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Abstract : This study was carried out to investigate the morphological changes of the oxytocin secreting neurons in
age-related rat hypothalamus by means of immunohistochemistry. The experimental group was 20 aged female rats
(Sprague-Dawley, 25~30 months), and the control group was 10 adult female rats (10 months). All animals were
perfused transcardially with 4% paraformaldehyde-lysine-periodate(PLP), and serial transverse brain sections(30 pm)
were prepared by means of cryotome, and were stained with rabbit anti-oxjtocin antisera immunohistochemically, using
the free floating method and avidin-viotin peroxidase complex. The results were as followings.

1. The immunostained oxytocin secreting neurons were located at the paraventricular nucleus and supraoptic nu-
cleus of age-related rat hypothalamus chiefly.

2. The numbers of oxytocin secreting neurons decreased at the paraventricular nucleus and supraoptic nucleus of
age-related rat hypothalamus(p<0.01)

3. The oxytocin secreting neurons of age-related rat hypothalamus immunostained less than those of the adult
rat hypothalamus, and the paraventricular nucleus immunostained greater than supraoptic nucleus in age-related rat.

4. The numbers and expansion of dendrite and axonal varicosities decreased in the age-related rat hypothalamus

greatly.
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Aol A RE] S8l o] 27] 74R] ] AYA|e] WEl 7+
W4 = A 557) o1 39] A} Wstel}.

ed}ol] gt A= AR v RS AEEES 7 7]
B3 zAo|A WEsA A=A =8het Qo
dis] Yo HWolEdA R e olBo2e
5l g7 7, AR E, AEEG 7o A, F3olE,
2274 %te] E(cross-linkage theory), A7PHYe]| &, A
Edl& o] & Fo| AUt ¥ k3] £+ Q7 F
AYA, A4 A4, dF5F, FAEE, &
ol g A sk &, 4A8S B3 A
A EA0 ool It ¥ - et

H, E{-5E] AGsHR-(hypothalamus)= 7R
Azkat ibg, Aol 8§34 (homeostasis) 2], 14
59 715 @asle A4 A9 WAL S
24 Hejo|x®, w3tEgoz Qg AR HEY], 47
4 gl Al Aslel S43 U2 ddol glof 23t
HA4e d7sh=dl g ol 53] AldsiolA
A Elel A slR-A173slA]  AlE(hypothalamo-
neurohypophyseal system, HNS)E o]+ ejc 3.2
F9l oxytocin HH|MELE EA417d M) 3£ (magnocelluar
neuron)E 2 o]Fo]Z A ZHA173 9 ¥ (supraoptic nu-
cleus) 2} | A ¥ (paraventricular nucleus)oll F2 =
gtx]o] glof*?, m3lol] a3 =24 wistol] gt ol
FzFHo g 715H o HFo| foldH, AARE W
A Aol Haslo] Alzheimers] H, L W
(Parkinsonism), Prader-Willi F¥3 9 HIV-1 as-
sociated dementiaZ 2d FXAIH A Y= (acquired
immunodeficiency syndrome, AIDS) 52] 3x}eil4] A]
AFS1E. oxytocin BHIAES] 74 Sol Husleh

w3t 2o 9l -3Ale] HolAde] flelE o] 83 ™
oz 3 uh-g EQidesH HzAWelA ox-
ytocin B AIEE 2t g 5 QA sof AT
W oxytocin Eu]A|E o] AEF3EA LF ko] 7
Hlm P, A7 H (synapse)S T T UE YUY
&2 Z}(tracer)Q} pseudorabies virus Bartha strain & ©]
28 AR HAGHAA oxytocing T3 A4
s 2] 2 A} £ A4 8- (extrahypothalamic projection fib-
er)E0] ¥ Z7)(brainstem)?] w|FA17 528 (dorsal
nucleus of vagus nerve)® 2]F#¥(Nucleus ambiguus)
52 v RAAAY 74 299t de] AFAHE
o]Fo] $EAHRE (motor tract) & whet 2 A
9] AuiE W AF B T EH 7] (targer organ)
off 74 HAQGol FHEIA L Y. whehA
oxytocino] AF9] HYTH {4 TAIAE
(myoepithelial cell) =5 5-2] JEu]HQl 75 o] el

