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rrl1fHh1":i1tl-:11U L UoWlltUl?lfl1'llh:::'lfa..i1'lf1 fll':i'lh:::l\i1u fl~~~ 21 
~ 

a a.J1 fl :1.J t.fl i'lf1·.-nn u 'ti-:ith::: t n fl 1 fl a 

.. w w-
'HN 1111i'l111 'l1 '11 'l !J 111'i.£1-:i'W'fi!U 3fll11111li'l3J1Jl11 

U'l~n1'Wn'l'l:1Jn1-:;~111n1'lu1~'153Jl'l51n11 
' 

21 

'll<1U'W'l~111ruvi1u <15nTrnili m11'l'Vltn<l1JiJ'il111<i ~11ii'a<i~L 1m LW~ 1 ll'Ln1J'l~m L lluu'l~li1'W 1 uwli • 
L U\il m'luo~'l5l.Jl'l51 mo l1l ~1d &iuu'l! a111J11u 11l11l.J L llu iJ1 L 'Wmo~ \iluo~'l5iJ1'151u1~~1lll\il 1J i\'1 L 'l!U • • 

i'lml1l milil''l51'YlmLL vi1u1~L 'Yllil 1'V11J11ii'ri at#1LL<i~iil1 L uu1TwiJ1ni1 20 tl u<i~ 1lii'~\il 
U"'l ~'15l.Jl'l51 m'l U'l~~1U'Vln tl 'W <l mn nd u111ii'L~1J'W L !lruu n1m m'l~ ll~a Lal'J1LW~ll11111 l.J L ~1J1'l)1 ru q q u ., 

I d ' "-' <V ,,' I 

L'l51J Professor Edward Moreton mu1w1m 181 'm1mll.J'W'Wli1~Vl11~ Opioid LL'1~ THC 

receptors" Llluiii'u Lvla 1M'am!lmw~~i'l'W L'111ii''Vlo1um1iJn11V1tl'11ii'1milil''l51'Vltn m1~ 11ii''Wuu~ 
i\'1 a.,.,.r ~L ~u1'151tyrr11uu<1~~11u1~L'YI111 

mo~(i)U"'l~'l)l.Jl'l51nl'llil~1d <fmlilmilil''151'Yltn°1 '1\il'l1l.JOU 11lW~Lilil''l51111<1111f • 
iJV111'Yltn<l1JiJM\il<i ll1111t:lu'l~<11A'~•~ 1M'<1:1J1!ln1umilil''l51'Yltn 11ii'V111u~il'1<1'l'lALL<1~ 11ii'n<in • 
L u~tJ'W m1iJfa11iJ~\il L l\ui\'u 'W'l°aiJnu LU\il hima1 M'tl'nflmnu~l\J!Y1 L 'YI; Lan llii'wu a 1>J<111u 

" 
1~tJvl1'WLilil''l51'YltnLL<l~~\il 1M'l'lu1:l)Ot:l1~L1111'1l\il1J Professor Phil Sikolnick L~<l1 Designer 

Drugs for the New Millennium Lvl<l'l~an111 'i<l11111<fW'l1'11'iV \il1.~'lllilJU i'l\il111fl°111i!Ju ~1 
.fl v.Jd,:; d' d , . l "' wQl.:( 

Lu'Wl'JVl'W1'Yln<l\il1<fml1ll.J'W LL<l~L"'l<l1 Nat10nal Drug Strategies b\il!J 1111<f\il'l1'11'l1J \il'l.ilO\il L'Wli 
" 

fl~ 'l<11u<l\ilm~'Yl'l11mm'lru<f'll L vla 1 iX ~Lv1u'l~'l5iJ<11m'lt:ltl11111iJ'l°~1Vl'1uu'l~1Jnw1v~a1u 
~ 'l.I q ... q 

u an•1ndu1L llu fama~<1m11iJ'1 •~ 11ii'LL<f 1111m1iJ1:iuilii\'u 1111<1111'l1'11'lv \il'l. ei1u1tJ 1i:l)1.Wu5 

~tl1~matJ~m<iiJV11l'Yltntl1Jl.JM\il<ILL<l~Umilil''l51'Yltn 1 'YJ1Jvl1!J'lH'l<i Wellcorne Trust Award 
" " 
u<1~wLv1u'l~'l5iJ'1~ 11ii'w~m1111'lmu~L111w<i1nvi1ulii'11J 

" . 
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U 111 if 1 vl L1 '11aiii;'fiJi'll'Hl<f1 iii UU'IJ il ml UL 'l !JUL :iltyl'hii il 6m 1u &J fl ci11LtJ111 fll 'lU'l~'l{iJ 
'i'l11m1t11~,J1u A~-:i~ 21 
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fi1'1..h1 Ai'a ti t1\ll11u a iifl1'1'U ~a.!Vl1l1'lt11a1:13'1Hl?H'I . ,, ' 'ua\l lu'Wfittlwn1'1t1'1::W11Jiw1n1'1tl'1:::lii1u fli'-11i1 21 • 
a 3-11 fl :i.l L.fl a'lfl11fl1LL'H\Ith:::L11fl'1 'n l:J 

L fiu1iii'Ylnri1 u 
' 

f.J lJfan L limn u1iii Lrn~uu ~ mh~ ~~ ~1vi'ilt a malJl L tlmh~inu 1 u Vlll L 'iJ vi m1tJ 'l~'lllJ 
" ' 

l'lllfll'lU'l~'111'.I A-f~~ 21 'llB~'1lJ1AlJLila'lli'YIU1LL'li~tJ'l~l'Yll'11'Ylu 1u1url' LLil~'llBLW"1~A11lJUU 
~~alJl AlJ Lna'lli'Ylm"1 1vi'riatk~u<1~tJ1~aum1lJ<hL~'J 1 um1v11L ilu~1ulJ1 Tviuvi<i avi 

U'J'JUU wWJmm1m~i'lllflTi 1 uvi'1u.i1~ 1 L tlu 1 tJ au1~11vi L~1 VBlJ<1m~i'll1m1 
' " 

L ~lJwu1J1n~u A111Jfm~ Lna'lli'Ylmn111n<i 1 tJ1J1n '11L liuau1~~~~U'mna'lli'Ylu1v~ 
" " 

-l'um 1u a lJ-J'u 1 u m1 lJf m1 lJ m lJl'l rnL<i~ f.J <1~1uvu1vi'-l'u11~1 <11~!ilum 'Wl'llliii 
" 

;;\1L~'J~illfl'lJ'llB~A'W1 'YIU 

uvill1vi'nma'Wa!Jm'lLL<i'1 f.JlJ'llBLU"1fll'lU'l~'lllJl'lllfll'lU'l~'111'.J -A-f~~ 21 'llB~ 
' 

'1lJ1 A lJLil a'lli'Yl Ul LL 'li~U'l~ L 'YI 1'11 'Ylu LL<l~'ll B 1 M fll'lU'l~'lllJU 'l~ aum1 lJill L ~'J'1lJ"11 lJ L 'J Vl'Wl'llJ ru~ 
' 

t#~ 1i''YlntJ1~m1 
' 

, ,, 4 ~ 
1'11'1"1'll'Jl'll'J B'l'ltl'1'111i l1'll'lll'll1~ 

( BBfll'lU~lJ'l11l'Yll'Jl<i'UlJil"1<1) 
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..... " "" <V "' (i)fll~Lil<l'lll"ll<llil"l lJ'l111flU1'1!'1lJM!il'1 iJ 1111 lJutt &11um.,~1i1tl"l~'lllJ'l'll1 rn "l-i1lJ nu • 
<llJl l"llJLilifa'lmmL i-i'lt.h~L nl"l 1 mi fll"l~Lil<f'llm v ~ 

LL<l~Ul"l<llfl"l!illt!<llol"lfll<l'll<lllJl"ltllil!illilllJ • • 
m1 lJ fi11Mu1m'l iii'1mil <f'll'lnm <1u1'l 1mr:ll Iii ti <1 lJ'i!~tl1tl"idu'lJu <l'l<I Iii m ci~uifo 11 fll"l 

'I.I q ........ 

t1"l~'lJlJ'l'll1rn.,t11~'11u11.f~~ 21 if 'il~i'lm"lu"l"ltnmLa~<1ilt1.,1u 1 m~<1~~n1<i''l<1u1 u1111lJau h . " 
J;, ' ,I ,J, 1,1 1 ~ d d , d J; ~ ~I ,_1 
fl~ btl1~fll"lLL'l'lfl!'lll<l~u"l~'lll'llt!f11 u b!ilU1f1Ulfl'jflL'lJU1'll1(\j bt!L"l<l'lt!t! 'l 'il'lLut!fll"lLu(i) 

1<1ma1 M'vhu~au h liii'fuVl'l 1u~~~.:rualTmL<i~1iii'11mw!il'll"l11lJi-llilL ilu1t1nil(]Jm.i1~ 1nu 

!II w ..... 1 ~ d 
'lll~lJlfl !il1Ul"l11lJM1~11'il~tlfl 'il<llJl'llfllJlflfl<l!il " . 
nu<1<1n 1t1ti1~ L~<l'l'illflL1m'11n!ilnlil1lJ 

&i Q ti M1~11ii lil"l llJlil~~ Lfl (i)~t!LL<i~ml lJ <It! h~1n <i'L A 1N nu 

.I <1 l t11t1<1t11111iii'lt11n<i' 

11~tl11J1cim11J-i11JlJ<1m~'l'll1fl1"l 
" 

&\ Qt!'ll Cl LL<I Iii~ 1"111 lJ'll <JU l"I fll m"l lJ fll"lLL<l~ ~i'J <f1t1'lf1 U~!il fll "lU"l~'lllJflfl 'Vi1t1 ~11ii'-J1 lJ LL "l~ 
q 'IJ q q 

11" hnm'h 1 im"lti"l~'lllJ'l'll1m"l11f~il'a1L~'i!M1iii'iii'1u&l • 
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1 um lJ'll a~ am A lJ Lmf'll'lYJm 'II a !ii' au f U'Ylfl 'l'i1u 1 um ·n!l1-i1utl1~'lllJ'l'll1 m11h~'ii1 ti 
' ' 

Af~~ 21 'l;i'l~<llJ1AlJ'1 1 't!m1tl1~'lllJAf~ii'm~<1mAlJ'1 1lii'fudfo1m'il1fl'lY1111m~frn?lrum 
' " 

Lnt11&11"JruLL<l~LL<l\il~A11iJu'tJ&iuvi l'll<l\ll11'il111i' m. 81'tJ1il ~.!JlW'\JB 1 ti.!jl'\J~~'l'i1m \'Jm:rmmfa 

'lYJm ~~ 1\11 aill'l\ll'tJuriau1AlJUHf'll'lY1111m l\ilil\ll<ti'l\il ll N<1~1'tJ&iLviu L tili1'1't!m1aamt<1~m1'l~v 
' 

ll~a Lav~ L llti~ilaiJfuit~ 1 mL<1~vi1~tl1~L 'I'll'! LW~'llaua\il~A11iJu'tJ&i1'tJ1ama~'l'i1'tJ 1\i\'fu1H1" 

"Wellcome Trust Award" for a study of Rare Disease. ~~Lllmnv1mati1~u~al'11fu1~m1 
Lmf'li'JYJ1J1 LL 'li~U1~ L YJl'l 1 Vii! 

tl1~'lllJ'l'll1 m1YJ fl 'l 'l'i1 'ti 11 mf~u Am m'ill fl'Vlm il'VIU1 il~l'\J LL<t~~~'ill fl m1 ail' u <l'\J'\J ~h 1 '11'~1 v 
~ q q q 

l '\J fl11~\ilfl11U1~'lllJ'illfl'Vl<llil iiJ1iJ ~~ 1 'tJ'WllJ'IJ i'l~<llJlAlJ Liltf'll'lYJ111 LL '1i~tl1~L 'Yll'l 1Ylil 'lli'l LL<l\il~ 
' 

11'1.Wt\J.'/lJ'Wl 'lllJ'l;!YJ'JtJ 

( '\Jl l'J fl<llJl A lJ Lil tf'll'JYJ 111 LL M~U1~ L YI 1'11 Vil'!) 
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ii f) A-f ~ l'I~~~ Le) f) m 'lth~ml u f111tl':i~'lllJl'll1 f1l':ilh~'il1tl A-f ~~ 21 'ilfM am A mil ir'll'l'Ylm LL li~ • 
ti.,~ L 'Yl i'f 1'Ylu1~ n <lum L ui,n;i11rnd~mM111m':iLil ir'll'l'Yl m ii n A-f ~ iru11 t uu ilil \lll1 m u~&i~1~i1 
rn ':il'i1~1 mt ;;i ~':i1 lJ ':i1 lJ w .r~ ih 1 'll'll <Mn ., ., lJ f11 ':i u ~ l'll ':i am A lJ A ru~ m., lJ rn ':i~ ~M1 u ti., ~'lllJ'i'll1 • 
f11 ':i LL<i~n <Mu ':i':iW1 ll f1l':i11':i<fl':i Lil ir'll'l'Ylm ii n u <Jn L Viti <J'il1f111':i<fl':iLfl ir'll'i'Ylm~ <J <J f1\ll1 lJtl n iii 

tl<i~ 3 ilUU 11':i<fl':itfli¥'ll'i'Ylmiluud~~d1LU'IJilUUL~miiilJ (Supplement) ~~\lll'i1~muu 
Vl li'f'HL yj <l':i1U ':i1lJ N <1~1'1J'Yl1~l'll1 f1l':i~1~th l<f'IJ <J 1 'IJ f11 ':itl':i~'lllJl'll1f1l':il'l.f1d U'YlA11 lJ~1 ~·fo..r~ • 
~'IJlfl \ll'ill f) f11':i~1 lJ u ':i1~1lJ h'll <l1 A W~fl':i':ilJ f111~\ll11'1Jtl':i~'lll-J1uA-f1d f) <l1U':i':iW1 llm':i'll fl fl':i1U • 
'II <Ju w .,~A ru Luu <Jti11a~ <Jd~ Luu ~u1 uu &i11m':itl ':i~'lllJ A {,d ii w<11'Yl~ Lu uu ci11 ml'1 ilu lJl lJl n 

~ 'U ~ 'U 

n11'Ylnll m'ilt ~ <J1m'il1nm':itl':i~'ll1i¥lJwu5~1 MN<i tnuA1\llu<i~i1N'au h 1 un'ilm':ilJ<fmAmfla'll . -
'l'Ylm LL li~tl':i~L 'Yli'f 1 'Ylu L ~lJ~')j L~<JU 'l L ':ilU'IJ&i{uam~m ~lJLL<l~'llm1u'IJL~t\ll'!f1'Vi1'1JlJ1 ru .~ii'L<IU 
t'liu t&i u1ilu'YJ n 'l tJ ~~1utl':i~'/llJ'i'll1m., u1a'll'i'Ylm'il~ t&ilJ 1 tl&i1m ii' <Jmm':i~~Yl"wlli fl L 'l'l\il m':iru 

LL<idJ'l'Yl Ulf11':i~ n11V1tl'1 m i;J1n L U'IJtl':i~'ill'Yl ntl ,:r mil a'll'i'Yl u11~iifa f11 <1mwut1~ U<I~ U<I f) • 
L tl~u'IJtl':i~<fWfffiW 'Yl11f1<l1U':i':iWlllf11':iA1\llVl11 H111 utlii'A1L U'IJU~ii fl~ ht uuVl Li'f1'1f1l1 

'Yln 1tl~w1ulJ1 • 

'II <J'll <JU W':i~ A ru A ru~ n ':i':ilJ f11':i~ \ll11u ti ':i~'lllJ'i'll1 f11':i'Yl n'Vi1u ~1 l1 m1 lJ~1 lJi'.i fl ilu 1 l111':im':imJ'ud • • • 
L<f~'il Yl'IJ11'1J a f) A{, Ll<l~'ll <l'll fl UW':i~ A ru u ~,;'Yl~1 M f11 ':i<fU u <f')j')j f11':itl ':i~'lllJl'lll f11':i\ll <I fl \ll lJ1 ui1'11 • • • 
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PL1. DESIGNER DRUGS FOR THE NEW MILLENIUM: GABAA 
RECEPTOR SUBTYPE SELECTIVE AGENTS 

Phil Skonick 

Lilly Research Fellow, Neuroscience Discovery, Lilly Research Laboratories, 
Eli Lilly & Co., Indianapolis, IN. 

ABSTRACT 

Converging lines of evidence indicate that GAB AA receptors are part of the 
brain's "biowarning system". For example, dramatic changes in GABAA receptor 
function precede measurable alterations in the HP A axis following presentation of 
environmental stimuli. Thus, its is perhaps not surprising that GABAA receptors 
mediate the actions of the most widely prescribed class of anxiolytic (anti-anxiety) 
agents, the benzodiazepines (e.g., diazepam). Currently available 1,4-benzodiazepines 
(as well as other anxiolytics acting through GABAA receptors, such as barbiturates 
and ethanol) produce other pharmacological actions that may be considered 
undesirable. Because GABAA receptors are a heterogeneous family of ligand-gated 
ion channels, the design of subtype selective agents has been proposed as one strategy 
to produce agents with a more limited range of action (e.g. an anxiolytic lacking 
sedative properties). Studies in both recombinant and native GABAA receptors clearly 
demonstrate that the a subunit (that is, a 1_,6) is the principal determinant of ligand 
affinity for a structurally diverse group of compounds acting at allosteric modulatory 
sites that have traditionally been termed "benzodiazepine receptors". While 
representatives from several chemical classes (e.g., the imidazopyridine, zolpidem) 
exhibit selectivity for GABAA receptors containing an a 1 subunit, the 
pharmacological profiles of these compounds are not dramatically different from 
"classical" 1,4-benzodiazepines. This may not be viewed as unanticipated, since 
receptors containing the a 1 subunit probably constitute > 50% of the total GABAA 
receptors pool, and are widely distributed throughout the central nervous system. It 
can be hypothesized that compounds exhibiting selectivity for GABAA receptor 
isoforms present in relatively low abundance would possess a more selective range of 
actions. Based on the reported I 0-15 fold selectivity of Ro 15-4513 for recombinant 
GABAA receptors containing an a5 subunit (compared to receptors expressing other a 
subunits), we synthesized a series of novel 8-substituted imidazobenzodiazepines. 
These compounds possess a marked selectivity (up to 75-fold) for as subunit­
containing recombinant and native GABAA receptors. In vivo studies suggest the 
pharmacological actions of these compounds are mediated through occupation of as 
containing GABAA receptors. A radiolabelled form of an as selective 
imidazobenzodiazepine ([3H]RY 80) has been used to characterize native and 
recombinant type GABAA receptors containing as subunits. As had been previously 
demonstrated for other a subunits, it is likely that amino acid residues proximal to the 
first transmembrane domain are responsible for the high degree of selectivity of such 
compounds for GABAA receptors containing an a, subunits. Molecular modeling 
studies, together with the use of both mutational analysis and transgenic models 
should result in as selective agents, prototypic designer drugs for the new millenium. 
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Bangkok, Thailand. 

ABSTRACT 

A study of the metabolism of trimethylamine was carried out in I 03 healthy 
Thai volunteers (70 men and 33 women) and it was found that under normal dietary 
conditions 84-100% of trimethylamine was excreted in the urine in its N-oxide form. 
Five propositi living in different parts of the country were identified as having 
deficiency in the N-oxidation of this tertiaryamine, because they excreted only 8-35% 
of this chemical as trimethylamine N-oxide. This metabolic defect was also confirmed 
by the results of an oral trimethylamine ( 600 mg) challenge experiment in which all 
five propositi were found to excrete an even smaller percentage of trimethylamine as 
trimethylamine N-oxide in their urine. The results ofa study of the families of the two 
pro band individuals, as well as those members of their preceding generations under 
normal dietary conditions, are consistent with the view that the disorder or metabolic 
defect is inherited in a Mendelian fashion as an autosomal recessive trait, similar to 
that reported for white Caucasian subjects. 
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PL3. CANCER GENE THERAPY 

Adisak Wongkajornsilp 

Department of Pharmacology, Faculty of Medicine Siriraj Hospital, Mahidol 
University, Bangkok 10700, THAILAND 

ABSTRACT 

The current cancer treatments consist of surgery, radiation, and chemotherapy. These 
standard treatments are effective in curing or suppressing the progression of some types of 
cancers especially in early stages. However, many types of cancers resist even the 
combination of these standard treatments. Novel models of cancer treatment are therefore 
required for the eradication of these resistant cancers. Gene therapy constitutes one of the 
recent promising models for the control of cancer, single gene inherited disorders, as well as 
severe infection (i.e., AIDS). Gene therapy involves the insertion of recombinant DNA(s) 
into the cells of a patient either in vivo or ex vivo to correct a genetic material or to provide a 
new function to the cell. More than a half of the approved gene therapy protocols in the US 
aim at the treatment of cancer. The vectors used for gene therapy have ranged from 
adenovirus, retrovirus, herpes virus, parainfluenza virus to more recent non-viral vectors. 
The strategies employed in cancer gene therapy consist of (1) enhancing anti-tumor immunity 
through the expression of cytokines, immune costimulators and strong tumor associated 
antigens; (2) the expression of tumor-suppressor genes; (3) the suppression of 
immunosuppressor and oncogene expression; and ( 4) the expression of a suicidal gene to 
enhance the susceptibility to prodrug. Cytokine gene therapy has an advantage over direct 
cytokine injection since the transduced cytokine genes will express constitutively and locally. 
The expressed cytokines will be continuously produced and have limited volume of 
distribution that closely simulates their physiological characteristics. Therefore, the need for 
frequent re-injections is obviated and the redundant toxicity to other vasculature-riched 
organs is negligible. Gene therapy is still in an infancy state. The study for the improvement 
of vectors for gene therapy as well as the study for logical approaches to ineffective protocols 
is currently at the forefront of biomedical research. The proposals for developing vectors, 
animal experiments, and clinical trials have been submitted in Thailand. 
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ABSTRACT 

S21 

A component of smog, NITRIC OXIDE is becoming familiar for the role it 
plays in the human body as a regulator of the flow of blood through veins and arteries. 
And the molecule is a major factor in an enormous range of physiological functions, 
including penile erections (by dilating blood vessels; Viagra® works partly by 
exploiting nitric oxide) and in causing sudden spikes in blood pressure (know as 
"preeclampsia") in some pregnant women. 

White blood cells in the body use nitric oxide to kill infectious agents such as 
bacteria, fungi and parasites; they even use the molecule to defend against cancerous 
tumors, in nearly all of these cases, the exact chemical structure of the enzyme 
making nitric oxide would provide a blueprint for researchers to design drugs or other 
treatments that will effectively treat these disorders with a minimum of side effects. 

Nitric oxide synthase, the enzyme that makes nitric oxide exists in three 
distinct chemical forms. One form helps the body fight off infections by aiding with 
an inflammation response; another assists nerve cell transmission within the brain, 
and the third regulates blood pressure. 

Disease or accidents can disrupt the enzyme's "fine tuning," making it 
produce too much nitric oxide. This disruption can cause high blood pressure (or 
sometimes dangerously low pressure), shock, or other circulatory problems. 

Determining the structure of this enzyme may be an important step in 
researching how nitric oxide works in the body. From this point, we could find out 
how to manipulate the enzyme's ability to change blood pressure. 

In the future, drugs may be developed that can control blood pressure by 
controlling the enzyme's ability to make nitric oxide. Similarly, new drugs 
combating the wide range of diseases in which nitric oxide play a role can be 
developed once the three enzyme structures are known. Researchers have been 
frustrated by past drug development efforts because of severe side effects of nitric 
oxide-inhibiting drugs. Each of the enzyme's three forms have a very specific role. 
Drugs that control the enzyme hit all three at once, causing severe side effects It is 
anticipated that by isolating one structure at a time, the researchers can then design 
drugs that work exclusively on one enzymatic form by exploiting their unique 
structures. 

The researchers are now working on finding the forms of all three enzymes, 
which has the potential to create new techniques of combating disorders from 
impotence to shock to bacterial infections. This is a promising new research area in 
the fight against hypertension and heart disease, and could result in a new group of 
pharmaceuticals to treat this problem in a more effective way. 
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Research on nitric oxide is gaining momentum due to the molecules' role in the 
development of new drugs or therapeutic strategies for the treatment of numerous 
diseases including: hypertension, stroke, diabetes, dementia, atihritis, traumatic brain 
injury, adult respiratory distress syndrome, pulmonary hypertension, re-oxygenation 
re-perfusion injury during surgery, cancer, multiple sclerosis, and other diseases 
involving impairment of host defense. 

The importance of nitric oxide in biomedicine was also emphasized by the 
recent awarding of the Nobel Prize for Physiology and Medicine (Robert F. Furchgott, 
Ferid Murad, and Louis J Ignarro) for the discovery of NO as a signal molecule in the 
cardiovascular system. The "Nitric Oxide Society" was found in 1996, and its official 
journal 'Nitric Oxide: Biology & Chemistry" was published as Part B of the well 
known Academic Press Journal Archives of Biochemistry and Biophysics in 1998. 

