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Abstact — In order to determine the role of dehydroepiandrosterone (DHEA), the important sex-steroid hor-
mone Precursor, in vascular reactivity in rats, animals were treated for two weeks with DHEA or sex hormones,
and the vascorelaxant and contractile responses of isolated aorta were examined. DHEA diminished the ace-
tylcholine (ACh)-induced relaxation in female rats, while the drug was without effect in males. Testoterone
lowered the vasorelaxant activity to ACh in either sex, 17B-Estradiol enhanced ACh-induced vasorelaxation in
male rats, but this female sex hormone did not influence in females. In male rats, the androgen receptor antag-
onist flutamide also enhanced vasorelaxant action of ACh. When the male ral aorta was incubated in vitro with
a nitric oxide (NO) synthase inhibitor L-NAME, phenylephrine-induced contraction was greatly potentiated in
DHEA-pretreated rats compared to control ones. The present results suggest that DHEA stimulates mainly
androgen in female, but both androgen and estrogen in male rats. The participation of NO in the modulation of
vascular reactivity with pretreated DHEA was also considered.
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& Y 992 P} wlmske WIFALL 2
o ZE)|Ase] WAgo] e Aoz el 9rhBarret-

Connor, 1994; Castelli, 1988). o]& z}o|E Fulsl= 74
o4 e FEF N estrogene] ZAH &L 3 AL
2 Aek=]glen] estrogend] FFe=E Fold I vy
M E2]EA o] 2h(endothelium-dependent relaxation)e] 321
k= Zlo] AHEEY AEgRA A 9= HGisclard
et al, 1988; Williams et al, 1988) g} 72 delr] Q]
$He2 AHFE estrogens T3 JUFEEH
I8t $ERk-e-S Aoty delA vk (Karanian and
Ramwell, 1996; Sintetos et al., 1978). o] Z=H== &
WakgAde] W estrogene] IV ZAA FElHe
nitric oxide(NO)?| A& F31517] WEQld, 2 FAZAM
ZAF7) o342 FF 17B-estradiol F =9} NOY| TALE

(nitrite/nitrate) F =7} AHATA 7} oS Rosseli et al.,
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19945} g A AT dFelre W EEY I3
o|ghul-g-o] estrogen Fodol )5 F2HE FAN(Williams
1994)e] AA]F o] it

ql7ke] H-Alel|lA] dehydroepiandrosterone(DHEA)S- base
e = %V&?% (DHEA-sulfate)2.2 AAJ - FH]H o] w)ef

et al.,

g T A|EHA, A, A, 21, AR, AT SR
o]'58t ¥ androgene|} estrogenlZ HA H2k=ch(Labrie,

1991; Labrie et al., 1988). x# 3Nl wE #F DHEAY%
= Zk4r E97 3 Barrett-Connor er al., 1986), -Fkgt
(Rose er al, 1977; Schwartz, 1979), H] “]'(Coleman et al,
1984), A71H¥2§(Thoman and Weigle, 1989) &5 =4
E] Zmﬂ——] fAle] o= 7Pde] AAE S B FAF =
gejd o) T glr). o9} 2] DHEA7} wiofsl Ad
2] ‘;”"‘Ec’ﬂ T 7154 Wire] 2T o] BAY el F
WellMe AEA ZA7F 3| vk 9\,1‘:}
DHEAY NO¢| AL fr=sls A3=2Ee) Fa3t A
T2 A s o] BA AA) el7kelv) FE
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A NO2| Aol of| FaFS: v|X| Ao daflfe d+4
7t AL glom, "Rl Es At AlAlsRs vl
NO 42| #X%|(Hayashi et al., 2000; Manabe er al.,
1999), HA|Barger et al, 2000; Wang et al, 2001), L=
a33fo] ¢-2 7FsA (Kipper-Galperin er al., 1999) 5 ==
7V S AABkL glet. B3] ") o)k Wl £EFA
et ¥hA-2 NOY ATl 28] =4 48k Moncada
et al, 1991)& HHX|9t DHEAZ} o] ulg-Ale] )z
cdgFolut Hakel| e NO| Ao v Bl sl
= &4z vt glok gEbd 2 Aol estrogen
androgen®] ZT7EAZ 2R4313= DHEAS A 93¢ o]
E A -9 ral] 277 9 FoJ519 S o) e o
FolEA ozt g FHyEHEA- T HRAlel ojw
HEZL e 7l FHESH