= 52, 714949, ZAAEE 59 deHYH Ae4AA
ZA o) Hodshe A7ALEA (neurotransmitter) ¥
A17d 24 -E 7 (neuromodulator)24]  2H§-3tcl= A4
o] HI 254 g}t 53] HAGHL oxyrocin &
Fulshs] AlgsR-AAseA BEE B8 ARHE
H]&(neuroendocrine axis)¥ AQAGTEA 2 A A3}
© A7 22 % (neural axis)ell Folsles FF2A
2.9 (central contol center)2li= B 1'% glo] o] Hof
o Q7 dm AYAT ek 2e)m 94, 2o,
A, W, e, A 1 Aol oxytocin £
HAES) AETEEE Aol TS0l ofF AEE
o Z5 ALY AZAANUY K ARl 93]
shb B9 5ol W} 1 BERel BE Rolrt
Y Hed 270 % Aol sk e wolrt 9l
ol YRABH"™. £ oxytocin LuIAES} XU
I A ZFAZA A 2ol 2 F-#(accessory nucleus) o 24
A) 2}z 9] ¥ (suprachiasmatic  nucleus), 4H2572#)
(trigeminal septal nucleus), $A]4&}E-4 (anterior hy-
pothalamic nucleus), thZ}ol(diagonal band), #5=, H
SA|(amygdaloid body) & F3A417] A4 £uls]
= o] B,

aejug AslE-A7dslrA Al 7154 9
ZH EAQoZ & uff o] Fofoll il A9 Ysto g
A w3l 4 He FelF o v1eA ke A4
o] ZiL 53] A7 49 AT £ 7158 A
o oxytocin] ©}-& H77] o F AL x3ks} 7)
2 Balo] gk A7slet.

A F7A] Byl w3l whE AAsE-A7ds)raA
AEE ol F= HENAIY A F oxyrocin FH]AE
7} S3lel] b £ 7ot ke Bt gl wbd
Wierdz et al''& x3}ol] 2]&t A #e] oxytocin F-H]
AE <mo] wWzhe WSz gkdrka slod o] Fofell
i3 AEsle v Hedk AAelrh whetd A1t
= ANH oAt @A He 7153 #Hl pakE
w3t Al Bul 222 oxyrocin FulAE
o] SelF wstele) WAG sty Al Feain) A
£ B3 wdtol| b 13 A)44s1E9] oxytocin F-HIAl
29| kA, Hellshd wE Wslaa ¥ AYe 4
Alsldct.

Nz 3 Uy

AHES : A% 25 - 3071YH Sprague-Dawley A|
o o} 31 (H]F 380 - 500gm) 200} & ALl
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Hagdozes A% 1049 2 A ¢ 35 10w &
At AREE-S A5 AEd 20-25TC 9 2
EE FA FEARHNA ARS 28 A2l T
Febo Agsigion 29, E 52 Y 4549
278 @t

oizNsn wA : AYEEES AWATel
Ketamine hydrochloride(KETAKAR, 50mg/mi)¢} Xy-
lazine Hydrochloride(ROMPUN, 20mg/ml)g Z}7}
A 100gm F 0.15ml ¥ 0.05ml 4 42 84S 7}
7} 2 Aol oA F RS Bolel B
BE AASG. FFzAL WA 01 M sodium
phosphate buffer(e]3} PBe} ¢})oll heparin (10001U/
1000ml)yg 42 §A4L 107 BFIAATIL, 4%
paraformaldehyde-lysine- periodate(PLP)E 30%7F
FARE. FFage] B ¥ HE HED o AF
X Aol Fxo Huel wa B9 E AR F