Incidentally, last Thursday (March 18) Ferid Murad, a 1998 Nobel Laureate 
just gave a state-of-the-mi lecture to the 1999 Annual Meeting of ASCPT in San 
Antonio, USA on" VARIOUS ROLES AND MECHANISMS FOR NITRIC OXIDE 
PRODUCTION AND POSSIBLE THERAPEUTIC IMPLICATIONS THEREIN" 

It's timely, however, that this mini-symposium on NO is organized by the 
Phartherst". I'm confident that we'll learn a lot today on the 'Pharmacology of Nitric 
Oxide' from the 2 speakers, a husband-wife teatn, who have been keeping very closed 
watch on the literature on NO. This may speak for their very lively appearance! 

Ladies and Gentlemen, Drs Surachai & Supeenan Unchern who will entertain 
us on the Pharmacology of Nitric Oxide in Cardiovascular and Nervous system 
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INTRODUCTION 

The nomination of nitric oxide (NO) as Science's "Molecule of the Year 1992" was a 
milestone for a seemingly common and unstable gas known as a component of cigarette 
smoke and an atmospheric pollutant. It was then justified by the discovery of myriad 
effects of NO as a chemical messenger in the cardiovascular system (CVS), immune 
system, peripheral nervous system (PNS) and central nervous system (CNS). 
Undoubtedly, NO has a wide-ranging role in health and disease. While many of its effects 
are well known, there remains much more to explore and to learn about the interactions of 
this fascinating molecule in physiological and pathophysiological processes. 

This article emphasizes potential roles of NO in the CVS and CNS and serves as a guide 
to the world of booming research with NO and its synthesizing enzyme, NO synthase 
(NOS). In this respect, most of the content is a simplified and informal overview ofNO's 
roles in health and disease. 

Nitric oxide is a soluble gas continuously synthesized by the endothelium. This substance 
has a wide range of biological properties that maintain vascular homeostasis, including 
modulation of vascular dilator tone, regulation of local cell growth, and protection of the 
vessel from injurious consequences of platelets and cells circulating in blood. A growing 
list of conditions, including those commonly associated as risk factors for atherosclerosis 
such as hypertension and hypercholesterolemia, are associated with diminished release of 
nitric oxide into the arterial wall either because of impaired synthesis or excessive 
oxidative degradation. Diminished nitric oxide bioactivity may cause constriction of 
coronary arteries during exercise or during mental stress and contribute to provocation of 
myocardial ischemia in patients with coronary artery disease, Additionally, diminished 
nitric oxide bioactivity may facilitate vascular inflammation that could lead to oxidation 
of lipoproteins and foam cell formation, the precursor of the atherosclerotic plaque. 
Numerous therapies have been investigated to assess the possibility of reversing 
endothelial dysfunction by enhancing the release of nitric oxide from the endothelium, 
either through stimulation of nitric oxide synthesis or protection of nitric oxide from 
oxidative inactivation and conversion to toxic molecules such as peroxynitrite. 

Eventually, the discovery of NO as a uniquely diffusible and reactive molecular 
messenger in the vascular system motivated searches for NO biosynthesis throughout the 
body. NO was then found in abundance in the immune, central and peripheral nervous 
systems. Indeed, NOS, the enzyme that produces NO from L-arginine, occurs at higher 
levels in brain than in any other tissue. Intensive studies over the past I 0 years have 
determined that NO mediates diverse physiological functions associated with neurons and 
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other excitable cells. In the peripheral nervous system, NO acts much like a classical 
neurotransmitter in regulating gastrointestinal motility, regional blood flow, and 
neuroendocrine function. In the brain, NO acts as a neuromodulator to control behavioral 
activity, influence memory formation, and intensify responses to painful stimuli. 
Furthermore, NO biosynthesis in excitable tissues is not restricted to neurons. Recent 
studies have identified skeletal muscle as a major source for NO in the body where NO 
regulates both metabolism and muscle contractility. 

NO biosynthesis in excitable tissues is regulated by increases in intracellular calcium, 
which activate NOS through the enzyme's dependence upon calmodulin. Although small 
amounts of NO synthesized during neural and skeletal muscle activity mediate 
physiological functions, excess NO production can mediate tissue injury. For example, 
large amounts of NO produced during periods of cerebral ischemia mediate neuronal 
injury in various forms of stroke. Similar NO-mediated damage may account for 
neurodegeneration in other conditions as well, including Alzheimer's disease, Parkinson's 
disease, amyotrophic lateral sclerosis, and Huntington's disease. NO signaling is also 
perturbed in various muscle diseases, particularly in Duchenne muscular dystrophy, and 
these derangements may contribute to the disease processes. Therefore, pharmacological 
regulation of NO synthesis offers an important strategy for treatment ofneurodegenerative 
and muscle diseases. 

CHEMICAL CONSIDERATION OF NO 

The signal molecule NO is synthesized on demand by constitutively expressed NOS 
(cNOS), namely, endothelial NOS (eNOS) and neuronal NOS (nNOS), for short periods 
of time (seconds to minutes). The killer molecule NO is synthesized by an inducible NOS 
(iNOS) that, once expressed, produces NO for long periods of time (hours to days). 
According to calculations, the major differences between cNOS and iNOS activities do 
not reside in the concentrations of NO generated per enzyme, but rather in. the duration of 
NO produced. In addition, the iNOS protein content in fully activated cells may be higher 
than the cNOS content. Thus, cytotoxicity usually correlates with the product of iNOS 
and not with the product of the two cNOS (with possible exceptions in brain injury). 
Thus, regulated pulses versus constant unregulated NO synthesis differentiates between 
the messenger and the killer properties of NO. 

Although being a radical, NO has quite a long life in biological environments, depending 
on its own as well as concentrations of oxygen and/or other components of the solvent. In 
addition, reaction with glutathione, or proteins containing reduced cysteine moieties, 
yields S-nitrosothiols, which are more or less unstable (half-lives: minutes to hours) and 
decompose, again yielding NO. These can thus be regarded as NO-storage compounds. It 
is, therefore, impossible to determine exactly the life span of NO in biological systems. 

Concerning the cytotoxic effects of NO, one must ask ifthe effect is really due to nitrogen 
monoxide. Concerning the physiological signaling function of NO, we can be certain that 
we deal with NO as the target molecule. The soluble guanylate cyclase (sGC) is activated 
by NO with an apparent KM in the nanomolar range and not by other related compounds. 
Concerning the toxic effects of NO, the picture is less clear, especially under the aerobic 
conditions of cellular life. In addition, activated cells like macrophages, neutrophils, or 
endothelial cells secrete reactive oxygen intermediates, like H202, 02-', Off, and singlet 
oxygen (02), thereby complicating the local environmental situation. Reaction of NO 
with H20 2 yields 10 2 and a cooperative toxic action of NO and H202 has been 
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demonstrated. 02-· and NO may react to form the peroxynitrite anion (ONOO"), a strong 
oxidant with a half-life ofless than a second. However, macrophage generation kinetics of 
02-· is different from kinetics of NO generation and the amount of ONOO- generated 
extracellularly by activated macrophages and endothelial cells in vitro appears to be very 
small. In addition, NO seems to inhibit 0 2·• production by activated neutrophils by either 
decreasing NADPH activity or assembly. The NO oxidation or reduction products, NO+ 
and NO-, respectively, probably do not play a significantly role in biological systems, as 
NO cannot be oxidized to NO+ in vivo. Additionally, both NO+ and No· are highly 
reactive and would disappear rapidly if formed. In contrast, reaction pathways of NO with 
molecular dioxygen yielding nitrogen dioxide (N02), the peroxynitrite radical (ONOO"), 
dinitrogen trioxide (N203), and/or other compounds are likely to occur in vivo. In 
conclusion, NO secreted by activated cells appears to be a complex "cocktail" of 
substances. Nevertheless, synthesis of true NO is the necessary first step for creating these 
compounds. 

NO may react with proteins and nucleic acids. In addition to binding to heme groups, e.g., 
of guanylate cyclase, hemoglobin, and cytochrome c oxidase, NO theoretically may react 
with nucleophilic centers like sulfur, nitrogen, oxygen, and aromatic carbons. The prime 
target for covalent binding of NO to functional groups in proteins under physiological 
conditions in the presence of oxygen is the SH group. Tryptophan is the only noncysteine 
residue that undergoes nitrosation by NO. However, this reaction is about 10-fold slower 
than S-nitrosylation and thus cannot compete favorably with cysteine in a spontaneous 
nitrosation reaction. Deamination reactions of protein amino groups by NO have been 
proposed, but not shown. N-nitrosation·of secondary NH2 groups, e.g., of lysin moieties, 
and subsequent deamination reactions could not be observed under physiological 
conditions, even when high NO concentrations were used. Nitration of tyrosine residues 
by NO has been proposed also, but could not be confirmed. NO has been shown to N­
nitrosylate primary arylamines of nucleotides and subsequent hydrolysis yields 
deaminated nucleotides. However, the selectivity ratio is at least 106 times greater for 
sulfhydryl-containing peptides than for exocyclic amines of DNA bases. 

MOLECULAR TARGETS OF NO 

Prior to discussing potential targets of NO within cells, an unsolved mystery must be 
discussed. While active cNOS is a membrane-bound protein, active iNOS is located in the 
cytosol. How does the iNOS product NO escape from the cytosol of the donor cell 
without reacting with the many intracellular targets and without causing damage to the 
effector cell itself? To prevent unintentional reactions, either special intracellular 
transport routes for NO, e.g., in acidic compartments, or, alternatively, harmless NO­
transport molecules must exist. Several intracellular transport forms of NO have been 
proposed but have not been proven. 
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Figure 1. General mechanism of NO-cGMP signal transduction. Biological activity in 
the NO donor cell leads to the influx of Ca'+, which stimulates via calmodulin (CaM) and 
the NOS enzyme. NOS catalyses the conversion of arginine to citrulline, which is formed 
stoichiometrically with NO. This reaction requires nicotinamide adenine dinucleotide 
phosphate (NADPH) as cofactor. In the target cell, NO binds to a heme moiety in soluble 
guanylate cyclase (sGC), resulting in the stimulation of the enzyme and consequent 
elevation in cGMP concentration. cGMP is efficiently metabolized by phosphodiesterases 
(PDE). 

After being secreted by the donor cell in a way not yet understood, NO then diffuses to a 
target cell located nearby and hits its plasma membrane. 0 2 and NO closely resemble each 
other in diffusability and fluid-phase membranes are no diffusion barriers for NO. There 
are several targets for NO at the surface or within the plasma membrane, e.g., transport 
and signaling proteins and surface receptors among others. To date, reactions of NO with 
surface receptors leading to a chemical modification of these receptor proteins have not 
been reported, with the exception of the neuronal NMDA receptor-channel complex. 
However, the proposed mechanism, inhibition of the redox modulatory site of this 
complex via S-nitrosylation, has been recently questioned. Permeability to K+, Na+, H+, 
and Ca2+ is the most important factor controlling the proton motive force and the 
membrane potential. A number of publications show activation of K+ channels as well as 
Na+-K+-ATPase in vascular smooth muscle cells by low concentrations of NO. On the 
other hand, high NO concentrations inhibit neuronal Na+-K+-ATPase, K' and Ca'+ 
channels in islet cells, and H'-ATPase in brain synaptic vesicles. In addition, NO has been 
shown to depolarize the membrane potential of a tumor cell line. In conclusion, NO 
changes ion currents through the plasma membrane and thus alters the plasma membrane 
potential. 



Vol 21: Supplement 1, 1999 S27 

After diffusion into the target cell, NO can inhibit SH-dependent enzymes via S­
nitrosylation, Notably, inhibition of creatine kinase, affecting local ATP regeneration, 
might contribute to NO-mediated cell injury. A second mechanism of NO-mediated 
enzyme inhibition. has been found with certain heme-containing enzymes, e.g., 
cytochrome P450 isoenzymes. After formation of a heme-NO adduct, a secondary 
oxygen-dependent reaction takes place which results in an irreversible nitration of a 
tyrosine in the active-site pocket. NO also mediates Fe2

+ release from target cells, 
destroying Fe-S clusters in enzymes, like the citric acid cycle enzyme aconitase or 
ferrochelatase, which catalyze the insertion of Fe'+ into protoporphyrin. Other 
intracellular targets for NO are proteins containing zinc fingers, ring fingers, and the LIM 
motif, respectively. A common feature of these structures is Zn2+ complexed, sometimes 
together with histidine imidazol nitrogens, by cysteine sulfur ligands. This creates tertiary 
protein structural "finger" domains that specifically bind to DNA or RNA sequences. 
Many of these proteins are involved in transcription, replication, recombination, or 
restriction. We could show that NO mediates Zn2+ release in vitro from the Zn2+ storage 
protein metallothionein and inhibits the DNA-binding activity of the zinc finger 
transcription factor LAC9. Others found NO-mediated inhibition of protein kinase C, 
which contains a zinc finger in its regulatory domain, and of the zinc finger DNA repair 
enzyme Fpg. NO inhibits alcohol dehydrogenase, which contains both a catalytical and a 
structural zinc finger domain, and this inhibition is correlated with the release of Zn2

+. In 
addition to these in vitro studies, we recently found NO-mediated intracellular Zn'+ 
release in live cells. NO has also been shown to inhibit the transcription factor NF-KB via 
induction and stabilization of its inhibitor IkBa and additionally to inhibit the DNA­
binding activity of NF-KB itself. DNA binding of the transcription factor AP-I is also 
inhibited by NO. 

Taken together, these results strongly suggest that NO can inhibit several, intracellular 
enzymes and profoundly affects the cellular gene transcription machinery. 

ROLES OF NO IN THE CVS 

As mentioned previously, different cell types express one or more of the three isoforms of 
NOS; nNOS, iNOS and eNOS). nNOS is expressed in sympathetic nerve terminals and 
regulates the release of catecholamines in the heart. eNOS constitutively expressed in 
endothelial cells inhibits contractile tone and the proliferation of underlying vascular 
smooth muscle cells, inhibits platelet aggregation and monocyte adhesion, promotes 
diastolic relaxation, and decreases 0 2 consumption in cardiac muscle through produced 
NO. eNOS is also constitutively expressed in cardiac myocytes from rodent and human 
species, where it opposes the inotropic action of catecholamines after muscarinic 
cholinergic and 1.1-adrenergic receptor stimulation. iNOS gene transcription and protein 
expression are induced in all cell types after exposure to a variety of inflammatory 
cytokines. Aside from participating in the immune defense against intracellular 
microorganisms and viruses, the large amounts of NO produced mediate the vasoplegia 
and myocardial depression characteristic of systemic immune stimulation and promote 
cell death through apoptosis. In cardiac myocytes, NO may regulate L-type calcium 
current and contraction through activation of cGMP-dependent protein kinase and cGMP­
modulated phosphodiesterases. Other mechanisms independent of cGMP elevations may 
operate through interaction of NO with heme proteins, non-heme iron, or free thiol 
residues on target signaling proteins, enzymes, or ion channels. Given the multiplicity of 
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NOS isoforms expressed in cardiac muscle and of the potential molecular targets for the 
NO produced, tight molecular regulation of NOS expression and activity at the 
transcriptional and posttranscriptional level appear to be needed to coordinate the many 
roles of NO. 

Endothelial cell 
A Ch 

eNOS 

lumen 

sGC 

Smooth muscle cells 

Figure 2. Signal transduction pathway involving NO and cGMP that leads to vasodila­
tion. 

Far from being only an anatomic barrier to prevent the extravasation of circulating blood 
into the vessel wall, the endothelium is a metabolically active organ system that maintains 
vascular homeostasis by (a) modulating vascular tone, (b) regulating solute transport into 
cell components of the vessel wall, local cellular growth, and extracellular matrix 
deposition, ( c) protecting the vessel from the potentially injurious consequences of 
substances and cells circulating in blood, and ( d) regulating the hemostatic, inflammatory, 
and reparative responses to local injury. However, a growing list of conditions, including 
hypercholesterolemia, systemic hypertension, smoking, diabetes, congestive heart failure, 
pulmonary hypertension, estrogen deficiency, hyperhomocysteinemia, and the aging 
process itself, have been associated with impaired functions of the endothelium. As a 
result, the vessel wall in these conditions may promote inflammation, oxidation of 
lipoproteins, smooth muscle proliferation, extracellular matrix deposition or lysis, 
accumulation of lipid-rich material, platelet activation, and tluombus formation. All of 
these consequences of endothelial dysfunction may contribute to development and clinical 
expression of atherosclerosis. 

REGULATORY ROLE OF NO 

In their classical experiment, Furchgott and Zawadzki found that strips of rabbit aorta 
with intact endothelium relaxed in response to acetylcholine but constricted in response to 
this same agonist when the endothelium had been rubbed off. The substance responsible 
for the acetylcholine-stimulated relaxation was initially called endothelium-derived 
relaxant factor, and subsequently found to include nitric oxide. It is now known that a 
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variety of agonists (e.g., acetylcholine, histamine, thrombin, serotonin, ADP, bradykinin, 
norepinephrine, substance P, and isoproterenol) can increase the synthesis and release of 
nitric oxide from the endothelium, although many of these same agonists (e.g., 
acetylcholine, serotonin, norepinephrine, and histamine) constrict vascular smooth muscle 
in the absence of endothelium. Vasoactive substances produced within the endothelium, 
such as bradykinin, may also stimulate nitric oxide release by autocrine and paracrine 
effects on endothelial B2 kinin receptors. However, the principal physiologic stimulus for 
nitric oxide synthesis and release from the endothelium is likely the shear stress of blood 
flowing over the surface of the vessel by a nomeceptor-dependent mechanism . Nitric 
oxide, released from the endothelium as a gas or attached to other molecules, stimulates 
soluble guanylyl cyclase, producing increased concentrations of cyclic GMP. Depending 
on the direction of nitric oxide release and the site of cyclic GMP activation, differing 
biological effects can be observed. For example, increased cyclic GMP in vascular 
smooth muscle cells underlying the endothelium activates GMP-dependent kinases that 
decrease intracellular calcium, producing relaxation, whereas increased cyclic GMP in 
platelets by action of nitric oxide released into the blood vessel lumen decreases platelet 
activation and adhesion to the surface of the endothelium. Nitric oxide also regulates the 
cellular environment within the vessel wall by inhibiting the activity of growth factors 
released from cells within the vessel wall and from platelets on the endothelial surface. 
Nitric oxide has antiinflammatory properties by inhibiting the synthesis and expression of 
cytokines and cell adhesion molecules that attract inflammatory cells to the endothelial 
surface and facilitate their entrance into the vessel wall. This effect of nitric oxide may be 
mediated by inhibition of the activation of an important nuclear transcription factor 
(nuclear factor B) that binds to the promoter regions of genes that code for 
proinflammatory proteins. NO also governs basal systemic, coronary, and pulmonary 
vascular tone by increased cGMP in smooth muscle, by inhibition of a potent constrictor 
peptide, endothelin-1, and by inhibition of the release of norepinephrine from sympathetic 
nerve terminals. 

Thus, NO plays a pivotal role in regulating vessel wall homeostasis. Although the 
endothelium-dependent processes involve a multitude of metabolic and gene 
transcriptional pathways, NO either directly or indirectly plays an important role in their 
regulation. 



Table 1. Molecular targets of NO relevant to CVS functions. 

Mechanism 

S-Nitrosation ofthiol residues 

Binding to non-heme iron 

Interaction with heme proteins 

Tyrosine nitration 

Oxidation 

Target Molecule 

GADPH (Cys149
) 

NADPH oxidase 

Glutathione 

Tissue plasminogen activator 

Hemoglobin 

Ca2+ -activated K+ channel 

Aconitases 

Functional Effect 

Reversible inhibition of active site. Irreversible inactivation 
through ADP ribosylation. 

Enzyme inhibition. 

Depletion of intracellular stores of reduced forms. 

Activation of vasodilation and anti platelet properties. 

Allosterically controlled exchange of NO to other acceptors. 

Vasodilation. 

Mitochondrial: inhibition of tricarboxylic acid cycle. 
Cytosolic (IRE-BP): regulation of iron metabolism. 

Mitochondrial electron transport chain Inhibition of high-energy phosphate metabolism. 
(complexes I, II, and IV) 

Ribonucleotide reductase Inhibition of DNA synthesis. 

NOS 

Cyclooxygenase 2 

Guanylyl cyclase 

Myoglobin, hemoglobin 

Cytoskeletal proteins, contractile 
myofilaments 

DNA strand breaks 

Inhibition of NO production. 

Activation of prostaglandin and thromboxane formation. 

Activation of cGMP formation. 

Inactivation of NO. 

Contractile dysfunction? 

Activation of poly-ADP ribose synthase, depletion of cell 
energy stores, and contractile dysfunction. 
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ROLES OF NO IN THE CNS 

Intensive research over recent years has established that NO serves as an endogenous 
messenger molecule in the nervous system and mediates a variety of unique functions as 
part of the processing of neural signals. NO is an unconventional transmitter since it is not 
packaged in synaptic vesicles but, rather, diffuses from its site of production and moves 
readily through cell membranes. In nerve cells, NO is generated in an activity-dependent 
process by nNOS, Ca2

+ -calmodulin-stimulated enzymes. The principal function of NO 
appears to be as an activator of sGC, one of the cGMP-synthesizing enzymes. The 
stimulation of sGC is caused by the binding of NO to the iron-containing heme group in 
the active center of sGC. Despite the fact that NO diffuses in neuropilar compartments, 
the specificity of cellular communication is preserved by the activity-dependent release of 
the ligand and discrete distribution of the target receptor. Since NO is a free radical, other, 
cGMP-independent, signal-tranduction pathways are also possible. 

.. .. .. .. 
NO ""---j.----~ 

Dendrite 

NO L-Arginine + 0 2 

Figure 3. Central synaptic regulation of nNOS. Protein interactions with nNOS target 
the synthase to discrete sites in excitable cells. These interactions likely account for 
differential regulation of nNOS by specific calcium influx pathways. Associations with 
PSD-95 mediates coupling ofnNOS to NMDA receptor activity in the CNS. 

NO signaling requires rapid and controlled delivery of NO to specific cellular targets. 
Other neurotransmitters are packed in secretory vesicles that are released at synaptic sites. 
Signal termination is mediated by enzymes and pumps that eliminate the active 
transmitter from the synapse. Regulation of NO signaling is complicated by the physical 
properties of NO, which prevent storage of NO in lipid-lined vesicles or metabolism of 
NO by hydrolytic enzymes. In addition, excessive production of NO is toxic to neurons 
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and other cells. Therefore, NO signaling must allow for rapid and localized NO 
production and immediate termination of biosynthesis. This tight control of NO signaling 
is largely regulated at the level of NO biosynthesis. Indeed, the NOS proteins are among 
the most highly regulated of all neuronal enzymes. Acute control of nNOS activity is 
mediated by allosteric regulation, by posttranslational modification, and by subcellular 
targeting of the enzyme. nNOS protein levels are also dynamically regulated by changes 
in gene transcription, and this affords long-lasting changes in tissue NO levels. 

nNOS activity is primarily regulated by local increases in intracellular calcium, which 
stimulates nNOS through interaction with calmodulin. Distinct calcium influx pathways 
specifically regulate nNOS in various tissues. In the myenteric nervous system where NO 
functions as a neurotransmitter, NOS activity is primarily regulated by calcium influx 
through voltage-dependent calcium channels. Intestinal relaxation mediated by NO is 
suppressed by the N-type calcium channel antagonist, OJ-conotoxin. In the brain, NO 
biosynthesis is predominately regulated by calcium influx at the synapse. Glutamate, the 
major excitatory neurotransmitter in the brain, is the most effective activator of NO 
biosynthesis in most brain regions. Calcium influx through the N-methyl-D-aspartate 
(NMDA) receptor potently activates nNOS in brain. NMDA receptors are also known to 
play a critical role in learning and memory; the intimate relationship of NMDA receptors 
with nNOS helps to explain the role of NO in memory consolidation. 

NO IN LEARNING AND MEMORY FORMATION 

In the CNS, NO acts as a diffusible intercellular signaling molecule. A role for NO has 
also been suggested in the mechanisms of synaptic plasticity, including long-term 
potentiation (L TP) in the hippocampus, long-term depression (LTD) in the cerebellum, 
learning and memory formation in vivo, and the expression of behavioral sensitization and 
tolerance to psychostimulants. In LTP and LTD, cellular models of memory, repeated 
neuronal stimulation yields long-lasting changes in synaptic strength. NOS inhibitors 
prevent these changes. Studies with NOS inhibitors have been controversial because these 
arginine analogues often have nonspecific effects. This controversy may now be resolved 
by studies of NOS knockout mice. Both eNOS and nNOS activities are found in 
hippocampus. Mice that lack either eNOS or nNOS have essentially normal LTP, whereas 
mutant mice deficient in both eNOS and nNOS have substantially decreased LTP. 

Memory impairment in aged rats may be accompanied, at least in part, by a decrease in 
NO production in the brain. More recently, a specific nNOS inhibitor, 7-NI impairs 
spatial reference memory formation in the radial arm maze task while L-NAME, a non­
selective NOS inhibitor, inhibits both reference and working memories. Furthermore, it 
has been demonstrated that an NO precursor, L-Arg, increased the choice accuracy, by 
reducing reference memory errors, of the radial arm maze task in the late phase of 
training. These results suggest that NO plays a significant role in spatial memory 
formation, especially in reference memory. 