HEYY

MEEE

] 1053 =23 Sprague-Dawley rat(SPFyS- i
FARFTECZTE TUS & - 85 ARSAAY A
& 22+42C, AAEE 50£5%) <A 230 HeAF &=
AT A 877 W Tl 7| 7t Fatell= AR (ALK
A)et B& AHEA FEek

Ale

Testosterone propionate, 17B-estradiol benzoate, dehydroe-
piandrosterone(DHEA), flutamide, acetylcholine chloride
(ACh), phenylephrine - HCI(PE) 3 N®-nitro-L-arginine(L-
NAME)Z Sigma(St. Louis, MO, USAYIA F4]ale] A}
S35t

ofgo| XX

Testosterone(l mg/kg), 17B-estradiol(0.1 mg/kg) 2 dehy-
droepiandrosterone(20 mg/kg)<- olive oile] ABsle], =
flutamide(20 mg/kg)ye ethanolol] £33t 5| =23 343}
of wite] Fale] v 10:007 19 13] 233 FoJeigic
AE A Fo] o F FES ether PIFSIA W
AARAA AN

HETER AH

Rat?| §7 €3 FA54S A& § Fvslel o
#HE 2~-3mm u[9] $oE Ael F 7N stainless steel
2 ¥ stimupilelel] Al FEFLS organ bath®] 7)# el =
-2 isometric transducer(Hugo-Sachs, March-Hugstetten,
Germany)yll 37313tk Double jacket® ¥ 15ml®] organ
bathZ- Krebs-Henseleit(pH 7.4, NaCl 118, KCI 4.7, CaCl,

2.5, MgS0, 1.6, NaHCO, 249, KH,PO, 1.2, glucose 11.0
mM)E A3 8 water baths ©]83le] 37°CE {-7]8}
%™t Organ bath &) 892 0,-CO,(95%-5%) &3 gas
F dE&Hoz FEsle] HAIZ I £EHE
preamplifier(Coulbourn, Allengtown, PA, USAYS o|8-5}
o] dual-pen chart strip recorder(BAS, West Lafayette,
IN, USA)E 7|=231¢ic)l. 952 0.5 g2 71E AHE 78]
Krebs-Henseleit 29022 3-43] wlEA)& sl X7 &
<t <4 EAIF L. Phenylepbrine(PEX] gt 4-%21-4-2 PE
F 107-10°M =2 $Hxez2 slg fdeiglor
acetylcholine(AChyel| &t o|b2b8-2- PE 10 uMZE &
£ st pEANZ) o3 ® H, ACKE FHALE
7helkAet. 58] AlgeAE nitric oxide synthase(NOS)YZ
A&k A8 AEH "HS A sse 9 NOSH 4|
¢l L-NAME 100 uM3} 20%-5<} organ batlifjell A incuba-
tion T ¥ RM&AIS Akt

Data®| F8 2 S|

Datax meant S.E2 FH3glom oz} was)e
frelAde] li=rb= one-way ANOVAZ ZHAG F
Dunnet's t-test® 7182l 7] 948 p<0.05404] 234
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Fig. 1. Vasorelaxant effect of acetylcholine in the isolated male
rat aorta. All drugs were administered subcutaneously for 2
weeks and the experiment was performed the next day. Five to
eight Tats were used in each group. *Significant difference from
Control at p<0.05. Testosteone, 1 mg/ke; 175-estradiol (Estradiol),
0.1 mg/kg; DHEA, 20 mg/kg; Flutamide, 20 mg/kg.
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Fig. 1614 34 ra®] AZEE 2T HAIA|7] A
285 JAIske G2 Fo F ACk] N o]kSe]
W3S HelFa glv} HEFHIE PE 10°ME F5A7]
¥ AChZ o]|hg Hdslsit), WA 3 =2q] testosterone
o] Fodel] o3 AChe]l £J3t o] Thashe g vt
e (10°M9] AChl|ME 2h47g8ke] gl et 2]
A Q= AZel7t $%S), 17B-estradiol?] F<1} androgen
receptor AEA|Q flutamide®] Fod= HHNE P9 o]t
S ZEEA F), oAl L) ZFEA = flutamide R}t 17B-
estradiol®] 73-¢7} v 32|39t 12v; DHEA7} Feoq
& raplME AAYEES WAL Aot ViR gl

