11<i''l 111'm 

Papaverine h'1iii'N<il'W psychogenic erectile dysfunction (ED) Ll<I~ neurogenic ED 

Vil~'llil'ltndflil 'llfllAil'WVl'ltlnLL<l~Lnu 1'1~ilt1l'11ilUMil'l 'IJ'Wllil~'l'll'flil 1"5-120 :!Jn. 1i.ifl1'l 
" , " 

'li1'tiiltini1 2 fl~'llii<Jatl\il1'11 mdm'il'l'li'~1lJilum~u 'l Liu phentolamine, prostaglandin E1 

Phentolamine (Regitine ®) 

Phentolamine Ll'Jum1w1n imidazolines ilql'IBL\'J'W competitive antagonist 'llil'l a 1 -

LL<I~ a 2 -adrenoceptors lliltiil affinity liiil receptors {J'l 2 'lllJ\il'Wil 1ilu phentolamine liiil'11'W 

q1'1B1 um1Yi1 'l i1nti'1:1J L d il L~tJU'llil'l illtJ1~L 'Wi'ILL<l~'l1<1il\ilL~il\il LL\il'l'l1\illil1 'il1nm1m~llf u a, -

receptors lliltJ norepinephrine ~'lYi11Mil'lfl'll11ilelil'Wlil1 m1'i!U'l!il'l norepinephrine i\'u a 1 -

receptors U'WL~il'lflJL'lf<l'1'llil'lL'lf<l'1n<i'1mtlm~tJU 'il~m~llf'WLil'W hll' phospholipase C ~'l'il~ 
LU~tl'W phosphatidylinositol 1m~il'lfm'lf<l<l111't\'J'W inositoltriphosphate (IP,) LL<I~ diacylgly­

cerol (DAG) IP3 'il~m~llfu111'LLflm'1itilJililnm'illn mitochondria LL<I~ endoplasmic reticulum 



S70 Thai J Pharmacol 

. 
ri1u DAG g~m~iilurnu hll' protein kinase C Yf'lfl1UAlJfll':illl'l1U'lfeN calcium LL<I~ • • 
potassium channels ':i1lJ~'l gap junctions r.J<1iil'lnl'i11'i111M'mwLTilJTIU'lf1l'lllA<llYfUlJ1UL'lf<lol 

ntr1m if m1uua'l~u Lnvim1Mviiil1v B'lmhiJL if ei L1uu 'i111 ML~ eivi 1 Mm'1i1riL if m~ eiv eN ei1u1~ L WA 
" " 

~il<ln'Mtu~Atr1uvJei'lJ11iiltleiu 1l'lA'lf1"1~'leitj1uamweieiuiil1 ( detumescence) ueimnnif 

phentolamine V'laJl'J<l L"1U"1':i'l 1um1'i111M'ntr1mif m1uuMcieiuiil1 LLITTV'l h1Y111u11<11n~ml'li'vi 
m11um1'i111M'ei1m~LWALLTI'lITT1 fau phentolamine ABUTil'lelBU m'i!L01J'l'illf1mif 

VU~'l prejunctional a 2 -receptors 'i111 MaJfl1':iM~'l'lf8'l norepinephrine '\!111 presynaptic 

neurons mn~u ~'llll l Ml'J<l'lf8'l1Jl<l"1<l'l mif~'l h'1mr.J<l 1u psychogenic ED ~lfl"1'\llf1 
A11mA1uvivi1eim11J'lvinn'l1mrn~1u organic ED ~mm1hhmL':i'lUf1 iJgguuiluiJt°ll' • • 

I OJ 4 I 

phentolamine ':i1lJf1U1J11JU 'l l'lfU papaverine LL<l~ prostaglandin E1 

Phantolamine aJ~'l':iU1JlU "1 l Til ei-Ju1~ l WA U<l~m fl U~'l 1l cit U ':iU ~ l lJ U Ll'J lil <1~'11tJ1 i;) eicil'l 
" " " 

111i1L'%1 m11M'm~'l 2 'lll1M'm1m'111J'!iumavi1m~eivitl1~mru 20-30 milM<l'l1ttm g1111fu " . 
1~iilumg~<11i1<1'l eici1'l11vi L'%1 1Jl()f1L tl~tJULL tl<1'l~iilu aJAlA~'lYf'llil 1 uwmmJ1t11~mru 30 mil 

" 
mfl11elu 1i1w'lU1~rl'lAUL'liu U11ilU'lnru~51il AlllJiilUL~Blil~l Lri m tl~tJU a'lmuYJ 

ei1m~L wmLTI'ltii1muflliltlnw m1LOlilLif m~mau 1u 1uei1m~L wA Vii hLiilm'%1 Alil'illJn tl1vi 
" 

TIB'l A~u1'1' mL~tJu TIB'lL&iu LLr.J<11um'lL&iumM11 

TIBMllJl°ll''lfB'l phentolamine L'lim&lmnu papaverine vmvi~1°1l'L~U111u3tlvei'lm1lu 
fiei 20-60 :wn. 1u3tlm51i11M 10-20 lJfl. 1viu1i~11Jnum~u 'l L'liu papaverine ll<l~ 
prostaglandin E1 