NEUROPATHOLOGICAL ROLE OF NO 

Studies have demonstrated that NO is involved in NMDA receptor-mediated 
neurotoxicity and convulsions, and in the neuronal death that occurs after focal cerebral 
ischemia. Under certain circumstances NO synthesis may be excessive and NO may 
become neurotoxic. Excessive glutamate-receptor stimulation may lead to neuronal death 
through a mechanism implicating synthesis of both NO and superoxide (o;-) and hence 
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peroxynitrite (ONOO-) formation. In response to lipopolysaccharide and cytokines, glial 
cells may also be induced to synthesize large amounts of NO, which may be deleterious to 
the neighbouring neurones and oligodendrocytes. The precise mechanism of NO 
neurotoxicity is not fully understood. One possibility is that it may involve neuronal 
energy deficiency. This may occur by ONOO- interfering with key enzymes of the 
tricarboxylic acid cycle, the mitochondrial respiratory chain, mitochondrial calcium 
metabolism, or DNA damage with subsequent activation of the energy-consuming 
pathway involving poly(ADP-ribose) synthetase. Possible mechanisms whereby ONoo­
impairs the mitochondrial respiratory chain and the relevance for neurotoxicity are 
discussed. The intracellular content of reduced glutathione also appears important in 
determining the sensitivity of cells to ONoo- production. It is concluded that 
neurotoxicity elicited by excessive NO production may be mediated by mitochondrial 
dysfunction leading to an energy deficiency state. 

NO AND MITOCHONDRIAL FUNCTIONS 

NO has been shown to change ion currents through the mitochondrial membrane leading 
to release of Ca2+ into the cytosol. It is long known that activated macrophages inhibit the 
mitochondrial respiration of target cells. In the mitochondrial membrane, ATP is 
produced through the coupling and successive reduction ofNADH to NAD+ by oxidizing 
0 2 to H20 via a gradient of enzyme redox potentials within the electron transport chain. 
The enzymes directly involved are complexes I, Ill, IV, and V (today complex II is 
known not to be part of this cascade but to supply electrons from the citric acid cycle). 
Although there are various hemes and Fe-S clusters present (more exactly, hidden) in any 
of these protein complexes, only the cytochrome c oxidase (complex IV) is inhibited by 
NO via binding to its heme moiety in a reversible manner. This is analogous to the well­
studied inhibitory effects of CO and en, which are isoelectronic to NO. 

Complexes I and III are relatively insensitive to NO. However, o,-· is a by-product of the 
mitochondrial respiratory electron transport and its production is enhanced in the presence 
of electron transport chain inhibitors such as rotenone or antimycin A or en. By analogy, 
(reversible) inhibition of complex IV by NO may cause a (transient) inhibition of the 
electron flow yielding increased o,-· synthesis by complexes I and III. o,-' and NO may 
then react to the strong oxidant peroxynitrite anion (ONOO-) which has been shown to 
irreversibly inhibit complexes I, II, and III but not complex IV. In conclusion, the current 
hypothesis is that a reversible NO-mediated inhibition of the respiratory chain may result 
in enhanced intracellular o,-· and subsequent ONoo· production. This may lead to 
peroxidation of lipids, to destruction ofFe-S clusters within enzymes, and to inhibition of 
the mitochondrial manganese superoxide dismutase via nitration and may furthermore 
induce Ca'+ efflux from the mitochondria. This altogether causes irreversible damage to 
the power stations of the cell. 

NO AND THE NUCLEUS 

The nucleus is a further cellular target for NO. NO has been shown to cause G:C - A:T 
transitions and to mediate DNA strand breaks, both suggested to be the results of N­
nitrosylation of deoxynucleotides, thus yielding deaminated DNA bases. However, 
indirect induction of DNA strand breaks, e.g., via intracellular oxygen radical and/or 
peroxynitrite anion generation, via N-nitrosamine formation and subsequent alkylation 
reactions, via activation or inhibition of enzymes necessary for nuclear homeostasis, or 
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via other mechanisms, cannot be excluded to date. Indeed, NO has been shown to induce 
oxidative DNA damage in an activated macrophage cell line and to inhibit enzymes 
involved in DNA repair. Because DNA damage is a constant hazard in natural 
environments induced by chemicals, ionizing radiation, or UV light, leading to a variety 
of biological consequences such as mutation induction, blocking of transcription, and 
replication, cells have evolved an array of mechanisms for repair. Recent observations 
suggest that damaged DNA is processed not only by DNA repair enzymes but also by 
other nuclear factors involved in a variety of cellular functions. Most forms of DNA 
alterations are recognized by DNA excision repair pathways catalyzing removal of 
damaged or modified regions. Thus, strand breaks induced by endonucleases at active 
repair sites serve to signal the presence of DNA damage, which is then repaired by 
polymerization and ligation. Proliferating cells are especially vulnerable to DNA damage 
due to the added demands of cellular growth and division. Delaying progression through 
the cell cycle at so called "cell-cycle checkpoints" provides the time necessary for repair. 
In addition to cell-cycle arrest, DNA damage can induce apoptosis (programmed cell 
death) in cells of multicellular organisms, thus eliminating cells in which damage is 
beyond repair possibilities, thereby preventing propagation of mutations. Initiation of 
either cell-cycle arrest or apoptosis requires induction of the tumor-suppresser protein 
p53, the main biological function of which is to be a "guardian of the genome''. Another 
important protein involved in DNA repair is the poly(ADP-ribose)polymerase (PARP). 
The PARP is a constitutively expressed nuclear protein (approximately 106 

copies/nucleus) which is regarded as a molecular nick sensor and has a functional role 
during rejoining of DNA strand breaks. Following its binding to DNA breaks, PARP 
automodifies itself by adding several branched polymer chains of up to 200 ADP-ribose 
residues each resulting in P ARP inhibition and causing its dissociation from the DNA 
strand breaks. The poly(ADP-ribose )polymers synthesized in response to DNA damage 
are then degraded within 1-2 min by specific glycohydrolases. The physiological role of 
the PARP is not exactly known to date. It either protects DNA strand breaks during early 
stages of recombination and repair or it may transiently block DNA replication, thus 
inducing a cell-cycle arrest and providing time or space for assembly of the DNA repair 
complex. It may also simply constitute an emergency signal. Whatsoever the exact roles 
of p53 and PARP are, induction of p53 protein expression and activation of P ARP serve 
as an indirect indicator for DNA damage. NO treatment has been shown to induce p53 
expression and to activate PARP in neurons and in islet cells. While p53 expression per se 
is not detrimental for cells, activation and subsequent poly(ADP-ribosylation) of PARP 
lead to a severe cellular depletion of ATP and NAD+. Consequently, PARP inhibitors 
have been shown to partially protect islet cells and neurons from NO-mediated cell death 
and to inhibit NO-mediated cellular NAD+ depletion in islet cells. In addition, NO 
treatment of islet cells isolated from mice with a disrupted P ARP gene did not result in 
NAD+ depletion and, hence, these cells exhibited an increased resistance toward NO. 

In conclusion, NO mediates DNA damage, thereby causing depletion of cellular ATP and 
NAD+ levels which may contribute to cell lysis. 
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Figure 4. A model for the role of PARP in neurotoxicity due to ischemia. Following 
ischemia, compromised neuronal metabolism leads to a more positive resting potential 
and subsequent depolarization and neurotransmitter release. Excessive neurotransmitter 
release leads to increased production of NO which combines with superoxide to form 
peroxynitrite. Peroxynitrite may lead to DNA strand breaks and subsequent activation of 
PARP. Massive activation of PARP depletes NAD and consequently ATP. 

NO IN NEURODEGENERATIVE DISEASES 

Although NO clearly participates in neuronal injury after vascular stroke and cerebral 
ischemia, the role of NO in human neurodegenerative disease is not as easily understood. 
The slow progression of these diseases, occurring over 50 years or more, complicates 
experimental approaches to modeling their pathophysiological mechanism. However, 
histopathological evidence suggests that certain neurodegenerative diseases may also be 
mediated by NO and glutamate toxicities. For example, NADPH-diaphorase positive 
neurons in the corpus striatum, which are the NOS neurons, are selectively spared in 
Huntington's disease. This selective pathology can be replicated in striatal culture models 
and in vivo after lesions with NMDA but not other classes of glutamate agonists. The 
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spared NADPH diaphorase neurons are uniquely endowed with high levels of superoxide 
dismutase (SOD), which may protect the cells from peroxynitrite-mediated NO 
neurotoxicity. Indeed, 3-nitrotyrosine, the footprint of peroxynitrite, is detected in striatal 
neurons in animals models of Huntington's disease. 

Although stigmata of NO toxicity only correlate with Huntington's disease pathology, a 
more causal role for NO and peroxynitrite toxicity has been established in some forms of 
Parkinson's disease. MPTP, which contaminated batches of illicit drugs in the 1970s, 
produces Parkinsonian-like symptoms in humans. MPTP causes pathology by targeting 
the destruction of nigrostriatal dopaminergic neurons, the same cells that are selectively 
lost in idiopathic Parkinson's disease. Treatment of experimental animals, including mice 
and primates, with MPTP replicates this selective toxicity and results in accumulation of 
3-nitrotyrosine in the nigrostriatal pathway. Inhibition of NOS prevents both the 
neurotoxicity of MPTP and the associated formation of 3-nitrotyrosine. Definitive 
evidence that NO and peroxynitrite mediate toxicity in the MPTP model of Parkinson's 
disease again derives from studies of transgenic mice. Both nNOS knockout mice and 
mice that overexpress Cu/Zn SOD are resistant to MPTP toxicity. 

Although nNOS inhibitors can prevent acute toxicity associated with MPTP, it remains 
less clear whether long-term treatment would be therapeutic for slowly developing 
neurodegenerative disorders. Chronic animal models for these diseases will first need to 
be established, and then the role of NO can be evaluated rigorously. The recent 
identification of a Parkinson's disease gene, and the development of transgenic animal 
model for Huntington's disease, suggests it will not be long until we NO (know). 
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• tj 

10, \il1, 'IW"lflt]j LL<l-:i\il 

n10'J'lf1wif'!f'Jncn 0ru:ou wnv01<1vrf JJm'lnmifmffm 1tt:J 

LL ffW L vJ a 'IH lJ U fl11 Lfl iJ~w 1J L W'i11:W"lf1 &11 U Vl"lf \Hfl l'J"lfU \il ~ iJ LL 11 ~-:i rll L iJ \il Ulil fl~l" n U'Yll-:i 

.fli:i01<11wi' L'liu mLLvJiiLrnri-:in1Lil\il 1uth~rnmali1mtlmrn~Lm:wu "lf11u~u 1n 1n1mhnYJi'I 
" 
ut1umaJ'lmnm-:iu<i~maJ'lm 1iii' u1;1d!'lri11 mh~rni'ILLtlU a1vJ'lm L lluiii'u L 'WU'il'ilut.1iim1 

' 
'lltnuwu5 tl'.i'uth-:iwu5 LL<i~Lw1~tl1;1nw"lfrnri1tlLllt.1w"lfLl'l11"'>n'il 1t1Yi'1 fan uan'il1nd ul'lvJL vJ 

~ ~ ~ 'lJ .... 

B'W tl-:1 m 'W W"lf B fl \1 muau"lfil \il LL~ W"lfL \1 ri1d il tl'lm tlJ'll 8" LL l'lvJ L vJ B'W ii 8 mh-:i ~l 11~ ail u:wu'lfo l'l 

L~w1~ 1mL11ri-:i~tl<in ~" hJ1iii'ilm1tl1;1nu w~11<im Lda-:i'il1n hiA'aJl'i11um1Lw1~tl<imlluw"lf 
'IJ <lJ ~ 'lJ 

t11~mrufal'J<i~ 3,5 u<i~mLLvJilt11~mrufau<i~ 1.1 - 2.2 L\iltJtl1m'l'mrn-:i1umLLvl"LL<i~L!J~\il 
fllLL vJ LL vl"lill!J'11\ilu ff1mrn Ln LOU vl" LL<l~N'1 Ll'lri1 LL vl'"if uiltJ'lmruLLl'lvJL vJ autJ1~mruf 8l'J'1~ 
1. 7 LL<l~ 1.5 lill!Ja1\ilu 

mLLw'li1\l1mNmLLw.1'1c Ll'J~a11 vJ~1LLuu drip l 
nlLLW'li1\l1fiCNnlLL w.1'1( Ll'J~a11 W~1LL uu percolator) 

nlLL Wl'NiilL~ilJU 

m LL vJ~an lil LL.iw L vJ au min 

'li1'1fa1 

'li1'1i1il1n 1u 
'li11'Nii1L~ilJU 

tntn"fou 

d d " ' Ll'J'la1lillJ'liantmLolil 

\Ian 1mrnli!LLYi1LLurn'lil-l'li'W 

\Ian tmrnlil'WIJLL urnLYi1 

nlLL vJ O'l"U a1w{alJ~ lJ 1 uu'l"L 'l'IR 1 '118 

d d ~ • 1 .I 1 Ll'Jl811illJ'U1alilolJ 'Uu'l"L'l'IR '118 

11'11'11-ll'l<h 

LUU~-ll'lih 
d d • • d • 1 .I 1 Ll'll811illJ\lfl1o1'1'!0ffl18 'Uu'l"L'l'IR '118 

u'hnm 

(l'.ia~~lil'l) 

150 

150 

150 

150 

150 

150 

150 

180 

180 

60 ffllJ 

60 n-l'l-1 

180 

325 

325 

100-150 

u'h.n flJ LL l'I W L W B 'U 

(l'.ia~n-l'l-1) 

llO - 150 

64 - 124 

40 - 108 

2 - 5 

28 - 44 

30 - 48 

12 - 28 

5 - 30 

9 - 12 

40 - 50 

3 - 20 

74 - 212 

42 

35 

50 

'liol;Joilln: ii11l'm1ua1m'ltLa"S151'1-l'jjmlJ~m, National Coffee Association of the U.S.A., National 

Confectioners Association of the United States. 
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rl1u1h•1rnu 

~Bfl11n1~.J1 '111mll 'IJIJtH mtt'I'! TnTti' lll'IWt'l'!au 

(%) (%) (%)* (%) ( ilaiinfo; 

m•ila~) 
vJ tl~dvd ... .t.J mLl 1au1J 1~ 1t1'ilw1a1Jlil1J1Jill'ln -

' 
5 1 - 96.08 

,J 
m1lUB1lil 

mtt'l'!t1tiam'1u1~a1t'l'ilwfa1J~IJ 9 2 2 - 139.02 
,J 

l1111lUB1lil 

WU a d v ....i .. .: filll 1~ 1l1'ilW1BIJlillJ lil11lUB1lil 8 4 2 - 108.84 

mtt wm11J tn tti'u1~a1t'l'ilwfa1J~1J 8 3 1 0.8 88.68 

'lafl tn tn l1111tuB"i'~ 
mu'l'!t~u~1um1mlilm11'1f 8 4 2 - 119.91 

l'l111li111J 

mttw1ciu1Ju11;hl'l'il (01w1i11) 14 UIJ!IU 3.5 .1'1ulil 3 0.12 74.24 

lil111'11n t;i•• 

muwlii1u11ihl'l'il (5111Jlil1) 12 -
' 

2 - 126.61 

l>l111'11ntl'I 

mtt'l'!lii1u11a1t'l'il Ct!llJ!lu) 12 - 2.5 - 131.98 

l>lo11'11ntl'I 

m ll vJ lBill W1i'I t 'IJU1~ '11 t'l'i!W-la IJ~IJ 11 U!Jolil 5 4 - 192.22 

w'i'IJ'IJtan'1fl>lf1 

mttwlii1 w'i'IJman'1fl>lf1 10 - " 1'11Ul>l 6 - 148.00 

m ll vJ ~ <!IJ'IJIJU11 a1 t'l'ilwf B IJ~IJ 
' 

7.4 u1Jolil 4 .1'1ulil 1 o - 112.94 

w'i'IJ'IJtan'1fll1f1 

mttw1ilu1Ja1t'l'il:iu mil'law-Yi 8 4 2.5 - 129. 76 

mttwlii1l'IBW-Yi 13 - 2.5 - 180.44 

mtt'l'!lii1 1i111~rnw'll 12 - 2 - 185.53 

mttwt~u 1i111tm~ 7 4 1.8 - 212.33 

mtt'l'!lii1 l>l11w'i'IJ'IJ 13 - .1'1ulil 3.5 - 109.57 

rhmliu 134.75 

~t1dlm~a1'1l' n11'1J Bl'tt11llil"mn1'tt'IJ Iii 111'mll wm"il a1wf BIJ~ IJ:ilU~IJl!Ulll'IW l vJ B'IJ 1ll lflU 

1 il<1an-l'1J11 iJ<1aali11 
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'I'll) &i 11"!1!-l 1111'1.J'lfo fil ll filW I Ill 5'1J 

IJ1'j 1vi'frntAW I vJ 5 'IJ tii lil'ill fl 111 ':i ~ lJlfil ~fl~~ lJ M~ flf'IJU'j~'YJl'IJ fl1 Ml 'j~ il LIAW I vJ 5 'IJ ~~ 
ri1'1J 1 my'il~l U'IJfllll w 'lfl 1n Tri' ilflfl 1mt<1lil J1eJlil<llJU':i~tfl'Yl1A<i1 il1Mfu L '1Jrn~tl1~L 'Yl'1 t?l'IJ 

"I 1 d d 0 <V 'II d d d .J .<:,I n•I Ml q CV .<:>! <V n j ,/ d 
u':i~l 'Yli'l 'Yll'l'il~':i1lJIA'jeMlillJ'lfl11<1~1il11'1 111':ilillJ lA':ifl~lillJ'YllJllAY<l Y'l fl'IJlJfllJ11ilflu'j~a~AI Wfl<llil 

" ' 
A11lJ~1~'1Jfl'IJ m~!ii''IJ l MA11lJAlilll<i'IJ 1 M<I '11ilA11lJl M~ fll'loll l ~lJA11lJfl'j~tJ{m~l tl11 ua~ 

' "-' ddcv !'ddvw d "".c,i ;f; 
fl'j~iJ'IJfl'j~l>J~ lillJl WfllilU fl11111m~Mll'l'IJ1 lillJl W fll'lllmAlJ lillJlilllJfl'j~lla'IJUlJ M1fl'Ul~A1~ 

.J d ' 
lil lJ 1 w fl <i lil All lJ L ii fl mli u 1 ?i'IJ rn11 fl A flu w q &i fl 11l.l'IJ fl~ 1111u 'lln A Lt AWL w 5 'IJ'il~ttlil fl "11~ ii 'IJ 

• 4'] ~ d 4 d d d • I 1 • 1 1 • ~ . I d 1 
lilllJflll'l'llfl~NU'j LflA L 'IJllilfl'IJl'llJlillJIA1fl~lillJu1nfl'Yl LA'11 Lfl Lfl ll'1~1'1Ju'j~'YJ1'W'lfflfl Lflll<llil 

' " 

uavfl-1uflw1wauvivwqifin11JJvi1-1 '7 

ltAWtWS'IJm~lif'1JLMliililflll111~'1Jm1 (arousing effects) wui11111~1m1uw 2-3 !i'1u 

m lJ1 'j fl I tJ ~ l'l'IJ '1n1'1().l~'IJ fl~ A ~')j al.I fl·Nl flU fl &I'll eM A'IJ ~ mn 'I.I am w w fl N fJ')j ~hiM <Jul \'Ju '1 fl1'1().I~ 
" 

'lleMA'IJ~~um1 Yi11 '11m1:1Jf1Aifl~ b~u fllflfl1~il'um~t1N <ililA11:1J<iflmw~u 
" 

LLAW t vJ aumm1t! 1 ~l.ltl1~a'Y!Bmwu<1~tl'lmru'll fl~~1uil1Mfu1111Yi1~1u~!ii' fl~ 1'1i'm1lJ 
I o <V "" o do I d I o <V .:!( .J 

fl Ii) 'Yl'IJ'IJ fl~'jl~ 1111'1 111i:N1111'1 am D 1111'Yll~l'IJ'Yl'ill l 'ii ll'1~'1J1 l u flM'IJll'I 1111'Yll~l'IJ N<l lil fl m~ A'IJ'Yl 

Iii' fl~ fl lilt.I fl'IJ'll~ fl Iii' fl~ 1111 A11 lJ~ 'IJ m1 a~ 11 lJ.r~ l ~lJU1~1l'Yl 5m w1111Yi1~1'1J l 'IJ'll ru~~~l~ 111m ~ lJ 
" • • 1 'II d n.I 'll <:':.! .J .J 0 <V d d 0 1 • 

flfl'IJ'11 lil 11111illJl11ll>< 2-3 '111'1 'il~l'llil1~1'1~l1'11'YlUAA'1'Yll11'1~m'IJlillM'IJfll'l<lllJ11fl'Yll~l'IJ lil 
' 

mu~u u flfl'il1ndii~wui1ttAW L w5m111 Mlil L Mil flui1'i!~?l1u 111~um1'il1fl1111Yi1~1u~M:1Jlil111~ 
" 

1!ii't~1~1.l ttci1 uam1~ufl&l llAW l wau m'ili1um~!ii'u 1 itiililfl1'j~1.Jm1tl'1~l ~lJA11lJ'Yl1.l'Yl11.l l u 
' 

1111Yi1~1'1J 1v11wm1~fluflmrhif u 

llAW l w 5u~~Yi11 '111111Yi1~1u~!ii' fl~ 1'1i'ti1'1~mfl ttci L \'Jmh~~u~~'IJfli1tlfl&l 11iJi11111 

Yi1~1u~~~'1Jll'il~Alilt \'Jufflua~ o. 6- LO nlil1mrnd:Wilm1:1Ja11'l(jjmflufl 1 uamwtlfl&l u.i 

1111 ll v~il 1.l~ nm lllil fl ell~ nm fl l'I~ tllu1'lu1Yi 81'ilm Ii) au f,J <Ill W'lf1.l~ 1"1 if mi~il All lJ '11 A(jj lJ1 fl I ?lu 

1111~~1tv~ 1111uv~i1uJ1 11111tv~~mmu wui1 tAl'liluflilvJ1tl1 ttAW L w aul.11 L'li't \'Jum1m~!ii'u 
' 

.r~ifu 1utJ 2505 nAwtwa'IJt!fl~AtlJu "u1 t!ii'u" 1AuAru~fl11lJ11111ai.1:1Jtiflmfl<1 1Aufi1Mulil 
" 

llMlflWUllAWl vJ au 1 m1am1~lii1Jflll 15 ilai.1flf:1J.i8i.11il':iO'il~08il'il~ 1'il 1'1i'tlAW l WS1JlU1J 

"I'll t!ii'u" ~~1~<ilu'llfl~llAW L vJ5u<il~flci11m'il tiilil~u 1ALlil1'1111':i~lJl11 ll vJuri 1tl1~mru 3-4 !i'1u 
I 'II I CV 

fHllJl'lllll'lJ~'lllJ 
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• .,JV 1• ti ~ .,J v ~ ti v ' 1 •v 
fll':i'Yll~l'W'Yl\lHN 'IM111J 'l::Wlil'll~lil<l~IJfll':i 'l::<fl'W'IJ<l~il1EJ1::Vlmtl<l1'W f111 !il'lU 

LLAvkvJ 5t1flolU'il::l'i11'li'Yi1~1t11iKt<i1'1~ t'll'W tll~lJflllL vJ<ln 2- 3 tl1!J ill'il<l'Wl~IJVl~ill'il·'ll'Wfll'l 
!J i'.l mt<1::~1 u ~<iil1iJ1iK~ L '1'111:: m'ill'i11 'li'i'.l mm1i'.l il &u u<i::m fl w1 ?l'i'.l m m1i'.l il &u il ~ t&l mt<i'1 

" " 
tda 1iK{rntAwtvJ5u 1uvt11!il 1iJa~tim'llt1tl'>::mru 150 il<i~n'i'ii nm'il'il::Yi11'1i'mm"l&mvl1J~'W 

" 

N<wiaa1:mmua::A11:u{fln 
• 

fll':i liK'i'rntAWlWa'W'IJ'Wl!il\J~ ltJA'Wtlnm (Battig tm:: Welzl, 2536) u<i::At!~l~lu hA 

~liltl":i::<fl'YI (Snyder ll<I:: Lader, 2529) 'il::Yi11'1i'tfi!ilA11iJfafliii~LA~!J!ilLL<i::11ilflrl~1<1 
" 

N iilW a alil·n fll '.i;d1!il11i111'1 

Klatsky u<J::Aru:: (2536) &i!illill1JW<ifll'l?lfl'M11ua1mmrmttlt1nm s tlwui1 fll'> 

~ IJfllLL W<l!il Slil'll L~tl~'ll il~fll'lri1\ll11il1t1 a~1~i'.ltl'mhfir;y Kawachi ( 2 5 3 9) wuil<llil~~~IJ 
n.f I W W ~ 1 '/JOJ I OJ I d "'>! IV 'V.J1 ,.; •-' 

fl1LLwlJlflf1111'W<I:: 4 !lltl'Yll Vl<llil'llfll':imlilllilltl<l!il<l~ 2-3 l'YllLIJill'YltJUflUW'Yl IJ!illJfllLLY'I 
• 

t (iJ ti L~ai1 L tlu w <!'ill fl fll"j~fll LL vJ1 tlin !J<I (iJ fll":i:SIJ Ll'lf1v a~ <llil~ L VI ci1rl' 

Niillil'aen1mhuii1::A11:ummwm~<1:ua~ 

W<lfll":i?lfl'M11~!Jvh~ ']'l'lil<l':itl1iKi1 LlAWL vJ5u 1'i.l'lltll!iltlfl&i'ilt11i~vu1111~au"ll1~a~1:Wth • • 
' ' "">! "" .,.,. 0 """ .,.,. 

