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Abstract : The pineal body have been known to be affected by superior cervical ganglia, and
most of its nerve fibers containing peptidergic neurotransmitters have been considered to be
originated from this ganglia. To confirm this relationships, some peptidergic neurotransmitters
were identified in both of pineal body and superior cervical ganglia of the Korean native goat,
which were divided into two group ; breeding season and non-breeding season.

The localizations of two catecholamine-synthesizing enzymes ; tyrosine hydroxylase (TH) and
dopamine beta-hydroxylase (DBH), were investigated by immunohistochemistry in the superior
cervical ganglia and the pineal body of adult Korean native goats. Substance P (SP), calcitonin
gene-related peptide (CGRP), vasoactive intestinal polypeptide (VIP), neuropeptide Y (NPY) and
galanin (GAL) were also identified in these organs by immunohistochemical and double immunofluo-
rescent methods.

In superior cervical ganglia, immunoreactivities for TH and DBH were confirmed in the same
ganglion cells. The immunoreactivites for SP, VIP(only in male), NPY and GAL were identified
in both of ganglion cell bodies and nerve fibers in the ganglia. CGRP immunoreactivity, how-
ever, was observed only in nerve fibers. Most NPY- and VIP-immunoreactive(IR) ganglion cells
also contained TH. SP and TH were colocalized in the cell bodies, but not in the nerve fibers.
TH immunoreactivity was shown in almost all of ganglion cells in the superior cervical ganglia.
The immunoreactivity for NPY had some seasonal variation and was stronger in breeding season
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than in non-breeding season.

In pineal body, lots of TH-IR fibers were observed throughout the parenchyma including the
pineal stalk and most of them also contained DBH. SP- and NPY-IR fibers were also immuno-
stained with TH or DBH. But a few SP- and NPY-IR fibers were not colocalized with TH or
DBH. Exceptionally, a bipolar neuron-like cell was observed to be immunostained with NPY in
the pineal body. A few CGRP and GAL-IR fibers were observed, while VIP-IR fibers were not
present.

It is concluded that most TH- and DBH-IR fibers as well as the peptidergic immunoreactive
fibers of the pineal body might be originated from the superior cervical ganglia. Some pep-
tidergic immunoreactive fibers, however, might be come from other regions of brain. We also
suggest that NPY in pineal body plays a important role for pineal function. The seasonal variation
of NPY immunoreactivity indicates that the synthesis and use of NPY may be different between
in breeding and non-breeding seasons.

Key words : pineal body, superior cervical ganglia, neurotransmitter, Korean native goat,

immunohistochemistry.
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¥ £3589 ¥ 3 (pineal body)= o)A FeHE
FulAdo 2 Al H(thind ventricle)?= %33 & 7| (pineal
stalk)of] g8 AAHA len A2 EY(serotoninyg Y
2 Ed(melatonin) .2 A FA 7] & A Z &1 E &7 (neu-
roendocrine transducer) 24 7]52 @t

AF7) 5L 2 328 UPEDL 42F
of wet £u7} 2ALD. F, £& 3 202 ¥AH
7t BN 2 E A F8td A2 a9 ¥ (suprachias-
matic nucleus)& A% %% 2417 A (superior cervical gan-
gia)Z Agd g, o A3Ae g Ho|FIH
4] $-(adrenergic postganglionic nerve fibers)7} %3} 4o £
Yo 24 202 A A 28y o9t 2
& AAR oo = A417ZH(otic ganglia), FAIN73A
(trigeminal ganglia), 7 % 7 7} 41 73 "8 (sphenopalatine ganglia),
] Al @ 8 (paraventricular nucleus) ¥ 9] &5 & (lateral
geniculate body) oA Fa#de VAR R F3A)
AY R¥PgE M 22 A g8 FEH 3
A5t o} 7R Eo] Frpte

F3A o BEdE 2R AHHE tyosine hydroxylase

(TH) ¥ dopamine beta-hydroxylase(DBH)d] oj3jed: o
dul-¢& Ho|= HHH phenylethanolamine N-methyltrans-
ferase(PNMT)ol] tj & HHRH &2 Ho|R] gL Ao B
oF =o]d] 3y = ¥ (norepinephrine)o] F3}A e} Fa A
ZAAQEAZ o]#5E Ao A Yo 24 9
g AFALEE o] fetol=A NBZALERY
substance P(SP), calcitonin gene-related peptide(CGRP), neu-
ropeptide Y(NPY) 9 vasoactive intestinal polypeptide(VIP)
Fol $7A o EX e ABH A BREGE A
of HjFo], J]EE AZHASTEAZMA 0|45 HoR
2351 AP AT o] 5 A AL EHY EA
RE 589 FFu 429 ] g Zol7 g
o F#3Hn At afox E7dn 2P € 9
g e ARNAFEA FZARNFY FHAA £
X ol AAAGEDY g dFE AY olF9
A &3 At

