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ABSTRACT

In men, the incidence of coronary artery diseases is much greater than in
women of a similar age. This is reported to result from the deleterious effects of
the male sex hormone, testosterone. In contrast, recent studies have shown that
testosterone has beneficial effects on cardiovascular functions including anti-
atherogenic effect and anti-ischemic effect. Interestingly, testosterone causes acute
vasorelaxation in both human and several animal species. However, the cellular
mechanisms of testosterone-induced vasorelaxation are still unclear. The purpose
of this article is to summarize the involvement of the endothelium, nitric oxide, K’
channels, Ca* channels and androgen receptors in the relaxant responses to

testosterone.

Keywords : testosterone, vasorelaxant



Vol. 11 No. 3
! December 2004

4 A
8035 JUUINAY (androgens) IAUIANIZDINE
testosterone HUNUIMAAYIUMIAIVAUMTIITYVRS

=

UAZANHUTMAUNAY AU

9

o3z Auiugmeme
¥
(secondary sex characteristics)”  W@NV1AYU testosterone
fafiunumaiiyaemiiauvesialanaznaemion
Tagiis18971471 testosterone NnatRuilasedasnamsina
Tsarrlanazvaoadon™ lunnasetudiuanmsiinm
A ] ay YV ¥ ] e
e lduniuaasldiiu testosterone ¥I8ag1R
4 o =)
myaiveslsarilanazvaoniaen 1Aw testosterone
4
ﬁqnmi‘lu anti-ischemic agen’t"’5 AT anti-atherogenic
6.8 :ly @ ﬂ o Glsl A
agen6 HONVINU testosterone BIUUUTINN IV HAOALADA

9,13

o 4 . 1 =]
HUAIND18A (vasorelaxant 3D vasodilator) GEJ”N‘IS nNA1Y

na'lnN testosterone i 1iManaidoaAInaIedda luns

T
=

wida udnalndrulngiinerdesss 1dnandeely

M3a319 testosterone
T v 9 é’ d‘
testosterone 1WA IsTIWIng A 19vuN
9
interstitial cells #30 Leydig cells ¥0909Mg weonvnil
AR TN Y
testosterone m?{iNllﬂﬂﬁmeJ’Jﬂ"lm HITIAUUDI
7158514 testosterone A8 cholesterol  Falmafagunilas
ol dehydroepiandrosterone W% androstenedione
UNT2N1R testosterone  1TUIU 4% VDY testosterone
Tunszuaideasgnildsualaslasoulad so-reductase
(i dihydrotestosterone ATy active form VB testoster-
4 A a yy I § o
one lusilagonaeyiia 1Aun guimdefeqd (seminal
Vesicles)ﬁﬂllQﬂ‘r’iij”lﬂ(prostate gland)uaza Jurzine
T 3 =
NUUDN (external genitalia) Li‘lumu wazdnlszanm 1-5%
A -

U4 testosterone Tunszuaidnavnldswilu 17B-oestra-

diol Tetoulas] aromatase®"

Testosterone ANAININ Leydig cells n’fﬁjﬂizuﬂ
@eawgnasluiiolvrdhmnelassutlysauluwamn
U518 2% Y94 testosterone  INITUAAOAYE Tiduiy
TusAulunaraun Aeeglugildasy (free form) Fuilu

active form'*" ﬂ’JmL‘i,Jlil‘i’l’u‘ilEN testosterone 1UWATHNN

fiemlszune 10nM luviymad uaz 0.1 nM Tuviywadle”

waz Uaszans 11-44 oM Tunyue’

P—}
WaYBY testosterone ABTIIIONATTIAOAIADA
aray 4 L3 P
giianisaivesIsarilaaznasaideanuun

a

Tumwasne diefeufumaviantiongwindy Taelaung
T é zﬂ‘ a a
drunileninges lyumasiefid1Agyfo testosterone
= A . . . 17
mnmiﬁﬂymmunﬂﬂﬂ Mochizuki #ay Richer
1w . i Yo . .
WUITHANIZNY (bodybuilder) 11431 anabolic androgenic
steroids (AAS)  (Hunannuszmidifaniznasaden
NeUBIVIALADA (cerebral ischemia) tiAZAAANUHAUNA
9 d’l s dy Qs o Y a
ypanduilerals ueneInil testosterone Hanlnina
aNuAnlnAveInITaIvvesrilatazvasatden
TaolinaanszAauveg high-density lipoprotein (HDL)

18,20

Tunaau™ uazNuIzAUYD low-density lipoprotein

(LDL) lunwaaun? @reg1awy dnwizmauaztinen

1
=

vhmiini18%0 AAS efiszduves HDL luwarain
anae™® uazmssnudihendaiiiiu polyeystic ovary e
androgens 3z 1¥szdvves HDLluwarau1anas
HATZAVVDI LDLiuwammsﬁuﬁu” NNMIANYI
Frunganun testosterone NEadB i UNTSIAA atheroscle-
rosis 1At testosterone HON3NSZAUMN9TQYOY atheroma
lesions HALNT ?.:Gg]: UMyA$ N thrombus Lﬁ'admn testosterone
ET‘UE%’Qmi #3714 prostacyclin®

Tuntsasadudin §351991u91 testosterone
¥rvangiianissiveslsaiilsnazvasaaon Taowa
vinmsan ludiheiidu sanaoadoauasInTsudd

=] '
(coronary artery disease) naaaldfifiudn testosterone

= d’ﬂ .. . 45 & Y 1 dy = [
UNBIUY anti-ischemic agent™ GlNQ‘lJ’JﬂMﬁ"IWi]ZlJi%ﬂ‘U

D¢

8,23

testosterone TuWaagnNAUYNAdIe*>  uenvInil

b

testosterone ﬂaﬁfmmi‘lu anti-atherogenic agent V14U
A A W 1 ‘Sl
111999INNUNTLAY testosterone I3 1Maldeuutag
@ 1 o = ¥ = . .