Prostaglandin E1 (Alprostadil, Caverject®, MUSE®) 

Prostaglandins (PGs) il l'J<IITT1lfl1':illTI'lITT1V111Jfl11el 8UITT1'lf 1l'l1l11'l1~l WA 'illf1fl11Af1'Ml 

wui1Lifm~B'lfB'lB'lA?i1"1ol'lLm1~1'1 PGs 1iilvimu'lfilvi PGE1 LL<!~ PGE2 'i111l'lntr1mifm1su 

1 mif m~B'IJ1l'l81'U1~LWA~~n'i111M'vivi\ii1 L"11J norepinephrine M~B PGF2a Amsiil11iil L"1tl 

PGE1 Uf]Yl~ll'i'lflll PGE, r.J<1lum'i'i111tt'ntr1mifm1suvicieiuiil1vei'l PGEs Lfl"1'illf1fll'i~<ll'i 
iil'lnl'i11~unu receptors um~m1m'lf<lol ~'l coupled eitjnu regulatory G protein (Gs) LUUl'J<l 

1 • - • 1 ; d "1d ~ •~I d 1· I Vltf1"1fll'in1~1Jl'ULBU 'lflJ adenylyl cyclase 'lf'lfl1Ufjl-lf1l'Hu<ltJU ATP bVILu'U cAMP '/f'l'il~ u 

v 'l "'""' eJ .J a1 .J 1n I "-' ~ · 
m~lil'ULB'U l'lfl-J1Jf1(il1VllJ'lA1l protein kinase A 'lf'l'il~ utJUtl'l calcmm channels LL<I~ gap • 
junctions 'i111 tim1m'111Ji'W'lf B'lllA<l lYftllJ 1 UL'lf<1'1<1lil<l'l U1lf1'\llf1if PGE1 1T'l~"1'lf1l'lfll'iVl~'l 
'lf1l'l norepinephrine '\!111 adrenergic nerves 5niil1u l'J<IITTl'l 'l iil'lf1tl11lll1tintr1mifm1uuvei'l 

ei1 tl1~ l WA ll<l~Vl<l 1J lil l~ 1J "1lllil'lVIci8'U iil1 'll11 ti ri fll'jll TI'l ITT1'lf 1J'l 1J'l A'lfllil 
" 

PGE1 ~'ll1m 1'1fl um1~ei1m~L WA 1i1LLTI'liil1 liil'illf1fll'iol'lLA'i1~1-i'il~m1sni1 al pros-
• ® 

tadil 1 u1rn~ll 'if11J1U Bci1U':iU'lf1l'l1JlUlil lTil ei1's1~ l WA (intracavemous injection, Caverject ) 
" " 

'illf1fl1'iAf1'MllliltJAtu~l'Jl~tJ 'il1u1u 5 Atu~ 1wh'.bsmlJlilltJiil1ug1nmLV1lilITTl'l 'l 'il1u1u 
" " . 
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Di'1J1~L'VH'f'iln~l.JU~~m1Vltl~ hl'm lumi'11h~mru 10 t.11Yi LL'1~LL~~i'JULU'WL1m 0.5-6 'lll.J, 
• 

( th~mru 2 'lflJ.llilmu~tJ) l'Jrl'lf D~mrilil<M 1 u~u1tJ h~a uiV111uV1~Di'lm1~L~Dlil:S:1J El an-m~ 
• 

Vlrli'llilL~i'llillih1uDi'!J1~L'VH'l (venous leakage) 

mm-;ilu 1i.i-W~tl-;~a~i'i''11a~ alprostadil 'lfUlilUlilAi'l Ullili'l~lil'lfllil ~~W1JUD1Jffllfllfll'i 
~u 1 ll'm~Dlil ai'tJ1~LwffLL~~m1mufl1i1tlo&J m-;LnlilLllm~mau 1s l'JmatJ\ii1~ 1 Lmhllr111'11~ 

• 
u1tJrn~ci1m!lo 1'll'm 

Iii E1:1J1 liili'Jm-;wrom1~tlLL urnrn~'l5m-; 1 '11 alprostadil LliltJ 1 '11aellil'Yll~vieltlam1~ 

(Medicated Urethral System for Erection , MUSE® ) m1m alprostadil Lu-;tJ~~'lf<l~LL~~i'J • 
tlfl1'1tu~L limillil L~fl 'l u11'\l 1 ueltlmruil1V1-luaellilr111ii'1tJwma&lo m11 ll'm'Vl1~vieltlam1~ • • 

Q'I "'A'"i ..,,.J'.J .J,..,,A°1 ' 
m'il~ ~fll()lil'lflJl'Jl'WL'lfrl<'l'lj'Vlelu<lm1~L'1111fL u mu El corpus spongiosum 'lf~VI i'llll.J'Vli'Ju<lm1~ Dg 

:; 'VI "'li .Jd I I ~ 
'\11fl'WU1Jl'\l~fl1~'\l11JL'1111f corpora cavemosa 'Vll~Vlrli'llilL<'lellil'VIL'lfellJ"l~Vl11~'11Um<li'l~'11i'Mi'l~lil 

