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Electrophysiological Basis of Humoral and Neuronal Control
of the Hypothalamo-Neurohypophyseal System
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The magnocellular neurosecretory neurons (mNSN) of the hypothalamus, though special
for synthesizing peptides which are released into the systemic circulation, posses many
general electrophysiological characteristics of neurons in other areas of the brain. One
of the fundamental processes of functioning magnocellular neurons is the stimulus-secreting
coupling, that is the translation of electrical activity of the neurons into the release of
precise quantities of neurosecretory products, vasopressin and oxytocin. It could be therefore
estimated releasing activity of neuropeptides from their axonal terminals in the
neurohypophysis by recording the spontaneous unitary discharge activity of the mNSNs.
Several powerful and reasonably specific stimuli which influence the discharge activity
of the mNSN have been studied in our past experiments. In this review, I discussed here
the charcteristics of humoral and neuronal control mechanisms of the neurchypophyseal

peptides from the electrophysiological point of view.

Key words: hypothalamoneurohypophyseal system, vasopressin, oxytocin, humoral and

neuronal control, neurophysiology

B THTEREEER, VTV vy, %2 bry, Biks LORRERE, #

B
Reprint requests to: Takao AKAISHI, BURIEE=RSE:  F951 BrEHERTE 1 FHET757
Department of 2nd Physiology, FRRKFESHERYRE HE KA B K

Niigata University School of Medicine,
Niigata City, 951, JAPAN.



1020 FREYSME F106% F115 FH4FILA

1. @ L & [

THERAEBRE LTV THD, AU T Ly (VP)
BLoA+r by (OXT) ORI WML, M
BT E > TR LHOHBTH DI L #lh H T,
BfrcksuwTbRABInT, WREELSIE>0TIid
B RO~ ThH D EE LD, HiC, WA
B TR 2 B 2 SN WEE I & - T, oM
thok s, MlEoOBTEHEE BHELE BEHEH
B AERN, BE-WEERSHREORS S (BTHR
T T SICRET 5% COREN S, B0 KR
FebhhoTwAb, F1, Thb6E FRARERGICHE
hAMBENGWRCERTREOERS L1HIh T
fokEnBEHREEA o bV, EE MREASWARC
BT, BEOST LA FEEK « 5T 5 e iilo
BSAEMYHEESBETETH IO ZORICEL R
TEY, MOMENTWROETALELEINTE .

2. FHORELBRNEEE

2.1, FITHRE

BT, EAMEAS I OB LA NE T,
1964 > Kandel®V iz L %, &% BT ORI
¥5, ZObTA2EED 1966 FI, WHRLELF
&, Thbb TREREOEZPINIC & 28T RE S
FUFR Lo m LB 30 5 B KRN - IE B O RITE DS,
HAADFIC L - THE S (AK%, 1966)%. T
FEHEL, W Ml G oEEnHLThH D, £
DR & A EDBERXENSMROEERS LU 7 ) 7l
M (BB Cl-ThHBLATWS, -7, TE
HFUESRBERRF L, BEARES W oERE D
L BEXE, $BFDHDHELHMN T VCERK TR W
MifaBt Oy b, WITHREC & 5 EAMRE S ks
BORENTRETH L. TOADEME, RIE=-2%F
ShTkh, #hbid Fig. 1 cEHLE B, D
THRAEBRERNHR (Fig. 1, W) x4 5 REEESHE
C—5ETH BT & (Constant latency), 2) ESHER
Bz 48 L TREAE -4 2 & (Frequency following),
FLT 3) BREE (Fig. 1, ® k- TR, ES
ki bz & (Collision) Thb. EEOBEOERIZ
BWTh, COFENABRRCECLRI.