A rattiM MS2E J[sHsls FUshe 9420| ACh
o|2tdof| O|xl= Y&k

Fig. 221M% A rael] Z2F 7153 oFE0] Fo &
yehds 3] o)ebdS vieplglel A ravlAE A
2] Aol 2] 17B-estradiol®] F37} o]hAdol] o}
Habe fkelA| 25t dlw, testosterone S-iol|Ale] A%
o} 7o o|ghbg-e) 4 Zefdlyict. 28t $4 ratll
A olfal J8F2 w|AA| eold Az 2], DHEA| 9
3] "feletide] o)A Sls At Vepdol

DHEAS F0{8t 4 ratoM nitric oxide synthase
(NOS)X35{7} phenylephrine(PE)2] $ZHI20]| 0O|%[=
A

249 ME¥He] PEl| & FEIE dARL Ml
PE?| Fxo] oA o|n, o] $59AE DHEA 93 ¥
#814] gigtel(data ). A4 Y DHEAS Foi3} 27}
S NOSA Al L-NAME(100 puM)e} bathvelj ] BF
A% F, PES 715l 7 R 4% 2F $530] 7}
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Fig. 2. Vasorelaxant effect of acetylcholine in the isolated
female rat aorta. For details refer o the legend to Fig 1.
*Significant difference from Control at p<0.05.
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Fig. 3. Vasoconstrictive effect of phenylephrine in the isolated
male rat aorta. L-NAME (NAME, 100 pM) was added to the
organ bath containing isolated aorta for 20 min before phenylephrine
challenge. Seven rats were used in each group. *Significant
difference from Control at p<0.05.

A=k Fig. 3). 28} el A €7} DHEAS S8t
oM w8 FASUTHPE 0.1 pMell A= AT {2
o] WAHA k).

a &

B d7eMEe AHLE A5 (12-13 )3 &} - §4J9
rate]l DHEAE $93191-& 7% 3] oA o 434
o WX 9&-& androgen Y estrogen®] 7]s-g H3}A
7= 2 7K EE 257 FodebH A g slkaal Alxs)
it

<74 ratel] testosterones oIzl AW L2 (10-M]
e 94 ee) AChe] Tk o] ehabg-o] Tha ZhA
W 17B-estradiolel] 2jdjME FrHge] HAH G =g
testosterones]] W8l 44 2aEA e flutamide®] Fol =
E A dE olehihge] 717 fEE T ol:
estrogene] G| o|ehdE F=IAF)= U testosterone
vl o] Q&S efxl siMal 4+ glg Aeld). Estrogen
k] YA ZeM nitric oxide(NOY2 AL Z7HA17]
7] W] olgAS AEATE RLR AR gler
(Rahimian et al., 1997), ®17]el|A LAY Fl= o]e} &
gt Mo g B 4= 9)S Zlo|v} 89 androgene] Fa<)
o] 9bd-& o_qu\.]]ﬂ. 7FeAdel) dsiMe ZRA e At
£ (Karanian and Ramwell, 1996; Karanian et al., 1981).
SA|RE ofw 7)Ao 23t AR Gl virt gleh oA
A raellA] AAe] 213 testosterone] AL Xl
Fdr A7) FHof| A9 nitric oxide A E 4] FAjo] W3}y
= ¢l Hil(Chamness et al, 1995)=¢] 3loiA] Etol
A testosteroneZ} NO2| AFdA| 7} 91-& 7154l 44
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£ £F 9ok o2bA flutamidee]] 213 oM Fo1EAE
U3 AAe ejEE FHAC) B A rarlMY
ACh ¥hgAlell g} o]E AAE Sghaf Bl ARl
A -84 rarl] 25 259 testosteronesl] 2J#A ACh
off gk whgAde] olw] AE] FRAaE o] 9SS v}
I ASHHE7} testosterone®] FEF A LE FHo o
2t Z2rides A g, Z2ekAel flutamide T &
testosterone®] &o] s|A|Hel| wle} ACh ¥MEAS F)B3)
ol E 4 9lE Zlolth 3HH testosteroneTo] rawl A E
71% bi-phasic3t ¥Hs-~2 A ZAME AH57] 3|t of
vl AChe] R8sl ditolgl vkdo] Bt 714 2
# 43 HE A (Moncada er al, 1991 o] glx|
271 A