'il::ii w <i L 'l'l IJ Vl':i <i <i!il m11J'il1V11 a1il11ii <nm-:; !l '1'11~ <llJ a~ au 1 

N iii ff am >u a u 'IHJ u 

LLAW L vJ au'il::L vl1J1::a::nm~1?l'ri auV1i1u 1 'li't111mu~u i:l!il":i::a::nm 1 um":iu ilUM<lu 1 'Ii' 
~u<i~ Lti;i::iJ~Yi11 'li'~u~1m~ <ii'.l tat1~\ll~ u au fl1::ilum::<i1t1 LLOl::Yi11'li'Arumw1 ufli-rnauV1i1u 

' 
I ' ,J' "" .;f 1 w d ".1.J ' ""' w ""' ' v ti 

Ol!il<I~ b!iltlW<ll'llUUill'ilLfl!il'IJU !il'illflfll"j(iJIJfllLLw'Yl'IJ~LLfl ']L'l'ltl~tl1EIL!il1J1fl<lUl'IJ1Uil'i.1 -:;::mru 

1 -8'11mtvhifu 

' ~ "' Niil Iii fl Wfl Iii fl»:U'llfl_, ! !il fl 

L~ fl liJ1!il11\ii il t)'Vlllfl"l::qu <llJ il~ lJ1 fl flll ~1 my U<i:: L~fl L~fl'il::rll~!il LL A vJ L vJ am ~1f1l1 rJ' 
1 my 2 Llll LLaJllL~fl'il:: liJ111iiaq'Ylll'lla~LLlilWLWaUmflfli1~1m1] ulliil!i11lJl':i!ill 1ilm'l 1'11 

L ~fl~ lJ LA~ eN ~ 1J ~ii u A vJ L vJ au lJl fl L f\ u 1 tlt~m mw1:: 1 fl <i'n <11 <11V11-:; L w11::'il ::Yi 11 it~ fl {u 

tl1::mua1m'l~iitl'l:: ltJ'llUi:l!il<i~ Vl~a 1fl<i'nmu am da~'illflill'il'il::Yi11 ML~flu auV1i1ut11fl Ll<I:: 

V1i1u 1iJail'Vl Yi11'1i't~flwmfou 1iJLwa~wa 

L da~'illfl LLlilW L vJ5u !lflTIU<l<lfl'illfllllUIJ 1iK ~~iiA111Jrl~10\ll L~fl~~IJUIJ!Jl'l!illill'il 1iK 
• 

{u W<I fl'l::'YJU'IJ <l~ LLA vJ L vJ au iK1!J fa !J A11 m l'Ju'il~~ LL<i'1tl~1Jl WU AWL vJ au 1 mJ'i 'W lJ'il::~l lJ1 fl fl1 ':i 



Vol 21: Supplement 1, 1999 S47 

" ) dd d1 w "'' "''~ 1 ' ' 1 ·~ \"Jfl1'fl'llfN Ryu (2528 'Vll':ifl'YllillJ'WlJ'illfll.JlWll'YI lil'JUlLATILni'l'W lJ'WllJ:: lil'lUNi.'lfl'J::'YIUl!lfl 

LLAvJtvJau 

em 1 urn1!l1uri1 ei1nnu1rilfl'>jj:: 

LLAvJ L vJ B'W L umbmJ':i::fl i'lU 1 w0f lil':iiil11'V'll i'l~1J1LL01.blil L U'Wl 1 m11m l'JUUU lJ1 tt.11 L lil ti • 
w<11Jnumttntl1lil tiu w1':l1t'lllilllJi'l'1 tL1.'l::uei<11 w~u tLi.'l::L uu~ilt11J 1'll'ii'uei~1~u w~11mt11 u 

,ji~tl':i:: L 'YIA11uii~il1111uu '11111'u 1 utl':ln 'YIV'l 1 'Vlt1 <flil'>iil11'u'llei~ LLlilvJ L vJ1lm~m 11~ei<llil'>N<ll.J ' . . 
tl1lilA':i1'1:: lmmu mun111'lil LL1.'1::1J1LLOLL vl'u1~tl':i::Lfl'YIL Yi1if u 

Haslam u<J::Aru:: (2510), Laska Ui.'l::lilru:: (2527), Migliardi LL<J::Aru:: (2537) 

WUll LLAvJL vJ B'Wl U'Wl'lllfl~lJ ( adjuvant) i1m vJlJU'J::U'YIBfl1W'IHN£11LLOU11il 11ii' u,ju~il1ln11mt1 
nci1J~v11rn-,f!n1'!1 Lt,jhiwu wmiud11~ei 1iJmm':ill<l'>U w<J 11ii' 

' ' 
a111:e;urn':lullilA':i1'1::'lfillil lmmuif u ilm11mt1'lfUlil~ilttAvJ L vJ1lu ( 100 :iJ<Jllfl1'lJ) 

N<llJnu11'bm ~'W Lff'W ergotamine ~~<1mw<1miudm::'Yl':il~<l151':itlJ<l'll'll ei~ 1mJu~eiuil'&i1111'll' . ' ' 
L W':il::L~i'l ~ ei 1'W<l':i':iWAru~11iil1m~~<1ei~i11l1 Mtii.'I i'llilL~i'llil 1 u<llJiN<h'W~L~1Jfll1 cerebrum tilil 

' 
lil1~~11::i1tJ 1 M' mrn':iU11ilA':i1'1:: lmmuu11L 'Yll<l~ 11ii' 

' ' , ~ 

Nii fil fJ eJ1 tn'Jf)(;) fflJ fJv'iJln !W ii n fJ if f) iW ii::tJ1iJ 'U 7 

ilAlllJL~i'lO'WlJ1Ul'WLL<i'111rn1~lJfllLL vJ~'lfv timJ'W 2- 3 tlltJIJ::ffll'li.'llileJlfll':iil'WLlJl 

111nm1~1J<111 lvi' trn::t uu~il1ll.Jtlfiu&iri'u 1iil1lit11 tJ ual'11ttAvJL vJ1lu 1 urnu vJ11::v111 M' ~~lJ'!'>1il 
ml lJ ~'W mllJl fl~'W u;;i::~lv 'W i'l'WU 8 tJ ilv LL,j lllil vJ l vJ B 'W 1iJ m lJl':illiill'W (}'YIB'll eN<l':il '11~ a 1 u Ul~ A~~ 

' 
m11ta1JJ1J'YIB'll ei~'!'>l~v111 ttlfllil mrn'>ilmm Ltil::~v111 M'tlfin~l'lllili'lU<l'W eiv~'ll'1<1~'ll eN~lvfl11l 
1 91 .,,, Z v .,. .:::i d o ~I ..,. <!,! o d v d 

lil lilv'W'W m Lfl lil m fll'>lJ 'W llJllll fl fll'>lil lJ il''>l llil::111 L u'W'IJU'>ll'l1'> ffYllvl'W 'YI lil i'lv AlU lil lJ llil'> eiv 
' ' 

~mn'111::tnlilau&it 111il11~eia'Wlil'>1t1~u 1"1~11l L d <N111n ~if u11::famf u 11J11lilmeiv<11m'>11tl ilu&i 
q q 'lJ 'lJ ':.J 

m'>::nllif u 11il'11il1l~~1~mtJ 1iJwf ei" 15~tJ<1alilntJ~<11ilfieim1Yrn 1M'<1~1vtm titfori au 
' 

':J::UU 1mHltJ'WLi181il 

1J'YIB'll 8vLllilvJ l vJ 1Ju,j 8':J::uu 111m1tJ'W faiilil L uuVi1i a~1"11'umllJ<l'W 11JLl1.'l::ilfl1':iflfl1'11 

1~tJii'umtiiauV'llill'l'l1'1U<i'1 L deivlllflBlil'llflTHatJ~'llillllfl t 1A'll 8v'i::uu 111'1 t1t1u t;;iii lil 11ii'L vJlJ 
J' z nl ,.I G'<>I ""t d d d.<:::1 n•I nol..:,I J' l.Jl fl'IJ'W 11 l.Jm u 'l::'lflfl'j'lf 8\l'Ylfl u'l:: l 'YI V'I fl lJ fll'JU'l fl A LA'l8vlil lJ Lti.'I:: mm 'l'YI lJ LlA"' l TI 8'W lJ1 fl'IJ'W 

' 
'Ylfllllii'1tJ ~vv111ll'tin1'Y11l1V'l1<flil{Vium1ll'mll.J<l'W11Jf!nmii~Ni.'lfl'>::'Ylu'lleivllAvJL vJ1lu~iJ,jei 
' 

1::uu 111m1tJu faiililttil::<l'llmW'lli'lv ~u~1f!A~v 1 u':l::tJ::~mL<1::':1::1J::m1 ' . 
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if 1wn nni vi uv fNtt? 7 'ii iw::mwi u ii!J eJ w 

iim11'1n1'11mnm!lfi~ ~rn Liluuw<lu"ll<i~ LLlilvJ L vJ5u.-i a1:;uu 1 Ml.1 LlU'W failm Llilul1'n 1 M' 

<ll<ll<IUlil'i~Utl1:;1'Jl'WlL1ilvJL vJ5u1il{~L&iu11'W"ll'Wllil 200-300 i1<1lln~:w (Robertson LLGl:;flllJ:;, 

2524 LL<!:; 2527; Ammon LLGl:;flllJ:;, 2526; Izzo m1:;f111J:;, 2526; Whitsett Lll.1:;f111J:;, 

2527; Smits LLGl:;f111J:;, 2528; Van Nguyen UGI:; Myers, 2531, Myers UGl:;flllJ:;, 2531) 

"ll'Wllil iil~mh11n<i'Lfiu~i\'um1~:wmu vJ 3-4 !11!! J1e11i1<1:wtl1:;urvi Llilci1"ll'Wllilo11:wlil1 ( 3 2 5 

i1<1llllm1) 5-7 m:;lJ<i~ 111mlil~<i~~mifh<l'~ 4-6 "ll11il<iu1~111i1L~1 LLlilvJLvJ5u1utJ'jmru 
" 

"ll'Wllilil' 'i}:;L ~:Wlil1l:Wvl'W hfim 1iiltl1:;m11J 5-10 i1<1l'i L:Wlil'itl'i<J'Vl Lrn:;iit)'VIB'Wl'W 3-4 -8'1 tm 

e1m11m1Lm'W"ll a~ih h<11i1<1~tl1:;mru 6 lil{~,; auTi'i1 u-8'1t:w~u1n u<1:;n<Jrn ~:w~uv1ntln~ 6 

lil{~,; au1Y11 u-8'1 t:w~~ 2-4 LL.-im~m10nm hiwum1L tl~umL tl<1~"ll a~ e1m11m1Lm'W"ll a~il'1 h 

Al L 11 ci1il'L llu Al m~u~11ii'v1nm10 nm i\'u i.J~hi ~ :w Llil~ a~~ :w~ ii Ulil vJ L vJ 5u111a ~ :w L llu lil{~ m11 
" 

fffj 0 fl'lo/11'11~ 'j:;Ul lil'l'Vlm fi~ N <I'll a~ fll 'j~" L lil~ a~~" ~ii LLlil vJ L vJ 5 'W,; a ml lJ vl 'W fafim UGI:; 

e1m11m1Liii'u"lla~il'11v 1u1:;u:;m11muii41u1ua1m<131'1il1mn~u Liu Lang u<1:;f1ru:; (2526) 

11m1u 2 A{~ A{~u1nwu11m1~mA~a~~lJ~iiuAvJLvJ5m'h 1M'm1:wiilu Ll.1Mlil 11ilLLa<l1mlln 

(diastolic) LvilJ~uau1~iitiua1.liy LL.-iLvi:w~mwm 2-3 il<1llL:wm1tl1a'VILvi1Ju A{~~ 2 wu11 

Vil LMA11:Wvl'W hfim:/la1mlln (systolic) L~:W~'WflUl~iitiua1A'tyl'll~<lli~u<1n ~:w~m wm 3.5 

UGllJllJlil'itl'ia'VI a1u Prineas UGl:;AllJ:; (2523) wu11 fll'i~:WfllUvJfltlUTI1LMlil11:Wvl'Wfalllil 
<llil~ll.1~ 1uVi1u<m&imi\'u Klastsky LLGl:;i'JllJ:; (2529) u<1:; Periti u<i:;AllJ:; (2530) wu11 

fll 'j ~ lJ fll LL vJ M1<l"lll Gllil lil11lJvl'Wfafim11ill 'W 'j:;tJ:; m1 

t ./, 1tl 1 Q t ~ ~ ' d ··' ··' Q .J{ 1 • 1 ~ lill'J'V11 'l:;UU l1GIL1U'W GlMlil'iJ:;Lfllilfll'i'Vl'Wlil<l!J'Vli5"llfl~LLA"L"'fl'W"ll'W lilflll'J 'W 4 TW 

Mtl~'illfl 1iil~u~111.-i flrl'W Lrl aiim'l'Vl'W.-i<Jq'VIB"lla~ LLAvJ L vJ ilutnlil~'WU<i'1 LLAvJ L vJiltr<;J:;L ~lJlil1llJ 
iilu fatim 1iii'L wu~ 1 -4 i1<1l'i L1Jm1tl1am vi1Ju LL<1:;e1m11m1Liii'u"ll a~il'1 hunv:; hh tl~uuu tl<1~ 
~U1U l 'iA lil11:Wvl'W fatilil\j~'iJ:;Lfllilfll'i'Vl'W.-i aq'VIBL ~:Wlil11:Wvl'W faillil"llfl~LLAvJ L vJilu 1iii'Lim&iu1i\'u 

Autin~ iil~Ju~~ii'li' S<l'itl11 N<11:;u:;m1"ll a~uAvJ L vJ5u L 'Wfll'H ~lJA11lJvl'W fatimv:;tl' aumn , 

flUl~ hnlilllJ WU1U~iihAm1lJvl'W fafimm 1J.im1u'jfomLAvJL vJ au 1utJ'jlJ111J~lJlfllfl'W1 tl 
" " 

a111~u i.J~11.-iaq'V1B"ll<l~LLAvJ L vJau fll'j 1iil~ULLAvJ L vJamLlJl 'W"ll'Wllil~lfll'ilTil 1 MM1 h 
" 

Liii'u f:J111tln~M1a~ L~unilmi'11 tl11 h~mrnd'lfn'l~L'iuu011'1:; "llll!:;il'u~ 1i.imm1t1ai5u1u 1iil11 
" 

Vi11lJUl~ A'W~~ 11.-i a tJ'VIB"lJ a~ LLAvJ L vJ ilu L tf'W il' LL.-i ii'li' mm:;ih~m~i\' u11u A AG11 '11ci1il'1l-ilil1'i~lJ , 
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. ~ 

011lJ©1JL<lfl!iJ<(,:j 
" 

Lang LL<Jr,Arur, (2526) U<lr, Whitsett mir,Arur, (2527) 111N1Ull flllLW<fl:IJl)fH~lJ 
m1milufattlil u\iiiJ'n1~tJBflVl<lltJflrilJ (Tachmes LL<!r,fJUJr,, 2521; Freestones U(;lr, , 

, d·~,-~···d·~·~ Ramsay, 2525; Myers u<1r,Arur-, 2531) 'l'IU11fl11\'JU'4Vl'lfl<IULuUu'il'iltl<f1At]J'Yl'YllbVILfllil 

11AA11iJ!ilu foi'.ilila~ 1 uw~l-lfllLL vJ L lluthr,'ii1 
" " 

1 u1r,t1r,m1'~ il'n1~m'11u 1 my'l'!u11nTl~lJfl1LL vJV1"imLAvJ L vJau hivh 1 'H'A11l-J!ilu foi'.ilil 

a~1J'u (Bak LL<!r, Grobbee, 2534; van Leer U<l:::Aru:::, 2537; Kirchoff LL<l:::Aru:::, 2537; 
" 
Lancaster trnr,Arur,, 2537; Fotherby LL<Jr,Arur,, 2537) 

il'n1~tJV1mtJntjl-l'Wui1 fll'>~lJmu vJV1"Jam-, 1~i"fouAvJL vJam llu1hr,'\l1 hJ:i:i ;m\ii a 

A11l-J!ilu fattlil'll a~ N'l11t1~ilm1l-J!il'IJ fattlila~aciri amt'11 (Robertson trnr,Arur,, 2 5 2 7; 
" " " 

Mosqueda-Garcia u<Jr,firur,, 2536; Eggertsen Lrnr,Arur,, 2536 ) ob'IJ Sung LL<!r,Arur, 

( 2 5 3 7) 'Wu11ulftLAWL vJam vll-lA11l-J!ilu fattlil'll a~N'~ilm1iJ!ilmJn~1.i't wtJ~ L~nuern Ltliiil'n 
" 

1~tJ nri lJtlL<l'IJ <l'lla A lilll fll"JU~lilA LLAW l vJ a'IJ <Jl'il i1 ;rn f]"Jr,'l'!ulii Elfll"JlU'ilQtJ m1r,m1-lflbl l 'lA , 
A11lJiiJ'IJ fattlil<l~ 1.J 

" 
aci1~ hnlilllJ l'IJU 2529 The Joint National Committee on Detection, Evaluation, 

and Treatment of High Blood Pressure a1i.Ji1LLAWLWBUTillMA1llJ!il'IJfattlilL~lJ1J'm~flUfltJ 
uliim'H ~lJA11lJ!il'IJ fai1lilu"!:Wtillileici1~m1'l iil~if mLAvJ L vJau~1 l:W L llumt Vllil~n11 'H'tillilA11lJ , 
iilu L<lttlila11.J 

" 

llim1h 
1 uu11'l11M1u~ti~~11uAvJt vJ au 1 umu vJilri1u 1 um-,ti11 'H'tillil hm1'1 h 

iill'l~il1lilfl1111 l:W tlfl <I'll .r fl'jjUJr, fll 'l<fUU Vl~U<Jr,U'i)~l'JL~l'J1 ~'IJ 'l <Jl'i)'i) r, i1 ri1m'fowu rl'n u fll'l Lil lil 
'I.I ~ 'I.I ~ 

L '>A11'1 h trnr,m1mf'1Jwurl'-,r,w:h1uAvJ L vJaunu L 'lA11'1 hvr,<11i1a1aci11mn1 u'l1tJ11m V1ri1if u 
Prineas trnr,Arur, (2523) 'l1M1'1Jl1Lrla1liuAvJLvJau1u'll'IJllil<f~fl11 600 l1<1i!in-l1J 

" 
A~~L~tl1 V1"JmYiurn'l'l1oum'l~!Jfl1LLWl'IJ<lr, 7-8 tl1U ti11'H'11'1 lv'llEl1<11<fl<fiiA'lL.i''IJijlil 

~1V11r, 1'1 u\ii-,1u~1uri1u 1 VlfJJl u'lr,ur,ml'~'Wu11 LLAvJ L vJ au l 'IJ'll'IJllil 200-4 50 i1<1i!in-l1Jlii a1u 

l:Wti11 'H'11'1 lv'lleMAulln~Llli'uij1i1~1V11r, u<1r, 1:Wn11 'H'N'll1t1~ L llu L '>An<i'1m il' al1'11vlil1uV1"Ja N' 
" " 

1i'u (Myers u;;ir, Harris, 2533; Chelsky m1r,f1rur,, 2533) Newby LL<lr,Arur,(2539) 'WUll 

fll'l~!Jfllll vJ1:Wn11 MLfllil<Jlfll'l h~uu<1r,l1'1 h'H'a1ri1~ L.!t1riau~1V11r, (ventricular premature 

beats) il'n1~t1flri1Jtl~~a'lll11 fll'l-lnm N'l1111~i1 Ellfll'l11'1 lvM<Mril~L.!'IJ riau~1V11r, 1:W'il1tll'IJ , , " 
Iii' <M'ill n lil fll'lU~ln A LLAW L vJau 
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1utl 2527 American Medical Association's Council on Scientific Affairs 1iii'111Ml'W 

11 1 'WA'W~111liH(il'Wil<i1tl11&1 fll'fl'11'11i1'!J"lL!11ilLLAvJ L vJ lluf\hivh l M<l!ll'Wfll'rniluillilUfl~'ll a~11'11'il • 

1uu 2506 Paul ttar,rinit11ii'11m1um10m,ii1ummal1ri1 1,951 11CJwui1 m1~lJ 
mLL vJihhuaiJwui5nrn1111'l11ll'tnlil hAi'.\'1 hmli1L~ali1~'W LL~ 5 tl~am irn1~tJn~lJdliii'11tJ • 
\l1ui1ri11lJ<'llJwui51r,·w)1\lLLAvJ t vJ5mt'1r, 11ri11'1 hmlil L~ali1~1iii'·ntJ\ll'W l ut'iau11u1Ju <n'iJ'iJr, 

"ill'J~l'W'illfl Boston Collaborative Drng Surveillance Program (2515) LLGlr, Jick LLGlr, 

rirur, ( 2 516) ilfll'l~lJfllLL vJmnfflll'W(lr, 6 tl11'J 'i)r,L ~lJalil'll trl!N'lli'l~fll"lLOlil<llfll"lfl<i'llJ 
L'iia11'1h1i11tJ 1uu 2529 Lacroix trnr,mur,'J1tJ~1ui1 fll"l~lJmuvJmnffi11'uG1r, 9 ti'11Jihbu 

<'\'iJwuB'num·anlil hrii'.\'1 h tt~irn'l~u m~1dhiliii'ri1urilJil'il~mrlm ~'W 'l aci1\lf lilfllJ Liu L WA 
• • 

a1u u"Jr,i'~'lleMhrin'11mdai1hmli1L~eJli1 ri11iJ1ilu1"i11i1<N fll"i<luu11~ t\'Juiii'u uan'il1nd 
~ .... ... ~ 

if~ ii 5fl1'l m !J fll "i A fl 1'11~air1J <l'W 'W 11 fll 'l ~ lJ fl1 LL vJ1 'W u"lm (ljlJl f)'i)r, L ~ lJ ml lJ trl!N ~ 8 fl '11lJLd8 • 
i'.\'1hlill!J~~1u~·1nmLG1r,~'11qJ\l ( Wilhelmsen u<1r,rirur,, 2520; Rosenberg LL(lr,;;irur,,2530 

u.ir, 2531; La Vecchia n<ir,r)(lJr,, 2532; Tverdal tmr,;;irur, ti 2533) 

8Vl\l hnlilllJ il"ill'Ml'W~l'W1'WlJlfl~l:iJwu~111lJalJW'WBi1m"l~lJfllLL vJ'l'l11 '11'Lnlil l "iAll1 

hmli1L~81il (Klatsky n.ir,wrur,, 2516; Dawber LL<ir,wrur,, 2517; Hennekens LL<ir,wrur,, 

2519; Yano LL<ir,wrur,, 2520 LL<tr, 2530; Wilhelmsen Lmr,wrur,, 2520; Heyden u<ir,Arur,, 

2521; Rosenberg LL<ir,wrur,, 2523, Murray Lmr,Arur,, 2524; Kahn LL<ir,Arur,, 2527; Welin 

LLGlr,Arur,, 2527; Jacobsen m1r,;;irur,, 2529; LaCroix, 2529; Wilson LLGlr,f!(lJr,'iJlflfltjlJ The 

Framingham Study, 2532; Grobbee mir,Arur,, 2533; Rosengren LLGlr,f!rur,, 2534; La 

Vecchia LL<ir,Arur,, 2536; Heyden, 2536; !Gag LL<ir,Arur,, 2537; Gyntelberg LL<l~Arur,, 

2537; Willet LL<ir,Aru~, 2539) 1utJ 2538 Palmer LL<1r,Afllr,"JltM1'WW<lfll"lAf11'11WU11 fll"l 

~lJfllUvJ 5-6, 7-9 lL<l~lJlflffll 10 fl1tl~81'W 'i)r,L~lJm1rnrl1M~8fl11LOVlhAn'11rndai1h 
lillti 1.4, 2.1 LL<ir, 2.5 t'Yi1 1i11mhlil'u ri1um'>~lJmtLvJuatJni11u.ir, 5 ti'1tJma1u'iJr,hh~lJ 
alil"lllrll'M 

1utJ 2537 UK Department of Health "lll'J~l'Wilfll"i~lJfllLLvJ\il\l~Ui:jUWrl'W1'Wu"lr,L'VJl'l 
5~nq1'1l:iJiiwmrliM~B hA11<ieivi foillil'lleN11'11'il l'WUl~l'J1rl'W The Scottish Heart Health 

Study "lltJ~1ui1~~~lJmttvJiialil.,1m1t\'JuhA11'11'11~1ni1~~l:iJ~lJfl1LLvJ 1utl 2539 The 
~ ., , 0 ., wd Q ~ d ""'1 . IQ (1 ' British Heart Foundation tl'Wl'J'W11 <l1'11'JlJW'VllJ<l'llillWlil fll"lVllJfllLLTI 'Wu"llJ1tl.IWi'l<llJA1"l lJ 

• • 
Lnui'u;;ir, 6 ti'1tJ) l:iJt~lJm1mrlmmahAM<i81i11'1ttlil'll8\lM1hLL<ir,~a stroke 1utJL~t11nu 
US Nurse's Health <l".iu"\11:iJilm,ln'iil'WrlUU<l'W'Wf!11lJalJW'WB"lr,Wi1~f11"l~lJfllLL vJtm~A11lJ . - . 
lrllN~i'l hA'l1'181il fattlil'lleN11'1 liJ 
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:;::lilu Tr1rnfl!!ili1Wil 1uiafJ!il 