2.2, HREEI#HETY1 KH

TR WM S, fiofTo =2 —n Vil
EBEMERETL. BRHEMOGHRCL Ty 72
EEMERERL S R 20T, FREASWMEIC R

Constant latency

—

Frequency following
P =
|
Collision
N * *
SON/PVN
} { l%
5ms
i

0.5ms
»
PP

Fig. 1 HETHE RS WM HoOR—KE
EB OBV RT AF— 7, BIUMTH
BE L EEENRDICLEL I >O&E (K
XHEHE) . TEEHE (pp) CALLR
Fv L ABONEES) H ORI (0.5ms
duration) KWL -7T, HR I HAHTHER
A WE L (SON) kL 0SS (PVN)
R A Lo T RN R & - THIRR A
By TEET A,

W, FOEEREML VEBEMCHE Lic<7 2 4
FARE SRS Gig—7wEE). flal, 5 b
B B35 — > OMBES WM OBE KR HO
OXT D&, 1 spike 7.0 3 ~4fg THHH
FOMEREINTEY, VP SWcEBLTi i, 8
POBEMREET S, #-T, RETH HELE =
) OB AFREMNSWHRO HRREERB Y ERT S
CEE ST, FOMBENLDRT 24 FORN K
HE BRI, L CEERICEEET 2 2 LT
B5H Fi, ThIEDEERLE Y OFWREEEA
Bouptc-THDILRE LA,
2.3. BREENY—

AT e & h o B AR - MR o B RICEISB)
BBET S L, BN ZEBEOR KN — v D



A BERTEHEER T 24 PR ower: - v g e 1021

Lha, Tibb, SHEEOHRERE £ hcEE CRIEHE
B EECIR DR T S0, B LU LB EHE
ORBAMERFTILILOO_FEETH L. FEOLODOK
ok, T OBOEERARIT I BEIAEBTYEAED
PRIy - T, VP EAMEERE SR, F1,
BEOELDLON OXT EAMBETHLZ &1, &
L (B REBEORIGE, HEHES T A58 §E o
T, BETELHREHO A2 - itl->ThHEE,
VP 5400 OXT EAEMBOSBIIHEKS 2L 8hT
WA,

3. VP & & OXT 9O s
VP & OXT O&iiE, %< 04EBNEEC BT
HICFWERTL D, BMETALOW, WAL Evglh
2 RN R RIS e W LB 2 5
ZhiE, LWL, EAeoEEHREEENT, Wh
EVHRHELBETHL L ATRELTV200 MR
Vo kb dh, FEORBRERCBEORE, LA
b, OXT i (MEESHOITE) RN oY
RIRE, BIENBOLTH O, VP FWICEHRNER
FIBULAAE Licw. 83k, Bz VP Ziv Ry
BDLEEINTOLBIRFPEZBERLS LOBRHETES b
L ORI EED, O OER, MEORERRRLS
LD OXT FUWHROMEIEE % & R RIET 5.
¥, OXT ZCEBRNE EhTv5BEE, KLUF
EEEOMBEZABTIHL ERICI RSN EL, VP
SRR A BEAFERT L. N, BEThEhO®R
SRV GUCEERE R RO TREM O » AR (KRR
B, CRENREE - MEEHAEUKEIR) B 5 VI AEBEEIRI
(R U R, BBy p, ILEBEIRTED, 4
BOWFESEREFI LS.

3.1, BIFHCLSAEH

FHtOWILIC L - TR OXT BgWah, &
FOHERL) MBI hAD, HEET7 v MICBWLWT IO
KBS AFRENICRCRE L b hoolk, 1970 £
OFIATH ~»To. BiH, TERABEEOHITHFRB cHE
Sh AHEORK THARENS MO REISE 2, $L
BERED ER (BFRL) wkis-T (8~128) EHMM
D@ ER ARSI EMNRE SN ol
RAE I RBOBHRIEENRC Y (o ~TE5),
—ERHT L, TOBKSRBECHER IR, TOHRE
RGBSR HE SN A RO ZICED R D
&, MR KBRS ZRT S ORMLELAR bR
W ERBBICRE R, FOBO, REEREOEE