o] Aol e BE S 2EAE FES in viveoll A o
a3 MHS HEY F AIFHE T8 (ex vivo)sisly] wEell
Fogl FEEe] HREE AlHElE A" E 22150 A
2 ot 9IA] & ALE Hrh BE W FEEE X
A5 ZAFIAAT in vivo Al HF = 1T
V52 ¢, Wb o] AN IAEE File AH
O F organ bathtfe] HHAFAe]| EAsls Bl &l
27| Eehs olu]| HhEA o2 Fojgl Aa) o7 v
ZAES Qlekal o] 5ldE Zle]o}. HDEAY 2x77]ell
2] androgen®} estrogen ZFE H3lo| 71581} (Labrie er
al., 1985; 1988; 1989; Labre, 1991). & &3 A=
androgene|} estrogene] FAF 7]3ke] o7 wFel] &
AT 235 DHEAZ} F¥e]9)e] 23 g Z=F
o] A3l Gl F BV 92 Aok oFFE E 4
TFoIME 24 raell A DHEAO) ojsiris Hghe] o)gbrde]
W37} vERA] fhae] WAE oM, o)y AT Hr) of
7] Bargl vl gle} $Y3 racl A estrogend) testostrone©]
ACh o]ghde] MZ APERs o3RS v)X)E AMLE 18]
o DHEAZ} «J¥ = (androgen %X estrogen)?] 34
£ E23l gl wlebd ACh o] Al e od3kg- nE
o] Ak T} A3 o DHEAY o}F% &
XA eEsk7] wisgel] o] 34 raellAe] AFRhe Eopo,
Folgt DHEAZ} -84 raellA] testosteroneo|t} estrogen®
2 A8H dF FEE TR A0t g pleE
Hdxle},

Fe @AM 50%9] androgen(testosterone, dihydrotesto-
sterone)o|, I= S41712] ofAlellA] estrogen®] 75%7} DHEAZ.
HE] S5k} Labrie, 1991). DHEA]] ]3] ojm EF.9]
322 440 242 AVH s RE A 522 9
Aolt AT BRY H59) A B4 wieh el
(Labrie, 1991; Labrie et al, 1988) Z3o]l wlebri= estrogen
E= testosterone 3 3 Fe] JFEERNS S A
72 4% 9lvk(Sourla et al., 1998). o] AFAEXR $=e)7} 5

o

B8 4 3le A AFoE e Al A raelA]
23 k2] testosteronee] FAEI 9) 0w o] FEo 2
o HA AT 7F] o194 Al (tonic inhibition)7}H
WEE L glvi Ao wels] DHEAC] &8 §4de)
Z7]% Ak apdrogenl FAE &3] ACh o] gAl-L v
ol HalFHR] Esl= A eE ¥oloh g ghHoRE §
/3 racllA DHEA7} estrogeni?}t testostrone®] ¥ 7}A] %=
T AL S A= AT T ¢E Aol o]
A AE F F] 32 Fo] Azl HAF dezke-S
WFsted ACh o]$Hde] W3S fested] AEie
= 9ok el =22 L-NAMEZ A3l A% (Fig. 39
el A Ha= v} Zro] AA| R o) slside] A F
a5 4 5 ek