1w1::1'J::tt1ni'l~~~'l'll1rhm1~:wntt wt vi:1J"J::1il'u n1111 b i'.J1J1>1'l11 fa t'fl<f HilfJ'HHl 1m~<Hil1.J 
(Bellet m1::riui::, 2508 m1:: 2511; Avogaro i.til::liltiJ:;, 2516; Oberman ttil::Aru::, 2518) 

Lt<J::i'l'lll'Nl'W~'l\l1Jl1LtAWL w S'WVl"ii'lfll LL whit vii.r:i::tilu TAtaau,;i 11'"1'11 m~alil ( Shelkelle ttGl:: 

riru::, 2524, Kovar tm::riru::, 2526; Hofman u<1::0ru:;, 2526; Orchard tw::riru::, 2530, 

Wilson tm::riru::, 25 3 2) ttliiri1111aw hfi~i:.J<l'll i'l~fllu w'Vl'lmtAW n1.J!lulii a1::tilu TmmH!il i'l'li'lil 

1 ~ 1'V J'q ~ d e-.l 

'WLili'llil lil~fl~\11U':l::flltJ'llt1i'lflA'l~Vl'!Nvlfl'lll'Ml'W1?HN Thelle tt<i::v1ru:; (ll 2526) vlfl 

, I ' ;.,l '3 q • " ~ ' d ,.I ' 
u'l::t i'lfltJ i'l'lt')l'Ji'1~1f11'11 b Ui:J'lill'J 7, 3 6 8 'lll'Jbtil::i:JVl!]J~ 7, 213 'l'll'J 'l\IUTlfll"JlillJfllLt l"!lJlflfl11 

l'u ii:: 9 !l1ui'Jci1uli1111'1::"111 fa t<Jatma1am vilJ~u'llil afrN:ilum'h~tlJ ~~ i:;;;i~1url'1.J-'l'urn1 
'1U1J'1ljtJfam'.Jn'l~l'Jfl~lJ1ii1~ 'l t'liu Arnesen tt<l~AQJ:; (2527), Forde u01:;0rni:: (2528), Aro 

tt<l::Aru:: (2530) 

v1nrn1'ltm1::1f'lla11<11utl 2530 Thelle m1::Aru::w1J11 fll"J~lJfllttwmm1m'Vi11 -

'lillatLfltJ~ t 'WLll'J'WUl'JlJ~lJflltl w~ t'll'lffll boiled coffee ~~tm'll'l:w Llil!Jfl1"im:W i:.J~fll lL vJ ft1vu 

t?'i i'l lil llill'I hi i;.i1um1m<Nfllflf11tt vJ u n'l~l'l'l1ml'ln<i:w8uiiui1m';l~:wm LL vJ~tlil'lm-i 1 u<ln1:1ru~rl' , 

vnh1J1''l::ti\'utALil'1L!ili'l'li'l'1l'WL~i'lfi1'1~~u1.J' (Arnesen, 252'7; Forde, 2528; Aro tt<l~Aru~, 
" 

2530; Bonaa Lt<l~Aru::, 2531; Bak tl<l~ Grobbee, 2532; Stensvolcl tti:l::\-l!l.I~, 2532; 

Pietinen trn~wru::, 2533; Ahola Ltil~Aru~, 2534; Lindahl, 2534; Van Dusseldorp tt<l~ 

Atl.I~, 2534) 

lull 2537 :ilun'l~l'I 2 n<i:wAa Heckers ttil~Aru~ mi~ Weusten-van de Wouw trn~ • 
wru~~'1llJl'HlW'1vui1w11f'laa;;i (kahweol) tt<i::A1LW'1ma01 ( cafestol) ~'ltthnhi'.Tu 1m:w~\il 

" 
mu vJi'lq'YlBt viJ.J fa t<Jatm a1a<11 m~ alil 1'1 i:;;;i11uv1nun'l~u~1<1a'lntjJ.Jrl'1lil-'l'um·rnuu<1lju 
faiNlU'lli'l~ van Rooij Lt<l~Aru~ (2538) mh'll>nm:w 'liru~rl'ii11a.l'Yl':i'lUfl<i 1nva~ml11aa;;i 
V1~ari1tvJama<i 1urn'lt'Viu fat<Jatfi1i'l'li'l<l 1m~alil 

'l ~1J 1J i'I 1 ~ I W '1.1111'1'11 'l 

rn'l~:wm1t vJYi111Xtnlil i:.J<1'l1mtiu1::m'llii fl'j~'uum'l t0lumV11'> iiu 111111'til\11 mm., 
' ' o/ ., 

tt'1Ul'li'llili'lfl (heartburn) li'a~i:.Jfl'l'l~i'l'Vli'l~~1~ m1n'~:Wfll"JVl<l'lmli1t1c1::11·1ti1w lil'~uu ~~i'lfll':i 
" 

auil1:1,:i1ui1 lb AW l vJ au~~ t llumua11'11¥i!]J 1 Ufll ll vJ !ll'il L U'W<IGJV 'Ml 'lA"11'1 ']'ll eNi'Jl~l~'W i'll'l'll'l 
t'liu hrittN<l 1um~t1111::i'll'l'll'ltt<1~<'h 1'1' t llu.lu 

llill'lvi'11 u mt V1mci1u 1 Vlul'll a~rn"itfllili'llfll'ltt<IUl'li'llil an ifnv~Lilmv1nrn1~V1'l\11'lii'l~ 
q u 'U'U 

VIG! i'llil i'll'Vll'lci1u~1'1rimu"11 111111' a1V111tt<i::fl"Jv1°l um::t w1~!iluaTun<lu~um 1 UVl<li'llili'll'l'll'l 

(reflux esophagitis) U<l~fl'l\111111 Mtfllil i'llfll'ltta'tJ~U~Vlili'llil Elllll'l ffl';)~lJfll u Wi'llvYil 1 Mtfl\11 

i'llfll'lLWUl'I i'l\11 i'lfl~'W ttlii i'llfll';)lltfUl'J i'l\11i'lfl 1aJ1lil'tnlil~'Wfl1J111fl"Jl8~~lJ nm vJ WGlfll'l'i~tJ'l\l1Jll • 
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rnLL vh'h 1 M'Vl11il'll fl~'Vll;lfllil<n'Vl11'11uci1~1ilm!'Jlii'111il1 um~11!'J ci1um~11!'J'il~LfllilN<ilil1~i1aJi:ifl 
•• 

vh 1 itt11il1,rnlii'1 Lrn~m~11!'J~rn1~lJrn LL whhh 1 irn1'l'i1~1u'IJ fl~'V111ilil'L tl~l'Juu tl<i~ 1 u'\11n 'U.... ... 'U 

mm1ci1uci1~1ilmtJlii'1 LL<i~ii~ii11!'J~1u~~uiiui1rn LL w~anlilulilw L wauflfln'l'i11 M'LnlilN<illi fl'VI • 
11il'llfl~'Vl<ifllilmV111ci1uci1~ 11i1L'liu LiiimilurnLL wu11JJlill~fl~11mLL<i'11 ui1~1i1u lii'~if u ~~a-,tl . , 
11i1i1 en fl11LWU!'Jfllil flfl~ Lfllil'\11 fl fl11~lJ fl1 LL W'IJU liln11lJ lill'Vl~fl'IJU lil~t'f nlil LllilW L w au flflflUl'\I~ 
Lfllil'\11 fl<fl11Jl~BS1~ LU fl1 LL W~iin'Y!Blilml'lfl<i'llJ L if fl'Vl11il'IJ fl~Ml;l fllil fllMl1;;bmh~ LL<l~'\I~ Lfllil "I uu 

~ u ilum~ 11 !'J~11lli fl (j 'Yl B'IJ fl~ m 1 Iii'~ fl ~11 M~ fl L fl Iii nu w~ ii fll1'1'il~l U'IJ fl~'Vl11il ~ lil 1 U'\llflU fl&i fl ti 
'U 'll'IJ 'U 

ri flmL<i'1 mrn1LWUl'l fllil flfl~~i11'1iL l'luNl;l~Lfllil'\llfl LllilW L wau llil!'Jlil'l~ 

rn1~lJfllLL w m'\1'1111 MLnlilmm1Yifl~ NflM~fln fl~ Li:fo 11i1'1t11iluu1~1ilu m1'1'i11 iZLnlil • 
mrn1YI fl~ Nfl'illflfl11~lJfll LL WL~ffil Lfllil'illfl<fl1LL'Y1Uilu (tannin) ~iifltilu mu w ci1um~11tJ~ 

• • 
~ lJ m LL w LL<i'1Yi11 M'Ln lil m m1YI fl~11~ L "1111'\111 Lnlil'ill rnhwu u1~'1Jil lil~i1 flti1 urn u 'l"l LLl;l~iiq'YlB 

• 
"~ Al!'J LA fl~llifl'Yll~ Li!i'U81Ml1 ~~'I'll 1 iZLnlil fllfl11Ylfl~11~~u 11i11 u w~11ci fl(]'YlB'IJ fl~J1JTuiil~flci11 • 

LllilW l WBUL \tjlJfll1M~~fl11ilUl;l~J1ti fll'JL tJtJ~u (pepsin) L 'W fl>n Wl~fllMl'l LL<l~'l'il L M 

fllfll'j'IJfl~ hlilLLNl;l LUm~L Wl~fllMl'lLLl;l~~11thmL )~~ti 11i1 ~~lJfll1LLU~Ul LMWU1!'J~Dhlil , . 
m~ L w1~mtt11tt~fl~11'1~1il~JJmu WLLl;lnlil~eM~lJ~uulilWL w 1.lu M~fl LL u~tl11 oi'~JJm LL w~anlil 
LLlilWL w au fl fl fl LL 'Y!u LLllil'l1LL u~111t11~m1V1'1~il' fll'il hJ flnlii' fl~ L ti fl~'\11nilm10n,,.1wui1m LL w~ 

• 
<f nlil LLlilWL w llu fl flflflB~lJ(]'YlBL ~lJfll1M~''IJ fl~fl11iJLLl;l~J1ti fl!'J 11ii'iiiwfl 'l nUfllLL W511lJlill Iii'~ 
tTu ~' L~flnui11 u fll LL wir~'IJUlil511lJlill LL<l~'IJUlil~<fnlil LLlilW L 'l"l BU flflfl'il~i1m1~,mm1flm~lii'u , 

fll1M~'mlilLL'1~J1ti fl!'J 11i1uflm MU fl 1 U'illfHLlilW L wllu u flfl'illflil'ifoiJ11!'J~lU~ti1au h 11i1l'IUll 

Llil~ a'~lJ~hJil LLlilW L w au L'liu uJJu<i~L'lllit1 ii'l'lmm1m \tjlJfllo'Vl~''lla~mlil 1 um~L w1~mtt11 
11i1L'limiiimilumLL W'Vl~flLlil~fl,~lJ~iJ LLlilW L wllu5u 'l 

Nilssen LL<l~lilru~ (2533), Casiglia LL<l~lilru~ (2536) LL'1~ Kono bl<l~lilru~ (2537) 

\A!Ullfl11~lJfllLL 'l"lmm1'1'11il'l~iilurnu h:W gamma-glutamyltransferase ( GGT) 1m~fllil 11i1 

LLllifll1~lJ'IJl'V1~8Llil~1M~lJ~iJLLlilWLWBU hliJN<iliJ~nci11 ~'L~flll<fl1~'11ilLi'lU l'IJiJ GGT hJti1 

'il~Ll'lmLlilWL wau '1111M'ilm1An1'!1i1m1~lJfllLLWmm1'1Ufl~nu 11lillii'u 11i1'Vl~a hi Klatsky 

LL'1~1ilru~ (2535 LW~ 2536) LL<!~ Cmrao Lll;l~lilru~ (2537) \A!Ullfll1~lJfllLLW<fllJ11tH'llil 
fll1Lfllilill1~1ii'rnL~~ (cirrhosis) 1(1) 

fl J1 :JJ W tn '.i'll fN 'Yl1 '.ifl 

Linn ul;l~lilru~ (u 2525) 11m1ui1m1~lJfllLL'1"11:iJLnu1ul;l~ 4 t51tJ1mh' 3 Liiiflu 

LL)fl 1:iJYi11M'Yll1fl~lil'1illilililfllJli1m1lJYlfll1 Kurppa LW~lilru~ (U 2526) a1tli1m1~lJ 
fll LL w1:iJ L \tj lJ Blil11 L~l'J~ ci il fll) Lfl lil ml lJ Yl fll'j'IJ fl~'Yll 1fl 
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Nawamwi1'5fJJi~u T0va.;inTrn 1im~~.rr 

ilu fll~tl Vlilltlfl ci" wu11 fll'j~l.JfllLL WV!~ 8fll'l hi"fouVJW L waut1iiwu ll'ilu fl1Tvll t t1'tl1 • 
VIUflol1'Yll'lmL'lfli'liJ8\iliJ\iliJ~ (Mau LLiJ~ Netter, 2517; van den Berg, 2520; Linn UiJ~i'lU!~ 

2525; Martin Llil~ Bracken, 2530) LLmU1~'lltJ~l'WWU11il~~m~1N~'W Li'W fll'l<IUUVl~'ll8~ 
" . 

ii1., \ill Luu m L vi \ii ih rl':o'll <Nm 'l A a a \il'Yll'l fl~ i1tl1 viu flu au LLa~il mu A'l'l ti' ~u fl11tl fl &I . ~ . 
Freid ua~ O'Connell (ll 2530) 'llt1~1u~arn'l'i~CJ11rn'l11ii'{rnLi'lWLWauhiLfiu1ua~ 

300 :i'Jalifl{ii.,~vi11~~~m.,tfif u :i'Jl.i'vh 1tftl1viuflm'lflN\il 1u~1flufl&l ~~ 1.i'{urn'lauurruu 
• 

~lflUfll~tJBflVl<llrJflciii (Brooke LLil~i'lru~, 2532; Cann LLiJ~ Goldhaber; 2532; Mills Llil~ • 
0 <V I """ nl <V "'- ) I d d .J .J-"" 

AW~, 2536 ~1flrfl'Wfl~l'Wrf151'lU!'f'llLLM~'llllil u'l~L'Yli'lrfVl'l~8LiJ'lfl1 11fll'l\ililli'l'l8~\ilil'YllJ 

LL Aw L wau hit uum L VlliJ 1.rJ1viil'fl'lleJ'l'Yll'lfl~Aa a\ila\ila~fl11tlfl&l 
4,,,;I 1 Vq " ,J ,J ,J ,,jq .,I .,lq 
L w u 2 5 3 4 \ill.Jfll'l~Jfl'l,fl ~ilfl'l~'YIU'l~1J~1J11'll 8~fll'l\ililli'l'l8~\ilil'YJJJLLAV< L V<El'W'llEM 

"1'l\ill'llW~~~i'l'l'ltlm8fl1'lL~1iyL&lu11il'll<ML~fl~'W1i~ 7 lJ (Barr LLiJ~ Streissguth; Olsen LLiJ~ 
Aru~; Peacock m1~.-iru~) wu11uV1wLwau 1:iJYi11tfm'lfl~i'lil8\ililm1i1N\iJUfl&ltulii'1utl1viufl 
i'l11il\j~ LLiJ~fl1'lL~1iyL&lu11il'lltM11~fl11J LLmfl1'l\JU'4VI~ (Peacock LLiJ~i'lru~, 2534) Llil~fll'j 
~il'f'll (McDonald LLil~i'lru~, 2535; Shu LLil~i'lUJ~, 2538) LU'WU~~l'J11iia1rl'iy~Yi11t1'L~fl~ 

v 

A a El \ii ii 111 viu fl o11 a \ii a~ 

Wilcox Llil~i'lU!~ (2531) 'l11J~l'Wl'Wrflil~ 104 'l11J~U'l~rf~A~~~~i'l'l'ltl11 rflil~~~ii 
Li'l~8~~ii~i1LLi'lWL w am firJUL vi1ilurn'l~l.Jfl1LL Wl'WiJ~ 1 tl11'J~~Yi11.r~~i'l'l'ltl1Jlflfl11rf lil~~1:iJ 
~" Li'l~8~~m vici1d LLm~lflfll'll Li'l'll~MTI tll.JiJ l 'W'l11Ml'Wvl~flci11wu11 rflil~~ t"li111ii l 'Wfll'l 

" 
Afl'l,f1U'ill'W1'W"1fl~hi Li'l1J ~l'Wfll'l~'li'l'l'ltllJlrltl'W 'ii'l81~ L U'W 1 u11ii'~rflil~L mhif m U'WN~~~ 

" 
ii~:Wrn'lmuAiill11u u'l5u 11:iJ{\ilflm WCJ~W<Jafl.i'1CJ 

• • 
. 

'Wtlfl~lfl'W'W 

Christianson LLiJ~i'lt1J~ (2532), William LLil~i'lU!~ (2533), Hatch LLiJ~ Bracken (2536) 
6j 0 .<>I <V I d "'' ,.,. d d d .ol nol .,,j-"" 0 6j ..., J;; ,/ .J' 

'l11J~l'W L 'W'Yll'W 8~L\il1J1fl'W11fl1'l\ill.Jfl1 LL V<Vl'ltl Li'l'ltl~\illJ'YllJ LLi'l "L V< tl'W~~'Yll L Vllil~ i'l'l'lt11Jlfl'll'W 

mh~ hnlillii rn'lAfl'l,fl <Jci1~{\ilflii 1 u.,~CJ~vi.r~ L\ilrJUfl'i~CJvimrJfl<iiiwu11 rn'l~ii 
• • 

Li'l~tl~~il~ULLi'lWLWau1:iJYi11tf~~i'l'l'ltl1Jlfl:ff'W (Joesoef LLiJ~i'lUJ~, 2533; Olsen, 2534) um 

fll'l\JU'4Vl~'ll tl~m'l\il1 L uum LVl!ija1A(]J'lltl~fl1'l~~i'l'l'ltl1Jlfl (Olsen, 2 5 34) 

Mau UiJ~ Netter (2517), Srisuphan Llil~ Bracken (2529) LLiJ~ Furuhashi (2528) 

' d "'' ~ d d d d ~ "'' "'' q d ~~ , v ' 1 WU11fl1'l\ill.Jfl1LLV<Vl'ltlfll'l\ilmi'l'l8~\illJ'YllJLLi'lV<LV<tl'W~nwiiEJuliJfl1'jt1J'IJ8'1fl1'lUmUlil'l 81Jl'I 'j • • 
n~ Furuhashi ( 2 5 2 8) iJ'1 tft i1u11m1mLlilflml~'ll tl~rf m'WmW'Vll~Li'l'l'l,f~fl~UiJ~a~V1il,f 'W81~U 

o <V • d = d 
0

,1 
i'l11ilrfli'l(]J"1flfl11 ~iJ'YILfl\il~lflfll'l\ill.Jfll LL V< 
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1um~lil·w!l'11J l:l111M1uw1Nilui1m1~1Jfl1LLWmnni1l'u<1~ 6 tl11J (Streissguth LL<!~ 
Aru~, 2523), mnni11'u<1~ 4 t11u (Linn LL<l~Aru~, 2525; Watkison LL<!~ Freid 2528), 

mnni11u<J~ 1 o ti'1t1 (Armstrong LL<l~Aru~, 25 35 ), nar-1utl'lmruvrna:wm1 (Mills Lm~ 

Aru~, 2536) hivh111aiiJ11fl11LLvl~Ulil"i<l~~Ufllltlfl&i 
' " 

t11~ L~t1~rl1 A'ru Lrn~lT fl'il~fJ na~ L<ll'I LL<I~ hihhhm w'il1':iru1 eJ cl1~ L w1Mw eJ ~ eJ~ eJ wu eJ 
v " 

• wd d n.I "" ?1 wd ,J d <>J ,,... 

'!liN Mon-ison (2527) 11 /!JYllillJfllLLw!Jlfl!Jfl'ilnuU/!J'VJ<IUUl1':iLL<l~lil!J<l'jl'illil LL<l~U1~11tl!N 
'U 'IJ 'IJ q q 

w W 1 d d OJ ~I = .J(l.I 1'' 
m 'il \JU fl t)J 'Ill \i11 ti LL lil fll 'j lil !J '! 'J'l fll 'j \JU '4111 LL<l ~ fll 'j \JU fl t)J'!ll Luu VH) lil m 'j lJ YI m A lJ lJ fl 1J ti l'l il !J 

{u 11~ eJ L l'lu w q Iii m11J~ fl lil fl[)l1 mu m1~ fl1'11~ m flt1 m'> tr:wm'tlru11~ fl mfl mL uu <!flu m mTu 
wt ~1~1 :w Lfl'>~ m11~ t1 mvu an~ ei:w ti m1~ !J '1'>1 LL<I~ m':iauu 11~il' fl !'I ni1 m1 :w L tluv'l~ Lt<i~ m'il 
'U 'OJ ~ 'I.I q 

li,j LU lil L/!J ti~ <l l;j <I fl11\j'U I\' tU'lil L<ltl ~~Yh l 11 I(] L ViiJ fl till fll':i ~ :Wfll LL vJ 11~<HA~ el~~ :W~l:J LLA vJ L vJ BU 
1 u':i~'VJ11~m1tK~fl':i'>tlL ti um L 11 lil'lli'Nfll':ifl<i fl lill'll':in~a:JJ1m! nil' fll'Jffhtln&i·n1J~~m'>'l11111 

' 

d •. I d d dQ •. I •. IQ ,:1 , w d • ~ • ~ ~ ~ ~ 
lil!JfllLL w LL<l~LA'liNlillJ'VllJbLl'lw L wfllJ LL<l~L ul.1<11 L l11iJ"1At)J'Vl'Vl1 L 'VJ'VJ1'jfl Lfllili'l11lJWfl1'J111<l Lfllil 

A11l.JN!iltifl&i(ih~ '1 Liu tl1'VJirniii1il' fltlfllltl n&i awu t)Jt)Jl~l LL<l~fll':iL'il°'lty LWU llil'VJ~~l'l<lfllil'lil 
<N 11~11'1111 Mm':ililltK~fl11ti'mn~u ':i11J..t~ ei1v'l111 MLL vl~ulil11iil 

' 

' d 
/!J iilil a cWlil il'lliN u fl <Wlfl'll.J 

' 
Heaney LL<l~l'l!ll~LUU 2525 WUllfll'l1iiJ{uLLl'lWLWat11lJ'llUllilLU~tllU<I~ 350 

:iJ <11!\ fl {:w'111111 <l:Wlil <1'11 il~ LL fl m Yit1 lJ'll fl~~l~ fll ti <l lil~l <I~ flil W~1iJ1iiJ{ULLl'l vJ L vJ au L~ flU iltl 1J 81~ 
' " 

1 d ~ "' v w ~ 4 "' , d •. I w 'jflliJllJ Ltlu 2530 Heaney ':i11MllJl'l1UflU'jll'J~11JLlillJ LUU 2525 11fl1':ilill.Jfl1LLw1U<I~ 1-4 

V 1 I"'>! I Qj 1 I d f d n.I d 
'11 ti !Jl.J/!J <I Iii <lil11~!1l.Jlil <I'll fl~ LLA m 'lltl lJ 'lfil~ flltl LL<!~ L'llilll /!J <1'11 iN fll ':ilil lJ fl1LLw1"I <I lilil11~'1lJ 

' 
lil <I'll iN LLl'l m YitJ lJ~'lltl~'lU ri flU'VJUltlLOlil'ill flfll'j~UA A <IL milif u~:WlJlJ'VJ~il 1iilfu LL Am Yit1lJ1 u 
' ' 
tl'l:w1ru~il'0mou 1tl 1utl 2532 Smith trn~Aru~wui1rn1~:i.Jtl1alil<i:W tm,'i1~Lilurnl'i1ilrnLAW 
L vJautl'lnnrul'u;;i~ 2 so foi~n{u 1!.i L tl~titJLL tl1N'l~i!lrnLl'lm~t1lJ 1 m~ fllilLL<id!.i L ~:wm1ii'u 
LLA<IL~l'J:WeJ1ln'Vll~U'1'111~ 1utl 2533 Barger-Lux LL<l~Aru~~~ttluirn'l~tifl~l.JL&il'J1ilu 
Heaney ':il!NltJilLLAWLWaULU'l/1.JllillU<I~ 400 il<ii!lnf:w 1!.i'111111LOlilfl1'lLat1<1:W~<l'llfl~ 

LLl'lmYit1mL~mh~ 11il 1 utl 2535 Cooper LL<l::Arun1t111ui1LLl'lW Lwi'lu 1!.iL~lJfll'jii'ULLA<IL~tllJ 
a 1J fl 1"11~U '1'111~ 1 m'\1i1~~~1 tJ ri fl lJ'VJl.J lil ti'l::'il1 L~ <JU LL<l~'VJ<i'1'VJlJ1iltl1~'il1L~1l1JLL<i'1 1 ti tJ L &I l'J1 ilu 

Has ling LL<l~Aru~ 1iiJ111'J~lt1il l U<llil~~iJm~lilflL ti'll~Ul~ LLAW L vJ au 1i.J L ~l.Jfll':iifULLA<ILYil'J:W 
" 