Wudadufumsinsedumsaatslusu (fibrinolysis),
. . . v el

tissue plasminogen activator 148 HDL umﬂaﬂuuﬂmrﬂu
o ¥ [ [ Y a o o
FadunnAususzauvedlasndes 150 lunaraan

o

] ¥ ] k4
miﬁé‘fummsﬁmﬂ"lﬂmu waz s AOUTIMININY



499 plasminogen activator™®

Tuilogiiuiin1sAnyIwaves  testosterone

9 ¥
donasamaanuBe N Y19 119Tii199910 testosterone
=1 q’ [ Y a w A
FgnsmIMinen1sna1oA 19031 avAIadALA
(vasorelaxation, vasodilatation w5o vasodilation)
TagmN1z 081989 Webb wazamy 1999° 318314

P A‘{o Y o &
testosterone WNFM IHIAANTAAIEAIVDIADAIRDALAY
o $ o
Talsusdluauniulsavaoadoaunalalsuisd
d b 4
¥ [ wa 4
AIIUNAYDY testosterone HO1IY¥IAAQUANITA
o 2 dy
voelsnralaazviooaldon  UBNIINI testosterone
fanldifamsnaedveivaoad oAuANA MR 9
o & - ' X ™
Tudaivare¥ia (%Y coronary arteries YOI Y”

10,25

wazny'*, aortic rings YBINY™? uazuy® sauda

mesenteric arterial beds YoIHYy"”

d‘ ] £ A Q
na"lfwm testosterone ﬂnﬂﬂﬂaemnaﬂﬂmam
1ANSANYIANIUNINDIY  testosterone
MmiRifansaa18d1v09YIvanAlABALAIAIG
4
Y o o & o . 1
naluau® uazdaivaneyiia® 2> faudhazimsdnun
LY 1 9 - a A o Y
MBINNINVNNEINUNDVBA testosterone N1 1¥iviaon
- Y T 1 d' d' 9/ a 1 "o
@oAlMAMBA LAna lna1e 9 Mneveeds insuwnida
o 9
atelsimunalndlugfiferdesenagildde
d'l A =y d
1. 1@y ¥iavAIaea (endothelium) uaz lunineanlan
(nitric oxide)
)y
I¥adIIoYMAOALADA (endothelial cells) A0
9 ) A Aa ] 2 o
A3 9uaz AT HaIeYHANINAADAINAIAD (tone)
A Y ' ' a o & Aa
yosnasalden Motusy luasneon lod Fuduaisnd
‘Q(O s 1
gnavi l¥nasaiioauainaIed o193 LS (potent vasodi-
[ k4
lator)  Miboywasadeariu luainoenled ldunin
n30U8uw L-arginine YU L-citrulline Tnoiou Tayaf
endothelial nitric oxide synthase (€NOS) N13 N1UYBINOS
F 4 3
ansoiuda 1ddea 1608 NOS (NOS inhibitors) JAun
NC-nitro-L-arginine methyl ester (L-NAME) Wudu
=y qdl
lunIneenledoengnBr1uN1 cGMP-dependent pathway

TnoTunsnoonledeenszAuoulsl guanylyl cyclase

v ¥
M IS99 cGMP 1NN MINU (activity) V04

Vol. 1! No. 3
December 2004

9
ou land guanylyl cyclase o nsodudlag methylene blue
4
o 1 Y o o o
ldwana 9 vesluasneen ledgniude®
= .. P
91nn15AnY1 I aortic rings YBIUYNUNIL
ANLAYU TanAgUAN 1A (spontaneously hypertensive rats)
A oA A o =)
ULl oaDNITANIoYMaOAGBABINIINWIINADAIRDA
9 Q’
(endothelial denudation) SHYUHIGNTYD testosterone
e 9/ A £ 9 & 1 A
Amldvaeaidoauasnatedd uaaslitiuingey
A A Y w < A
HaoalaaaAnNeIvINUNEUDY testosterone lunnenaiden
1 ;25 d” 24 4 1
ma1H *  wenvnil Chou uazamMe® 6AWUI L-NAME
4 PR P a ¢ o o
Futhuoulwindudmseadnlunsneen lareusaduds
QJ { o = s
NIV testosterone ﬁmﬂlﬁmﬂmiﬂawmmm coronary
. a sy v ' dy ¥ o ¥
arteries Y831y wah lAnnmsAnyumartiuaasliiiud
/
= o EY l & o LY
testosterone MBI INMaoARBALAIAIIAI TABNTZAY
Y a Sl A
msad1elunSnoonledfiboyasaion ¥ luni
as Y - 1 - A‘o 9
A590UT1Y 51991491 testosterone NnIMmIdiviaoa
A o Ay 14 Y o A A
doaunsnaed lagna Inf luineadesiuideynaoaidon
(endothelium-independent) n58'luasnaan laed®>>
@198191%U Deenadayalu uazamz' Mminaasslu
coronary arteries Y9IHY WUIINIARIBAIVDINADAIIDA
A a o = 3 o A
AADIN testosterone  SIAUNATUNGININABNITATIBDY
NaoALaBABNIINNIINADALEDA LAZIINNITANYN
¥94 Yue tazamz” u coronary arteries LA aortic rings
¥ d s A A
yoauy uaadliIAud1 Nsaonradayasalaon

