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Effect of Ovarian Steroid Hormones on Catecholaminergic
Nervous System in the Hypothalamus of SHR

Oon Ja Kim and Kwang Ho Ko
College of Pharmacy, Research Center for New Drug Development,
Seoul National University, Seoul 151-742, Korea

Abstract— A question whether abnormal responsiveness of hypothalamic catecholaminergic ner-
vous system to ovarian steoid hormones in spontaneously hypertensive rats (SHR) exist was inves-
tigated. Four groups of experimental animals were prepared for SHR and normotensive Wistar
rats (NW) respectively: 1) intact, 2) ovariectomized (OVX+V), 3) ovariectomized and estrogen
treated (OVX+E), 4) ovariectomized and estrogen plus progesterone treated (OVX+E+P) groups.
Hypothalami from experimental animals were dissected out and used for determination of a-adre-
nergic receptor binding characteristics and catecholamine contents. Norepinephrine(NE) content
and Bp.. of a;-adrenergic receptors in hypothalami were greater in intact SHR than in intact NW,
but dopamine(IDA) content was lower in SHR than in NW. Neither contents of NE and DA nor
binding characteristics of a,-adrenergic receptors were different in OVX+V and OVX+E group
from intact group of both SHR and NW. Kd and Bq.x of a;-adrenergic receptors in OVX+E+P
was lower than that in intact SHR but not in NW. DA content was lower in OVX+E+P than
in intact group of SHR and NW. The result of the present study indicates that there is an abnormal
responsiveness of hypothalamic catecholaminergic nervous system to ovarian steroid hormones
in SHR which may be one of genetically-determined factors probably not responsible for the deve-
lopment of hypertension.

Keywords [ ] SHR, hypothalamus, a-adrenergic receptor, catecholamine, ovarian steroid hormones.
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Fig. 1—A. Chromatogram of the standard solution co-
ntaining Norepinephrine(NE) 7.03 ng and Do-
pamine(DA) 3.13 ng. B. Chromatogram of ext-
racts from hypothalamic preparation. Standard
for NE and DA and extract from hypothalamic
preparation were diluted in 0.1 N-perchloric
acid and 50 w/ of those were injected into
HPLC-ECD system. The retention times for
NE and DA were 4 minutes and 7 minutes,
respectively. Sensitivity of the detector was
20 nA/volt. Recorder was set at 1 volt full
scale.
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Table 1—Contents of Norepinephrine(NE) and Dopa-
mine(DA) in hypothalami from ovarian ste-
roid manipulated rats. Each value represents
the mean* SEM. of data from seven hypo-
thalami. INTACT, OVX+V, OVX+E, and
OVX+E+P: Groups of animals. For the de-
tails on those groups, see experimental me-
thod section of the text. SHR: spontaneously
hypertensive rats, NW: normotensive wistar

rats.
Contents of catecholamine
Species  Group (ng/mg tissue)
NE DA
SHR INTACT 1.383+ 0.037* 0433+ 0.028**
OVX+V 1.296+ 0.040 0.458+ 0.024
OVX+E 1.291+ 0.025 0468+ 0.014
OVX+E+P 1.260% 0.024 0.360+ 0.019*
NE INTACT 1.274+ 0.034 0.547+ 0.050
OVX+V 1271+ 0.048 0.452+ 0.033
OVX+E+P 1.254+ 0.072 0.354+ 0.023**

*p<0.05 compared with INTACT, OVX+V or OVX+E
of SHR

**p<0.01 compared with INTACT, OVX+V or OVX
+E of NW

#*p<0.05, and **: p<0.01 compared with INTACT of
NW

ERALEHES] B3yl Asie FdEsh A9
AR st A Rl r2efevxale] et
At wlekstAl fAEgdot 2 Aol BAH f
o442 Adsich