ZE-T, ZOBK VP FWsEbisvwAXE&D OXT
ORENEZ 52 PRI, ThLRAIEETS
Wian OXT ELEMKETHILCENHREINIICE -
723, BEH e b oBmC B Th, FHORIL
LS THEUOBEENED LR TE 19 s &
RO EB BT 23FRE (M, ) ZEHZHLOHF
Wi X DFERINSMBERNTUWEHER LTS, L
L, TOMERBCOWCTEREELA TR, A
BB b3 KERESERIB LD OXT O
B IBED C RS

3.2. PMAEZERHSITIFETREICLDHA

#

VP RV, MEROBROFHRT-IELHR
Toish - BRI, TOMERSPERHTH-Z &
& BN, WETHE, VP HFIMEOHERSESE I EERN
BILTWAZEAHLMTRDODH 5%, HE, in
vitro R KT D, FHEIIRCS T B EEEE B,
Angiotensin I (A 1) ¥k Adrenaline ®*h#%
Bl <o EpHIL TS, Invive BT A, VP
BHC LA MES ERORENL, AR ER- N5
DHES L CLHERORAIC LS L XT3,
BRI, Mo cECEICL - T VP B
L O OXT MiliEs i B (bnBbh, ETEHED 2
WAHRBBRZAEBNLOMBANNHER I NDLE), &
fo, EZEBEROMEATNE, RIS & Rk L T
BERTH VP CHEEL - L HVEEEE L OESER
ERC LR ENDCE-TWAM, b, K
TEME VP kXU OXT BHEBMES R B\ TR
ERTEHY, ZORMESIBEETE7 1 —F Ry
PFREGETHLDEFREIATVS. Z0L51, &
DR S E L UMEMRFEEC KT 5 VP OBEITT
FEERCHL M D OO LA, TORMICL-TH
WEnTS A OXT BT 24BN EWRIT RO
FETHAH.

ATRREFR IR TV LA, HOROABYHESRD
EE T\ VP B LU OXT OREGWIT, 32
BElOBGRYH L. KBLEZIAB,»OOFHRL, K
BEAGRE 2 N L CRIKTE VP B L0t OXT #iflg~ &
mzbh, RBROBEBRED 5 W IFEREEE, BrL
EVORWERETIEBLUBIABHB R TV, o
OB, BB G L PIRELEZAR OB Y 4 57
LERTWERY, FOBEGWENTLS VP 51U
OXT OEBFHERYBGE L CWELBAE T ol s
EoTRVRIEC S 5. IF, SEAIEECS 5,



1022 FrBEYEME B 106%E F11E FH4F1A

R RRIC BT S VP B XU OXT OE#EEH
PIRTHRBCZOENE TN THEI b,
THEBNBOBED OXT BWOLRPNEERELE 4
BOKE MBS LTES.

3.3. REEZEHICIDHM

BIK T E RN Sl BEEREN A H LT
kb, HRAROBRBERLCIG L TEH*EZ L &0
HPE 3, BCIHECET A5, FRMENCHTE
T A MO BHEZTHEMERBOFENEE SN LbYT
e <, HEBEERRZ A0 2 R, 3R
BRSNS LU, ZORERAEBETCER SR,
T B OIBEL A O FIR T S AER 5 WM ~ o St B4 &
BRARARC LY, SR s h w52,
LichioT, BEFBELICHES RE R TV RO
i, @b Rl sh A EEL A BTN
oLV, BEERBCHIE L TEBT L0 VP 4
WOHTRE L, OXT OHWLRBRECE® T2 &
THY, ZOBED OXT OAEBPBRENC SV TIETHE
EDEFEFOREINTVAHIETHD. §i, ZOFKE