¥ A 2845 E(seasonal breeder)9] 7§ %9 2ol
7b gotd o) utgl W EUY o] Frhs o AA A 7]
ol AAHE Ao gHA Y oH# AR &
A A g BHEY] A4 AF ZEen}7]
2ok H3Sde Fae] AANY FUY AREE
(hypothalamus)o]l 283t YA PAFE2EEHT2E
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(GnRH)9] #H|& A3 HHAQ Wid 9% R
i _;'l_;g_q:!l 9\11:}1,13-15.

FE A AAEFE W AFEAAE Y=
FHAo Exste AZHAGEAY FYH 259 473
AGEAES Rt AAT $34 9 vfA4A 2 §
Bol thgt 2 REFE] WS- g A2 A
P 2y ol By AFE FIAYAYAME
A F38 o gl

getA o] AT E FFARNS $H A} AFE
AZAY FeEy E4E By A, 39 ¢
ZEZ N7 |4 TH, DBH, SP, CGRP, NPY, VIP ¥ galanin
(GAL) 59 £X & "9z 3sty o 83,
AAEHF9 7154 S-S dYo2HN S g4Z 5
AAAR ABYE Az st

Mz W

HUEE % =M : AF 15kg Y A5
TARTEFE H47|(1-39)% Y7 (7-88)2 Y
o ¢4+ 77} 2ntel Y, B 8utEl & A g AHEESiTh
EE HYUFEL 9230 & WeEd 249 9
& i}y st &F F 2 A ABANAT
A% %5 E-& Rompun(Bayer Korea, Korea)@} Ketamine(Yuhan,
Korea)] EFA(AF kg3 27 6mgs} 0.06 mge] &%
o2 HojA ZEUFANLE vlHA A AFF5FH(left
common carotid artery)S 3] WA 7]z, 1000mlF
heparin 1000[UE #4& 4T 4 FTE FY34o
BFAHHAL. AH o] B¢ A F 4% paraformaldehyde &
$4-8F 0.1M phosphate buffered saline(PBS, pH 7.4)0.2 #
FLAY & $3A % FFFAFEE V&8 &3
o FUdT AR 8AI% FuAGHHT nH0] 2
24 & 30% sucrose & §H-4-¢ 0.1M PBS(pH7.4) §§ 0.2
&7 F A&7} victo] A3 steikol @47 E A
#9% tb& OCT compound(Reichert-Jung, Germany)2 %
Y3 2 70T Y5 LA F Yoo g A
&34t

YutxX &Y pE : Y o BEg 23& cryocut
(Reichert-Jung, Germany)Z 10~15pm F7¢] d4£AH S
THE | gelatin-coated slided] Aol TAHL By wz}
1% cresyl violet 0.2 Q431 7 A g HENHH]
dutAQ Hel g BFSG

HAZ NG : A MU L ZAY Y YUA peroxi-
daseE AAz7] A 05% FAgF27t FHE me-
thanol & <o A 2083t G 20 ofof B Fo]F
& WA87] Y38 10% normal goat serumoj A} 30%
7H ¥Hg-A17) F streptavidin-biotin peroxidase ¥ & ©]§ &
A ZA S AT A2 A st g
o] 4¥ X E A= 3% normal goat serum ¥ 0.1% Tri-
ton X-100(Sigma, USA)o] &€ 0.IM PBSo| 3]4]3}
AHg-3t At