AF 30209 A4 F9 AdA
Aldatttel] EAshe wabnle] ek Table Io] &
A"l mpe} o] 7hzh 0547+ 0.050 3 0.433% 0.028
ng/mg tissue A 4t Feol wls) AHA bt
Aol A f2 A A EUTHp<0.0D). Al 2
g AlAEHY mainle] depshs A dEs # e
ohet XA ™S FelMx FAH foldel ¥

agst 79

ok A T ALEZAS Aol G
w57 gakel fo94 ol WEe] ¥ bx) FgolA
BE @A ok 2ol dadA ¥ oolAE

2AF A 2] H3Fol ey AHA
18 Feo A9 0458+ 0.0240) 4 0.360+ 0.019 ng
/mg tissue® 743}l (p<0.05), HAH o
739 0.547% 005091 4] 0.354+ 0.023 ng/mg tissue &
A8 st (p<0.01).
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g- 2—Scatchard analysis of [*H]-prazosin binding to
hypothalamic membrane of intact SHR. Affi-
nity(Kd) and density(B,..) of receptors were
determined from the slope and the intersec-
tion with abscissa respectively. The inset rep-
resents the saturation curve of [*H]-prazosin
binding to hypothalamic membrane of Intact
SHR and the curve of triangles represents
specific binding.
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Table II-Binding characteristics of a;,-adrenergic re-
ceptor in hypothalamic membranes from
ovarian steroid manipulated rats. Each value
represents the meant SEM. of data from
3 to 4 experiments. Each experiment was
carried out using hypothalami pooled from
at least 25 animals. INTACT, OVX+V,
OVX+E and OVX+E+P: Groups of ani-
mals. For the details on those groups, see
experimental method section of the text.
SHR: spontaneously hypertensive rats, NW:
normotensive wistar rats.

as-adrenoceptor

Species Group (fmol/mg protein)

Kd(nM) B
SHR INTACT 0.064=* 0.004 407.1+ 62,67
OVX+V 0.060=* 0.003 389.2+ 39.5
OVX+E 0.062+ 0.003 3721+ 27.8
OVX+E+P 0043+ 0.002* 2949+ 19.0%
NE INTACT 0.063x 0.010 283.0+9.2
OVX+V 0.072+ 0.007 267+ 15.1
OVX+E 0.063* 0.018 28121538
OVX+E+P 0.092+ 0.017 2792124

*p<0.05 compared with INTACT, OVX+V or OVX+E
of SHR

*p<0.01 compared with INTACT, OVX+V or OVX+E
of SHR

#4p<0.01 compared with INTACT of NW
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(p<0.0D). v} Audst 2] Afde drER
Az} LA ~dE] Bl o8] Bu.ol W%
oA EA A oA glslen Kpol A% 0063+
001041 4] 0.092+ 0.017 nMZ L o] &x]3] 443
71 FEFIulE A E o) zlo)o| sty |t o]e{z&
HEoME EAH fold-e ddrh

 #

AF 304 AHAY zE FA9 HAHY F 9
Aldshy 2o Z e ke dAd n¥st
Foll A Addst ol vlsl F204 A FUH(Ta-
ble I). o]2]3t AL Winternitz SV K 1ol
AHA ¥ #o Aldsol A ooz

I A& (turnover rate)o] ¥R @2 Aefoll ] k2
AujEgd o] ofo] Wk @A frapsich AldE}
a-FEA e Fre AF 30d"” AHd 2¥y
oAl sk Fol vlal oA A Eskont
FH(Kp) ol A= A2 2ol vfehtz] u-s‘;’&‘:}(Table
ID. o]#g AAe AstE 2 HAU 2 ket
ool - E-He FEF7F A dAAd w™st
FHell A gt fotbol] F3HH 291 7S
FAlEkaL olch A d-st FHell A F5:A1734 ar-
TEA Y Frrt AA4ES]
Bagl vl gllont? AgE ol

=

@ oA e =

ks 3|

224 mEgle] F£3] vehte Alelel 9lgl7)
wFofl o] 5 dabe) AHA mE; 7 Ad FHA
ERo| 7)1l e w3gl walel 2]g)k 2214 q)
AAREEe] Al Ao gt sl AFskA] Z3)
ach A wagt Fe 2P e FaHe
A4 3 F Axo] Esfolt 1

)