1l1lfll'll~U!1'111~ 1utl 2537 Harris LL<!~ Dawson-Hughes 11m1u1u'111t11J1L&il'J11lui1 LLAWLW 

au 1i.J L ~lJfll':iiJU LLAmYitJ:W 8ilfl'Vl11U'1'111::1 U'11i11ltJl1lJlilti'l~'il1L~ <JU tln&im':iLatJ<l:Wlil<l'llil-l 
' 
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tJ 2531, Recker mi::liJru:: tJ 2535, Reid LLGl::liJru:: tJ 2536 LLGl:: Barrett-Connor trn::liJru:: 

tJ 2537) 

N r1 rfi EJ lJ'.l il21 eNn >::vm • 
il' fl'l~a ci11J 1'tlaj1/Wllfll".i~ lJ fl1 LL w11'la ~lJ LliJ~ i'M~ lJ~lJ LLliJW L WS1J hiih 1 M mma:W liJ".i 

<flil'faa::<11ii'llfll1lJlilth::'11LiiJ81JlJlJ1'1'118~fl".i::~mw1a~ (Elie! tL<l::liJru::, 2526; Daniell, 

2526; Lindsay Lt<l::liJUJ::, 2529; Picard LLGl::liJru::, 2531; Wardlaw, 2531; Hansen LLGl:: 

liJUJ::, 2534) 

Hernandes-Avila u<i::liJru:: (tl 2536) ".ilfl~l'Wll fll".i~mn fllLLW LL<i::if1il1iialJL1il<i1mm".it1 

<1Iiilil11lJ11m LL U 'W'll 8~ m::lilfl 1ua111'l1mia1J '11lJ lillh::'11 L iii mrna::1t1 n1ii~11:1-JIii1.h::'11 Liii au 1iil • 
a~1~ hnw11J tJ 2533 McCulloch u<1::1ilru::vrni1 fll".i~lJfrnLwhhi'iu11J<1:: 5 ti'1CJ hl 

Yi11'1%1iJ111J11mLLU'W'llS~m::~nalila~ 1'W'i'I 2534 Lloyd m1::1ilru::vrni1 a111'l~~lJfl1LLwilm1iJ 
'tl'Wl LL U'W'll8~fl".i::~fl 1llLLlilflvl1~'il1fl'll 8~a111'l~1;J~lJfllLL vJ Cooper Lrn::lilru:: ('i'I 2 5 3 5) '111-Fn 

fll".i~ lJ fll LL w1ll L U~tl'WLL UGl~liJ11lJ111J1LL U'W'llfNn".i::lilmta:: 1iJYi11 M'au&lm".iru'IJ eMfll".iLi'ilil fl".i::lilfl . ' . 
L U".il::lJl~ t ~lJ~'W 1 'WUL&it11n'W Johansson LL<1::1ilru::".i1m1'Wilfll".i 1iilfrnLi'lW L vJ S'WlJlflfllll'W 

<i:: 2 50 il<1llnfiJ 1iJ L u~t1wL u<Nm11J11mu ii'W'll a~m::lilmL<i:: 1llL \'Juu'il~m~t1~vi arn".i<rru L1lt1 . . " 

'118~ LLi'lWL vJ ll'Wvi 81iJ11lJ'l11J1 LL U'W'llS~ L if <1m::lilfl 1 'WW1LLvllil 21 fiwui1 LLWlil t:l'~~mlil~<J~~lJ~il • • • 
LLliJW L vJ 81J lJ1fln1iJ1iililvi11lJ111J1LLU'W'll<MLif8fl ".i::lilfl vll~ hi'ill flLLW Iii~ ~mlil~ 8~ ~lJ L '11 <i1if1 'W 

• 
u'lmruual'J 

Massey ( 2534), Harris Lrn:: Dawson-Hughes (2537), Barret-Conner LLa::viru:: 

( 2 5 3 7) 'WlJlltll<llil'llt1'11lJlilU".i::'11 LiiJ81JU'l1fl1iJLLliJat;;lt1lJlJlflfllll1J<l:: 800 iJ<1l\flflJ fll".i~lJ 
rnLL w'l1'larn".i 1iilfrnLlilWL vJ 81J hJY\11 M'm11J11m LL U'W'll8~m::lilflalila~ 

• 

m > i filil n>::lil n i V'n::un irn::n >::Iii n M'n • • 
1'W'i'I 2533 Kiel LL<1::1ilru::wui1 

rn".iru'll a~m::lilm:S~m1u11'm ~1Jmn~wuw1::ilu<1w'l~ilmt1".i::11i1~ 50- 6 5 tJ LLvi1llili:Jailu . ' 
<llil'l~il 811'1lJlflfll1 6 5 U~'W 1 u1 u'IJru::~fl11~lJfll LL wiJ 8tlfll1l'W<I:: 2 tl1tJ'il::1iJL ~lJ ellil11L~tl~ 

' 
1u<rlil'l'VlflflrilJ81tl 1 'WU 25 3 4 Hernandes-Avila LLGl::AUJ::'WUl1fl11~lJLA~8~~lJ~lJLLAWL WlJ'W 

' ' ' 
lJLL 'W1 L UlJ~'il::L ~lJellil11L~tl~'ll8~n".i::lilfl11'fl 

• 
8~1~ hnlilllJ ilirn'l~l'J11'11tlflrilJ~1llwui1m1~lJfllLL W'l1'l8 m11iilfrnLAWL wllul'\11 M 

' 
Li'ililm::lilmlhl::rn~11'l<1m::lilflMfl~ltl~'W (Daniell, 2519; Heaney, 2530; Holbrook LLa:: • • 
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Atu~, 2531; Kreiger LL<'l~Aru~, 2535; Cumming LL<!~ Klineberg, 2537; Tavani Ll<'l~Aru~, 

2 5 3 8) lliltJ Luvn~ti'1m11"lL 'l'l<iTd'1iil.:;'uLLAm?imJ 1 utfi:w1ruL 'lifo..:ivrn 

~ "' fll'> tf1 fi1 lJ ::t'H 

:JJU ~~ n :;::1 w1::i/cr<111:: 

Cole ( 2 514) L tJ1111mL 1f1~11t1..:i111i1m1~lJf11LL vJmflfli11'11<1~ 4 ti'1m vllJA11lJL~tJ'I 
ww< " ."1 ~I 1•~ i:'flJ'VfVlil'lJB'l'lJB'llJ~L'i'lf11~LY'11::uaai1::LuU 2.6 'Wf:l'Ht\J'I Fraumeni Ll<'l~Aru~ (2514) 'iltl 

' d ft.I w 'V ,,,!_ .... al I "'>. ,;; -"1 w 
'11U11f1111illJf11 LL TI1'11'1~ 1-2 !nl'l'il~L WlJ Blil'il L'1tl'llilflf111LfllillJ~L 'i'lm::L Wl~uaai1::Lu'Vfl~ ~ 

" 
'Htjj..:iih;h Wynder LL<!:: Goldsmith (2520) WUA11lJ'1lJW'WBl~f1UB£11~'Hil'!f111~lJf11LLvJ111 

obu Mettlin LL<'I~ Grahamm 

( 2 5 (. U2 2) WUllf111~lJf11 LL vJ111<1~ 3 tl11'1L vllJA11lJL~l'l'I L~flUBUlllflfll'HnlillJ::L~'lm~L 'I'll~ 
i1aai1::Luw1~111alil"l LLlll">ll'l'ITWL 'H<i1dwui1m1L vllJ el'm1 L~u..:id-;i~ hJ L vllJ1i11mJ'.l:w1rum1~lJ 
fllLLvJ 

Stocks (ti 2513) '1111'ilellil11f111Llfl'IYl'llil'illf1lJ::L~'l'lJUlilllll'l ']'llB'IU1~'lJlm111 20 

iJ 'in 'YI .iwui1 m1~ lJ'lJTH"l am LL vJhiil ri111 ff lJ Yr116nu m1 Lil Iii lJ:: L ~..:i fl 1~ L w1~il aai1~ <11 wfo 
111'1..:i1111111~t1~l1'1..:ifl<lu hiwui1m1~lJm LL vJL vl:w eJlil">lL~l'l..:illi am1LnlillJ~ L~..:i m~ L w1~ilam1~ 
(Sullivan, 2525; Gonzales LL<'l~Aru~, 2528; Kabat LL<'l~Aru~, 2529; Piper LL<'l~Aru~, 

2529; Risch LL<'l::Aru::, 2531; Stensvold Ll<'I~ Jacobsen, 2537) 

~I .J ~I d ~ w .... " T d Ml 
Stocks ( u 2 513) 'IML u'W'ill'ILL 1fl'Yl111'1'11'11'1'1A11lJi:'flJW'Wil'i~'H11'1f1111illJf11LL TILL<!~ 

m1LnlillJ~L~..:iiilueia11 LL<1diil.:;'um1Eiuii11-;i1fl MacMahon m1::Aru~ (2524) 

LLlll A11 lJ alJW'W B1~'1'lll'lf111 ~ lJ f11 LL vJ LL<!~ f111 Ln Iii lJ ~ L ~'I mu B a111!il.:;'u f111 iJ Iii \"i'111-;i1 Ml '11 

1'5'1'1'11'1'1 Jick LL<!:: Dinan (2524), Severson LL<'l::Aru~ (2525), Wynder LL<'l::Aru:: (2526), 

Snowdon LL<'l~Aru~ (2527), Gold LL<'l~Aru~ (2528), Falk LL<'l~Aru~ (2531), Olsen Ll<'I~ 

Atu:: (2532), Sciallero LL<l~Aru~ (2536), Stensvold (2537), Partanen LL<l~Atu~ (2538) 

Gorham LL<i::Aru~ (2531) 1iilw11ai.J1::L~u~ti1a11 h~..:i!i'1M'Liiui1m1~lJmLLvJm-;i hi 

l1 ~<l llill'llil'i'llll Bf111LnlillJ~L~'lmUBB'W llill'IWUllfl<ilJ~i:'IUU'H~LL<l~~lJfll LL vJmfl lJ ellil'ilL~l'J'l 1 u 
' " ' 

fll'j LnlillJ~ l~..:iiilueia11mm uu 4. 3 L rhtrlm Vll'IUtlUfltilJ~i:'IUU'H~LlllllJfll'l~lJfllLl vJ:W Bl'I 
' " ' 

a1'1'l{U f1'thl'lmi:w~1iJaUU'H~ f11 LL vJ-;i:; 1:J.iiJ ~rn 1 Uf111L vl:w ellil11 l~U'ltl L ~ B'l'illflL tJu~LL Uif'lil LL<i'1 
'U q 'U q 

11 f11'ji:'f1JU'l'l~ L tJ11il -;i'5'u L~l'l'!~a1ilru~alil elt!'l'l~'l'll B'lf111Lnlil lJ~ L~..:iiilu ei BU LL<!~ "1'~:wf11LL vJmfl 
'Uq vq 'U 

:iJ fl'il~ L tJ11 i;Y~ auu 'H~'5'1i1 vi'1 u iil..:iif 11tL:iJi1-;i~ l1m11 t m1::'HLlil um 'im li1U'il'5' u m1au u 'H ~a a fl Ltti'1 i\ 
'U'Uq 'Uq 

m:w ~<llilfll"i'1..:i'l1 <Mm1auu11~mt um 1m11Twm-;iii..:iA..:iai.i ~..:ivh 1 l1m..:im1flfle11wui1m1~" 
" ' " 



Vol 21: Supplement 1, 1999 S57 

• • 
Lawson LL<l::Aru:: (2524), Mansel ua::Aru:: (2525) Lrn::i1111'J'l'WBfl'M'111'JW'W~i1 

a uiii f111W f111 Lii (i/ :w:: L ~' Liii'l'W :w m?l'u 1 u N~ ~ lJ fll Ll vJ LL~ m1 :wil:w W'W ;h::w:h' flli~:W fll LL vJ LL'1:: 
' " " 

:w:: L ~1 Liii'1u m1 il'n1!'l,1m mhd'il:: 1iJ ilirmh vll1J'1'11' a() iii ~' LW.i,11 m1~ :w m LL vJ iila m a'V111 '11' 

11EM1'W'llil1 Stocks (2513), Snowdon Lrn:: Phillips (2527), Lubin LL<l::Aru:: (2528), 

Rosenberg ua::Aru:: (2528), Jacobsen Lrn::Aru:: (2529), Schairer LLa::Aru:: (2529), 

Vatten Lrn::Aru:: (2533) ua:: Smith ua::Aru:: (2537) 

"' ~ 1 ' 11n-,~n 'II 

Stocks (2513), Armstrong LL'1:: Doll (2518) LL'1:: Whittemore Uil::Aru:: (2531) 

11 l'J11 'Wl1 f111 ~ lJ f11 LL vJ'IJ a,t/1::'111fl 1'il::il:ww 'W 5 ilu 5 '111f111 Lii (i/ lJ:: L ~' 111 'li <JU11 ilirl'l tll vl 11! 

Trichopoulos LL<l::Aru:: ( 2 5 24) 11s11ui1m1~:Wf11LL vJil:wwutl'ilum1tii.i:w::L~1f1 l'li 
LL~ Lrlairfl'l~l'lfl<i:wu"t oi''V11m1'l~satJ1,1::lJ'.i1::1'1~1iifl 2 A~11 utl 2 5 2 7 fl<luwui1m1~:w 

' 
f11LL vJliJila1m~m~a,ilum1Lii.i:wn~1f11'lirns tr fl'l~tJ Bfl'M'11tlfl~:w (Hartge LLa::Aru::, 

2525; Byers ua::Aru::, 2526; Crarnr ua::Aru::, 2527; Miller ua::Aru::, 2530) wui1m1 

~:WflltL vJliJ'V111 '11'5.i11L~tJ1 L 'Wf111Lii'1:w::t ~,f1 l'lia1?l'u 
" 

11::1~~ Z!il 

Shennan ( 2 516) 11s11uA11:wil:wwu5'1::"Mi11tl1mrum1~:wmLL vJLrn::m1Lii.i:w::L~1 
llil LL~11<111'W'llil1 Wynder Lrn::Aru:: (2517), Risch LLil::Aru:: (2531), Jacobsen LL<l::Aru:: 

( 253 7) WUllf111~:Wf11LLvJ1iJL~lJellil11L~l'J'~ilf111LlJ'W:W::L~111i1 

11::1 ~~n-,::1w1::EJ1m-,ufl::a1 l;;fl11qf 

ii i1'11tJ11ui1 m1~:wmLL vJilm1:wil:wwutl'ilum1Lii.i:w::L~1r.l1 lm ,,,ui tL~nil 5rmmtJ 
" v 

11s11u~liJwuA11:wil:wwu5d LL~i1111'J11umri:w1s (Risch LLil::Aru::, 2528; Heibum ua:: 

' .; 1'" AW::, 2529; Dernier LL<l::Aru::, 2533; Angudo LL<l::Aru::, 2535) WU11f111'1:W'll1 mw:w 

a\il11L~tJ1m1Lii.i:w::L~1'11<J1mn w1::mm1 L 'WY1l1m1~1:w m10m,nm11::rn.i'lY1m 1 u 
t/1::'111 fff'iil'W1'W lJ1 fl fl <luwui1 f111~ :w f11 LL vJ ,,,~ fl'lll ai lJ11() '1'15 \il11 L~<J1'11'11fll1 Lii Iii :w:: L ~1r.l11'1' 
1my11:w~1:w::L~1m::Lw1::mm1 (Bjelke, 2515; Haenszel ua::Aru::, 2516; Abu-Zeid LL'1:: 

Aru::, 2524; Jacobsen Lrn::Aru::, 2529; Jacobsen LL'1:: Thelle, 2530; La Vecchia trn::Aru::, 

2531 ua:: 2532; Baron LLil::Aru::, 2537; Yu LL<l::Aru::, 2538) 
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nilm ffil i i/1 u u?JfJ !ii lihu u :;~ 
' 

lwtl 2522 Minton LL<l~Aru~111M1u-.htlu11'J~:i:lnamda 1w1u1~a&\n (fibrocystic 

breast disease) 'il~:i:lmm1~~mdaiw\il~l-ILA~a~~l-l~ilLLAWLWamllm1<11 1-6 L~au uan 
' 

'ill ndii~:i:l111'J~1u'il1nanV1ml'lnci:JJ~1 'll' l'J<1<1a1i1A<la~nrn1u1~1'ld mh~ 11f\~~1u1~1'l L V1aqdifo 
' 

'Ill \i1 m1A1u A l-1 mwh L ilu m11~1'!~~ w a LL<l~ii~ 1:W:i:l Lnru'l1~~1 um11'1i1'1JUl\il'IJ a~n au L d a 1 vJ1 th 
' 

'lf<l\il fl 'lUl~l'J l U1~1'J~Vl;;l,~:i:Jfl11A11JA:WLL<l~:i:J Lfltu'lf fll'll\il'IJ'Wl\il'IJ [)~fl[)UL d [) 11"J1 th~<l&\fl 
' 

i'lil'IJ'Wl\il'IJa~namda 1 vJ1th~a&\nwu11 m1~:wLA~a~~:w~ilLLAWL vJau 1:W1'111'1l'd11ilnamda 1w 

1u1~a&\n (Mansel LL<l~Aru~, 2525; Marshall LL<l~Aru~, 2525; Heyden LL<!~ Muhlbaier, 

2527; Lubin LL<l~Aru~, 2527; Schairer LL<l~Aru~, 2529; Allen U<I~ Froberg, 2530; ) 

ii~Ju National Reseai-ch Council ( 2 5 3 2) th~LYll'l<IVl~(lJ8L:W~fl1~'1ll'J'lUll 1:iJ:i:l 

mi'n:<11u~i11L~a~a1'111uAvJL vJ 8u:i:lm1:w&:wwutl'num1Ln!il:w~L ~~ 1:W11'il~ L Uu:JJ~ L~~'lfillil L\il 

U8fl'illflifu 1utJ 2534 American Cancer Society's Medical and Scientific 1.i'anl'n 1:W:i:l 
' 

Vlil'fl;<jlUU~~L Wl'J~W [)ll LLAW L vJ au L UUU'il~tJ L~l'J,'IJ8' 11A:W~L~' l UAU 

rn11tii'i'uttAWLWBULfl'W'll'W1\il 

'ill fl fl11 ~ mn m1 :JJa:w W'W B':i~Vlll' 1.fim t\JLL AWL w au nu (;J fl~ 8~1~ fll l'JWUll LLA vJ L vJ au 

50-200 :i:lai1nf:w :i:ll'Jam~.tu1~uut11~mY11'111'1l'alil~'W 1:W~1~uau :i:lm1:w1'1lffi1L~mtt1~ 
' . 

mn~uua~llt11~aYJllmw 1um11'11~1utvi:w~u LLAWLvJau 200-500 :i:lai1nf:w a1'il1'111'1l'tl11i1 

~1'1:l~ LA~tJ\il lla~u LL<1~t11~aYJllmw 1um11'11~Tw<11i1<1~ a1u'IJ'Wl\iltl1~mru 1 ooo :i:lai1nf:w 

'il~Lfl\i1W'l:l8Ul,Li'il'luwilu~L~l'lflll "caffeinism" ~~~U11'N~ll1'511iifltl~1fl n1~&um~a1a Wlil 
• • 

'ill&ilil?i'lil A1UA:wvi'1La,1:Wltil ;gm0{1 uau1:WV1ilu i111'i!Llilm~1 h~u L~amm1 A~'W1<foa~ 
' 

w !1! 5vuw tl!J'il1 fl fl11 Z vi'fu !!fl w ! w amn !JV!J1!il 

lwtJ 25 34 James 1!ii'a1tliln'l:lru~a1m1..i'11ti'IJ8~fl11Lfl\i1W'l:l8Ul'L5auwilu'illflfl11 • 
1!ii'frnLAWLWB'WLfl'W'IJ'Wl\ilefl~d A~'W 1a 81L~tJ'W tl11i1'11a,LLU1Jlil~A~1 11'1 htlii''Wl~1LL<l~fJ\ilUfl&i 
h~u m'il:i:l~n1:weflu 1ai1Aa' 1tilm~&um~a1a ma h~mL<i~L~1 Lfl~~ m~'Vlil,LLB'W Lrn~ii'n • 
'1Jl\il<l:W\il<l'IJ8~J1 LL<!~ Lfl~mdl 'W~l,flltJ Liu :i:J1 WLLYJ<IL;gl'J:!J l 'Wl~8\il~l B'Wln\il'illflfll':i81 L~tJ'W 

• 
Lrn~ilam1~tiaa 

tl~mruLLAvJLvlliu~1'111'1l'Laa?l11ii 1uAuif u wui11j"lV1ajt11~mru 5,000-1 o,ooo 

:i:lai1nf:w ua~ 1m~nV1~m~m~ntl1~mru 1 oo :i:loii1nf:w~aJ1m!nvi'1 1 1\fanf:w (Curatolo 

LL<!~ Roberton, 2 5 2 6) ~~tl~mru'IJt.11\ildl'111 'll'Ln\ilW'l:lati1~ Li'iauwilmrn~ Laa?l11il'illflfl11%aA 8 

U1~1'WlL1~ (lppen LL<l~ Kolmel, 2520) J1vh:wtl8\ilLL<l~U8\ilLLWU i1'1htt<l~fll':iVlltJL'iJVl~\il 
l'll~lU (Eisele LL<l~ Reay, 252 3) M1 htlii''Wfl\iltlfl&ittuU ventricular fibrillation (McGee, 

2 5 2 3) ti'1'il~ L tl~arn Yil'lutl~mru'IJ a~ Lt A Wt vJ at.1'1J'Wllil~1'111'll'Laa?l11ii1uAu1 'll't'511'il~1a 1if u 
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ti- , v d .,I w ~ w ~ d d ~ v ti '1 ' 
'llJlUI 'il::l'Vllf1Ufl1Wll.Jfl1Ul"I 75 tntl 'll'l<J'lll 125 tntl VJ'lBlfl'li'l'llill.J'Wli'llil<Jl.J 'l::lil'JlltA<Jl 

' ' d " d 1 ti- v- - "' 1t11 ·1 •d d 1 • di 200 'll11ili'lt11'11i1Bl'Wi'l'lll<J::'J11ill'l1 'lM 'IJ'Yll' {jlllil'il'l'I 'lfMlu'IJ l.J lil'YIA'IJ'il::lill.J lil'll'Wllil'IJ 

ill ti 1 mh' n<11~1.1 'l \il'!Jum l VJlilfll'JLat1?l'l1ii'illflfll'l 1iil.'J'rnLAW l WB1.1tii'W'll'W11ila11.11 VJrutiilil . " 

'illflfll'l 11ii'.'J'um~iJa1mJal.J'lli'l'IUAWL W am?J11 tlliJ1t1A11:1.J-fL 'l'J11iJ~,fll'JtU VJ~i'li'll'iltfilil'illflfll'J 
" 

vm1miil'l11'111i11t1 i'lU1'11 'lnlil1lJ il'l1t1'111.1m'l'l<11ii?l'l1iitti1'1iil-'l'rntAW L w1l1.11 ut11mru0VJ~mN 
" 

ffh0 ..f,dt~<J'l'il1flVJa'11iil-lrntAWLWB'W'il11.111.llJ1fllV11tl r.l'tl1t1'il::mt~tl'IJ<J<Jf)lJ1 Yi11it11mru 
" 

tlA w l w 111.1~'il::11 n Iii lil?l:w tv11 t111.1 ~1'1 m t1 <ilil <1' W'li'll <1'1UAWlw51.1 ~'1 '1 Iii <1' u<i:: wtl1t1i'll'il'la1ii?l'l 1i1 
" " " 

11ii' 

f1111<1Wiiilil 

i!nilvB<1'1amt<J::t 1'.11.1~lln t~mn1.1 aciwmrh ttAvl t w 81.1Yi11 'lhiililm.,wwiiilil t"lim&lm 
" 

num l<IWUiiililVJ~<J hi Ufll'Jlltllfll<ilil-llrn::u W'Jl!Ua11.11 m\iilm1m i\1.1i1 lllilW l w B'IJ 1:11~\il t 1'.11.1m'l 

wwuiiilil ll<l::lllilWlWB'IJ 1:i1~1iil1'.lmn'Jl<IWUiiilillil1iJmlilVJlJ1tl'lli'l'1 Diagnostic and Statistical 

Manual 'll<J'l<llJ1Al.J'illilLlW'YIULlM'1'1VJ.'J';jmiJ1fl1 (DSM-IV, Chapter 9, Volume 4, Caffeine 
d v- , .. I .,I 

Withdrawal, Dependence and Abuse, John R Hughes) l'IJ<J'l'illflljUl<ll.Jlllillill' 'l'llfl'lllfll"lll"I 

81.1U',li1'1 ln<i'il1mnru'li''lla,mVJ~am.,wwii'iiililii1n t"li1.1 c i) q'YIB11.1m.,Yi1 hi'iiilil'il::~1ii1n 

( 2) fll'lt111fllilllAW l w81.1vi ai'1.11!.l l'Yiii!f 1.1 ( 3) m1VJt11i1Lllilvl l wa1.1Yi111ii'~1t1 ( 4) wqiiim'lilfll'l • 
u11ilmtAW t w81.11:ilt 1'.11.1il1.11ii'l1t1viaa'!Amt<1:: 1:iltl11 tl~m.,ri a a1'lliy1m'l:1J tt<i:: ( 5) m'l 

u11il A VJ~ a fll'lVJtllil lLA w l w 81.1hit1'.I 'I.I el'Wlil'lltlvi a <l'llill w 1'1'1~ L Olil nu m VJ~ a <ll'l l<l'!'l if iii Iii ~'I.I • • 
aci1'1 hoii11i1 wu1tillil m'iliiilil 11.1an11ru::'l1<1'1fll'lt111ilA'ilm 1'.Juilifo tlilt1!f1.1acinuiJ'i!~t1tl'l::n au 

" " 
VJ<11t1aci1'1 t"li1.1 (1) m1ii~11.1m'lu11ilA (2) tl~:w1ru~1iil-lrniiu 350 il<1i:in.'J'iiviai'1.1 (3) 

m1:wi'1'1'Vl a 1'il 11.1n~1.1'la ( 4) N<im'lm::iilu11.1m'lYi11 VJL:i1~1'11.1 <11.1 m::tl~m::t tl~1 ( 5) iim VJlil . " . 
'il'11'il~amn'il::1'1i'ttlilvltw81.1 t"li1.1 wqiiim'liim'la'llill.J 11.1m'l-lt1'l<mt'llfl u<i:: (6) mm'l'llllil 
" 

.,I .,Id J • 1 • - - < s • 1 • • v -'1 d v ' lllill"IL l"l<l'W'Jll'Jll1 Vllfllil<Jlfll'JVJ'llil'l'l'11il <Jl'Ji!Ull<ttl 'Jiil VJlil <l'lfl<llll.Jlll'l tilAl W<J'l::'lll <llfll'llVl<Jl • 

fll'l l<IW iiililmVJ~<J<ll'l'llUlil 11il'llil lilVJ~'I llA lil<J wif 1.1'il::iJm1i1 am fl l<IWtllVJ~<J<ll'lif 1.1 . " 
a ci1'1 'l'Wll 'l'l'il'W n'>::ii''I <1 ::ii''l ii'ilm'lii 'l1 ii'lf '1 a1?lw~Yi1 a cl VJ~ i'l ti a :wYi1'YI n i'l Ul'l l vl a'il:: 1 VJL!ilm VJ~ a . " . 