U A Hel] 4T ol 4417 FF FuAE YA

t}. 21 ¥ ©}A] 0.1 M PBE 1A17F £} S8 20%
phosphate buffered sucrose 8-°Hol| 1247t h#] 484]
7t Bt @t Baeict B H=A 52 5AEH
7)(Cryotome, AOYE o] 83}e] ok 30um FA9] A%
WA HG wHEo] 6-well platedl] FA R Hilslo]
Z4-3-E-5-H (Free floating method) 0.2 ™ = %] $}3}<]
A4g Alsgekaic

FA-e 1:10002.8 345 121¢AQ] rabbit ant-
oxytocin (Chemicon)el] ZAAHES G7} Aol
122178 WR] 24417F F<F 4HSAIZ ). o] uf LX)
o} 3|42 0.1 M PBell Triton X-100(Sigma)e] 4j¢j
de A ARsct 2 F 2AAHEEE AA
15587k 23] 0.1 M PBE A|&3}le] Hsu et al”9] ¥idy
o] w}l 2xp3kAel 1:2002.2 343 biotinylated
goat anti-rabbit IgG(Vector laboratorie, Inc.)ol] 4-2-ofl
A 1207k 7hek 9k AT tha) 1582 2819 0.1 M
PB 4-H34-€ 712 ¥ peroxidasert EAF ABC £l
o 7t ALald 142 bk WS AR 2 F T
0.1 M PBZ 1587} 23] 445t 114 30mge) 3-3'
diaminobenzidine (DAB)g 150ml2] 0.1 M PBei] =
Q) BoNold 5EZE WSAT F FAREESE 0.
005% 571 B7ksto] S WHe-S oF 57 A deked
o WZF BLTE wHEH A SU P
Aehsted ot 7] "N e 2 Nikel chloride7} 0.04% ] 7]
o] Agalsich. dhgo) By ZASE tha) 0.1
M PBE o}zl 48} gelatine] &R Sejol=
Holl 22 ¢do] 4ToAA 2K 7F o] A=AZH 2
F cresyl violeto. 2 vz & AV BA4HQY W

ol e} cthanol#} xylenes] @49} FHEHE AX *
permaountZ. £ls}o] FoHan|Z o2 B}

HolZBE ¥ AS  HAdzA5 Jag AW
27 AxH(lattice)t AAD WrlRe Bkto] 6
plate well Z 1 welle] tEHQ) 22 a8 Agsto]
Hofuhe-g Wl AEE Adslgien) AT
sk shge] A E A2 vlzeod Student -
testol] o8 o4 A5 A

4

HoU NS MEe AMY - Mz o
oxytocin ¥Aje]] E-o]ul-S-(specific reaction)S H.el A
FE FAY 7 il 2 ubgARE2 Al A9
AZ3Afol A=le] Y, 27 9 2209 AXE
74 =7 ¢ A B P4 AEe] Hele
DY, Gy, a3y e oy 5ok XS4173Y
(multipolar neuron)e]gle™ =7+ 15 - 20pm AX
o|gict. 7EAE 7] (dendrite = BRI FA-S =™ Wl =
Abz} dbel Wleko @ wlo] A< A4 F22 el
3L EAR2 vk Q59 Pl (vericosities) ¥ elE
Hal A7 H W WAL ol A strAIE Sl
A)Abs}B.- A A 8} <=2 & (hypothalamo-hypophyseal
tract)oll A chib-g HAJsdch ME2) Xl AR
9]  A1Z+4173 98 (supraoptic nucleus)3}t AP
(paraventricular nucleus)olld] F£2 velyton] -1 2o
Xl (accessory nuclei) 284 A]Z}2 X9 #)(supra-
chiasmatic nucleus), A|AFstE-#l(anterior hy-
pothalamic nucleus) SollA % Yepgdoh(Fig 1, 2).

Oxytocin gAllol] gt o442 212l Hlsle] =
3hito] HA4 oFgt Mo z2|3 A whg-& K AlE
AzRel g AAHFEE ko] 327l vls}
o] g4 ujofet uk-g-g B on] HALY B} A4
7351 842] oxytocin FH| A E} oFgt AL LeRY
gt} FIRE719) o GAAESE w3l s
= Fol7l WA= F4be] Ao F{(varicosities) RF
5 Zras]of #AE| A HFig 3-6).