12}3} A= rabbit anti-SP antibody, rabbit anti-CGRP an-
tibody, rabbit anti-NPY antibody(Peninsula laboratory Inc.,
USA), rabbit anti-VIP antibody, rabbit anti-GAL antibody
(Zymed, USA)$} mouse anti-TH antibody, rabbit anti-DBH
antibody(Boehringer Mannheim Biochemica, Germany)& 2}
Z gAstoq ALEAAT 2L 1AGAR AL A
24A17F ¥H A7 F 2348 Q] biotinylated-goat anti-rab-
bit IgG9} biotinylated-goat anti-mouse IgG(Sigma, USA)E
1:20002 A4 Sol A 24 2HE<H A F T o
oA 1:2000.2 3)A & peroxidase conjugated streptavidin
(Sigma, USA)S 1A ZHE<E ¥HEAIF T o] 2 244
vkg Foj = 0.1M PBSZ 4~5313 44 8o}

gUgA o] ZF Fd £F L 0.003% FitsrL
9} 0.3% 4Cl-naphthol =¥ 0.05% DAB(Sigma, USA)7} §
#9 Tris buffer g0 A 5~1083 WA A AT FA4
2o] YEpY 22 AL Crystal mount(Biomeda, USA)Z
9 oS @ o2 a3t

o|ZH Y xX28}5tet : TH ¥ DBH7} NPY, SP §
VIP 59 Hetol=d AZAEEAH &= o
R E gotiy] f5td o FAGYFLAE A3
24L& 2qzAgegqoAg e PPes TH &
£ DBH 12|i NPY, SP, VIPo| tj§ dabitg& 44|
¥ F, 4-533 A3 ¢ o5 FITC-conjugated anti-rabbit
IgG(Jackson ImmunoResearch, USA) & o)l A 2A] 7+ wt-&-
AZT o) ¥ BE HA L Y& AFT e A HAl
gglch vhgo] B¢ 24 & 0.1M PBSE A A ¢ 08,
THe| t)3t 13 5o 48A12H, 4T A ¥HEAIZ o L
1,0000.2 24§ Cy3-conjugated anti-mouse IgG(Jackson
ImmunoReaserch, USA)2.2 2A|17F WS AJATh o] 4e]
Wz 23 5ukgo] B 23 & Crystal mountZ ¥
% & HBO fluorescence illumination %X 7} ¥3¢ 3%
&) 7 (Axioplan, Carl Zeiss, Germany)2.2 #&3lw ¥
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29 oe} ANEGE A

FITCo) i ejutg-& B AFAAESG A44H9 &
3 AAEAE J8ME blue filter(exciter filter 450~
490nm ; beam splitter 510nm; barrier filter 520nm)& A}-§
Ak Cy3d] EXE AT AF 4R #234
AR BGE $ 84 green filter(exciter filter 513~565nm;
beam splitter 580nm ; barrier filter 590nm)& A}-§-3}%lth.
o]w blue filter?} green filter& WzHo} Al-8-38tef FITCS
Cy3 B9 yFg Ao Ggige B ¥4 8 FolA A
Ag9 ¢ g

d o

ABFAHE : FFAYNS BN AE v|FL
FAAZ/ 2R 2 Ae] #HE 29 % lem A
E gZd X381 e 271E F% 10mm e,
@3 Smm W99 ElUEE S JUUTH(Fig 1a). VFE
& TS AZAATE 694202 37 25~50m
don, JHAXE 4~Tim 27]9] BFHo2 FAHA
t}(Fig 1c).

HozAsdgd 3 o AAHA+ TH, DBH,
SP, CGRP, VIP, NPY ¥ GALd] & HJutgo] 25
A th(Table 1). ©| 5% TH, DBH, SP, VIP, GAL % NPY9]
R A3 e AAEAES ABYF ZFoM 37
HAou CORPY Wi BYutgE 249 AAH R
At #& = QU ch(Figs 2; 4ab; Sab; 6ab; 7).

THS DBH B AT = g 2o NFAMFEA
5 #Esg o o) v ABAAXAN B3
FEHE AL FFY 5 AAUTHFigs 4a, b).

SP A NZAAEYG ARG FolM 2F #2

Sk Agigg B GFEFY AFdFe U3
o] AN, AZHAEY AL oA
25 vaA #EHRAH(Fig 22). $H SP FPNEE
B9 AZAHN¥E TH € DBHY F&HE #9¥ +
ARy NG P Fol M FEI}A % kth(Figs 62, c).

CGRP HQutg& AR ARYFAAN dFEYo=
FAHUOY AR AFoME e S §UAE &
ANEY ojgge 27L& ¢ T WAV G vH4Y
7)o = Ztol 7} ¢ A Th(Figs 2b).