panInNiavasaldon lUTNAABNIIAIEAIVDY

QJ

[ 4
‘Hﬁﬂﬂsaﬂﬂumﬁlﬁﬂmntestosterone ‘Ll?)ﬂil‘lﬂﬁimﬁilm

€

o0 q 9 A v A v v N o
testosterone ‘n‘nﬂ‘nwaaﬂmaﬂmamﬂmﬂmm"lugnﬂum

k4
o o

Ta8 L-NAME %30 methylene blue #ailuasnduds
3

1ou'lea] guanylyl cyclase® wamisnaasunail 145y
o oA A A e

msmivayunamsaninluradibeyvasadonimzifes

(cultured endothelial cells) FIUTALIT testosterone
(=] 3 o 28 A 9 a

lifinaden1smauves eNOS® nienmsadialuain

7 & )
ﬂﬂﬂulcﬁﬂﬂlﬂﬂuﬂﬂﬂﬂmﬂﬂ

2. Potassium (K') channels
K" channels ivaomdoantiseonilu 4 wia

1ﬂﬂj“| 18uA (1) calcium-activated K* (KC ) channels
a



i Vol. 11 No. 3
N December 2004

1l5¢n8UA2Y small conductance K~ (SKC ) channels,
a
intermediate conductance K (IKC ) channels U large
a
conductance K+(BKC ) channels KCa channels @150
a
v A v 9 A4 a
Qﬂﬂﬁxﬂuiﬂﬂﬂ'lﬂwuﬂ'J']NL‘lJlJﬂlu‘llﬂﬂL!ﬂﬁl“]fﬂllﬂﬂ@u
melwwad ([ca*]) n3o depolarization (2) adenosine
1
triphosphate-sensitive K* (KATP) channels Qﬂﬂizéjuiﬂﬂﬁ 13
1 ¥
79117 K channels (1la (K" channel opener) uazgaduda
Tae sulphonylurea derivatives 13U glibenclamide
(3) voltage-dependent (delayed rectifier) K (Kv) channels
¥ o v & . .
Qnn3 zﬂuiﬂﬂ depolarization megﬂfmﬂﬂﬂﬂ 4-aminopyri
dine Wo2 (4) inwardly rectifying K* (K_) channels
9 . . [ SIR .
Qﬂﬂizquiﬂﬂ hyperpolarization LLﬁ%Qﬂﬂ‘Uﬂﬂﬂﬂ barium
chloride™
- s 9 4 o ~ '
NFAANANVIUDITIUVDINADALADAN U I
@ -1 1 °
flodvla 9 NawiAinszAu K* channels 9311117 K* channels
A (& A '
W uaziuling K° meluwadindoussngnisuen
b4
158 (K efflux) 1NN K channels imanil 1 llgsiia
¥
hyperpolarization (az8U83M3511Av089 voltage-gated Ca®
o ¥ ¢ ¥ j’ ~ A o
channels ‘nﬂmmaanmmumiﬂumﬂqﬂaﬂmaaﬂﬂmam
1ummNﬁ'uﬂ’ﬁmﬁammh’fu%umm K’ ﬂ'lﬂuﬂﬂl“]fﬁé'

+

a 4?, ° 9 A o A o
muINIzm Iinaoadeanada IUBININTEAUVDI K

3 ¥
I P |

MEUDAFAAMRVIUTNAIAAUUANAIIVEY K
] Y ¢ o [ A— 4
sevInumeusngaanumelusad M K luwad
] o =N
ATUDDNUINIFARDATN LUATINA membrane depolarization
2 FY o 2
%995NTTAU voltage-operated Ca> channels 1ty
YT ca®vnnmousniadinasudignielumad
[ ] 4
(extracellular Ca®" influx) 9UNTENY ([Ca®]) INNAY
1
= @ J v d:’ s 2 31
HazNANTHAAIVOUTARNAINIIBIS sUVBINABAIADA
U s QJ
iswunmsnaiedlvedvasaionngn
' o . 4
V04 testosterone (N8IU09AU K~ channels dany'ld1u
2 =y Yy 1t . . 11,27
ﬂaamaaﬂwmwuﬂ"lmm aortic rings YOINY ', coronary
. 10 v 24 ' 25 3 dy A
arteries Y8INY", g™ uaznsza1e® Netlilosnn
= v ¥ v @ o
msuaNududures K areusnwas Jiluaadey
. v
aae laanududy 80 mM aunsadudinsaaiediues

g
ﬁaamﬁaﬂmnqmmm testosterone 14 aortic rings ﬂjmﬂ‘u‘i”

3/
Uag coronary arteries Y9Ny UBNVINTNITAA VAL

9
YoIHABAABAIIN testosterone HagnTuda TasTiluna
{ P &
weunae 138 N1 Ay 30mM ez 60mM Fanwulu
coronary arteries YBINTZAW™ LAY mesenteric arterial
v
[ = [
beds Y8IMY”  vinWanIynaaeuaiiuaayliiiui
[ 9/ A Q A a +
testosterone M 1N HaoaoAnaled)  IagiudSum K
o 4 1 ¢ v
moluigaa  ndousengmisusnmad KIUNI
[ I3 a
K'channels '*'"'>*  g#1315Aa1uytiaued K* channels

kY o

neveeds lunsuulda

Ay ' 9

ARAMTANBIARTUIINY I N1INISYU KC
a

.
a o

= 9 a Y 9/
channels (NYPIVIINUVNTUBY testosterone fmivvaon
HoAUAIAR1UAL'"Y @#286191%U Honda Hazame”