THRMEHLEET L2 EAFEY i - TlEERT
BY, BKTHMALWREOBEEL R U < 1970 F4K0
RN Y (R RPN

3.4. AR, SOMEERICEZHH

3.4.1. EFESRD L OEHR

SRR B L OFO#ETCEET L &N b, OXT
DB LTk, o v OFEET Ferguson o
LA HBABRELE, FTEESLSLIOEETHLIED
ok L S MREARBEEOHERS, BERKTHLY
OXT OB L, FHOETORE &7 s &R
ShTEl. L Ligns, BREdko OXT, 5\
BFE TR L ORI R TEE SRS T oA 4 Y
FYF 4 VIREORFAELEGHE Y, Sihr Pl
T8 L ORBHIBFATIIITHA 5 EBbh A1,
WEREZ LT h, TELLOROEEE TEMEL Lo
BREREE, B O RERER AR L TRR~EL R
LeELLNL, REZALOMBEOBLRMS 5 i
S —YERAR LA TER L UBOIERRC L - T,
BERTH OXT SWHIBORERFLE I NY, R
BEIE M T A EPVAE S h . SRR L <
ZoWERDL VP OF BT 5EE >\ TORE
i3, BETECETS VP L7 2—0OED LAY
BB AT b h T 2B TH 5.

3.4.2.  DIGENRSE - MREE D O OEH

b PRV, RERREECHELY SR VBEOD
B (H1oml) oxEERE»T (2, 304), BoEi
OFERABSh T CRBRERS S &, Bl E-
TEEOFIRMAFEHET 510, BB - &3, FER
TR KR L@ T brm B bhrnwo &T
H5H. i, BT IBRAER (0.3M) oR¥EKiC
Bxfzpl, BBEOCHFRIAFEEINLY. o
B, VP SWoESHREb-Tw5 2 Lik, KEME
POGKRTH VP G 5 REE D LELof#c
Lo, TR EFnIEE L ORELRT LD LB
aha (Orh, KR, RREERIH. o3, O
WRER « MEBHSEE OIS A & ORISR (- LC bges
MEARBT AL ELLND) B, BIKTE VP 5
MIZETEY, TOFWEBERBTL D LR
LTws., ol kil ERT LKL WiEREROR
&5\ ITBE IR - R B TR L, TR
NABWEOMBICIE Lo K OPiH %, H60 LHITE
5 ET HHEERS R RO O TGO L5 7 D
EEZ DL EDHETHEERR .

3.4.3. FOORME SO

Biamt s, TRESROESEBE, REKTFE VP
HROEDHZRETL LR ERTWARY, 4£H
FWMERCOVTETHETH S, $1, Buoofd sk
EHPERIBIC L T, BIKRTH OXT filso HREE
CHEE AR T ENHL TV 53,

4. OXT &LV VP 9O MEASEE
HHEFR LT VOGS BUE TR T O K E
R VT, BEBEM s RS CREL, eo
R HEERT 2L B2 BN 54D, BB,
Bt BEr o Rk LT A BB RBSRE O X 5 iR
e L CHIBEN 2 0BR A B LIET L OhENSH S
BIZEOHGNS, AT ud Kkt vy ngilreh, HBET
I, A 22 2 CEEBFTE <.

4.1. X504 FKRILELCLDHEE

VBN fs 0 B, MR O BIROEERES (L (MR
ARG Lie, WK THEAME S WHROSWIERORE
(b4 1970 FRICHE XN TV 702839 JREKEH BN~
DA buY e v OREDR, OXT Fiiifao BEk &
JUDWIEB B ROCTTE SR L Z ERE LI -
TeDid, BADIERIITH LAY, Z0H, BETH
OXT SEBEMas T A oYz vERID AL Z &3,
in site hybridyzation EfiOFIHic L v, OXT #la
ks OXT OARAFECLIENILEns 2 2 5



A R TR T 2 4 FowMlaoR M - PR 1023

YRBEF LTV, BT RT S, A b
0y YOERRRED LWL, FAFATEYOE
BEW ~OME L, ) OXT HOSWNEN: % JT
HEERD, MRS oBEY 2 bbb, ®
R T RAEEHIEROMN B % iR §HERgR 52
FE L~V TOIHLE LT BBRE GBS B2 5. VP
SRR AR A T o A F ORI EENCIITT
TELAEWEEZLRLY, HES v PokLTE, =X
Fove VHEERTE VP ilR0OBBERTMECK
FTHRLEHTIER, BAS A AEREPE VI in vtro
FRATBEWLWTRENTWVLSEY, 5 PCBWTIE, ®
BT bod: VESRKTBEETIELE LB,
HBHRBBETEDET 2B, Zhboiid, 7 v bic
B35, HBREARGRBOBE L #EEYMERT LD
EEbR, ERKC RSG5 A ORGSR & OBE
h S SHOFEMIRENALEER LIRS,