NZAMBAY (ncleus supraopticus) : A7 4
W Fohd JolA] A1t wje]&ol Asle] X
shrizl Fdlbol] o) 2 A & F-H-(principal part)?} A]z}
2} M (retrochiasmatic part)?] FR-E0 & A5
t}. Oxytocin EH|AEE A Jdlol4] FRe
Hrlol] EAllslcir} oL o] wllZoll Y28l T, A7t
ol glojAle AukAQl REE VML A
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Table 1. The changes of oxytocin secreting neurons of age-related rat hypothala mus in the serial section

Section Level (pm)*

Nucleus e
0 180 360 540 720 900 1080 1260 1440 1620 1900 2080
Normal - 265 454 599 678 1099 746 386 155 4.0
PVN
Aged - - 260 346 492 817 593 133 1.6

Normal 243 352 422 687 894 925 1053 829 450 299 232 186
SON
Aged 92 259 293 382 651 o646 826 334 288 203 193 148

p<0.01

* The section level is the distance in the micrometer from the most cranial end of the optic chiasm.

PVN : paraventricular nucleus, SON : supraoptic nucleus

AH o2 & af oxytocin Fo]AFEL Hntiel Hol 9
st edl AZHRAZ X5 o2 A o
BB F7ARE AE2 Hx o 7t Svlsicbl &
Hg A5 o] Folee S Jebdrk(Fg 10-
12). =3 AZHAAS R HollA edto] 27 H ot
oxytocin FH|MES] Fol3t £ F4aE Ho(Table
1), Student t-test A2} F F7+] FAIH FeJ4de] ¢
5%} (p€0.01).

= al¥8 (Nucieus paraventricularis) : ¥4
o] AAAQ ey Wo] A3l HPt 424
o] Hel2A A3xAY] kol AHH EEsIH o
FHHH = oo g2 Wi "ol BE Slslet. HAE
715 4R W3 glo] wol il ot 4k AR
o 2 ARAHRhLE o]Fo] *3’3’13?" A7k
i(hypothalamo hypophyseal tract)& 448}t (Fig

10). Y¥-9) &2 xFo uje}o 2 Al wojurt
A)As1E2) 2 A 5 AL & (extra-hypothalamus  projection
tract)E FA st}

Hxo] F4-L HAFHWHNA %
< o XY‘EOCID HulH 271 o] yiFel Easisien,
Z7H6l| A & oxytocin FuIA|ErF F2 49] 23R
ZAsE L HAGYe ARy FHRE AT-F
Zrlsidrl o g A4E Zhisls FAE EIx
53] Fubol hAaAls AlZHAIZ YA Hke o
< A %4 Eck(Fig 3-7). HAGHNAE ox-
Ytocm oo} e8)Fo] TRl Fo £
A E Ho] Student t-test A} F F7He] 241H §-9f
Ao} Q1A =% ch(p<0.01).

Ak} kol

7|l 28 (Nucleus accessorius) : Oxytocin -]
ATE HAGT AZAAAY JolE Lo AE
Sol 34 Fuol] Aol gglewd MzH ofe]
el AT Gl Bo] FRigh AEARE 0| F3 e
32 A1 ZF x99 (suprachiasmatic nucleus), A48}
H.4)(anterior hypothalamic nucleus), *FF-9]#)]
(perifornical nucleus) ol 8oll4 F2TH
o e 54 74 BAol Uhelth.