Vv g 1 . £ o s 3
1A 1M U tetraethylammonium (TEA) Failudduds
E 4
V94K channels gunsadudinsaatedlvesnasalion
a
@8 testosterone U aortic rings YBINYNTIAMIZAIIAY
t4
Tofingauanutia namsnaaesdimiloudunamsfnuives
Deenadayalu #aganis' Tu coronary arteries Y84ty
£ Y o v kY =}
FAAS IAHUIINITADIIAIVDINABALIBATINHAVD
14 9
testosterone gﬂf“fﬁgﬂﬂﬂ TEA lta¥ iberitoxin (é‘\"Jé‘l'iJf‘}'Q
4
84 BK _channels) wanisnaasunadl lasuns

a
aﬁnﬁuumn patch-clamp studies NV testosterone
mmmnsw’fumitﬂmm BKC channels 14 coronary

a
4 '
myocytes Y091y WONIIN testosterone Sunul5aas
=
Y93 cGMP Feamrsonszqumsitlaves BK channels
a
I -4 r=3 ' d’l ar 3
vougadnd oS sumanril dniunisaszdu BK
a
channels @@ testosterone 819178798471 cGMP
A A 3 S 9 dy o A 10
mnvInlmgaandutloiSovveaviaonaidon
Tuneasanudy Ding uag Stallone' 51891491 TEA %50
- ﬁ! Qr ar :l’ =4 1]
apamin muﬂumawwm SKC channels lifinade
a
MsnaIeA1vevanadonlag testosterone 1U aortic rings
YBINY
UMIMYRI K channels TumsnouaUsIvDY
Na0ARDALAIAD testosterone 53 linTuuiYa 9103
k) E4
fAnwuite liuuil 1as Ding uay Stallone' 114 aortic rings
b4
UDINY WU testosterone 1 IHnavadoamaTina1ed
Tasna'lni luheadesdunisnszdu K, ., channels

: . - A @ ar g}‘
1o glibenclamide Futludiude KATP channels



1 A’
'luﬁwﬁﬁi’)ﬂ’liﬂﬂﬂi]ﬂ‘ﬁ"\lﬂd testosterone  WANIINAQDI
4 A4 o de Iy = Hq @ .
fmilounuiidany 1alumsdnu1nld coronary arteries
VOIgUIHAZNILAE”™, mesenteric arterial beds VoINY"”
uagr aortic rings veInsra1e® lunaseiudiy

< Hq ¥ . @ 24 .
NAMIANYINA 1 coronary arteries YBIGUU™ LLAT aortic
rings vBanyhinnzanudulanagauaiuiia® wun

¥
glibenclamide T1N15nFUHINITAAIBR IV IADALGOA
ﬁlﬁﬂiﬂﬂ testosterone
- = ' o A o
fimsdnu lduindnmersuunuinyes K,
channels 148 KTR channels #8N15ARIBAIVOINADA
P P ] o <1 3
(ADAUAINNGNTUBA testosterone B T3NAM T5 10N
¥ ¥
4-aminopyridine (FEUEUDY K, channels) mnsodud
o Ao qya o ..
NTUDN testosterone fmmnanmsnaied1vo aortic rngs

11,27

YOINY HANAYDY 4-aminopyridine 13iwu1u mesenteric

E4

arterial beds mawy,” UBNIINU barium chloride
4 v o o o W o <

‘Bdlﬂuﬁ’lﬂﬂﬂﬁﬂlﬂﬂ KTR channels m"lunwamqmwm

{ o Y a Y . .
testosterone ﬁwﬂmnﬂmmmﬂmmm mesenteric arterial
beds ¥oany  lunnestiudiy m1nmsAnyIves Yue
uazAme” 14 coronary arteries 1A aortic rings 3MNANTLA MW
1 9
NWUIHAVYD testosterone ‘VWIﬂﬁHﬁﬂﬂlaﬂﬂlﬁﬁ’mﬂﬁ’lﬂﬁ’J

1 4
QnéuE 1Ay barium chloride

3. Calcium (Ca”) channels
{ - 4
msdsundasdsuim ca® asluwas
¥ Ay =y A 4 o o 3 Y
AR oS suveIvasaden Tunumd Wy Aon L7
& A 4 o
(tone) YOIVADAIADA WuABwle [Ca®] Muduseld
1
F 4 v
ndileissuradl Taaiudasinsiie cross-bridge
cycling  Tmsvasvidamuisaiuiliuim ca®
¢ A y ¢ o
nnmeusnwasmasumdignielumad ld [ca™]
1
a -3 - o A 3 d'
MUY waziiansvadlvesvasadeadlena lnfiuan
aafty 1wy mamvanududuves K seusnwades
o A 1 Q'
mid ca® namousnisadinasudhgmeluwadiiy
; T 2+ d! I
YuTagr1unia voltage-gated Ca” channels B30 IU
v
Tnajifu Ltype  uonIndl Ca™ 9In,ouBnIEan

A ) 4 2+
NADUIIPIHAANN receptor-operated Ca

channels [A8&15 VI9¥UALTY prostaglandin an(PGan)