'lfllil m1vilil:Sl-lm'il1ovieltlam1~Lnvi~u~ au"li1~ L~111iltJtl-;~mru 80% '11a~'11u1vi~1 '111lflvivi:Sl-l 
• • • 

mtJ1u 10 mYi alprostadil ~mtl~l'l'WLLUiNLlilmauhiJ prostaglandin 15-

1 .r .i '."1 ' hydroxydehydrogenase 'WLU<Hl'lel corpora cavernosa 'Vli'luam1:;LLri~lilellJ~flVllJlfl 

Alprostadil 'llUlilrl'<llilvlelU<l<ll1~ 1'li'l!ii'l'Jri l UU"l~l.Jltu 60% 'If i'l~ ~U11J~i'lil11~el~lil'lf1&1 
hhL~~m1'il1omLV11i1\ii1v1 LYiuunumV1riao~liilm1tl1~mru 16% '11Ullil~1'll'ati-;~w:h~ 125-, . 

1 ;- ~ .i .i " 1• d•u d 1000 lJLl'l1fl1lJ '>~1J~L1<ll'Vl1JlL"ll.Jeli'lfll]'Vl5LLi;1~ Vll'J<l<l~<llill.Jlill -;~mru 7 LL<'I~ 21-24 'Wl'VI 
• • 

VI '1~ 1 ll'mlilll.J <11 ti! u illil"ll fll'>lil au au el~'lf el~ ~u1 mL<l~'>~!'I ~nm 1 um-; a a fl l]'Vlll~u nu"llt.11 lil'lf el~ • 
m mm1ilu 1i.i-W~tl1~a~A'~wuti atJAel tl1vi eN lil'lfllil Lim&imnum11ll'm1vium-;5vi L'IJ1eli'm~ 
LWff ~~il'm'\lL~i'l~'\llfl PGE1 fl"l~~u pain receptors LUel~lil'lfllil1Vl11mo~u\iia~~L'f1~r111'11 
Lnvim1tl1vi a1m-;5u 'l ~wui'lLiu m1rnviL~1J'1la~viatlam1~ lil11l.Jtii'm~ellil~1 'l~L'ltJu ~~ 
wuti atJo11m11im1vium-;5vi il1V1-lul'Jri LUtJ5u 'l Liu fll'iLOlilL il'm~ m<i'u 1mL<i~eli'!'l1~L Wff 

LL~~m1muflvitlo&lwrnl'emoi1m11ll'm1viu'l55vi m1rnlilL~1J'1l D~vieltlam1~~a1'\lwu 1iilti atJ 

~~ 5 % Lnlil'\110m11'll'm 1i.itlo'l5 LLflL'1liil1!'lm'l 1 ll'Y11u u~tl1~tlolii' a~ m1tl'lu'11t.11lil'1lel~m 1 '11 • • 
L VllJl~<llJ 1 u~U1mLlii'1~'>11J L yji'lrllil au&Jm1ru'11 i'l~lil11l.JtiJ'WL~i'llil~1 • • 

,Y a'111l.J 1'11''1lel~ alprostadil 'llUlilUlilLL<i~'lfilviaaviviatlam1~ Lim&imnutJ15vi Li1 Di'tJ1~ 

Lw05u 'l ~mh1mmb il1V1-lumaalilviDllam1~ i'lTI'Di1:1JL'li'L~m&1:1J1u~~i'llil11:1Jwvitlo&1'1la~ • 
eli'm~L wff Liu vieltlam1~~1JVl~Di'lm-;&lviL~D LuviDllam1~ Mlel~lil'lfllililmau (balanitis) 

iD~LUlil'1la~viB-llam1~1Jvitlo&l (hypospadias) m1i'lL w0al.Jwutl'nuV1<Y~t#~lil'i'ift um i'u 1 u 
,J ~ 

'>l tJ'Vl<lllJ tl~ m~ a t.11 l.Jl'I • 
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Moxisylyte (Thymoxamine , Opilon ®) 

Moxisylyte LU'W a 1 -adrenergic blocker ililfl<J'YIBauff~i:.rnmM norepinephrine 1um1 

l'i11 vi' fl<i'1J-J t da t~l'IU'll a1a11'11~t r'Jl'1U<'l~V1'1il\ilt~il\i1LL\il~V1•HK1 L liu i:.rn 1 vi'tn\ilm1uv~iil1'llil~il1A 
?51\il moxisylyte ilq'YIBelil'Wflil papaverine LL<'l~ prostaglandin E1 1Jl h1vf 1;rn 1u neurogenic 

'f d 1 ·d • 1 'II .,,J 'V o' 'II .,,. "" 

LL<'l~ psychogenic ED b\ill'IL'ilr'Jl~Ll-Jil V'YIUl'Willl'I \ilU111Jlfl11'1'YIL11il11l-JW'Vl11LWl'l 'llil\ililfl 

1h~m1V10~va1mdfi a 1iiA al'll'i11 vi'tn\il mm1e1u 1iiw11h~a1r1~1t1LL 01 tiu tl1\il a11'11~ t wl'l , 
fl11LLV~iil1'llil1il~ AVl\il'Wl'WW\ilUflm LL<'l~fll'Hfl\il L da L~il L5°'W 11'11 'W illm~iil1fl<i11trlm ifounum 

5\il~'W '1 mm1e1u 1iiw1tl1~a~fi'~m~wuiltiu tl1\ilu1nru~5\il vi'm~a\il 11t'll'lt1 A11J-Jiilt1 . 
~ . 