¥ 9UY 29U Ad9 A 99
o #} zol7t 3le 7

PN FHH A s
H

=
ol WA wFel
o

O dm AN e
—0‘ o
)J
oX

to gt F

F oy
i)
z2

_‘.Erril-ﬂldioi

i
.Y,'L
N:
2
2
r

b3
B
f
B

-
=}

2 Og'
20

> tlo r
N
I
oX 9
K1
)
T
o
g
e
-
2
2
ax

2 2
2
)
m)#
i,
rie
Jm
oX,
o
k4
gk

A

Rloox b odg o2 [o 30

Jeb 4ast AAE SshalehTable D, b
A 3 o AEZAS] 2}]% ] T+ OI]i:_E_ilﬂlT}
s2a e 2e) 237
AU 8t HolA
Mol s
REEN E RS

2 e Eas ol
ootth(Table I). oleigt A
3 2Xo] HAES 7 vy

o} A8 WEIAL AR 2ol

- vIAA) ek g

Gm AT S ek 2o o gl 2
2 A%} g2 dehdn ok(Table II)

Ao oM AdeHE o8 AY5A

x°,
e

)
gﬁ

23

"

kil
|

_I

4 29
2 ekl A

(=21

=

o
[ e O )
to

N X2

o]

=
gl

J. Pharm. Soc. Korea



HHA 38

Aol A et e gopul g AAA MAL W sHEolE sepe 4% 399

of WFo] glglom ol2e At 71 Wk ohie}
A0y nYY ANAE Bdsieleh A
o 22E2 A AFFel sl MBI} obrHA e A®
AAES 4 % ohdel A mes Hold ft
shefeh Zeh} WA F oo iEzAs EEA s

dEe BHFFAAE T gAY Kdgtel 4ash
Brw®l %717h R4 S} 2ol 4 @A 3| e}

o

A AP A di 2EHEolE 3229
iﬁ.xl?} F2 kadavLy AFAY WA
el AFE] ve A7raVe
*J.fﬁ Azte] wiAo] Brbsdh A2 ohetar
v} 2|t olelgt Ak dislAls E)AAF S

7FA ool A7l 5 Qv A, Aol o s
Whgeo] nzEr] Ao Wyl dddwd 84
AZEAe] dhzaRe o~ERAN T
9] 23l o sﬂ skl 4 vk she Aol
3 EZANI ZZA2HEL ool
EE"I Fe dudHE BRI
A ol "é@} | =23chd oleiqk Ay Afel w2
E7hsdk Zlo]ojok gt 2ol B3 das e

Al Frego] dadAel o) vdEl & W4 5
7Vt Atebd AelpE ol 8% dased &
ol sidsle= A2 £ AYAHRES oPIK A
oz d4E  dok F dhzEE A3l a-T8
Aol g v]A FE fdovt dazEge] Feddl
Aol dig A £ gle AEE AEE 5 3l
om o] Hgoll= A w¥st A7 A #HA
54o2 dhepslofo} LE} A, oleld &ate] A

A 2 A7k A fAd 549 ¢ e
Jeig 4o mus waw Awd A%h sk
Holch A4 ¥
% Akl HEISEE 2N 2WY
Aol A AL, ol 2L )
7 AR Wapol YR 453
ek & ATATAA HaRA o
22 3ol a-Fsd Y5
o} Wste) ART 279 HEEEE YT
ot g A AYEAS Wt oo ne
220 % a4 ZYSH I daze
@ WermA AT ARl gt HE Wy
o2 aAsolol ¥ Holch

o3

LA o

E oo wE Lo

—L

Vol. 35, No. 5, 1991

2 AFoll H oA o) 9)e] k2ol vz el g
e} & F B-‘rozﬂ - TEA Fo] AEEZ
e e dh oI5 84 Aol F3h4ol
RIS J'““:oﬂ sl & el A
Aboll 4] o) &

aslel wsrenz
4 zust #Aeld @
Aichd ol 3]y
a3} e oA sk )
& otk e wagA F

23 ZzAxdEe] Bgrdle] wsj
)

L AR 8k FHells maEsd 2 ol-e A
A AF 0ol e Al 2ol )9
gF A ool=ddUAg FEAY Fxot At
Fell wlal sFokom mojulel ghepe 98)7 yoth

2. kA el g G4 A Fole $2RY 1
Aol AAA zEst # wak ohdzl A4t A
A= Albsl e mBoudZyl sk Euiw)
FF 2 a-TEA AREALA F94 A wWbst
Rt