Vol. 11 No. 3
December 2004

& v v .
¥39¥IUNY prostanoid rc:cep’cors32
2 ) Y o J
nmsAneRIUIEA AU testosterone
4 4 . . o ¥ [
Hgnaidu Ca® antagonist™ A19811FY testosterone
k4
o Vv A Ly o o 24
‘V|11‘ﬁﬁﬁﬂﬂmﬂﬂlLﬂ\iﬂﬁ"lElﬂ’JTﬂﬂﬂ‘UEN Ca” nnguan
¢ A Y3 s 2 ¥ A
L“Hﬁﬁlﬂﬁﬂﬂlﬂl1gﬂ1ﬂ'1ul‘lfﬁﬁ mwu'lﬂuwaemam
nawwla 15U coronary artery strips WN‘HM‘.”, aortic strips
mamyf“, coronary arterial smooth muscle cells sIJ’t'N"rﬂalfs,
coronary arteries 1!64141436, 19 pulmonary arteries ‘*ll’EN‘lfi‘l,l‘i37

o

Crews U812 Khalil® W11 testosterone 11 1AM AAEA

o

Y84 coronary arterial strips ¥aMyfigniilinadidae
1 b 4 v v
TWuamseunaslsdas PGF uazdufamaRuiuves
. 4 [l 4
ca® fndewdgaelumadainnisnszdulae
{ 'd [] [] ¥ o
Muamssunaslsduas PGF ua ilinadensvad
4 2
U0 coronary arterial strips YBIHY HATNITINNUYUVDY Ca™
H A 1 .
mafewdgyadeinnisnszdulae  caffeine™
= =3 as ayv FY% S v d" ~
wanmilounuiifony 18 luyaandwutioSosuued coro-
nary arteries ¥84¥y 1A Murphy 1ay Khalil®
varamsfinelu coronary artery strips ¥oIny™ uaz
< 1
coronary myocytes ﬂmmy,” uﬁm“lﬁ'mu'n testosterone
3
mldiianisnaledrvesviasaidonlasduds
A& 9 o oA ' o 2
Ca Mndowdgmeluaad uelulinaden1snas Ca
v a 4 .
vinuraununteluwaa (intracellular stores)™’
v ]
Naflii{eann PGan 1AL NINA membrane depolarization
A Yy g A ¢ ¢
namaivenudutuves liwaduunas lsameuenad
o q ¥a o a a
mltinamiradivesrasaien laamudTunaves ca®
1 1 Q’ ﬂ'l L+
dhgirad™ Tuwnzil caffeine Tqninszdumsnda ca?
o & =
nmelumad®™  wenwnid 1InMsANy1IY coronary
F4
. . e ~
arterial strips 118 (FAANA MBSOV coronary arter-

ies voINY™* DN aortic strips VIHY™

e L4

s o ' S w 4
Fauanaliifiudntestosterone Hgnidudinisindou

Whgiradues Ca® 9INAUBAAANI voltage-gated

Ca”™ channels H8¥N receptor-operated Ca’” channels™*

1 o .
9819150AWIINMSANY coronary arteries Y0IMY TAY

English 4azABIz™ 1agn15AnY1 pulmonary arteries YOI

37

Y < t
Iﬂﬂ Jones UHATAME LL’cTﬂﬂ“Hmu’J’l testosterone

s A 9
NN UDNLFAAIADDULIUIY

L}

£
wenvInvHUdICa”



4
aelu raani voltage-operated Ca’" channels udn
3 v 1 3 9
Fadudamsnae ca® nunasiiuneluisad el
(118991ANANTAAIBAIVBINABAIADA 1AY testosterone
¥ ' v
watunnnhfignilivadasie PGF_, oz Tunaion
nae'lsd iofiouiy  phorbol dibutyrate ¥9v1 fiviaen
=) g a a 24+ 4
eavaal laaulSTuimves Ca® 3nnlsuoniwaa
& 9 3 oSy 2 39 A
IAADUMFIFAANTUNIN L-type Ca” channels™ UATINY
M 7 v oA g 40
MIMa Ca” Nnurasinuneluyag
Tunnnsafud i unaves testosterone M

37

Ca”" antagonist WU Yue uazame” 5189747 testosterone

lsifinade calcium-concentration curves 14 coronary
arteries Y9InTAWNM 1¥iHaoadoaIna depolarization
~ < @ o
TasTduaaibounanlsa 1ufo testosterone M1H
A J dy [ Yot ¥ A Y v
vasadoamarinaiodlae lifinadenisindoudng

¢ 2 ¢
meluanued Ca® MNMoUsNrag

4. Androgen receptors

Androgen receptors ﬁﬂlf]uﬂtj UY9d nuclear recep-
tor superfamily GAlf wiu ligand-activated transcription factors
1aw receptors 9zog Uil undoane lalanarady'
E]‘YI#‘UEN testosterone ﬁzﬁmmma%’nﬁ'u intracellular
receptors H?ﬂﬁﬁﬂﬂ’h classical genomic effect
fuerlnammulszana 12 %anuazqnﬁugﬂﬂﬂﬁa
ﬁugwm androgen receptors, gene transcription g

al
translation  Tunnasetudw ONBVD testosterone

I3 v
MNeAUBIURIUNGY (acute effects) Tasldaniss

o

ida -} = ] o :/‘ o w z v dy
:Jmummemmmz"lngﬂmmaTﬂﬂmwmmmu
- ' s ] el Yy w .