L<'lil\illill 

'll'Wl\i1~1'1ifia io-20 J-Jfl. 

Drug combinations 

U11A~~fl111'1imL~l'l1 '] 1ii1vi'i;rn 1'Wfl11LLfll'IJil11~il1AV1\i11ULLV1iil1 fl11Lvil-J'll'Wl\il'llil1 

ml'i11vi'tn\ilmm1e1u1iiw1tl1~mA1vi'tiamrn~1uu 01~u ~11vi'ilm1ihmm 1'1i~1J-Jnu&~ LLt;i 2 , 
vil\il~u 1 tl m L VI <11di:Jfl<J 1flm1a aflq'YIBt;i11nu~1 w"lJ-Jq'VIBnu L\ill'l'Yi11tlm11'1im11J-Jnu 1 vi' i;rn 

1 u m1fflMl&ifli1m L~U1 '1 fal'J L'ilWl~ 1 um1~illl'l1~L Wl'l hitLv1iil1~Lfl\il~lflil1ll-JW\ilUflm'll il1 

Vl<'lil\ilL~il\il ( vasculogenic ED) ~11iiABl'llil ilU<l'Wil1t;iam 'W ilfl~lfldm11'1im~1l-Jrl'W'11"11fl 
'1\il'llt11\il'l/a1mut;i<J~vil\il<J11vi' '1111vi'rn:rmm1ru'l1a1mm1e1u1iiw1t11~a1fi''lla1m<J\il<J1vi'11'1 , 

ilU11 hf\ &im11'1im11l-Jrl'Wflilv mami'W 1iiilm Llil~l'Jl-J~L U'W1JlfflL~~1tl~h'1vi'l1t1Vi LLt;iu W'VltJ 
" 

Vl~mmfamvi' a1 i:.rnJ-Jmrn1riau5'11 vi'nu rJti11'1V1~a u u~tl11 V11 tl5'1ta1~u1u l'i11 V1'1iiAal'I 
" 

'1~\i11fl 'W il fl~l fl Om Ul1 ii\'1 Liu papaverine ~ L llmii'W tl 1~ fl il U'll il11Jl t:-J <llJ ii 1:,m t;i il 1'111l-J1'11 ii\'1 
d •. d "1'tl"- ( ~ 'llil11Jlil'W '] LV'W prostaglandm E1 ?51ill~'Vll VI 1~'1'Ylllil1W'llil11Jli;J<ll-J'1\i1'11 111'1'1nill'l\il~ 

1'WU11Wl'Wfl1l-J ii1iilu~ 22) ii\'1al'i11'l/il11Jlt:-J<ll-J~1'1i5'1LV1ill1'11~LWl'l ( vasoactive cocktails) , 
L'li'W papaverine+phentolamine, papaverine+prostaglandin E1, phentolamine+prostaglandin 

E1, papaverine+phentolamine+prostaglandin E1, papaverine+phentolamine+prostaglandin 

E1 +atropine a1V1fum<lil\ilviilU'1'111~~1'1f~1l-Jn'WiiL'li'W prostaglandin E1 +prazosin ( a 1 -

adrenergic blocker) 

Sildenafil (Viagra®) 

Sildenafil LU'W derivative 'llil1 4-methylpiperazine m0atj1u~tl'llil11Jlfl'W ~11vi'fu 
m1fu1a1~1fla1ufl11uAru~m11Jm1a1m1LL<J~m'lla1<1V1f:Jm""lfl1LL<1~ 1 'Vll'I trlau 19 98 

J'11· 1· 1'V .. ,J;,JJ,1· tLt;imu tu \ilfuauru1lil V1'ii1V1Ull'I u11t1ml'lmLLt:-J'WU~~uu u<i~UW'Yll'IU11'1l'lllt'Vll'W'W'Vl'11 v , u , 

mcl'1vi' 
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na 1nfl1'Jfl flfHJ'l'lllmM sildenafil L~U1V1l~nu nitric d "' oxide (NO) 'IHLu'W 
.J,,. "' ' 'V "l 0 "l 91 <V ~ <V 

neurotransmitter 'l'llJ(j'l'l!ii'I fl'W'lll~ll 'J~ l 'Wfl1'J'l11 l \1811J1~l 'Wl'ILL'll~lil1 

NO 'il~~f1\1$~'il1f1tlmm.h~m'l1'W1f1 nonadrenergic-noncholinergic (NANC) neurons ua~ 
.. v ~ v , d ' v, 

'illfll'lf<l<lljN'W~\1\lfl\iH<lfllil LL<l~W'W~'llfl~ sinusoids l'W corpora cavemosa llJfl NO Nl'Wl'lll b'W 