.?;; 'II .:, I "'11·1'1/ ..!,[ ,?; ..,,. .J 
<11"J1.11.1m ww llilfl'l::mm'lnam'lltylm'lii u<i::tii a :w lill'1Wt11VJ'li'l<ll'l'W'IJ'il::iimm'l'llllilt11'YI 

'J'IJLL 'l'I ltvi w fl iii f)"j'jiJ fll'JU ~fo A VJ~ a <Jlfll'l'lll Iii llAvl l w 81.1il1iil'l'!Jll 'l·m<J:: 1:i111ii't 1'.11.1 el'IJ lil'll ti vi a . ., . 
ai' aiiimw'll i'l'lll Iii i'l<J ~1.1VJ~at1'.11.1 D'Wlil'llt1vi a '1'llil1W'll i'l'l lil'W l<N • • 

1.t'.iinrurfn11nrlilil 

Snyder ll<J:: Lader (ti 2 5 2 9) tl'J::til1.1i1t11ii1ru~l~lil'll<J'lllAvl l W 1i1.1~Yi11 '11t1ililf11'l 

iiilil'Yll'1~1'1mt1~1.11iilfi ai'1.1<1::tl'J::mru 35 o il<ii:in-lii VJ~m Yit1rnri1numu vl~Muritl11.1nm'lfi'1 
lViJV'!Jtl"J::illUI 4 rl'1t1 VJ~mri1nt1'l11tl'J::1J1ru 8 rl'1t1 



S60 Thai J Pharmacol 

'W Dflv1nm10i\ilLLAW LW lhm<\'1 if'l a1viimi:wmm1~L"luni1 "caffeinism" ;-;iLillilvlfl • 
m1~1iil.:i'rnLAWL vJau 1 utl"lmru<i'lOililm anm \'Junmmu mi~ 1iilfl~11~'l a1m1il'mLL<i'11 uri1u 

" 

u'l'I <1'>1.l 
' 

LLAW L WB'W L \'Jum1m~iilu~iim1u"l1tiA:wlfl~<l\il 1ufofl1 uoU'IJ<l'lfllLL vJ '111 n<ifl tn LL~\il . . " 
tn ln LA~ei-;i~:w1.l1~Lfl'l1 tA~1 Lm~if'lii~1'1l'L \'Jumiil1u LL AWL vJ auL \'Jum1~1iil.:i'um1'l~umfl~ 
<I \il a fl iil1 u LLlJvdh1 l'l'll'Wil LLAW L vJ a 'W mv L \'Ju B 'W \il111'1m D<l'llfll w 1 iii LLm ii11 l'J'll'W'i'il'W1'W :w1 fl~ • • 
~i'--.i1m1u"ltflALLAWL vJ au 1 uu"lmruw ei<1:wm1 hi L \'Juau\il11uciei<1'1Jmw tlilm'ilw1~rl'1 "7u"l1flA . " 
hiiiilv~l'JL~l'l'l<lU1'l~'W~1:Wiil1u L'liu ~:W<l11 <l'U'UM~ f)flflrl1'1'l hiLWl'l'lW<l iihA~'W<lUrlfl'W .:ru 

q 'l..f q 'I.I 

tl1~mu mm1 liJ llfl<l'll'1fl'llfll~ L \'Juiilu u <iflv1mf u uAvJL vJ au 1iJ~\il L \'Jum1ww&llil\ill:wLflru"Vi' 
" . 

'IJ<l'l DSM-IV 
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1.3 W ~WW ~ "') W "' W 'f m:w t'llUfllJ11'JVl'Hll'J L'llLL1'l'l1ULuUmW~MLLUU Ll'J1'1tu1 (Presenter) 
" " 

1'lU!i'U1tlU1TYlfl '1111tb~m L liulii'u • 
1.4 1X1lJ~fll'l11lJ11lJll'J~<ll'ilrl fl 11XLfl\ill'l11lJlV1 lgN(i)L~l'l1nui10u1'l&l 

'llfl'll'JlJl'l.flru.,;' 1.JLLrl 
d <j) d 0 "" al "" <IJ 

- \illJlL'11LWlJflliN'l1U 111fllJWlN 

- ~mLiK1l11'l1u 1vi':w1fl~u L\ill'l 1:iJ-l'~m11rt<Ju 
" 

d Vo"j'll.d"-'.Q111 c.i.J I 

\illJlL<ITY!l b 11\ilU'YIU'YJ m1'lU <JU 111fll'lU fll'Jl'l<lfl\il nm 
" 

1. 5 1X1aJil'fl'il'l111<J 1 tl':wtl'111 ir;§<J111<Ju'llnl'l 1vi'LLn 
" .f d 

- LL<l\il'lil1Wl'Jfl'll1\il'llU\illJ 

- il'fl'll1U 1 ir;§<J111<Ju'llnl'lL vi fl'W111CJ 1vi'u'l-i1AL llumn11ruflA<i • 
u <Jfl'illfld lX1lJlJ1 l1' l'JL\il L1'J1'1tu1Aruth~ Lu'llU Arumw 111<J<111wAru'll fl'l mm18m liu 

'U q q q 

~ fl'Ylfli:'.J1u ci1u15m11 u m1~1 Lilum1 l\ilCJfl11Lnuv <JlJ<1'il1mh~'ll1mmi:wm:ilw~1'l '1 '11u1u . " . 
4809 Au ~'lfl1'lL'YIW"1 LL<1~<i1uflllil1A L\ilCJL~flfl~'l111\il'illflLL~<i~L'lll'l<lln11ru<1'l1 12 L'll\il L'll . " . 
l'l<l~ i ~'l11l\il fl110111U\il'llU1\il'11mh'llUU1'lfltjmliuwL01'1 Liu LW0'111U fltj:wm:iiW'llU<i'l 

"1<1"1 .11<Jtil'lVfllJ<l 1vi''illflL'll\ilLl'ifl'l 13 LLvJ'l 108 11:iJu1u 1u 36 illLflfl fl1~'il1Uvl'1th~L'YIA 
" " 

1A1'lm1d~1 L ilum1 l\ilum1aJ~1:wl'l fl'll <J'l<imuu1~u Lfl'llmm1 a1uM1uArurn11:wm1mm1 

LL<l~Ul <imuu1~m~UU"1511W<l'll LL<l~ll1Ufl'l1U"1511W<l'll~'l11l\il 12 ~'l11l\il ~1LUUfl11LU • • 
~ 

L\ilflUW(j1'1fl1AlJ 2536 

(;J <I fl11ll111'i!V fl lJ <1<11tllvi'i1 N'u'lln A ci1u 1 mu L UU'lll fl L\il CJ el \il11fll11.J 'lLfll'l'll fl'l N'lll CJ <l'l 
'l)q 'U .., 'lJ'U 

flll~my'l LO<JU 3 L ri1 ~~i1m1Afl1'll'il~u'llfll'l~lfli1 <Jti1'lil'\ilL'ilU fltjlJ m:ilw 1vLL 1'l'l1U fa CJ 

LilWl~fl<i:wm:iiw'llu<i'l'il~i1m1u'llflA<l'llJ1fl ( {<JCJ<i~ 42. 6) faCJiJm1u'llnA'Ylfl1u <!'lflllfl<i:w 
q 'U q 'lJ q 

fl11lJfl1/<lfl~l'l (-l'flCJ<l~ 20.8) lJlflflll 2 Lril LL<l~<l'lflllflcilJV111'llfl11/Ufll'lll~W/Ufl 
" " . 

u'lm1 (-l'<JCJ<i~ 3.4) lJlflflll 12 Lri1 ci1utl'lmrum1u'llnA a111'ilwui1mflfli1-l'<JCJ<1~ 90 

'llfl'lNU'llilA'YlfllU u'llnmnUfllllU<l~ 2 '211\il LL<i~{<JCJ<l~ 1.92 u'llnA~'lLL~lU<l~ 2 '211\il~U 
" . 

1tl wq&lm1:wm1u'l1flAU1~lJ1ru 1 1u 5 'llfl'lNU'llnA u'llnAl'J<llJrlULA~fl'l~lJ~U '1 Liu 
" 

L 11'11111<J L uCJ"fo<i~fl<i:w N'u'llnAfl<i:wdt llufl<ilJ~nu 1:iJti<JCJUfl L 11\il l'Jmrn~LL 'J'l'il'l h 1 um1 
q<u q q q 'U 

u'lln A~ '11 Al]J wui1 fi fl m1u 'lln AL vi fl 1iXiJu1'1 Lrn~ LLfi~1'lu <JU 

L rt fl'l'ill fl m 1 A fl i,i1w q &\ m1:w m1u'lln Awui1 th~'ll1'llu'11u1u m fl L\il CJ mw1~ N'iJ m1 
" 

Afl1'111~.ru~1Lrn~N'i111CJ 1vi'tl' <Ju u'li1m1mv1 hAm\ilLA~<JU'illflA11m llu'ii'l'l L\ilCJiJ L 11\ilN<i 'l u 
" . 
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fll'JU"Jfo A Ll<l~L ~ffll LA~eM~:!Jlh~ Lill'lil rh 1,,rn LL 'j"JrJl"ll'W LL<i~ilm-:iriTWS"lU'lLnA LO'Wfl11i a 

LL 'W~Ul'll eJ"lillU fl"ll'W AWrn'J'jl-J fll'jeJll'!l'JLL<l~!'ll fll'j 1 '11m1ii{ Ll<l~iaii<i~t1fl'1 el"le!Ul"lii'1~"lll~ • • • 
L llmh~ Tmiu ~a ~u"lln A uoi~ Lil \ilA11ii L llu o'J'J:iJ 1 um'Jiillil~'W hu"lln AmrJ 1.r.,~uum'J1'11w~~ • 
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I. Vasoactive Drugs* 

1. t11U\llbv1'lu<i~A'lf1\ll 

1.1 Papaverine 

1. 2 Phentolamine 

1. 3 Prostaglandin E1 

1.4 Moxisylyte 

1. 5 Drug combinations 

2. miiu 

2.1 Phentolamine 

2.2 Sildenafil 

3. maa\ll'Yiffllam1~ 

3. 1 Prostaglandin E1 

3. 2 Prazosin 

3. 3 Drug combinations 

II. Miscellaneons Drugs* 

1. Apomorphine 

2. Naltrexone 

3. Trazodone 

4. Yohimbine 

* partial list 

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 
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. 
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 
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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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SY6. PSYCHIATRY AND ERECTILE DYSFUNCTION 

A1ll.J tl\ilufl&lm1'ii\il n'lf irnmnm'h 1 'll'Ln\il mm·rn<1\il1 aafl'Yll1'ii\il lvm\'1 u 1lt'IA~1Yi11 '11 
Lfl\ilJ:.J<im~'Ylulii avu,1&lm1l.J'Yll1 l w0 LL<i~fl11\il1JU<l'W a1'Y!11L w0"11u fau mw1~tliym L~1l~'HU1l'W 

"' .; d • 1 "' -~ . ~ ~ 1 -~ ~ l ~ d '1lJ11tlillW'Yll1l Wi'l lu'Wl1el'!'Yl'Wl'1'W 'illl<l~lu'WurummAru'IJa1<11AlJ 'Wu'il'ilU'W b 1A'Yl11'il\iln'lf'Yl 
v v ' 

WUlll~t'l1"1ia1num1'HU1l'W'1lJ11(lill'W'Yll1lW0 1"1Llrl hA~m0-l'1 hA~\illfl'Yl hAU1~'11'Yl hA 

uAllflmwll u1u11'W L l'l'W "1'W m1L"li1 lv Ll<idL~a1 l~mnu hAL 'H<i1if ll<i~m1mll.Jw'Wrl''1Ja1 hAm1 
' " 
~\ilnutlrum'Yl11L w0 'il~L 1'i'Wu1~ lt'l'lf'WL 'Wm1\il LL<i r-Ju1t'l~l'.itlrumm1 L w01iilill~'W LL<i~vrn<i-lfl'!'111iil 

._, ... 'U ._, 'U 

.., ..,,: .% 
tl fl\il 1J1 l'Hl.Jl~<llJ!J1'1J'W 
" 
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SY7. fl1".iVltieJtJ<l:J.J':i'Hl.fl1'1'fl11'lt'Wrl (Erectile Dysfunction) 

fl1'll1VflU<flJ'.i'ltlil1W'Yll'l L W'1 (erectile dysfunction) Afl fllfl1'.i~fllEl1~L w'11'.Juv'l 

w1w m wu'l~vdh w11alJwu6111fl 1iJwfl~v~<ffl\iHv11tltll]ti&l11tl'1~&iwfl~v~u11~m1lJWflh1~ 
UvvUU L \'Ju~'YJ'llU nu lJ1 n~ui1 Lrl fl ii fll'jlJ W'Yll'l L w 11ii fll '.in '.i~~ U'Yll'l m '.ilJ ruv~iim '.i 

' ' 
nitric oxide mt'lflflnm 1u endothelial cells 'llfl'lflli'J1~LW'1 ~'lv~ hh'htlljf\"iuwifl 1u cyclic 

GMP LL<i'1Lrlflii active cylclic GMP v~Ln\ilfl1'.iLLV'lW1'llfl'lflli'l1~LW'1~U 1~ 
flli'l1~LW'1'llli'J LLU'lflflnLUt! 3 ;;bu AfllU 2 ri1uuu L1Uffl1 corpara covemosum 

LL<l~~L1Uffl1 corpora spongiosum ~'lLUuri1mi1'l~ii urethra 8V~1i'l fl1'lLLV'lW1l\ilUri1Ul\il 
" 

ri1u11ti'lL Wi'l'lWfl (rigid) nv~Yi11M8li'J1~L W'1LLV'lW fl~v~tllJ11tl'1~1~ LiUfll'.i~ L 11'111 penile 

prosthesis ~'lil'liifll'.i l~flVLiu 1utlvvUU nv~i:im11riLLnu silicone LVl h.ll111M'iim1uv'lW1~U 
" ' 

Lrlfliifll'llJW'Yll'lLW'1 nv~ hL\ili'Jfll'.iUU~lJ 111flfl1'.ivl\il lM\il'.i'l lMflli'J1~L W'1LLV'lW1~U Lvlfl 1~ 
tll]ti&J11tl'1~ 

fll'll~i'JlQ\illU prostaglandin E1 ~'lLUUi'Jl~U<lfl\iltli'JQ\ill\ilU\il'l'lLVllU corpora 111fl 

1~ muse (Tlfl'l) <ffl\illu urethra lMU1\il\il:iim.J1um!'lnv~Yi11M'fl1t11~LW'1LLV'lw1~miunu ~'l 
" 

L \'Ju m'lf mn~ m \il '.i:JlU 

fl1'j<fflU111fl&i1LVlJ l\ili'Jfll'l l~ video L 'YIU 111fl<fflU l\ilt1\il'l'lv~Yi11 M wll1uf'5'n l~L\il~fl'l 
" " 

ii fl 111 fl m &i~mL 'YIU~v~fi:ln n '11111 flf'l Liiuv 
" 

m'l'l'i1m1m?J11v11 h\il11uflu<1:1J'l'l11mwm'lL wm \'Ju h\il~ L \'Junu~11 tJ1~ 1iJh1 'l\il 

~11tl'15umu <i'm~uunu~11tl LL<i~Yi1m1mv1hi1i1um~fl1~ 'llru~L&iu1nuwmmlJ<1fluw 
" 

ll1mL<i~il'l'li'll l vl'i:i\il11mv1tvi:l'l<f:1J:1J&i~1u'llfl'l1 'l\ilLL<1~\il11m \'Jum "~'1111 M\ilu~11 tlu<i~wt11u 
' - " 

Lv1 hmn~u 1iJ1iL~fl'l~<i'm~uunuflv1'lL&iu1an~fl 1tlu<i'1 m'lf'5'n\ilunm?J1mnu LL<i~ 1iJw\il 
" ' " 

v1 mnm'l~Yi11 M' iiJ1t1\il'.i'lVllJn'l1<1111flul'l\il~'lmvYi11 M'11:1J\il fll'llJWm'lL w111 ti mu m1<1flu 

u<1~'1f1u 1 MWU1uif u lv Ln\ilA11m~flif u l UW1Lfl'l nL \'Juri'l&i~Yil l MWU1umu 1~ 
" " 

l Ufl'W1A\ilfll'lfni;1l\ilt1fll'l1~mfutl1~Y11u ~'lA'lL \'Juauwu LL 'ln'llfl'lfll'lf nmA'lv~lJl 
riflu mfutJ1~mumvv~ii11muw1lJ1n~u u<i~A'lii'ltlLLUU~l'l '1 Liu fllJl~~u 111fl topical 

" 
form 

m1Yi1 self assessment 'llfl'lAU 1vrn'lifu 1utl'l~L'Yl'1\il~lU\ilnilu:1,1numn Liu ~11un 
nui1 IIEF (International Index of Erectile Function) LL~AU 1'Yluifua1uww'li:lfl 1iJflfln Iii!~ 
mvv~iim1mv11vtl' flu LL<i~v fl<fflULL uu 

~'lil'l 1iJmm~<flJi1111fuAU 1'YIUflV&i 
" 

multiple choices v~mm~nuwl11urn'lnrim'l'hifu 
" ' 
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fll'l 'l'll'm Viagra (Sildenafil) ~~1uum"/JU!ilLL'lmhV11'ufutl-,~'Yll'IJ iirn-,iimnmn 
d ~' d1 'V .J J; , .:.1 61 R 1 .,,..,. dz ,,,.v 9 .J61 -v 

I 'IJeWill fl! u'IJl'ITYI !ilW<lmfl'Ylf.'l!il!il~LL!il LAl'llJlJl b Uu'l~1!ilfl11.'llll'l'IJ'W LLmmJeJL<11'1'YI b"/J~1lJrlUflcilJ • • 
m nitrate Vl1a nitrites hi1.r L'Vfildlfl1'il'il~Ln!iln1-,:/laA V11a heart attack :ffumL<ll'I tJfllJ<l 

u 

il1V11'ULL W'Yll'll 'lA'l11 h nci11i1L'WA'W1?1"1Ja~vi1uiit1-,~mru 50% "/Jfl~A'W H'l unci:iJ~fm,n hA'l11 • 
hatj'il~ 'l'll'm nitrate LL<l~ nitrites fll'j 1'll'mrnci1d.ra~.,~1~mn Lda~'illfl1U'Wm1'11LL'jfl LA'l 1 n 

fltnfl'YJ!il<lfl~ 

i am-,.,~1~ fiam'l'il~iirn'lLlll~u:iJ1'111 u~d fiaAu~hiLAuiin'ilm'llJ'Yll~ L wfJVl~m wfl 

iflJW'IJll Vl1flfll'jfl ann1'11rnu A1'lUfll'jflflflri1'11rnu L&i'WU11 L ii! m U'Wfll'lLlll~l'llJl'l1 Llll~l'llJ 
'1111'il 1 '11Yi111u&i:ff u 

fll'lUfll'llJru'YJ11 L Wfl iia1 L f1L U'W 5na1V1d~~h"l urn'lm~lii''IJ 1 iLn!il nitric oxide 1 iii • 
nitric oxide V1&1aanmn 'il~Yi11 '11iirn'lLL~~1'11"1Ja1 a1m~L Wfl 1.r&i fll'l!il!il?ilJ"IJfl1fl1Vll'l Liu 

u 

v " dQ1 v " , , • ~ • 1·' d ~I • .J'" 2 Vl'11fl1Vll'lLl'l'W'YllJ "/J:i.J'IJmfl fl'il~'Yll bl'lfll'l!il!il"/JlJ"/Jfl1U1"/Jli;N u L:i.Jfllu'IJL"/J'IJ'Wflfll'il'il~Li:il'll1'11 
u 

u1u ni1m'il~aanq'YIB '1111 iLaum-,:i.Jru ( 'Yl111 wfl) Lrl mi1 h Liudu<i'1n'il~Yi11 '111,j"t'.huf~ntlfu 
u u 

nl<U d ~ W 'V d. .J I 'V !V19!'1'VQd 1.J 
fll'lu'lU"/J'Wl!il"/Jfl1UlfllVllJfl'Wfl'W 'il~lllfl1L'llJ'YI 50 mg flfl'IJL1.'ll.Jfl!L'1101 "/JL!il!ilflfl~'YI 

50 mg ma1ti LLmtllULL~1\il1hJmmJ'n (LLrlelfl'IJ 1) LLiJ''il~U stimulation (a1Lf1) mfl1Lol1fla1 

1 'Q" •1..J1.1d q "1•v • q v .I v • " lJ!il fllL'W~'Wl Vl"/J'W u'YJ 100 mg Afl 2 LlJ!il V11.'11Lflllll(JW'1"/J11LAl'l1 A!il'ill.:Jfl u1!i1Vl1 01l.Jfl1LVl'W 

aLvl'l1A'llmV1ci1d n1iwmm:iJil'1mlll!il ti'1iiw<li11Lfiu1mnn1'11<l!il dose '11m rn-,1'11' dose 
u 

100 mg Vl~fl 200 mg ifuhJiiwmLlllflm11numm!n l'W'Y111tllju&ltl~mrum1m~fl!il (serum 

level) L da1'i11flii~wui1 hiLLlllflm11rl'W LLmW'1tJ11LAl'l1'il~mn:ffu l'IJ 200 mg 

ri1uia~ii1j'"1Ja1rn-,1'll'm caverject injection nu muse ifu 11m1'11'"1JmLu~tl11V1uuoiln 
q, 'l q d q • q q d 1 • 1·'d • .I 10 'IJ1'Ylflfl'W'11'Wfl'IJ b!ill'll'ilW1~Ul'il!i1LlJfl'il!ilLL'111'1'1JL'ill'l 1 10 'Wl'YI LWfl VIU1'11 u'YJ1.'11'Wu'111'1 

"/J a1a1mn wfl L iila'il~Ltl!i1 larna1 '11Yi111u 'il~Yi1rn-,u~11'11Ani1 mnni1nci:iJ~'11uauV111u • 
L<ll'I ri1wJ~n'11 L~lJU!ill'llLL<i'11iJmnm l1utimm~lJ U'il'ilU'IJL 'llii LA~a1i1uu!ilmL~uni1 

u • 

peninject mi1uYi11irn-,5!ilmLU'IJfll'l~lu:ffu 1iilmLml(J!ill'llLTI11t11um~uan5!ilmriau u<i'11ri 

1 ,J nJI 'V nl d Q 'V 91::3 I J' I I = 
'W peninject 'lf1~u'l11Aml'lulflfl1 LlJfl'il!ill'lllL'11'il~~<1Mll'l"/J'IJ 111'1fl11L!ill.Jmfl caverject m 

U!ilLLvi1d&i~i11iJlii'a1LL°llL~'IJ U'l'l~ l'W peninject il11t11'll'~1V1'1Jfl1.r 
ri1'Wfll'l 1'11' muse if u vll LL 'W~WlWLflet A flfltnfl 1 V1Lrim1f!il~LA'W Ofl'W VIGl1'illfl~1 ti 

ilam1~lJ1LLol1 U11A'W1.'l~!i11fll'li' K-Y 1 Vll'l!il 1 '11~tlmu (meatus) "/Jfl1fll1'11~LWfJLLol11.'lfl!il 
• 1.1d q • ~ ~ v d 1 • .I muse L"/Jl u'YI urethra mtull'l'IJL'ill'l 1 LL'11A'11Vl'lfl'W1!ilfl11'11~LWfJLWfl VI muse <l~ml'lu'l~mru • 