VIP Huhge WA BE Folg #EY F
ddoy grgdes dgwgo) 24 FAEHUG
Z, oA e VIPY HYteg BQ) ARAAES O
F gEsgon 9F AGEFAAT dutg-& B
¥ & AATHFig 20). VIP $AHEE B AFEAE
£ TH % DBHYIE F &3 thFigs 7). 8]y &R A
EARZAATS AANH ZFo)A VIP ggubgol A
& A& A gt

NPY 29ut¢-& 4 BFoA HA7 M e FFE
o Agulgg 5o} upHA o FF AR S
B Add we NAHH EA 9 Aykgo] 2ol E
B9k a8y ARG/ E AR BA%Lel WY
A w3tk NPY Hut-ge 377 & A2} &
L MERTG o Z3HA JElten olg B F
2 8 F9 oA #2E ATHFigs 2, f). ¥ °]E NPY]
GAJureg B9 NAAAMEE TH ¥ DBHY} F&EHE
A& 5 A THFigs 5a, b).

GAL HYute-& Aoy A @AY ¥z
AL JeEAA T A2 259 AFAAEY A F
A frol At vl oy WG uk-go] @5 Y cHFig 2d).

S - ARG A AAHL €9 H

Table 1. Immunoreactivities for TH, DBH, SP, CGRP, VIP, NPY and GAL in superior cervical ganglia of the Korcan native

goat (ganglion cell bodies/nerve fibers)

TH DBH sp CGRP vIP NPY GAL
Breeding Male +H+/+ HH/+ £/ </ HH/+ /4 +/+
Season Female ++/+ ++/+ +/++ -/++ -/~ ++/+ +/+
Non-breeding Male +++/+ ++/+ +/++ -/++ ++/+ +/+ +/+4

i Female T 2 ) Py 2t

Note : +++; strong, ++; moderate, +; weak, *; very weak, -; negative, TH; tyrosine hydroxylase, DBH; dopamine beta-hydroxylase, SP; substance
P, CGRP, cakitonin gene-related peptide, VIP; vasoactive intestinal peptide, NYP; neuropeptide Y, GAL; galanin.
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Table 2. Immunoreactivities of netve fibers for TH, DBH, SP, CGRP, VIP, NPY and GAL in pineal body of the Korean native

goat

TH DBH sp CGRP vIp NPY GAL
Breeding Male 4+ + + - ++ +
Season Female ++4 +++ + + - ++ +
Non-breeding ~ Male tH+ 4+ + + - ++ +
Season Female +++ +++ + + - ++ +

Note: +++; strong, ++; moderate, +; weak, +; very weak, —; negative, TH; tyrosine hydroxylase, DBH; dopamine beta-hydroxylase, SP; substance
P, CGRP; calcitonin genc-related peptide, VIP; vasoactive intestinal peptide, NPY; neuropeptide Y, GAL; galanin.

ZEF} GEEY 2 29 ALY 52 9A38g
2on), #% o Smm, @3 o 3mm Y99 37|12 gai
ETHY 2goz FRHAL 344 gu e 4
FA E719 A8 e ddHo AN AR A
ol #RALECE $A4d YHE ¥, £ ¥
o= ddo] & = USUTHFg 1b). $3H) A3
WollMe 7 % Spm gi9)e] 98 WA gBgYoe @
25 434 M) ¥ (pinealocyte)9} o} L A ¥ (ghial cell)7}
F2 FFE Ao}(Fig 1d).

Az GN A3 FFAHNF $HAAME
A7l TH, DBH, SP, CGRP, NPY ¥ GALq| tj 3
A hE-o] #& = ATHFigs 3; 4c,d; Sc,d; 6¢d; 8). o9
e 2742 WAAANY Fdd BAGle] FYIHA
o a8y VIPY Ao Houleg #3238 £ g9
T}(Table 2).

THS DBHE 34 AAd 44 g2 A44+
AN FFE ol 7 WHuteE HYow M2 7
T3 YLE FAY F AATHFigs 4c, d).