o &

Aapsiie] AR AP F2 4
© oxytodng AgsE-AgslTAl Al hypothalamo-
neurohypophyseal system, HNS}E 58| A17dslrAllol| A
2ulslo] YhE wel T4 (rarget organ)el 2H3-2]
Y23 el THTAE (myocpichelal cel)F $5
A7) A7 WEH]S(neuroendocrine axis}g ©]F3 &
22ogAe 7153, ¥E7](brainstem)] W|FAAF
24l (dorsal nucelus of vagus nerve)d} 2]&-#i(nucleus
ambiguus)}53#} 4173 sl 25417 E(motor tract}E
w2} A-g417 9] wekelld FulE]e 41734 (neural axis)
g o)E= A7 ADEA (neurotransmitter) BB A1 Z
A 24 (neuromodulator) 24 £ 2Hg Zho}t7. wERE ¥4
gale] oxytocin M)A EE catecholaminergic 417444
9} serotoninergic A1 A4t E AAAHE o] F 2 UL
o] “F=loiAHA oxytocine] AHHLEAZA S 7H5
AE B ZslA AAsta R, =AY Al



o] A3 97 g Wilel] whE oxytocin 9 ofE 3l 7l
< z2As = FF3 27 H 9 (central control center)Z.4 2
ol ozt 7154 U HFellF AF7) o] FoiA R §lod?
e3loll B oxytocin oA E] HelH HI-E A}
© AT oxytocin HHIE 2Ash= HAGHe] Hilol
thgh od-ol] eddto] Qloka AzkElc).

o|e}zko] thofdl 7158 Ad oxytocin FHH|A|E2
AL Ejo 3 =RB A (hormonal assay)¥ Uut
| zZ3std gl o 2+ o] R0l = gl7] wiFel &
o]HQl Ao ATESS o83 W =A%t
d4o] dz] ol §=x QIc}”. WY zA3eE o] &3t
Aol A Bt st ArtE A AT =2H
2], gA|e] Bold, HAzA A 2 A4 &
2] g dbafle] wldA Eo] aedEoixoput gk B
Aol &= B5 A 7] (Cryotome, AOYE o] &3 =74
AARE Al Wzhd Aol AR
(free floating method)& S8 W =235t g 4]
Yrogxy YT YA Bl L HUE A
3,483 o] 93t avidin-biotin peroxidae complex&
ol-gsle] g AMAAE A& UM

g, e 3fol] wpE AgslFoll A2 oxytocin FH]A
Xo| H3lol] gt AFolA Calza et al’E A3 H3A
ZA ol Fosliz A4, S, A2, 48474 9
FH AL el ulel B HEAE Yehlsd HA
A9 oxytocin FHIMEE W& 9 2|& 224174
F & (medial and lateral parvocellular nuclei)oll X -
o3 =A HL7 deiygxn SARZAEYT
(magnocellular nuclei)?] A= il o 7HAE
719) HAAE 9l F4ke] AR (varicosities) ZF2] A
EE fasle] o] ¥y F ¥ gy 1738}
A zA)(neurochemical organization)o] E]J3j4 #H3-&
Holx HeshH ZAeln 6} 3L, Madeira et al'*2 3]
# A4 999 oxytocin FHIAES AF 18704
& 7R Frsh 2 F AEF QA o] dF Fvt
of] W} 7tk k) ol A =712l 2t
uhe} Ao AT Aot 7153 879 Ftel
B39 A7) B2 3bgoleka BHELes. van-
Eerdenburg et al®& x| AJAshie] A w3}2 4]
Az Se) §HE A% 7 Feld 25 9 74 6.
24045 mmoll4 18.5+1.35 mmZ Z7ksigli=ul o]
B AA ABlEo]E ¥ 27 (gonadal steroid hormone)
9] ojgko)elar st} EFH Silverman et al**2 Xk 3}7}
3Fe] AALE-A731EA] A% (hypothalamo-neu-
rohypophyseal system, HNS)ol| v]X]= odgkol] sl
oxytocin®] X F FET :=3H7(25 MYH )ollA ¥