10-15 u1Yi 'il'IJ a1u1~1 wflw11'11 V1~m1~11'11:ff uriau 1 tl~ammm1f!ilaan'il1n fau vi1uu V11a 

vii doggy pattern 1lluvi1~LL'IJ~WllVILITT'Wfll'lULWfliflJW'Wll°ll1uYi1'lim fix AOfl'W~'il~ollJl'l1'11 
'IJ fl'W 
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._., ,J d , • 1 "' 'd ~ 1 • ' 
l'Ju1U'l'llJbU1'H11'W'il::L'lftll sildenafil ~Hl.J\il'Wfl 'illflfl1'J'l'l\i1'1B\I \ilN<llLA 57% l'W'Jl:: 
u 

11::ifu111'J 1~m11lii<i~'lfillil thnil'l'l 

mm::<'fl.J li-i''li1u~\i1111'llii B 1 ti 

ri1uN'u1u~il m1l.Jrum\I 1 w0r:l1i11J11&1 mull' au <11111111~" 1~1 wa\lmA'um·H1NmMru 
u ' 

1i'lul'l1m1n fl1'J'l'llil<l'BUT1i1Ufl1'Jl~ Nocturnal Penile Tumescent ifu U'il'ilU'W1~'1\ilUBU<l\11tl 
' 

l.Jlfl LnBU'il~ hiil~L~L<lU LLliim1rh Color Duplex Ultrasound fl\illl.J ~\ILLlI'il::UBfl 1~U1\1Af'li1 
ilni'maB\ilWUlll'WflU\IW B\I evaluate lii a 1 tlan fl1'Jil La'WLafl\ilWUGl'W'll fl\! NU1U~l.Jlm L 11if u L i'lu 

u 

trauma ~u&imq~ perineum 111atJ1l'llill.JlrlB'W ~\IOUBflriau 11i1'11i1utl1::1&iA'W 1~atjmi'1 
luau1Aw1111-l'nm ED ifu'ild:immnmu 1111-l'nm'il::mJlul'.ia'lla\ILL'W'l'ltJ GP 111<1 

u 

'ti. ~ ,J '~ ,.,i<,,,. "' ~ < ,J d ,J 
LL 'W'l'lU 'l::'iJ1\il'JfJUA'J1 L 'JB\lrl1'Wli11mmu Ll,J L'lfl.JlL u\il LNUflULL 'W'l'lUA'Wfl'W 'M'JflU\il\il<lB'W fl1'J 

' 
{11M1n-l'11Mllill1J~uwau ~a m-l'utl1::mu mulil 111ati'1marn..h11i1111\lnl'iau refer mu\! 

urologist ~1'WA<lUA1<11il-f'J~UU'l'l1\IL~'WU<l<l11~L viBl(!LL<lliiB 1 ti 
.,. I I ~ I tl,J tld .J' .d "l 'VQ.J' 

fl1'Jl.JU1\i11\I '] L'lf'W topical gel 'H'Jfl11fl1'JL <lU'W chromosome L <lU'WL'WflLUfl t'H\il'll'W 

O'il~L1'.Julil'1~~ l~-l'fl1'11NU1ulii1\l '] lii<11tl 
u 
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01. IMMUNOTHERAPY OF HUMAN GLIOBLASTOMA 
MULTIFORME USING OK-432, AN IMMUNE 
STIMULANT. THE DETECTION OF TUMOR-DERIVED 
IMMUNE SUPPRESSOR(S) 

Rung-Arune Luankosolchai *, Adisak Wongkajornsilp*, Sukit Haubprasert*, 
Voravut Chanyavanich**, Nantasak Tisavipat** 

*Department of Pharmacology, and **Department of Surgery, Faculty of 
Medicine Siriraj Hospital, Mahidol University, Bangkok 10700 

ABSTRACT 

Approximately 20 new cases of glioblastoma multiforme have been diagnosed 
annually at Siriraj Hospital. Glioblastoma multiforme is the most invasive of the 
astroglial neoplasms with a tendency to spread widely throughout the brain. 
Glioblastoma is very often extensively spread by the time of diagnosis, leading to 
unresectability, inadequate local control and a consistently poor prognosis. The 
length and quality of survival have improved only minimally through neurosurgical 
technique, radiotherapy and chemotherapy. Radical surgery and radiotherapy remain 
the cornerstone of treatment. A very modest contribution is added by conventional 
chemotherapy. Therefore, a novel therapeutic model is required for this cancer. We 
proposed that OK-432, a heat-treated and penicillin-treated lyophilized powder of the 
Su substrain of Streptococcus pyogenes A3, could be used as an immunomodulating 
agent to treat this cancer. It has a biological response modifier like BCG. Addition of 
OK-432 to peripheral blood mononuclear cells (PBMC) of these patients should result 
in the enhancement of NK cell activity and autologous tumor killing activity. We 
measure the proliferation of PBMC in the present or absence of cultured autologous 
tumor cells. We found that OK-432 enhanced the proliferation of PBMC and this 
proliferation was suppressed in the presence of tumor cells in a dose-dependent 
relationship. This immune suppression is probably caused by tumor-derived 
immunosuppressors or by toxic metabolites excreted from tumor cells. Additional 
experiments will be performed to verify the nature of this immunosuppressor. Future 
therapeutic model may aim at the strengthening of immune system bypassing this 
suppression. 
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02. SUPEROXIDE DISMUTASE ACTIVITY IN BLOOD OF 
PATIENT WITH PARKINSON'S DISEASE 

Sirintorn Pinweha', Prasert Boongird", Udom Chantharaksri', Jithanorm 
Suwantamee"', Piyarat Kovitrapong"", Yupin Sanvarinda' 

• Department of Pharmacology, Faculty of Science, Mahidol University, .. 
Department of Medicine, Faculty of Medicine, Ramathibodi Hospital, 

Mahidol University, "'Department of Neuro-psychiatry, Pramongkutklao 
Medical College, ""Neuro-Behavioral Biology Center, Institute of Science and 
Technology for research and Development, Mahidol University 

ABSTRACT 

Oxidative stress secondary to dopamine metabolism has been proposed as a 
potential pathogenic factor in the degenerative process of Parkinson's disease (PD). 
Biochemical abnormalities extending beyond the central nervous system have been 
identified in these patients . The aim of this study was to investigate the biochemical 
changes of oxygen free radical-metabolizing enzyme in erythrocytes of these patients 
and also to investigate whether there is any differences in the antioxidant activity 
between early and advanced cases of PD. Twelve diagnosed patients, without any 
clinical fluctuations (NF), nine patients in a late phase of the disease with severe 
motor fluctuations (MF) in response to levodopa therapy, and seventeen normal 
controls (NM) were included in this study. Erythrocyte superoxide dismutase (SOD) 
was determined as a measure of antioxidant activity. Significant lowering of SOD 
activity was found among MF group compared with NF and NM (26.10±8.56, 55.40± 
14.84, 48.78±12.07 u/106 cell, respectively). However, there was no significant 
difference of SOD activity between NF and NM. These findings indicate the inverse 
relationship between the activity of SOD and the severity of the disease and may 
suggest the neuroprotective role of antioxidant agents. 
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Pl. THE ONE MINUTE TEST TO DISCRIMINATE BETWEEN 
A DILUTED AND AN ABSOLUTE ETHYL ALCOHOL 
WITH DEMONSTRATION 

Prasert Songkittiguna 

Department of Pharmacology, Faculty of Dentistry, Chulalongkorn 
University, Bangkok, Thailand. 

ABSTRACT 

A piece of a projector physiograph recording film (2 x 10 cm) was made to 
become a circle (2.5-cm diameter) by hand. One end of the film was fixed on a hard 
paper, whereas the other end of the film was glued perpendicularly with a red pointer 
(0.2 x 2 cm) made from a small piece of the film. The unknown alcohol sample (0.5 
ml) having previously soaked to a medical grade cotton on a piece of wood stick. 
Then it was positioned at the center point between the film space. No film contact was 
allowed. The counter-clockwise turning of the film pointer, the unknown sample was 
diluted ethyl alcohol; while the opposite direction (anti-clockwise), the absolute ethyl 
alcohol was indicated. These phenomena might be due to the difference in the specific 
gravity in air of the diluted and the absolute ethyl alcohol (the diluted ethyl alcohol is 
0.9289 at 25 °C, and the absolute ethyl alcohol is 0.7871 at 25 °C). It may be 
concluded, therefore, that a quick identification of the diluted and the absolute ethyl 
alcohol is made possible by the use of the projector physiographic film and this can 
be done on spot by the user. A projector physiograph recording film (250 ft roll) 
accompanying a physiograph, PMP-44 E&M Instrument Company, Inc. Houstion , 
Texas, U.S.A. Alcoholometric table in Thai Pharmacopoeia, Volume 1, 1987 pp.417-
419. Published with the co-operation of the Drug Committee and the Food and Drug 
Administration of Thailand by Department of Medical Sciences, Ministry of Public 
Health Bangkok 10100, Thailand. The test should be performed in a controlled room 
temperature of25°-26°C. 
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P2. A GROWTH OF SOME FUNGI USING WATER VAPOUR: 
A NEW AND COSTLESS METHOD 

Prasert Songkittiguna 

Department of Pharmacology, Faculty of Dentistry, Chulalongkorn 
University, Bangkok, Thailand. 

ABSTRACT 

10 ml of demineralized water were kept in a 50 ml plastic container with a 
tight plastic cap (PCC 14 DR U.S.A). A small round bamboo wood (2mm-diameter, 
3.5 cm length) was broken by bending with the clean hands on both ends in order 
to make it fit into the upper part of the container. The bamboo wood was 
placed inside the container above the water level about 4 cm prior to the cap 
was in its position. It was kept in the room temperature varying from 26-30 °C 
during the daytime and 24-26 °C at night. The white and yellow hyphae of 
fungi were seen along side of each bamboo wood 3 day after experiment. 
Interestingly, one of them inhabited separately on each middle-half of the wood. 
Then at one additional day, the black spores were seen on the top end of the 
white hyphae half; whereas none was seen on the yellow half. However, after 
sterilization of the bamboo with a hot-air oven (120 °C) 30 min, then the same 
process as above was performed. There was no fungal growth on the stick 
after 14-day incubation. The growth of the fungi which inhabit on the bamboo 
could be due to a suitable environment (the humidity and the of nutrient , the 
cellulose from the bamboo). This finding is applied to identify the existence of 
fungi in the wooden toothpick and is currently used to test the killing action of some 
antifungal antiseptics. 
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P3. THE EFFECT OF MAGNESIUM SUPPLEMENTS ON 
THYROID HORMONE AND GROWTH OF BROILERS 

Wilai Rattanatayarom', Kris Angkanapom", Hans-Georg Classen'" 

• Department of Pharmacology, Faculty of Medicine, Srinaklarinwirot 
" University, Bangkok, Thailand, Department of Physiology, Faculty of 

Veterinary Science, Chulalongkorn University, Bangkok, Thailand, 
"'Department of Pharmacology and Toxicology of Nutrition, University of 
Hohenheim, Stuttgart, Germany. 

ABSTRACT 

30 white Arbor-Acre broilers (15 males ; 15 females) aged ca 4 weeks 
weighing between 778±74 g (mean ± SD) were maintained under identical field 
conditions. The broilers were randomly divided into 3 groups: The control group (Gl, 
n= I 0) was fed with standard feed (Mg contents 66 mmol/kg dry weight measured by 
analysis, protein 19%, and fat 4%) and tap water (Mg contents 0.29 mmol/l measured 
by analysis) as drinking water ad libitum.The Mg-normal group (G2, n=IO) and Mg­
high group (G3, n=l 0) were treated with the same food but drinking water was 
enriched with Mg in form of magnesium-L-aspartate hydrochloride (MAH). MAH 
was added in 2 concentrations, 4 g/l and 8 g/l respectively, yielding approximately 16 
and 32 mmol Mg/I. Water was offered ad libitum for 3 weeks. Mg was supplemented 
in drinking water in G2, G3 until the end of the experiment. Blood collection was 
done 4 times with heparinized syringes from wing-vein of unfasted animals at the 
starting week (WO), at one week (WI), two weeks (W2), and three weeks (W3) after 
Mg supplementation . Totally 116 heparinized blood samples were immediately 
centrifuged at 4,500 rpm for I 0 minutes, then plasma samples of broiler in each week 
(WO, WI, W2, W3) were separated and stored at -20°C until measurements. All 
samples were analysed for Mg and Ca with atomic absorption spectrophotometer from 
Shimadzu model 680 and T3, T4 were analysed by enzymun-test® T3 and enzymun­
test® T4 enzyme-immunological test from Boehringer by using the ES 700. Data 
were analysed statistically using SPSS for window version.6.1.3. At week three of the 
experiment, broilers in G3 had higher weight gain than GI and G2. Feed conversion 
rate was also significantly better (P<0.05) in G3 than G 1. Plasma Mg significantly 
increased (P<0.05) during week I to 3 as compared to the initial values of week 0 
while there was no change in plasma calcium. Hormone T3 was significantly 
increased and higher (P<0.05) in G3 than GI at week I of the experiment. Plasma T3 
level declined during week 2 to week 3 but level of T3 in G2, G3 still were higher 
than Gl. Plasma T4 was higher in G2 and G3 than Gl (P>0.05) and the T4 level was 
increased and highest at week 2 and decreased at week 3 of the experiment in all 
groups of broilers. The results suggest that Mg supplementation can increase the level 
ofT3 and T4 in broilers.This increased thyroid hormone may be one of the factor that 
improves growth in Mg-treated groups. 
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P4. THE EFFECT OF FLUV ASTA TIN ON HEP ATOTOXICITY OF 
GEMFIBROZIL IN WIST AR RATS 

Srichan Phornchirasilp', Tulaya Potaros", Aranya Waicharoen' 

• Department of Pharmacology, Faculty of Pharmacy, Mahidol University, 
" Bangkok, Thailand, Department of Pharmacology, Faculty of Pharmacy, 

Srinakharinwirot University, Nakornnarkoy, Thailand. 

ABSTRACT 

Gemfibrozil has been widely used to treat hypertriglyceridemia. But there are 
evidences indicated that gemfibrozil induced hepatomegaly and hepatic peroxisomal 
enzymes in rodents. Fluvastatin is a new antihypercholesterolemic drug which has no 
effect on microsomal and peroxidomal enzymes. In this experiment, the effect of 
fluvastatin combined with gemfibrozil on plasma lipid parameters, liver mixed function 
oxidase and peroxisomal marker enzymes in male wistar rats had been studied and 
compared with gemfibrozil alone. Rats were orally administered gemfibrozil (200 mg/kg 
twice a day) alone, or in combination with fluvastatin (2.5, 5, and 10 mg/kg/day) for 4 
weeks. The plasma cholesterol-lowering effect of gemfibrozil was obtained after 4 weeks 
of continuous drug treatment (the cholesterol level is 84.4 7% of control group). When 
gemfibrozil was fed in combination with fluvastatin, at doses of2.5 and 5 mg/kg/day, rats 
serum cholesterol level could be seen since the fourth and the first week (the cholesterol 
level are 91.38% and 93.34% of gemfibrozil-treated group). All drug-treated groups 
exhibited significant hypotriglyceidemic effect at the first week. But only fluvastatin, at 
dose of 5 mg/kg/day, could potentiate the triglyceridemic-lowering effect of gemfibrozil 
(the triglyceride level decrease from 86.23% to 81.36%) after 2 weeks of drug treatment. 
Fluvastatin did not alter the percentage of liver weight per body weight ratio induced by 
gemfibrazil. But fluvastatin 2.5 mg/kg/day singnificantly decreased the induction effect 
of gemfibrozil on total liver protein content after 2 weeks of drug treatment (the total 
protein content is 96.21 % of gemfibrozil-treated group). In addition, this dose of 
fluvastatin also markedly reduced the induction effect of gemfibrozil on microsomal 
protein content at the fourth week (the microsomal protein content is 96.60% of 
gemfibrozil-treated group). On the contrary, 5 mg/kg/day dose offluvastatin could reduce 
the total liver protein and microsomal protein content induced by gemfibrozil since the 
first week of drug administration. Fluvastatin in this combination also exhibited the 
inhibitory effect on the elevation of cytochrome p-450 level-induced by gemfibrozil at 
the first week (the cytochrome p-450 level are 77.40% and 63.38% of grmfibrozil-treated 
group). This effect of fluvastatin was found to be dose-dependent. The effects on 
peroxisomal enzymes ( catalase and fatty acyl CoA oxidase, F ACO) were the same as that 
obtained in cytochrome p-450, but occurred after 2 week (dose 2.5 mg/kg/day) and 1 
week (dose 5 mg/kg/day) of drug administration (the catalase activites are 94.61 % and 
89.77% and the FACO activities are 85.74% abd 91.18% of gemfibrozil-treated group). 
Moreover, when gemfibrozil was administered concomittantly with 5 mg/kg/day of 
fluvastatin, a marked increase in the actibity of serum transaminase (SGOT, SGPT), and 
creaine phospholinase (CPK) were found since the first week of drug treatmnet (the 
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activites of SGOT, SGPT and CPK are 110.31 %, 111.31 % and 113 .50% of gemfibrozil­
treated group). Rats treated with gemfibrozil and fluvastatin I 0 mg/kg/day were died 
during the first week with a marked elevation of these enzymes activity. Our data 
suggested that eventhough fluvastatin could potentiate gemfibrozil in reducing serum 
lipid levels, decreasing the microsomal and peroxisomal-induction effect of gemgibrozil, 
but it increased drug toxicity. Thus, the clinical benefit seemed to be low. 
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PS. THE EFFECTS OF EXOGENOUS ARACHIDONIC ACID 
ON CYCLOOXYGENASE ACTIVITY AND ISOFORM 
EXPRESSED IN ENDOTHELIAL CELLS 

Duangpom Plasen', Pravit Akarasereenont', Kitirat Techatraisak'', Athiwat 
Thaworn', Sirikul Chotewuttakom'. 

*Department of Pharmacology **Department of Obstetrics and Gynecology, 
Faculty of Medicine Siriraj Hospital, Bangkok 10700. 

ABSTRACT 

Prostaglandin (PGs) have numerous cardiovascular and inflammatory effects. 
Cyclooxygenase (COX) is the first enzyme in the pathway in which arachidonic acid 
is converted to PGs, prostacyclin (PGh) and thromboxane (TX) A2. PGh is the major 
COX metabolite released from endothelial cells which participating in inflammation, 
atherosclerosis, thrombosis etcs. Endothelial cells can be activated by arachidonic 
acid (AA) and its metabolites. Here, we have investigated the effects of AA on the 
PGh released from human umbilical vein endothelial cell (HUVEC) by measuring the 
production of 6-keto-PGF Ioc (a stable metabolite of PGb) in the supernatant at various 
arachidonic acid concentrations and variable times of AA incubation. We also studied 
the effects of AA on COX protein expressed in HUVEC. HUVEC was obtained from 
babies born to normal pregnancy and grown in T25 flasks with endothelial cell (EC) 
medium supplemented with I 0% fetal calf serum until confluent. The cells were then 
subcultured into 96-well culture plates, allowed to grow to confluent and replaced 
with fresh medium containing AA(O. l, I, I 0 and 20 µM). Cell were incubated at 3 i 
C under 5 % C02 concentration in the C02-incubator for variable periods of times (5, 
10, 20 and 30 minutes). After which time, 6-keto-PGF1oc in the supernatant medium 
was measured by using enzyme immunoassay (EIA). The remained cells were 
extracted to detect COX protein expression using specific antibody to COX-I and 
COX-2. Cell respiration, an indication of cell viability, was assessed by the 
mitochondrial-dependent reduction of 3-(4,5-dimethylthiazol-2yl)-2,5-diphenyl 
tetrazolium bromide (MTT) to formazan. Either various concentrations (0.1-20 µM) 
or variable periods of times (5-30 minutes) of AA had any effect on cell viability. 
Control HUVEC without AA released undetectable amount of 6-keto-PGF1oc (< 3 
pg/ml). At various concentrations of AA, HUVEC activated with exogenous AA 
could release higher amount of 6-keto-PGF1oc in a dose dependent manner. 
Interestingly, time of AA incubation did not affect the 6-keto-PGF1oc production at 
lower doses of AA (0.1, I and 10 µM). However, the higher concentration of AA 
(20µM) was trend to produce the higher 6-keto-PGF1oc. Moreover, AA did not effect 
on COX protein expressed in HUVEC which were expressed COX- I protein but not 
COX-2 protein. Thus, exogenous AA can increase PGiz released from HUVEC in a 
dose dependent manner but not time dependent. The increased PGI2 release from 
HUVEC was from COX-I function. 
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P6. SOCIAL ISOLATION ENHANCES THE RESPONSE TO 
DESIPRAMINE IN THE OPEN FIELD TEST 

Chirawat Kasemsook, Noppamars Wongwitdecha 

Department of Pharmacology, Faculty of Science, Mahidol University, Rama VI 
Road, Bangkok 10400, THAILAND. 

ABSTRACT 

Social isolation after weaning results in a number of behavioral modification in 
the adult animals and alters the responsitivity to various psychotropic drugs. The present 
study, we compared isolation and socially reared rats in two complementary paradigms 
for assessing responding to the open field test. Both isolation and socially reared rats 
were individually exposed to the circular open field arena either without drug 
pretreatment or following systemic administration of the selective noradrenaline uptake 
inhibitor, desipramine or saline. Male Wistar rats were raised from weaning either alone 
(isolation rearing) or in groups of five rats/cage (social rearing). After four weeks, both 
isolation and socially reared rats were tested for their sensitivity to desipramine using the 
open field test. The results demonstrated that drug free isolation reared rats showed 
hyperlocomotion and had significantly more number of rears (P<0.05) than socially 
reared rats, but field arena. Intraperitoneal injection of desipramine (5, 10 and 20 mg/kg) 
24, 5 and 1 h to both isolaiton and socially reared rats caused a dose related reduce 
locomotion as indicated by reduction of total zone transitions compared to the saline 
treated groups. The hypolocomotion effect of desipramine was greater in isolation than 
socially reared rats (P<0.05). These results show that social isolation in the early stage of 
life alters the open field behavior of the adult rats and increases the hypomotion effect of 
the selective noradrenaline uptake inhibitor, desipramine. Isolation rearing may produce 
some of its behavioral effects through central adrenergic mechanisms. 
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P7. EVALUATION OF NONSTEROIDAL ANTI-INFLAMMATORY 
DRUGS AS LIGAND FOR PEROXJ:SOME PROLIFERATOR 
ACTIVATED RECEPTOR. 

Buanas Wongsud*, Srichan Phornchirasilp** and Dennis R Feller* 

*National center of Natural products for Development, Department of 
Pharmacology, School of Pharmacy, University of Mississippi, USA. 
**Department of Pharmacology, Faculty of Pharmacy, Mahidol University, 

Thailand. 

ABSTRACT 

Nonsteroidal Anti-Inflanunaory Drugs (NSAIDs) possess the antipyretic, 
analgesic and antiinflammatory effects. The main mechanism is the inhibition of 
cyclooxygenase activity. To study whether NSA!Ds were ligands for Peroxisome 
Proliferator Activated Receptom (PP ARa ), which might be another pathway to relief 
the inflammatory responses, H 4 IIEC3 cells could be used. In transactivation assay, 
H4IIEC3 cells were transfected by rat acyl CoA oxidase-luciferase plasmid. The 
result showed that ibuprofen, ketoprofen, naproxen, salicylic acid, indomethacin and 
diclofenac but not for mefenamic acid was ligands for PPARa. S(+)-ketoprofen and S 
(+)-ibuprofen were almost the same efficacy. They produced the maximal response 
528.4 and 531.9% of control, respectively. The ECSO of S(+)-ketoprofen and S(+)­
ibuprofen were 1.905Xl0-5 and 2.11 X 10-5 M in PPARa activation. lndomethacin 
produced small response. It produced the maximal response only 288.57% of control 
at 300 µM. The rank order for PP ARa activation was S( + )-ketoprofen ?: S( + )­
ibuprofen> R(-)-ketoprofen ?: R(-)-ibuprofen. Ibuprofen and ketoprofen isomers were 
tested for stereoselective activation to PP ARa. The results showed that S-isomers of 
these drugs were more active than R-isomers. Using the biochemical assay to 
measure the hepatic peroxisomal fatty acyl CoA oxidase activity, they exhibited the 
same rank order, S-ketoprofen > S-ibuprofen > R-ibuprofen?: R-ketoprofen. To study 
the stereoselective effect on PP ARy activation, CV-1 cells were co-transfected with 
the PP ARy and the response element of rat adipocyte differentiation-luciferase 
plasmid. Contrast to PP ARa activation, indomethacin was the most active drug for 
PPARy activation, then R-ibuprofen and S-ibuprofen, respectively. Thus our result 
proposed that NSAIDs were ligands for both isoforms of PP AR and this might be an 
additional mechanism of them. 
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An effective treatment of erectile dysfunction 

Local problem, local solution 

of erectile dysfunction caused 

by orqanic diseases eq diabetes mellifus, 

vascular disease, spinal cord injury, 

endocrine disorders. rhese patients 

are f al<.inq many medications 

for freafmenf. Muse is effective 

in freafinq erectile dysfunction 

reqardless of the causes2
• 

JANSSEN - CILAG 
Further product information available on request Tel . 2070252 

Ref. 1. Zonszein J. Uro clin. North Am 1995; 22: 789-802 2. Padma-Nathan H. NEJM. 1997; 336: 1-7 
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