3. adA F AERA w5 AFFACE =
2ozl =, %) FE Y o84 23
S50 sl 9ldar, o-EZAa 222
BFg Aol a-EAe g ghake] AHA
T FollMut oAl Wil =abn) ek A4
Tk o) AAEY A BFeM Fasieich

4. A mdst el AU k2ol wZ Y
T { a-TEAY FEZ7 dele ARAE ¥t
A7 Ad FH1H EAY & /IR 2A m¥sE e
Zlodste 29le g A7) e wdh AR s
2R W os] ob7|® o TEAe AFEA
HE-x ndEet Ay gk Ao AzEy wa)

4

A

ki

<



400 A2 2D
Rle) WE ma yardage] suky Aow a4 nology 110: 1150, 1977.
o}, 7) Weiland, N.G. and Wise, P.M. Estrogen alters the
diurnal rhythm of a;-adrenergic receptors densi-
2ZHAbe| ok ties in selected brain region. Endocrinology 121:
1751, 1987.

B oj7e] Am)i A|Srhetm Ale|ekE s ulel 7 8) lams, S.G. and Wexler, B.C. Retardation in the
AE] W Ae sty oksbujsl Estepst olTsel %) development of spontaneous hypertension in SH
Qo o)a] ksl em e X817 Hell Ak iz;t7s7by gonadectomy. J. Lab. Clin. Med. 90: 997,

9) Iams, S.G. and Wexler, B.C. Inhibition of the de-
= &l velopment of spontaneous hypertension in SH rats
by gonadectomy or estradiol. /. Lab. Clin. Med.

1) Yamori, Y. and Okamoto, K. Spontaneous hyperte- 94: 608, 1979.

nsion in the rat, a model of human “essential” 10) Bylund, D.B. and Yamamura, H.I. Methods for re-
hypertension. Proc. 80th Cong. Germ. Soc. Int. ceptor binding, in “Methods in neurotransmitter
Med. 168, 1974. receptor analysis, ed. Yamamura H. I, Enna SJ.
2) Yamori, Y. Pathogenesis of spontaneous hyperten- and Kuhar M.].” Raven Press. New York. p.1-35,
sion as a model for essential hypertension. Jap. 1990.
Circ. J 41: 259, 1977. 11) Winternitz, SR., Wyss, J.M. and Oparil, S. The role
3) Finch,2 L, Cochen, M. and Horst, W.D. Effects of the posterior hypothalamic area in the pathoge-
of 6-hydroxy dopamine at birth on the develop- nesis of the hypertension in the spontaneously hy-
ment of hypertension in the rat. Life Sci. 13: 1403, pertensive rat. Brain Res. 304: 51, 1984.
1973. 12) Feldstein, J.B., Gonzales, R.A., Baker, S.P., Sum-
4) Pullen, G.L. Oltmans, G.A., Berfnbaum, S.A. and mers, C., Crews, F.T. and Raizads, M.K. Decresed
Hansen, T.R. a;-adrenergic receptor binding in ay-adrenergic receptor mediated inositide hydroly-
spontaneously hypertensive rat. Hypertension 7: sis in neurons from hypertensive rat brain Am.
333, 1985. J. Physiol, 251, C230-237, 1986.
5) Reis, D.J. The brain and hypertension. Arch. neurol 13) Heritage, A.S., Stumpf, W.S. and Sar, M. Brain
45: 180-182, 1988. stem catecholamine neurons are target sites for
6) Lofstrom, A. Eneroth, P., Gustafsson, J.A. and sex steroid hormones. Science 27: 1377, 1980.
Skett, P. Effects of estradiol benzoate on catecho- 14) Winkinson, M., Herdon, H., Peace, M. and Wilson,

lamine levels and turn over in discrete areas of
the median eminences and the limbic fore brain
and on the serum LH, FSH, and prolactin concen-

tration in the ovariectomized female rats. Endocri-

C. Radioligand binding studies on hypothalamic
noradrenergic receptors during the estrous cycle
or after steroid injection in ovariectomized rats.
Brain res. 168: 652, 1979.

J. Pharm. Soc. Korea