NPYo] AutE & Hole the] AA4HR71 ¥4 A
Aol gFd #AYC] FEEY HAYWHEE By
FHAEE Yol Z2A EEIT SoldAE 3
ALE Yol A= NPYS G4 Hole F3049
(bipolar neuron)#} AL Fejo] MXE FEE & U
ChFig 9). #9¥ NPY @b AAMF9) 8L TH
% DBHS} 72} 3 &A% A7 NAANF& TH &
kg2 oA GgtrhFigs 5c, d). HH $HAZ 7)o A
E NPY7} THS F&8He 44448 238 + Y40

SP A& AR ANBNFoANN 9FR Yo #E
gen $AAE7)9 $3AA2M TH £ DBH
s FEE AAHRE B2E F AUTHFig 3q, 6c,4;

8a,b).
CORPS GALS| i Hw8¢ ¥ NAHHE &
¢ BYHUAT AW 3555 chFigs 3b, o)

&

EIAYLEY GFENRAL nF BN E77)
IRNBAA FeEHE FAZEE o lem AE Do F
A28 92 #% 10mm W9, ¢ Smm 99 B
o2 A% ¥ HYA Hnd GEBNAHY 94X
& FASAD, o] NAAL FHSE AFAAEE
& ge9gog A7} 25-50pm Qo) o= WY @
ZENFH M 27} 50pm 27)¢] A M X9} 25pm 27|
o BY HE2 FHHATE Bag FAEAYE

¢ AR LE A< A5 o Smm, @3 o}
3mm 98] F7]2 BFHZPoH, ARAHA €9 F
ZEG FFEY vtz 49 HA 5Fo Yxda ol
HF, %] A FolAMY A FAS G,

Vollrath™= 34417} A= A3 dolyg A4 3)
Lo weh AR Ao ofF shrte] YAEE A
€ A%, 23] ojA ade JFT AL CY L CYxu
o 7Htn A¥ETE g o3 A& ABY o
ERAAT 3 AHA%Y $3AE g WL £33
AE71d g3 o] dA=] U on, AR Mo
$3A2 802 #2450 Volath™e] £FF AYH &
Attt ojohZe Hejgty S tjato] Moller er
al & m%olst W L Aol $HAE $34H &
718 B8 AA4A/7E He) d4HY Ada F33)
REY ARG A4 o] BES T3 $344
o 2¥3e ARFAF7H /AT F& e FeAol o

ki
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& Aoz Ag¥Ed.

AAZ o] A7 SPS} NPYS] A4 434 &7
A EQEEE B AFAFE S8 F A o9
2L Age $3A o ZE3= SPS NPY By A
AR 45 O 7 SEEAR A obd 1w
Y, 2554 9 AN, YFANAE, ANH
A Folgha & FAYH%) u)Fo| 2 AYArgA
= SP A AAMFU NPY Ak AN & F
YRE EZNZ M| old 2 B FHsHE
He A& AT & e Ao g

#H A BAYGAME S B8 gBEANY
Aol % CGRP AYut$& HolE AANF7 #25
Aok ey GBEANZAEY A3 HHMENAE CGRP
Hgukgg Y F Qi) ol £33 CGRP B
Qg AB M A7 AFEANZHAA FHAF Re] obd
€ REFE 232 4Z4dn. ol e A3 Ay £
BA oA #28 CGRP BAE AAHF7} A%
oA FAHUTT & Bt vFo] FZHYNYS
AME $3H o] EEEE CGRP AHurg ARHKE
GEENAA] ofd & NAHANM FHRE 7t
& AN Aoz gadd. 28y o] & 9371 9
A= GG FH 23 HF o)1} in situ hybridizaiono] <]
% mRNAY] 9% 5 ¥4 A77} o] Fojzof & Aoz
Agc

TZA NS FA M= GALY Bgutgd V73
AFE 4238 S+ YA 88 BENAEY AAA
o ARZAMXAME v]of3tiiu} GAL HYukg-& &
2% & AU ol FHE FUAE A $33A
X3 GAL BYuhs AAMH 3 ¢9%: 9E384
AN fFAE Mol Avtn BEHAT YnjF
B AR4RE b 294 FHAHAE HEHE A
3 Aztdrh 28y o] 5% CGRPS} o} 371A 2 o3
AN 7232 g o)1} in situ hybridizationo] ¢} § mRNA 7
&0l Yy Ao FyHojof ¥ Ao BT

8 GEZENFANAE v R EEFE A7
HolFagARE Y o] 743 AFAAX
g} ANZAA¢olE TH, DBH o] ¢4 serotonin, NPY, VIP,
SP, CGRP, GABA ¥ GAL Fol tj@ 2 gyt$-o] Yehut
ERoE da gA A