4.2 ToF¥FAT AL DRE
Renin-Angiotensin O KGRI B2 HEMIZ
WEAECLAaLy, PREERE AT &oBHET,
1970 ERB Mo mAP AT BE & SOKIEN & BRI
WRLTHAM. zoth, i ATRES VP
BB 28 << D@EENH 120, P renin-All
FOHES NEDLRLEE ST, AL »BHRTF &
LTORTIEAE L, PRICBEG HEEEDED 501
BHWEE L TRALBELSERE LT RIS
T, A HHEERVE Y GFINICEEL 52 58K B
LEEN, MRABEYNTFEYRATEESATHS
B, BERMEREEL S L OMS THRECRS A
All ORZTHEEEOCHELE®2, VP LU0 OXT #
ikt s Al BREBBOFAYY, DHBEESE
Brbd L BEETAERCEEY S 2 20 ik, #
HEZAEdROEH O B ARG WA~ O A ER
B AT BEEhLEERD, LbThsd Hb, MF
CFET S AL B, F=HERBEOROEREM O
RELRBAIC R TS S h, fREERE b > CHRE
RAE VORI ST D Lk, BEESERC
B ABEERTHLEHTA. $7., BBEEHBREF
Wi AL »aREE (BH) WESTH -7 X(GmE
B L - T VP 3L OXT Hifa~tfEabhb &
Exbhnb,

& » Y

AR TR, FEEIMERTR-TEL, RKTHTE
BRI LO MM B & UMRMEIRETB 2B L o, AR

HOEE THEABENRRO A REZETH W
fo. ¥ fo, BUEEEST LTV 2 RBRMBERFEY  F e
BUR TSRO BRI B4 5 B4 IR b
HFX TR0, FREEROREET L EL
T, FEWCERECEENB LR TED, MRAS WY
OFLCBAEE LTEEFIFEA LTV 5.

Z £ x B
1) Akaishi, T. Effects of

microelectrophoretically applied acetylcholine-and

and Negoro, H.:

angiotensin-antagonists on the paraventricular
neurosecretory cells excited by osmotic stimuli,
Neurosc. Lett., 36: 157~161, 1983.

Akaishi, T., Negoro, H. and Kobayasi, S.:

Electrophysiological evidence for multiple sites

2

~

of actions of angiotensin I for stimulating
paraventricular neurosecretory cells in the rat,
Brain Res., 220: 386~390, 1981.

Akaishi, T., Negoro, H. and Kobayasi, S.:

Responses of paraventricular and supraoptic units

Z

3

to angiotensin, Sarl-Ala8-angiotensin I and
hypertonic NaCl administered into the cerebral
ventricle, Brain Res., 188: 499~511, 1980.
4) Akaishi, T., Robbins, A., Sakuma, Y. and Sato,
Y.: Neural inputs from uterus to the paraven-
tricular magnocellular neurons in the rat,
Neurosc. Lett., 84: 57~62, 1988.
Akaishi, T. and Sakuma, Y.:

oxytocinergic, but not vasopressinergic cells in

Z

5 Estrogen excites
the paraventricular nucleus of female rat hypotha-
lamus, Brain Res., 355: 302~305, 1985.

6) Akaishi, T. and Sakuma, Y.: Estrogen-induced

o4

modulation of hypothalamic osmoregulation in
female rats, Am. J. Physiol., 258: R924~929,
1990.
7) Akaishi, T. and Sakuma, Y.: Gonadal steroid
actions on the paraventricular magnocellular
neurosecretory cells of the male rat, Neurosc.
Lett., 54: 91~96, 1985.
Akaishi, T., Sato, A., Sate, Y. and Suzuki,
A.: Effects of systemic hypoxia and hypercapnia

8

s

on magnocellullar neurosecretory cells in the
paraventricular nucleus of female rats, In New

Aspects of Morphology, Function and regulation.