L'lfiHl'll eMn<i'1u L if m~UU'll1l~ffl111n wmrn~NU-l\1<11llilLllillilLLlil~ 'il~m~~'Wlfl'W h:W guanylyl 

cyclase ~~Ltl~U'W GTP hhi'.Ju cGMP m-,d'il~m~~'Wlfl'W1'1f:W' protein kinase G ~~il~'l'l11'H'Liilil 
phosphorylation ua~ inactivation 'llfl-llfl'W h:W' myosin light chain kinase 'Wflfl'illfliJ cGMP 

ii~'l'l11'li''l~#lrnLAm;ziulJ1m'1fa<i'alila~ llilU'l'l11'1i'lLA<H;zi1JlJ~UOU 1tl'lii1'WlJ1f)~'lJ N<IW1~ 'l l'l1<hii 

tl11tl<ifl1'l\1U8'Wtil1'l18~f1ii'1m if m~uu sildenafil '1'111 'li''l~#luv<M cGMP L vllJ~'W lliluiiut~m'l v 

'1'11~1'W'llfl~W1.J1'1f:W' cGMP-specific phosphodiesterase type 5 (PDE5) ~~A1UfjlJf11'Htl~1J'W 
"l 'V d "l J' d <V OJ ~ .J' "l <:i:'I 'V ' d ""' 'V 

cGMP L mtlu GMP L'Wl'WflL1Jfl'llfl~fl11J1~l'Wl'I lil~'W'W1J1'W'il~ L'IHlilW<llilflLlJf)lJfll'Jf)'j~lil'W'l11~ 
• 

L'Wl'I ~~'1'111'1i'Liililfl1'l\1$~'llfl~ NO LLa~fll'lLvllJ~'W'llfl~ cGMP ~~Li'.J'W second messenger L'Wfll'l 

'1'111 'li'1l~A'1f11il LLV~ti11 

Sildenafil fJfllillil;zllJ lvi'ri1l'WV1~L~1'il1f1'111-lLiliumm'l nwiiri1 absolute bioavailability v v 

A il'WV1~ ~1tl'J~lJ1 fJj 4 0 % l ii il~\Jl f) 1J1U1~ ciTw fJ m ti ~1J'Wll ti a~ri il'W fJf) lil lil;zilJl Vl am~LL<Ha fl lil 
'U 'U 'U <U 

-,~#lua~alil 1 mi:l illil Lnlil~m-nl'~ 1 'H'1111 tlLL<i'1t1.,~mru 1 'lflJ. Lri fl 1 'H'vru~Yifl~i1~ 111'il~fJfllillil;zlu 
'U~ 'U'U 

'V d "} 'V 'll .JQ1 <V .,,. I I '1.1 Q r 

'1f1<1~llJil L'l1'W'lfllJil1'111'l'l1lJ 'lllJ'W<I~ Vd 'llil~ sildenafil tli'l1l'l11f1U 105 <llil'l Ll'11il~111J1 
v 

f1'l~'il11J 1vi'ii11t1~1~1~fl11J 'illflfll'l'l'llil<lil~ L'W\1'W (rat) wui11111Jna~au 1mdmflil~ii melanin 
v v 

a~ Li'W illJiJ~ci1u substantia nigra, retina LL<!~ pigmented skin Uillil~i1 sildenafil ~unu 
v 

melanin 1vi'ii1 A11lJlVlJV'W'llil~ sildenafil L'WillJil~iiATW81Jfli1'11~m'Yi1nu 50% 'llfl~A11lJlVlJ 

V'W'll8~1111 mllillil LL'1lil~i1111n'l~'il1mv11 uau fl~ 1vi'mnw1lillJl'l1'l L 'WA'Wwutl".imru111 l ml18a:\i • 
il' 1lumntl'l~mru o .oo 1 % v il~'ll'Wllil~L 'Ii' 111~unu 1tl'liil'W1 uwma:iJ1 lvi't1.,~mru g 6% na~ii 
ri1A~~!l'lliltl-,~u1ru 4 'lflJ. 

Sildenafil fJmtl~umLtl<M~tilu11ilu CYP3A4 Li'.Jua1u1mu 1J1U1~ci1'lJfJmtl~umLtla~ v u v 

llil1J CYP2C9 N-desmethyl metabolite iitl-,~1l'l11ltn'Wtl'l~lJ1fJl 50% 'llfl~111LLUL'Wfl1'Jiiut~ 
PDE5 metabolites 'll il~111fJflTIUil ilf1'111~ il'il'ill'l~L i'.Jua1u L mu iim~ci1'WfJflrl1~1ilililfl'l11~ 

'U ~ .... 'U 

ilam1~ m1mvuvuvil~ sildenatil 1uwma:iJ1a~~u1wfo~mu (>65 'i'J) w~iiw1111lamwvil~ 
'U 'U'U ~ 'U 

tilrnLadlil (cirrhosis, severe renal impairment ~~ilfi1 creatinine clearance ~1f1i1 30 lJ<I./ 

mYi) ua~w~lvi"fo111~Tilil'll11~fl1'lLtl~umLtla~ sildenafil llilu CYP3A4 Li'W ketoconazole, 
v 

erythromycin LL<!~ cimetidine ~thmmhii'A1'll~lJ1'1i'111vi'111'll'W11il~1 'lLi'W 25 lJfl. 