RIAPIEE BALZ § o] AT T GZEA
A8 ANAAAES A4 Fo) 4 TH DBHe) o g &

QM TG AR H7 BEHUALH NPY, VIP, SP,
CGRP ¥ GAL 5o} ¥ Hutg = #&=3

T EEIFE ABEFAME AEEANF A
A #¥5 e TH, DBHS #7] o8 felol=4 AHA
9EAE0 B2EG FFH 3 Y o) A
% $3 44 THS DBH W eutg AAANHE 228
4 %o E£¥ SP, CGRP, NPY ¥ GAL @gut4 Al
AAFE B2E 5 AN 2y deEY A F
£ 71%¢ ¥z ¢l VIPY gidk Weukg AR
FE BEHR o} YRE AFAE HIFT*
FAYRSE A& B o] 2L AAE ol §
ZAHNHYL dFEY Yo VIPE o] 484 &AY
EE VIP7E H4 7] 9 vj 4] 7] Aol ol gt AJAbE o] o] &

€ Aol opdrt 2AHIE A AEAE 1 ¢
A& BAd/E o2l g Ao 449

FH GZENAANNE Ado @Al VIP B Y
g ARANESG AR R7F FRAME AYur g
HAAT GAANE VIP Butg AAAAEY 473
A7t AAd A%l A FEHA guch o|HF
VIP ¥ 9] ¢43t Aojo] dajAE o FEoAM &
¥ vt QoA 2 715 A Zol & HEEE oF
o g#A I AHAFANE ofF] HHAR] g o
| ol o oM ZAAF A VIPY 7]%o] Ao
ge 9& Az 4Zed 281 $AAGNE ¢B
SN B A9 2ol A4 A A et VIPY §A3 o
£ ZAol7t UL ROZ AARHA YW o] AT A2
AE 2 988 B ¢+ ¢le A 2o

SPE AZAAR g dAHA FEAFEE g2
EARRGEAY o)A SN E YFE 24
31 SHAHNEG g A7) G L - dPgE
del Bujg zAsE Aoz FAHn ot o dF
o)A SP Huty AAEA7 $HA NN d4 BEE
Foz2 ol FFAHAFIM & SP BetEY J4 7
o] 4%& & A2 Alg @k

A A NPY B gutg NAEH7 2EgE A
4L o8 AFAEN gdd BaHYPHE. a3
U £34 WolA NPY Agutg AR3HFe BXAH
£ 4FA g2} Zojst glojA WYL NPY Byl
$ VARt $RALAY FAHRNA BEHE Y]
3, 3a%e $3AZ7) 2AY YBFEAM F=2
3z P28, A= € AWFL S35 FARA
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F2 %Iz RaH3 Yok @ZAYNY $3A
AMEZ NPYS| ButeE ANANF7F #2HAed o]
E ABARE $3ALE AAd F5A ExH
olE7 tE &AL ¥y

oA o) X3 NPY Butg V44 4E duty
L2 FERENAANAM fETty T4 YA W
A g e AFFNZH] ofd g FYdAHE
7193 A0 2 35 1 o,

o] A7AT FFAYNY GBZNAFAY NHEA
X Ao E¥8s A4 FE0] THY DBHY §
Aol AEerEg Yehid e £3 THY DBHS NPY
7h FE}E AL FEY 5 AU a8 Y YR 9 NPY
HAWHEE ¥ NAHFE= TH Y DBH Hgut g g 1
oA @ Aol HAHE FLE AU o] T AL
3 o) NPY Hubs AAAFE GRE GZENH
oA FAHAN GZEANFH ojd RYZREE
FHA A FAH $hA ) 4FE F F YL HeE
Azt g

#H £ o)A enkephaling ¥&3= WA A7
A7t g2dde 2ae §4, NPYE $Hisie 473
A Zf-ALA X (neuron-like cell)7} #AHTHE BIE ¢
e o]E A7 AAAEAX R M E o} A
=39 97} g o] A7 A E NPYd) HQutg
€ Hole FFA7 Ybipolar neuron)# HAIE A X7}
AZEHALY o] AFMEUIR] ¥ fME
neuron-specific enolaseE marker2 3o} AAME 2 E
Bal = WYz 8ty 71y 9§ g2lo) Wey A
o2 Algdd.