1024

9)

10)

11)

12)

13)

14)

15)

16)

17)

18

s

Ed Thorn, N.,
pp44~46, 1990.
Akaishi, T., Shingai, T., Miyaoka, Y. and

Homma, S.:

Oxford University Press,

Antidiuresis immediately caused
by drinking a small volume of hypertonic saline
in man. Chemical Senses, 16: 277~281, 1991.
Akaishi, T., Shingai, T., Miyaoka, Y. and
Homma, S.: Hypotonic diuresis following
oropharyngeal stimulation with water in humans,
Neurosci. Lett., 107: 70~74, 1989,

Andersson, B.:
Physiol. Rev., 58: 582~603, 1978.

Contribution

Regulation of water intake,

Caverson, M.M. and Ciriello, J.:
of paraventricular nucleus to afferent renal nerve
pressor response, Am. J. Physiol., 254: R531~
543, 1988.

Cunningham, E.T., Robert, Jr.V.J., Bittencourt,
J.C., Plotsky, P.M., Vale, W. and Sawchenko,
P.E.:

control of magnocellular vasopressin and oxytocin

Medullary cell groups providing differential

neurons in the rat, In New Aspects of Morpho-
logy, Function and regulation. Ed Thorn, N.,
Oxford University Press, pp53~55, 1990.

Day, T.A., Ferguson, A.V. and Reaud, L.P.:
Facilitatory influence of noradrenergic afferents
on the excitability of rat paraventricular nucleus
neurosecretory cells, J. Physiol (Lond.)., 355:
237~249, 1984,

Ellendorff, F., Forsling, M.L. and Poulain,
D.A.: The milk ejection reflex in the pig. J.
Physiol (Lond.)., 33: 577~594, 1982.

Felix, D. and Schlegel, W.:

receptive neurones in the subfornical organ.

Angiotensin

Structure-activity relations, Brain Res., 149:
107~116, 1978.

Fuchs, A.:
Oxytocin, Clinical and Laboratory Studies. Eds

Oxytocin in animal parturition, In

Amico, J.A. and Robinson, A.G., Excepta
Medica, Amsterdam, New York, Oxford.,
pp207~235, 1985.

Ganten, D., Lang, R.E., Lehmann, E. and
Unger, Th.:
to becoming a well-studied neuropeptide system,
Biochem. Pharmacol., 337 3523~3528, 1984.

Brain angiotensin: On the way

19)

20)

21

22)

23)

24)

26)

27

—r

28)

#1106 % $115 FR4HE1LH

Honda, K., Negoro, H., Dyball, R.E., Higuchi,
T. and Takano, S.:

in the rat: evidence for interactions between the

The osmoreceptor complex

supraoptic and other diencephalic nuclei. J.
Physiol (Lond.)., 431: 225~241, 1990.
Huwyler, T. and Felix, D.:
sensitive neurons in septal area of the rat, Brain
Res., 195! 187~195, 1980.

Kandel, E.R.:
lamic neurcendocrine cells, J. Gen. Physiol.,
47: 691~717, 1964.

Kannan, H. and Yagi, K.:

Angiotensin 1II-

Electrical properties of hypotha-

Supraoptic
neurosecretory neurons: evidence for the existence
of converging inputs both carotid baroreceptor
and osmoreceptors, Brain Res. 145: 385~390,
1978.

Kawata, M., McCabe, J.T. and Pfaff, D.W.:
In situ hybridization histochemistry with oxytocin
synthetic oligonucleotide: strategy for making the
probe and its application, Brain Res. Bull., 20:
693~697, 1988.