158177 non-genomic effect #9l1iiRe19091 Y classical

androgen receptors HANADIAN testosterone JWARD membrane

proteins U ion channels™*

Tuszuuirlanazviasaioanud androgen

¥ @ -
receptors  @1u1son laniilsuazvasaidonuns

o o ¢ A 4 :sil = 44-46 & v
naftgaaiayuazisaandmiioSou* ™ dred1g
WM IAny1 1uAI baboons twAduazimeidis  a1nso
o o ) v
WU androgen receptors A2l ludruvoudule

9 dy o 9 1 o a Qs 4
ndilevesrialetievanauaziiundvavesrialeviesuy

oA . ey <
1@ 1NN cardiac interstitial tissues  UBNIA] androgen
s 4" 4 A o,: 74
receptors mwﬂmuaweﬂuﬂwaamaaﬂmmaawau

¢ 9 dy = 44 =
uazLtgaanantuaLlIgy Inswumsanluraoa

g 4

¥
idoauntveInuNL I IvadidoyuazivadnaileSou

9
Y androgen receptors wonanil androgen receptors 84N
v Fd
Myaandanieale (cardiac muscle cells) YBIAU
1 4” Y < 1 -

MnRansAnuraiiuaas iU androgens 8194
o a 1 o o = 44-46
ansnanemsMauvesiilaazasaion

- 1 ~ <o 9 A

UTIYIUI testosterone 1lt]‘nﬁ1’lﬂﬁ"r’mﬂﬂmilﬂ

o ’ = o Ay 1 A v o
nasnaefl0819 eundulaenalnf luifeadesdiu

25.37

androgen receptors™” 1InM3ANYIAAIULN 1Y mesenteric

arterial beds U aortae YOINY'"’

coronary arteries U0
aortae YBINTZA1Y ** 59409 pulmonary arteries YBINY™
v b4
WU MInaeAIvesanaieauasiiindiuedis
A’ L] o :}’
IRoUNdY 1I0gNTV0S testosterone 1NQNEUET
&
Tag flutamide Fuiu androgen receptor antagonist
lumeasasudiu Murphy tag Khalil®® inmisfinunlu
b
1¥adnAIIDITBUYDY coronary arteries UBIWY WU
v b4
testosteron @1M150dUSY MsHARIYBIHaDARDAIMETT
{ a { ¢ X
fAen PGF | naz ldunmiGounan 15 Fanaues
P SV 4 . ¥ g
testosterone ug‘ﬂfmﬂﬂﬂﬂ flutamide uﬁﬂﬂmﬂum
) Y a -~ Q ~
testosterone “nﬂmﬂﬂ‘ﬁﬁﬂﬂ Laﬂﬂllﬂﬂﬂmﬂﬂ’ﬂﬂﬂuﬂal’lﬂ
dd v o 35
NNYIVDINY androgen receptors
aql
4
testosterone ignimifiiamsnaredives
= a q’/’ o d1
naoaoauasnaetiani luauuazdadden Taona'ln
daulngiiherdestinnumiouiu uazuandiaiulums
14 [
Anuveninddeudazngu ANVLANATUHAITDINIDS
WINANUUANANUBIFIIA LAZYUIRVBINADAIADALAS
a9 98 a o o v 9 =
#19Anu1 vilaveadninaass anududULaz THA
> ad o A A A
YD testosterone TUABUUALIBNINIINANDI 1138 1ATDIND

Hq Yo 4 ¥ o ]
'Ylﬁl‘li’f]ﬂﬂ'l Lﬂuﬂu ﬂ’JﬂUWQHﬁNﬂ”lﬂﬂ'liﬁﬂ‘H'ﬂu

. . 3 '
aortic rings ﬂlﬂﬂﬂuuﬁﬂﬂﬁ‘mu’ﬂ testosterone

= y ¥ Yy ¥ & oqy A
NANTYNVUG uaxﬂ’mlmwumwﬂwwaﬂmaaﬂum

amed Tasna lnfuanaeiu® snfinamnenagyidh

v
=S o

na'lnuea testosterone N1 1HYaBAIRDALAIAAIIAD



= £ o A A Vv Y a
Merdesiuioyvanaion  Tasnszdumsadaluasn
I A ) A = 9 o A
pon laafitoyvasaiion  uaz/m3e lubeitesnuibey
MaoARen KA 1TUHAIIN testosterone BOARNT 1ABATS

-4

[ ¥

MwadnaruileiSsuveIriaoalasa  testosterone

o ¥ ¢ 9 d:l = A s

mivadnd e suveasadeanaiea lag (1) M3

A5¥AUK’ channels MTITIAYBIK" channels 9ztiu1lTunu
3 o ° 9 d a . .

K' eonuanwad wazm iirading hyperpolarization
1 < ~ + a4 9 o 1

2619'15An1uriiave9 K* channels Ninedeedalingu
(Y] 1 -~ Ay ¥ o ]

QUTA UAINATANYINAIULIEAS IFTIHUI testosterone

channels,

annsonszqumsitlaves K, channels, K

a
K, channels uaz K_ channels faudmamsdnuly
A =) £4 o 9 =)
Wﬁﬂﬂmﬂﬂ‘UN‘BuﬂiﬂNﬁﬂi\iﬂu‘lﬂll 1o (2) ﬂ'liﬁﬂﬂill'lm
2+ o v & 2+ 4
U3 Ca ﬂ'lfliul“]!ﬁajﬂf]ﬂﬂﬂ\i Ca NNNYUBNIYAA
A ! ar 051’ ﬂ'/
waewdgnroluwad uaz/mSefudinisuas Ca®
] L
mmmmﬁsﬁnmaﬁluwaﬁ UBNINUNMIAAIYAIUB
A d' a 14 ]
vasAldoAUAIiting1n testosterone Tifinalnr1u
4 ¥ »
classical androgen receptors wetlitesnnillunaxiia
=) @ & kY - rda == | =L q’:
RYUNAU mhnmmm"lnmummemmmuu
& ’ Y .
nsee1anal@duiu non-genomic effects VDI
1 < 2 a
testosterone 0&19'15AA W Msfny 1 lunasadeauYila
1 d{ d' ] 9 A s
WU QNEVD testosterone Amlviviasaidoannisaa
k4 ¥ t 4
Qﬂﬂ‘UfNTﬂU androgen receptor antagonists Milornann
testosterone eanqwﬁ%%nﬁ‘u receptors f plasma
membrane 1u§]mgﬂ’uéTa"lﬁﬁmsﬁnmﬁuﬁmﬁﬁ androgen
= ¢
receptors ¥ plasma membrane¥IFAANA NS IUVD
A 1 ? a
Haoalana LANTIB91UI surface androgen receptors WU
osteoblasts”, T cells® tag macrophages®
= o v El [ 4
INNTANTT NHIUUANYINVYNTVUDA testosterone
3 Y I [} = as ¥y,
ADNITAIYAIVO Hﬁﬂﬂlﬁﬂﬂﬁ)ﬂ'ﬁmﬂﬂwauiﬂﬂi‘ﬁ isolated
¥
blood vessels NNW‘Uﬂ’d’Ju‘lﬂﬂﬁﬂ%’ testosterone