A4 raeflA LHEE @A SAI= Ale)7) gl
Testosteronesl] &A= -3-A raellM Ev} #A3] #Z4d
ACh °|$td-& ZH AT 17B-estradiol o7 <F ke
n)x)=] elgtel, 28t DHEA®)] &A= ukgreo] 734}
= HEke s wslslglen] o] A2 $4 raclA DHEAZ}
ACh ¥hgAel o3& wx]A] £3 Ae djzAolr). o
A3 racA1e] DHEA®] 9&< androgen-estrogen®] 7
olghdell tigt 241k Tefsled FB4] Hohw, o) A
FTEEE AAHLE o] FE3L of) HE estrogen FF
= fAF A wefA e oleE Bk 9]
wl el 21$3 22 estrogen?] HEF ASATITET HA ©
olife] olghide] FE X7} gl AL ov]Eket. 3w
DHEAX ¢lE A4 rarlA ACh o]¢bdE 7H4aA)7)= A
L2 u|fe] Hol L4 ratel M= DHEAZ} A4-F
androgen®| 4L EXA)7) 72 M5

Rat®] d-5e]A] estrogenel] 218+ ACh o]etd 2 &
= estrogen®] nitric oxideNOYA FE2-45) FHI o]
Aeh(Rahimian et al, 1997). B GTolMT o3 71}
T8%= estrogen®] ACh o|9M] FAEIF Hqlslsrt.
3FH androgend}t estrogen®] AT7E2<¢] DHEAX #} - &
rat 25 A GFe] 8-S SXIN TR K3l o)& 3
48t DHEAZ} 8] = 24F530] e ratd] 957]
estrogen®] S FAshe A4S AT A2 AA
gto}, vl xpAeA] vk E DHEAS] o)¢k A8 Es)e
testosteone®] TS F31A7)7] HEL 715 e] et
i} A testosteronet L androgene| %A o
2] o] S AT 7= o] B3] AAE it
SARE DHEAZ} o® M| ZEejl A NO2| A4S dAIg o
gl FT H59] 2 (Barger, 2000) ©]&H 2hg3} 3]
o] dAFelM WA= DHEA 218t AChe|¢hAe] 7H4g
AR F FE 0

DHEA7} &32] NO AAdel] w]= <33g sjetslr] 9
3, in viveellA] DHEAS $98 S &5=25€ A& 9%
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e in viroelM NO AXA s <] L-NAMEZ. *]&|gh
T HopEAQ] PR wial) vhAe] WEsl=rE AlEst
Gt o] Az WUAE wp- FREE AML-E L-NAME=
= PR W& 9hkeA 37171 DHEAR |A43M 5
EQ= 'aﬂ)xl o]t,]- Andlogeno] 2] I'Elt—/.l /“]7] /ﬂ NO——']
Aol ®X3= odeE B gl 8} )A|9H(Chamness et al.,
1995; Lugg et al., 1995) PHoAl2] &2 o}A] izl
B2} ik, 28} androgene] o} FHER] oL 7|Ale
2 g32] o]9AE ABIAFIL estrogens] FHAEZANY NO
AL F8) el 9d S FAAZVE L-NAMES] 2t
PETEH 7JElgAte] AAehs vhe olF 54 raelAe
androgen ¥7t op2} estrogen® A AMHNE A=
Belet. sfdEha 4 rawlXl DHEA®] )8k AChe] 94
< androgenel 2J3)] masking®| A% L-NAMEZ estrogcn
o 71913k NO B4 84E AAR ¢5uke2] s} 9
A &R 7] dgolet. B 4 ravlA DHEAE androgcn
# estrogen?] TS BF AR FoM, F FEES 3§
o] o] A% He2 o]Fo] gEPare g T FI o}
#ol7t $l= Ao= vehgela A g1 9l& Aol
o] 7FsAel Halrle Sahbee] 2= 8% androgen
 estrogen®] £ 58 TSI FHE g Heldk
FHHoE 2 d7elre, 4 % A raelA DHEA
= X383 androgend} estrogen®] €3-S HIMAT|E= UGE
S 277 A4 B3t 3 HE FlFY ojgkgd 2
A4S AEse. 2 A% 34 rat 39 DHEAY}
2| o]l E M 7)A] AUATE A raelME o)t
& AsIAZTE. = $A4 rael|lAE 17B-estradiolo] o] 9+4
S Z7MA71Z testosteronee] ZFAAIAS, AP raelirli
testosterone<- ©|$HAd-S ZFA 7t 17B-estradiolel] ]34
+ HEY) YehdA ‘%’%9&‘:]'. 5% DHEAE Feidt 54
ratd Z2] NO AL in vitrodl X A3A171HE 2ol o)
gk vhge] Wizl M B dA 3] Frlslae, of el 4
H2HE g 5 ol AL, g3 H}‘—“*} A7}
A4 rael M= 2 DHEAZ} androgens, 44 raellA:=
androgen®} estrogen®] A E3le] F43 9IS 3}
T A= AlEEE