1um-,/:lmonNavil~ sildenafil 1uwu111mu1il111vi'1u'i11nmrnlilw1~ 1 vi'111vmlil 25, 50 
v • 

lla~ 100 lJfl. Li'.Junm 24 atllil1M wui1111L'1fLvlN<IL'Wfl1'J'l'llLMfl~A'1fllilllV~til1wiJ~'ild1lJ 
LWl'lllil"lu 56, 11 ua~ 84% vil~wll1u1i11ui!i1#lrnYiuunuwthu·foua~ 25 ~lililU'1'Wil~wiJ111 

v v 

11a f)f) a1il'l1A11uil1L ~'ii 1 um'lilL w0au~uilwut1.,~u1ru 6 9% 'lliJ~'51u1uA~~~w111111u\1.r~ 1,.r 



S74 Thai J Pharmacol 

enm'.iB'W 1:iJVl~t11~a~l'i'~wuuiJ!'J'illnm11i' sildenafil A1ltl1(l)~hB~ '11U1LL(l)~ mm11:iJ 

ciiJ!'J ~WU'.iil'l\N:!JlAil fl(i)'illJn 1111lJN(l)tln&i'll1l~fl11Wl1 ( Lil'WLW~~lLLfl~ 1iiflllJ1'.itlU1lfil111lJ • 
LL(l)n0i1~'.i~'l1ll~l\J1 L~'W nullLV!'J1) nl'.i&i(i) L:J'il'llil~'Vll~L&i'WUflfll1~ '111l~L&i'W 'i~ Ll!'J'W tl1(l) Lrlil!'J 

'j) .cl' -=1.J' Cl.1"' d' <JJ1'~tl d.J'CLI "JW 
mnm'Wil W'W'll'W flU(l)nl'.iW'llil~mm'.iil'W 1m~ 1~m11'll'WfiU'll'Wl(l)'IJ1l~m 1111 b'li sildenafi! 

\il1a1111:1J1~ir(l)1~1~ L 'WN~L U'W t 1ffi11 hLL<1~'11<11J(l) Lllil(i) t1'~ilm1:1J N(l)tln&i'llil~ 1ll!'J1~L wfl • • 
Lri'W penile angulation, cavemosal fibrosis '11~1l Peyronie's disease ~~ilm1m~a~0i1lm'.iLii(i) 
.fl11~1l~l1'lJ1(l)LLV~l'l1m'WiJ(l)tin&i (sickle cell anemia, multiple myeloma, etc.) LL<l~l'WN~U 

• 
m1:1J N(l)tln&i'llil~'ilil(l)l 

11'1:1J 1i' sildenafil l 'WNU1!'J~L U'W h11M'1 hLL<l~'l'l<liJ(l) Lll 1l(l)1Jci1~'.i'WLL '.i~ l 'WN~ilm1~ . ' . 
retinitis pigmentosa LL<!~ l'W~~n1<i'~ 1\ilfum<i(l)l111lJlil'WLlliJ(l)W1n organic nitrates LW'.il~ 
sildenafil 'il~Lfl'llJt)'YlB'll il~!'Jlvl~nci11'i1'Will'il'l11111' NU1!'J il~LLrll111lJ(l)l!'J 1.J 'il'Wil~il'il'ilU'WU'.il!'J . ' 
~1'WNLllav'i(i)'illnm11i'm\il~nci11mnni1 1 oo '.il!'J L(i)!'J~ii~ 1:iJ'Y111ufllL'l1(i)~LLUoH(l) lil~if'Wriil'W . ' 
1 i'mdu w'Yl ti m1olint11~1&i (i) 11'i1-i1~ ma LL<i~'i Lm1~ti w <im'.i(i)'.i1'il'Y11~ 11' il~tll]u&i m11l cil~'.i ilu 

111lU 

'll'Wl(i)~Li'Ail 50 lJfi. t11~mru 1 'lilJ. rl1l'WilLwflillJ~'WtlLL0im'ill'11Loli#~LL0i 4-0.5 'lilJ. 

ri1l'W-i1mwfl m'iitlfu'll'Wl(l)1\ilil~ ioo aJn. '11~1l<l(l)<i~L'l1ll1l 25 lJn.0i1ll'W 1:iJm11i'Lii'W1'Wa~ 

11{~ mn1111' 1ll!'J1~L Wff LLV~\il1t11~mru 2 5-60 'Wl'tt '11'1~ L~lJ l 1'i'm t)'Y1Bl1~ 1ltj1\ilm'Wtl'.i~mru 
4 'lilJ. 