Alanududugauinninseduves  testosterone

10-13,24,25,27,37

Tunseue Lﬁ'ﬂﬂ(physiologica concentrations)

¥ a 1 . . .
ade l3fauiiseanun physiological concentrations Y94

o 9 A ar 317
testosterone ﬁ']ll"Iiﬂﬂ'liﬁﬁﬁﬂﬂtﬂaﬂuﬂﬂﬂﬁ18%'2‘19’!

o

14
A UTZAVVOA testosterone Tusamesreiiunumai 1]

Tumsmugu aAnuddivevasaienlunzind

Vol. 11 No. 3 &
December 2004

fadnssudszmea

youounm WA.Anafiiy Anonuad uay

arLAuTs wiiosdat A ldngaud luduatuldauysel

¥
=

U
b4 o
1BNA1591994

1. McLachlan RI, Wreford NG, Robertson DM, et al.
Hormonal control of spermatogenesis. Trends endocrinol
Met 1995; 6: 95-101.

2. Birhk?user MH. Chemistry, physiology, and pharmacology
of sex steroids. J Cardiovasc Pharmacol 1996; 28: S1-
§13.

3. Stenpfer MJ, Colditz GA, Willett WC, et al. Postmenopausal
estrogen therapy and cardiovascular disease: ten-year
follow-up from the nurses' health study. N Engl J Med
1991; 325: 756-62.

4. Rosano GMC, Leonardo F, Pagnotta P, et al. Acute anti-
ischemic effect of testosterone in men with coronary artery
disease. Circulation 1999; 99: 1666-70.

5. Webb C, Mcneill J, Hayward CS, et al. Effects of testosterone
on coronary vasomotor regulation in men with coronary
heart disease. Circulation 1999; 100: 1690-96.

6. Khaw KT and Barrett-Connor E. Endogenous sex
hormones, high density lipoprotein cholesterol, and other
lipoprotein fractions in men. Arterioscler Thromb 1991;
11: 489-94.

7.  Glueck CJ, Glueck HI, Stroop D, et al. Endogenous
testosterone, fibrinolysis, and coronary heart disease risk
in hyperlipidemic men. J Lab Clin Med 1993; 122: 412-
20.

8.  English KM, Steeds R, Jones TH, et al. Testosterone and
coronay heart disease: is there a link? Q J Med 1997; 90:
787-91.

9.  Costarella CE, Stallone JN, Rutecki GW, et al. Testosterone
causes direct relaxation of rat thoracic aorta. J Pharmacol
Exp Ther 1996; 277: 34-9.

10. Deenayalu VP, White RE, Stallone JN, et al. Testosterone
relaxes coronary arteries by opening the large-
conductance, calcium-activated potassium channel. Am
J Physiol 2001; 281: H1720-27.

11. Ding AQ and Stallone JN. Testosterone-induced relaxation
of rat aorta is androgen structure specific and involves K*
channel activation. J Appl Physiol 2001; 91: 2742-50.

12. Tep-areenan P, Kendall DA and Randall MD. Testosterone-
induced vasorelaxation in the rat mesenteric arterial bed
is mediated predominantly via potassium channels. Br J
Pharmacol 2002; 135: 735-40.

13. Tep-areenan P, Kendall DA and Randall MD. Mechanisms
of vasorelaxation to testosterone in the rat aorta. Eur J
Pharmacol 2003; 465: 125-32.

14. Hipakka RA and Liao S Molecular mechanisms of
androgen actions. Trends Endocrinol Met 1998; 9: 317-
24.



15.

6.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Vol. 11 No. 3
December 2004

Siiteri PK, Murai JT, Hammond GL, et al. The serum
transport of steroid hormones. Recent Prog Horm Res
1982; 38: 457-510.

Shaw L, Taggart MJ and Austin C. Mechanisms of 178-
estradiol induced vasodilatation in isolated pressurized
rat small arteries. Br J Pharmacol 2000; 129: 555-65.
Mochizuki RM and Richer KJ Cardiomyopathy and
cerebrovascular accident associated with anabolic-
androgenic steroid use. Phys Sports Med 1998; 16:
109-14.

Webb OL, Laskarzewski PM and Clueck CJ. Severe
depression of high density lipoprotein cholesterol levels in
weight-lifters and bodybuilders by self-administered
exogenous testosterone and anabolic androgenic steroids.
Metabolism. 1984; 11: 971-5.

McCredie RJ, McCrohon JA, Turner L, et al. Vascular
reactivity is impaired in genetic females taking high-dose
androgens. J Am Coll Cardiol 1998; 32: 1331-5.