HAtel 2

o] =& 2001 FAM S AkEkE e A4 24
& ghgrel el 2dted AT lS

HIOE

rat

Barret-Connor, E. (1994) Heart disease in women. Fertil.
Steril. 62(sup. 2), 1275-1328.

Barret-Connor, E., Khaw, K. T. and Yen, S. S. C. (1986) A
perspective study of dehydroepiandrostrone sulfate, mortality
and cardiovascular disease. New Eng. J. Med. 315, 1519~
1524,

Barger, S. W., Chavis, J. A. and Drew, P. D. (2000) Dehydroe-
piandrosterone inhibits microglial nitric oxide production in
a stimulus-specific manner. J. Neurosci. Res. 62, 503-509,

Castelli, W. P. (1988) Cardiovascular disease in women. Am.
J. Obest. Gynecol. 158, 6(part 2), 1553-1561.

Chamness, S. L., Maguire, M. P, Ricker, D. D., Burnett, A.
L., Crone, J. K., Chang, T. S. K. and Dembeck, C. L.
(1995) The effect of androgen on nitric oxide synthesis in
the male reproductive tract of the rat. Ferzil. Steril. 63,
1101-1107.

Coleman, D. L., Schwizer, R. W. and Leiter, E. H. (1984)
Effect of genetic background on the therapeutic effects of
dehydroepiandrosterone (DHEA) in diabetes-obesity mutants
and in aged normal mice. Diabetes 33, 26-33.

Gisclard, V., Miller, V. M. and Vanhoutte, P. M. (1988) Effect
of 17f-estradiol on endothelium-dependent responses in the
rabbit. J. Pharmacol. Exp. Ther. 244, 19-22,

Hayashi, T., Esaki, T., Muto, E., Kano, H., Asai, Y., Thakur,
N. K., Sumi, D., Jayachandran, M., Iguch, A. (2000) Dehydroe-
piandrosterone retards atherosclerosis formation through its
conversion to estrogen: the possible role of nitric oxide.
Arteriosc. Thromb. Vas. Biol. 20, 782-792.

Karanian, J. W., Moran, F. M., Ramey, E. R., Rampell, P. W.
(1981) Gender differences in prostaglandin receptors of rat
aorta. Br. J. Pharamacol. 72, 10-16.

Karanian, J. W., Ramey, E. R. and Ramwell, P. W, (1982)
Effect of castration and androgen treatment on sex-linked
reactivity of rat aorta to a thromboxane-mimic. J. Androl. 3,
262-265.

Karanian, J. W. and Ramwell, P W. (1996) Effect of gender
and sex steroids on the contractile response of canine coronary
and renal blood vessels. J. Cardiovasc. Pharmacol. 27, 312-
319.

Kipper-Galperin, M., Galilly, R., Danenberg, H. D. and Brenmer, T.
(1999) Dehydroepiandrosterone selectively inhibits production
of tumor necrosis factor alpha and interleukin-6 in
astrocytes. Int. J. Dev. Neurosci. 17, 765-775.

Labrie, F. (1991) Intracrinology. Mol Cell. Endocrinol. 78,
C113-C118.

Labrie, F, Luu-The, V., Lin, $.X., Labrie, C., Simard, J.,
Breton, R. and Belanger, A. (1997) The key role of 17B-
hydroxysteroid dehydrogenase in sex steroid biology.
Steroids 62, 143-158.