Lincoln, D.W. and Russell, J.A.:

physiology of magnocellular oxytocin neurons,

The electro-

In Oxytocin: Clinical and Laboratory Studies,
Eds Amico, J.A. and Robinson, A.G., Excepta
Medica, Amsterdam, New York, Oxford,
ppH3~76, 1985.

Lincoln, D.W. and Wakerley, J.B.:

physiological evidence for the activation of

Electro-

supraoptic neurones during the release of
oxytocin. J. Physiol (Lond.)., 242: 533~554,
1974.

Mason, W.T.:
hypothalamus are osmosensitive, Nature, 287:
154~157.
Miselis, P.R.:

subfornical organ of the rat! a circumventricular

Supraoptic neurones of rat

The efferent projections of the

within a neural network subserving water balance.
Brain Res., 230: 1~23, 1981.
Negoro, H. and Akaishi, T.:
or posterior deafferentation of the hypothalamus

Effect of anterior

on unit activity in the paraventricular nucleus
of ovariectomized female rats with or without

estrogen treatment, Endocrinol. Japonica, 28:



A BKTEAEE <7 24 N4l ot « SRt 1025

37~43, 1981.

Negoro, H. and Akaishi, T.: Interaction of
hypertonic NaCl, hemorrhage and angiotensin
II in stimulating paraventricular neurosecretory
cells in the rat, Exp. Brain Res., 48: 121~126,
1982.

Niijima, A.: Afferent discharges from osmore-
ceptors in the liver of the guinea pig, Science,
166: 1519~1520, 1969.

31) Poulain, D.A. and Wakerley, J.B.: Electrophy-

siology of hypothalamic magnocellular neurones
secreting oxytocin and vasopressin. Neuroscience,
7. 773~808, 1982.

32) Reid. I.A. and Schwartz, J.: Role of vasopressin

in the control of blood pressure, In Frontiers in
Neuroendocrinology, Vol8, Eds Martini, L. and
Ganong, W.F., Press, New York, ppl77~197,
1984.

Renaud, L.P., Tang, M., McCann, M.J.,
Stricker, E.M. and Verbalis, J.G.: Cholecysto-
kinin and gastric distension activate oxytocinergic
cells in rat hypothalamus, Am. J. Physiol., 253:
R661~665, 1987.

34) Rhodes, C.H., Morrell, J.1I. and Pfaff, D.W.:

Distribution of estrogen-concentrating, neurophysin-
containing magnocellular neurons in the rat
hypothalamus as demonstrated by a technique

combining steroid autoradiography and immuno-

histology in the same tissue. Nerorendocrinology,
33: 18~23, 1981.

Sala, N.L., Luther, E.C., Araballe, J.C. and
Funes, J.C.: Role of temperature, pressure, and
touch in reflex milk ejection in lactating women.
J. Appl. Physiol., 37: 840~843, 1974.

36) Wakerley, J.B. and Lineoln, D.W.: The milk

ejection reflex of the rat: a 20-40 fold acceleration
in the firing of paraventricular neurones during
oxytocin release. J. Endocrinol., 57: 477~493,
1973.

Wakerley, J.B., Dyball, R.E.J. and Lincln,
D.W.: Milk ejection in the rat: the result of
a selective release of oxytocin. J. Endocrinol.,
57: 557~558, 1973.

Yagi, K., Azuma, T. and Matsuda, K.:
Neurosecretory cell: capable of conducting impulse
in rat. Science, 154: 778~779, 1966.
Yamaguchi, K., Akaishi, T. and Negoroe, H.:
Effect of estrogen treatment on plasma oxytocin
and vasopressin in ovariectomized rats, Endo-
crinol. Joponica, 26: 197~205, 1979.
Yamashita, H., Inenaga, K., Kawata, M. and
Sane, Y.: Phasically firing neurones in the
supraoptic nucleus of the rat hypothalamus:
immunocytochemical and electrophysiological
studies. Neurosc. Lett., 37: 87~92, 1983.