Sader MA, Griffiths KA, McCredie RJ, et al. Androgenic
anabolic steroids and arterial structure and function in
male bodybuilders. J Am Coll Cardiol 2001; 37: 224-30.
Wild RA and Bartholemew MJ. The influence of body weight
on lipropotein lipids in patients with polycystic ovary
syndrome. Am J Obstet Gynecol 1988; 159: 423-27.
Nakao J, Chang WC, Murota S, et al. Testosterone inhibits
prostacyclin production by rat aortic smooth muscle cells
in culture. Atherosclerosis 1981; 39: 203-9.

English KM, Mandour O, Steeds RP, et al. Men with
coronary artery disease have lower levels of androgens
than men with normal coronary angiograms. Eur Heart J
2000; 21: 890-4.

Chou TM, Sudhir K, Hutchison SJ, et al. Testosterone
induces dilation of canine coronary conductance and
resistance arteries in vivo. Circulation 1996; 94. 2614-9.
Yue P, Chatterjee K, Beale C, et al. Testosterone relaxes
rabbit coronary arteries and aorta. Circulation 1995; 91:
1154-60.

Gewaltig MT and Kojda G. Vasoprotection by nitric oxide:
mechanisms and therapeutic potrential. Cardiovasc Res
2002; 55: 250-60.

Honda H, Unemoto T and Kogo H. Different mechanisms
for testosterone-induced relaxation of aorta between
normotensive and spontaneously hypertensive rats.
Hypertension 1999; 34: 1232-6.

Hayashi T, Yamada K, Esaki T, et al. Estrogen increases
endothelial nitric oxide by a receptor-mediated system.
Biochem Biophys Res Commun 1995; 25: 847-55.
Hishikawa K, Nakaki T, Marumo T, et al. Up-regulation of
nitric oxide synthase by estradiol in human aortic
endothelial cells. FEBS Letters 1995; 360: 291-3.

Sobey CG. Potassium channel function in vascular disease.
Arterioscler Thromb Vasc Biol 2001; 21: 23-38.

Nelson MT and Quayle JM. Physiological roles and
properties of potassium channels in arterial smooth muscle.
Am J Physiol 1995; 268: C799-822.

Crews JK and Khalil RA. Antagonistic effects of 17 -
estradiol, progesterone, and testosterone on Ca2+ eniry
mechanisms of coronary vasoconstriction. Arterioscler
Thromb Vasc Biol 1999; 19: 1034-40.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Jackson WF. Iron channels and vascular tone. Hypertension
2000; 35: 173-8.

Crews JK and Khalil RA. Gender-specific inhibition of
Ca”entry mechanisms of arterial vasoconstriction by sex
hormones. Clin Exp. Pharmacol Physiol 1999; 26:
707-15.

Murphy and Khalil. Decreased [ Ca®Ji during inhibition of
coronary smooth muscle contraction by 17-estradiol,
progesterone, and testosterone. J Pharmacol Exp Ther
1999; 291: 44-52.

English KM, Jones RD, Jones TH, et al. Testosterone acts
as a coronary vasodilator by a calcium antagonistic action.
J Endocrinol Investig 2000; 25: 455-8.

Jones RD, English KM, Pugh PJ, et al. Pulmonary
vasoditatory action of testosterone: Evidence of a calcium
antagonistic action. J Cardiovasc Pharmacol. 2002;
39: 814-23.

Jeijeten PA and Van Breman C. The effects of caffeine on
the noradrenaline-sensitive calcium store in rabbit aorta.
J Physiol 1984; 357: 327-39.

Mori T, Yanagisawa T, Taira N. Phorbol 12,13-dibutyrate
increases vascular tone but has a dual action on
intracellular calcium lavels in porcine coronary arteries.
Naunyn. Schmiedebergs Arch. Pharmacol 1990;
341, 251-5.

Cipolla MJ. Elevated glucose potentiates contraction of
isolated rat resistance arteries and augments protein kinase
C-induced intracellular calcium release. Metab Clin Exper
1999, 48: 1015-22.

Evan RM. The steroid and thyroid hormone receptor
superfamily. Science 1998; 240: 889-95.

O'malley BW and Tsai M-J. Molecular pathways of steroid
receptor action. Biol Repro 1992; 46: 163-9.
Falkenstein E, Tillmann H-C, Christ M, et al. Multiple
actions of steroid hormones-A focus on rapid, nongenomic
effects. Pharmacol Rev 2000; 52: 513-55.

McGill HC and Sheriden PJ. Nuclear uptake of sex steroid
hormones in the cardiovascular system of the baboon.
Circ Res 1981; 48: 238-44.
Bergh A and Damber R.
demonstration of androgen receptors on testicular blood
vessels. Int J Androl 1992; 15: 425-34.

Marsh JD, Lehmann MN, Ritchie RH, et al. Androgen
receptors mediate hypertrophy in cardiac myocytes.
Circulation 1998; 98: 256-61.

Lieberherr M and Grosse B. Androgens increase

Immunohistochemical

intracellular calcium concentrations and inosital 1,4,5-
triphosphate and diacylglycerol formation via a pertussis
toxin-sensitive G-protein. J Biol Chem 1994; 269: 7217-
23.

Benten WPM, Becker A, Schmitt-Wrede H-P, et al.
Development regulation of intracellular and surface
androgen receptors in T cells. Steroids 2002; 67: 925-31.
Benten WPM, Lieberherr M, Stamm O, et al. Testosterone
signaling through internalizable surface receptors in
androgen receptor-free macrophages. Mol Biol Cell 1999;
10: 3113-23.