Apomorphine 

Apomorphine 1\il'i11nm1'1~L1111~ti'il1n morphine mifilw<1'11<ll!'J1lcil~Lri'W m1m~l'f'W 
111' ill L~!'J'W m1n11i1'~1~LL<1~m1'111111'1ll!'J1~L Wfi'lil!'JLLV~.!1 ~~ wm1ci1~l1<i'~if L~1li1 Lii(i)'illfinl'.i 

m~\ij'W D
2 

receptor 'llil~ dopamine l'W paraventricular nucleus 'llil~ hypothalamus '111111' 
I l 'V IV 

c(CV i:j'CLI <Vo c( 

threshold 'llil~ reflex Ln!'J1fiUnl'.iLL'll~(l)1'llfl~il~l1'lil(l)LL<l~m'.i'11<l~'WlnllJ<l(i)<l~ 'Wilfi'illfi'W 
,,{ I Q QJ .J -"'>I • • 'V 

apomorphine ill'ilililfit)'Yllim'Wfll'.iilfi(l)1'11ml11l oxytocin LW'.il~ oxytocm antagomsts (l)l'W 

t)'Y1BL'Wm1'111111'1ll!'J1~L WflLLV~"11'111l~ apomorphine W<l'llil~ apomorphine LL<!~ oxytocin 

tlniiu~~ 1(i)l(l)!'Jfll'.i~oH(l)'ll11~m1'111~1'W'l11l~Lil'W 1'1fa1 nitric oxide synthase .r~if'Wm'.im~lii''Wnl'.i . ' 
LLV~"11'111l~il~l1'lil(l)L(l)!'J apomorphine '11~1l oxytocin ill'ilLn(l)'illnm1m~\ij'W neurons ~m'.i 
. . ~ 

'Yll~l'W(l)fl~illfl!'J NO 

Apomorphine 1Jntl1m 1'151 'Wm1-rnmm1~1l1mn wfl 1:iJ LLV~"11L'W~tl'll1l~!'J1U(l)L'il11!ii'r:i1 

'11U~ol1!'J'll'Wl(l) 0.25-1.0 lJfi. ~~1i'l\ilw<iA1l'W'ill~~l'W psychogenic ED Lt0iw<i0i1l ED ~Lii(l) 
'illnfllL'l'l(i)~'W 'l 1:iJri1l!'JLLU'Wil'W mil'llmaaAil ililfit)'Y!tll(i)Lii'Wl'WLL<1~n11iLn(l)illnl'.iB'W1:iJVl~ 

' 
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1h~a~1fl11h.imJ L'liu ri~u la mL~uu m1mm ~1~:/llJ Yi1 him ll-iriflu 1i{uri11iJilulJ ~flm li 
llm'l~ lill'Wl'ltlLL uu'll fl~m 1liluYi1L tlum LU\ilfllJ 1i~u 'll'Wllil~1iillfl 4-6 lJfl. wu11mL\il~ulJ1ii'~ 

u 

flci11h1iN<il'W psychogenic ED N<lTil~LA!J~L'li'W ri~u1a CllL~!J'W '1\il<l~ LL~Cllfl1'l'l111'Wfl'Wtl~ 
WlJAfl'WTil~Ufl!J 'llru~if apomorphine 1 u~tl'll fl~!Jl fllJ 1i~ur'h'1~ fltjl U'l~'l'lil~fll'lAfl'Hl'Yll~ 
riiiilfll'W phase III l'Wtl'l~L'Vli'f<f'l'l{.)JmlJ~fll 

® 
Naltrexone (ReVia ) 

lJ'VllJl'Vl'llfl~m'lW1fl opiates l 'W'l~U1.Jtl'l~<fl'Vlri1'W flm~~flW(]&ifl'l'llJ'Yll~LWi'f a~Lfl\il 1i 

'ill fl ~~&j \il!Jl L<fW &i \ilW1fl Li'l L 'l a'U'l'I~ fllJ fl{W'U 'l~'l'lil~ L<f W !JllJ i1 i1 '1 L VI ci1if iJ' fl lJ "111 lJ i fl~ fll'l'Yll~ 
u • 

'V d 'V OJ .:Jo. d ..... 
L W i'f'Wfl!J<l~ LL<l~<flJ'l'lfl.fllW'Yll~ L Wi'f '1\il<l~ 'M\il'l~'llllJfllJ'llW~'VILfl\il fllfll'lflfl'W!Jl ( <l~LL\il~) 'li~lJfl 

WUfl1'lLL~~iii'1'lleNeMrl'lil\il LL<l~fl1'l'l'l~~mMtl1mlJ~~ LiililtmeM ~eimwui1m'l 1 i µ-opiate 

antagonists Yi11 iLfl\ilfl1'lLL~~iii'1'!1fl~ fll!J1~L Wi'f l ua\ili''Vllil<lfl~lJl~flUl~ L'li'W ii~LL<l~ l 'W Cll<fl<fJJrl'l 

"1·~ l 4 41' ' J'1"'' !Jl'Vl \il'llJAlllJ<f'W 'i!ACl naltrexone LW'll~<l<lfl\]'Vl!i \ilLL'l~LL<l~'Wl'Wfl11 naloxone !Jl'W 'liL\illiJ<l 

1 '1'' 1· 1 "1·4 ~ 'W psychogenic ED LL\il lJAfl!J \ilN<l 'W organic ED 'll'Wl\il'Vl 'liACl 50 lJfl./1'W 