Labrie, F., Dupont, A. and Belanger, A. (1985) Complete
androgen blockade for the teatment of prostate cancer. In
Important Advances in Oncology. pp. 193-217. Eds. V.T. de
Vita, S. Hellman & S. A. Rosenberg, Philadelphia, JB
Lippincott.

Labrie, C., Belanger, A. and Labrie, F (1988) Androgenic
activity of dehydroepiandrosterone and androstenedione in
the rat ventral prostate. Endocrinology 123, 1412-1417.

Labrie, C., Simard, J., Zhao, H.E, Belanger, A., Pelletier, G.



124 Kwan Ha Park

and Labre, F. (1989) Stimulation of androgen-dependent
gene expression by the adrenal precursors dehydroepiandro-
sterone and andostenedione in the rat ventral prostate.
Endocrinology 124, 2745-2754.

Lugg, J. A, Rajfer, J. and Gonzalez-Cadavid, N. F. (1995)
Dihydrotestosterone is the active androgen in the main-
tenance of nitric oxide-mediated penile erection in the rat.
Endocrinology 136, 1495-1501.

Manabe, A., Hata, T., Yanagihara, T., Hashimoto, M., Yamada,
M., Irikoma, S., Acki, S., Masumura, S. and Miyazaki, K.
(1999) Nitric oxide synthesis is increased after dehydroe-
piandrosterone sulphate administration in term human
pregnancy. Hum. Reprod. 14, 2116-2119.

Moncada, S., Palmer, R. M. J. and Higgs, E. A. (1991) Nitric
oxide: physiology, pathophysiology, and pharmacology.
Pharmacol. Rev. 43, 109-141.

Rahimian, R., Laher, ., Dube, G. and van Breemen, C. (1997)
Estrogen and selective estrogen receptor modulator
LY117018 enhance release of nitric oxide in rat aorta. J.
Pharmacol. Exp. Ther. 283, 116-122.

Rose, D, P, Stauber, P, Thiel, A., Crowley, J. J. and Milbrath,
1. R. (1977) Plasma dehydroepiandrosterone sulfate, andro-
stenedione and cortisol, and wrinary free cortisol excretion in
breast cancer. Eur. J. Cancer 13, 43-47.

Rosseli, M., Imthurum, B., Macas, E., Keller, P. J. and Dubey,
R. K. (1994) Circulating nitrite/nitrate levels increase with
follicular development: indirect evidence for estradiol
mediated NO release. Biochem. Biophys. Res. Commun.

202, 1543-1552.

Schwartz, A. G. (1979) Inhibition of spontaneous breast
cancer formation in female C3H (Avy/a) mice by long-term
treatment with dehydroepiandrosterone. Cancer Res. 39,
1129-1132.

Sintetos, A.L., Ramwell, PW. and Ramey, E.R. (1978) Sex
differences and androgen-mediated sensitization of rabbit
aorta to prostaglandin endoperoxide analogue. Fed. Proc.
37, 731.

Sourla, A., Martel, C., Labrie, C. and Labrie, F. (1998) Almost
exclusive androgenic action of dehydroepiandrosterone in
the rat mammary gland. Endocrinology 139, 753-764.

Thoman, M. and Weigle, W. (1989) The cellular and
subcellular bases of immunosenescence. Adv. Immunol.
46, 221-260.

Wang, M. J., Huang, H. M., Chen, H. L., Kuo, J. S. and Jeng,
K. C. (2001) Dehydroepiandrosterone inhibits lipopolysa-
ccharide-induced nitric oxide production in BV-2 mice
microglia. J. Neurochem. 77, 830-838.

Williams, J. K., Honore, E. K., Washburn, 3. A. and Clarkson,
T. B, (1994) Effects of hormone replacement therapy on
reactivity of atherosclerotic coronary arteries in cynomolgus
monkeys. J. Am. Coll. Cardiol. 24, 1757-1761.

Williams, S. P., Shackelford, D. P, Iams, S. G. and Mustafa,
S.J. (1988) Endothelium-dependent relaxation in estrogen-
treated spontaneously hypertensive rats. Eur J. Pharmacol.
145, 205-207.