Z|3] AAstgicha sk, 22U Wierda et al'' S ¥
Algisle]] 2l oxytocin EH]M X 319} Alzheimer
M8 Sl S Mk BsIA ohetel xAlg
Aol WA dTYUE 7S Husded Al
zheimer#] ¥ 32}2] 7J-$ oxytocing] EH|ZFAE ox-
viocin EH|AES] =3 H4AE oulsiAe ek
sle) Aol olgt Ay} Zaf=| AR B oA
ollAl = Al sl HAG W} A ZHAH Y #ellA] Eu)
=]+ oxytocin A AEE AR Z ol ute} At <
A e, W=zt A A3, 7HAE7] 9
ok SR R 74 9 F4ke) A ulf(varicosities)
dol 74 So EeA wHirl dEow A4
o] vl =233t o Yo] UG}t HAs
ZH4sle] Calza et al’?] B9} Ax)sh= A4S e}
Witk olel% WAZANYH SoluhSg Hal AE
9] 4 oxytocin & g A F] FAALE ofv|sl=
Ao g2 A xilol] ;B F3A73A2 =4 wiste] o
golgtar ABzhE|oi It

zeluh AZEe] w3 g 442 Zha fgtely
g} £ W] A7AAe] w3, A7ddF] o] w3t
9 AE2AW 2] £F4A17H] (lipofushin granule)o] %%
59 viAF2E Wys) ulad ¢ e AGHA0]
A g o183 A7t AW 3 7F FEoll Y
vl 2od 77} Huletol el whE AgsE oxytocin
oA £ H3E FEs] THE + UE Aeoltt.

ad B

2 AFe edpd gl uhE A geH Eul 1289
oxytocin FHIAIE] el H W3 FFslr] Al Al
EFich AF 25~307099 e3bd 4R Ao A
F 107MY = 3 9HE AYEH d=2FeE Uy
o} 4} 4% paraformaldehyde-lysine-periodate(PLP)2 3%
T8 ¥ FAAR7(Cryotome, AOYE o]&3te
30pm FAS AEYPAREG A 255
(free floating method) 9 avidin-biotin peroxidase
complex(ABC)H & A&l oxytocinol| that wie =7
Seqae AAY ¥ FeEnFes B o} o8
77 AES At

1. gz 3 shib-Sofl 98 FAH oxytocin FulAl
Ex AR HAG T A AP AYel F2 §
EaRt

2. g &7 Rt 2872 Al oxytocin £
AEe] e HAGYR A AN BT s



SEH(p<0.01) 4. 3 eFHe} =379 oxytocin FHHES] 712 %
3. ZeFErh k3FolA oxyrocin HUIAES We]  7]9] 40} SRR E 3 H4te] AuiF moke 7hiwlql

2R whee Zasad HAGuE A2 o

Aol A AR et

Legends for figures

Fig
Fig
Fig
Fig
Fig

Fig
Fig
Fig
Fig

Fig
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. Oxytocinergic neurons in paraventricular nucleus in normal rat (X 200). v : 3rd ventricle.

. Oxytocinergic neurons in supraoptic nucleus in normal rat (X 100). ot : optic tract.

. Oxytocinergic neurons in paraventricular nucleus in age-related rat ( X 100). v : 3rd ventricle.
. Oxytocinergic neurons in paraventricular nucleus in age-related rat (X 100). v : 3rd ventricle.

. Oxytocinergic neurons in paraventricular nucleus in age-related rat (X 200). v : 3rd ventricleFig. 6. Ox-

ytocinergic neurons in paraventricular nucleus in age-related rat (x 400).

@ ~

. Oxytocinergic neurons in paraventricular nucleus in age-related rat (X 200). v : 3rd ventricle.

. Oxytocinergic neurons in anterior hypothalamic nucleus in age-related rat (X 200). oc : optic chiasm.

9. Oxytocinergic neurons in anterior hypothalamic nucleus in age-related rat (X 400). arrow : Notice axonal

varicosities.

10. Oxytocinergic neurons in supraoptic nucleus and oxytocinergic axons in age-related rat (X 200). ot : optic

tract.

11. Oxytocinergic neurons in supraoptic nucleus in age-relatec rat (X 200). ot : optic tract.

12. Oxytocinergic neurons in supraoptic nucleus in age-relatec rat (X 100). ot : optic tract.
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