® 
Trazodone (Desirel ) 

L\iluvi'11 ti trazodone 1 iL tlum11hu Cllfl1'l:/lmi'1{1 (antidepressant) LL~wui1 ~U1!JlJ1~ 
'll!J~limdll Cllfll';ifl~ A'lil\il LL~~iii'1'W11JN\iltlfl&i ~~ 1itl1mdm 1'!l'l wn1~a1m~L Wi'f 1l-iLL~~iii'1 

'V QJ ~ 
reuptake 'llfl~ serotonin ( 5-HT) fll'lfl'l~lll'W 5-HT 2, receptors LL<l~fll'l!JlJ!J~ a, -adrenergic 

receptors 'll'Wl\il~liAfl 50lJfl.1u<i~ 3 A~~'l'l~<l 75-150 lJfl. rifl'W'Wfl'W trazodone i1N<iYi11'11 

a1m~L Wi'ILL~~lii'1\ilfl'Wflm~A'W (nocturnal erection) ~U1!JlJl~'ll!J~~il!JlJ 1imdria'W'W<l'W 
u 

L vlfl 1 ifl~A'lil\ilLL~~lii'1\ilfl'W~~ Li1 L vl atl'lrnflun'ilm~ L wi'f L\il!Jtl'lli'f'illfl ei1m'l~1~:iilJ ~~WUUfl!J • 
'i!lflfl1'llimiii'~flci11 Nm1fu~u 'l ~m'ilwulJL'li'W 1~L1uu tl1\ilA'lU~ j'1ffl 1iJau1u1mfo~ 
m1iJiii'm~ fl\il~1Lrlm tl~uuil~mu'Vl '111 L'i!Liui1V1~m~1 'li'ei~Nfl'l'l~ffnfl~ L&iu u fl'W himl'u 

u 

ei1 !J1~ L W i'ILL ~~ iii'1'Wl'U N\il ti fl &i trazodone lJ q 'VI Bri <l'WTil~ el fl'W l 'W fll'lfl'l~ ~'W fll'l LL ~~iii'1'11 fl~ fl~ A 

'lil\il ~~lJ~tl1md1t11i~1lJi\'uu1~u '1 ~i1N<i~flfl1':iLL~~iii'1'll<1~fl1'u1~iii'~flci11L'li'W yohimbine 
u 

Yohimbine (Yocon ®) 

Yohimbine Lllmfori1<1<1!J~W1fl indolealkylamines wu1mtl~flfl'llfl~i'W 

1 dpl •oo. Qo, 

Pausinystalia yohimbe LL<l~ 'W'llfl'llfl~ Rauwolfia serpentina 'li~Lu'WLL'l'l<MfllL'W\il'llfl~!Jlflfl'li'W\il 

VIO~illfl reserpine m~~aei~ll\]lil'lLA'l~<r{1~rir.hui\'u yohimbine UflUllJlliLtl'WmL-l'1rh'l'IU\il 

(aphrodisiac) 'Wl'WlJlLLr.11 l'W'l~'l'lll~'Vli'f1'l'l'H~ 60 1illm':ili yohimbine flU1~fl1'1~'1111~L\il!J 
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1'11~1l.JrlU methyl testosterone lLiil~ill'l<frl\>l'illflLlJ~\1llL<i<Nh (Nux vomica) l'Wfll'l.jf1B1il11~ 

'1~A'll1V1 hhLv~~1 m1i'lnB1m~Alliln'llil~milL~mdmh~mrutJ 19s2 

Yohimbine ililf1i)YJ~l\1ltHJrnl~ presynaptic a 2 -adrenoceptors '11111'l'iim'l'l1~'1'llil~ 
.. J', .,w ~w1wqJ'.Jq w d 

norepmephnne l.Jlf1'll'W L'W<fl.Jil~ 'Yl1 L'l1'1'1A'll1VILL'll~Vl1 \1l\1l'lllJLl.Jill.Jfl11!1'l~Vl'W'Yl1~LWfl fll'l\:!\111'11 • 
tlL'll1 l'Willl'l1~LWfl hi:ihrn'1111;.fo1u1~~~f1~11lLV~~1 yohimbine 1'1i1.~Niil l'W psychogenic ED 

LLiil~ organic ED ~illfll'lhh'WLL1~ 'll'Wl\11~1'11~'1 5-10 l.Jf1. l'W'1~ 3 A{'l'Yll'lthn 1'11'il~L~l.Jl1'i' • 
N'1l'Wfl11.jf1B1'11;;l~111&\\11\>iiln'W hJmi'J1h~mru 2-3 au\11TM LW11~1'11fJf1fl1~\1lililf1'il1f1~1~fl1U 

w 

1~mh~'l1\11L~1 'Wilmnntl onset 'llil'll'll~il'W'lll~'Wl'W Ul'IA'W~'IL~ilili)YJ~'llil'I yohimbine Ln\11 

'illf1 metabolite(s) '11'1'11'11 mm1el'W 1i.J~~lh~a~vi'~m'ilwuiJL"li'W 'l~L'lU'W lVif1rl~1iil 'Wil'W 1i.J 
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