NPY Hgutg AAM e $A4AALY 4 445
o $axdA AREUY ol JA°Y B o}y
A2 Y 37 B2 RS0 3945
o2H 437 P5& 23 Ao dEA Yo
mety @A At S oA AA NPY Hegrg M54

fr7h 289 2L NPY7L @S ARARAME 34 -

¥ ABEY U ZAYOEN AN B¥g
FA¢ WA 75 ¢ 7YY Aoz Algdn

olde AAE FTEAE 9 FFAYSY 30
E¥3e 434 HE THY DBH o] 9o SP, NPY ¥
GALE ##¢ AAHFE B ENAEZRE oy
349 deted $H1E 248 Ao A5 1
#u CGRP A A F9 3¢+ gZENAA ofd o

& XOEHHE FY¥ Aoz 239 ohgd VP
S ABHF7F SR e FREA] §& He
2 Ho} IFARNFANA FhAd AP Az L
OE §8% o o7}t g Ao Al ¥H
SEZNAAY B¢ FHANT VIP dgutg A3
AE7F 329 Ao Hol aztdRA M o o
€ 7154 A7t A& Aoz Atzdd. @¥ NPYJL
AHAZA oet Bejuhg Yo Aolg B ol u)
Fol o] 2Ao] AMNAFENA WY GF Ao &
oF71¥ Ao AIRET

a4 B

FIARNY AFZNF AT $3A Y SR
A #23 ¥4 TH, DBH ¥ SP, CGRP, VIP, NPY ¥
GAL 59 HEelol=i AAALERY ¥¥E 9z
33y WHoz faAstd ol59 HIAAE FAT
vt ohg3 2 A3 E 4%

L S¢a 734 a3 29, 4FF47349 27)e
25 10mm, @5 Smm W od, AZHAEE 37|
7b 25-50pme] Et9 ¥l $AHE A5 Smm, B
3mm 37] Yogon, AF Y $AAHNTEL 37
S5pm W9l o] AF A g Fel.

2. $EEANAHANA tyrosine hydroxylase(TH)$} do-
pamine f-hydroxylase(DBH)= 28 M A A A XA @3
HRow o] & FE3% ). Substance P(SP)$} galanin
(GALYE: JZBHAZAA v oFstA #2531 o1, vasoac-
tive intestinal polypeptide(VIP) W ut A ¥ = F3 oA
T #2530 Neuropeptide YINPY)o] W3¢ 8.9
ABAAEE Pdd g ol BFHR gstoy
H 471 8T A 7oA Yoy oz 73 Aol
#3253 SP, VIP 2 NPY: 22} TH % DBHS} 3&
i

3. #3A oA THY DBHE tlF-£9 NAAAAA
FRHP o NPY Hquhe e 434 Ay g
ARAFAN 2% BHEUT. dFEY NPY B9
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Legends for figures

Fig 1. Sagittal sections of the superior cervical ganglia(a) and the pineal body(b) of the Korean native goat. (bar = Imm). High mag-
nification of the superior cervical ganglia(c) and the pineal body(d). Hb; habenular nucleus, Pc; posterior commissure, Pi; pineal

body, Pr; pineal recess. Cresyl violet stain. X 400.

Fig 2. Micrographs of the superior cervical ganglia immunostained with SP(a), CGRP(b), VIP(c), GAL(d) and NPY(e, f). The im-
munoreactivities of CGRP are confirmed only in the nerve fibers. In contrast, immunoreactivities of VIP, GAL and NPY are ob-
served in both ganglion cell bodies and nerve fibers, but predominant in the ganglion cell bodies. The NPY immunoreactivities
are stronger in breeding season(e) compared to those in non-breeding season(f). X 200.

Fig 3. Micrographs of the pineal body immunostained with SP(a), CGRP(b) and GAL(c). SP-, CGRP- and GAL-immunoreactive(IR)

fibers show varicose-like structures. X 400.

Fig 4~9. Double immunofluorescent micrographs of the superior cervical ganglia(a, b) and the pineal body(c, d).
Fig 4. TH(a, c; arrows) and DBH(b, d; arrows) are colocalized in both of the superior cervical ganglia and the pineal body.

a,b: x200;c, d: X400

Fig 5. Most of NPY-IR ganglion cell bodies(b, d; arrows) contained TH(a, c; arrows) in both of the superior cervical ganglia and the

pineal body. a, b: X200; c, d: X400.

Fig 6. In the nerve fibers of superior cervical ganglia, SP(a) is not colocalized with TH(b). Most SP-IR fibers(c; arrow) are im-

munoreacted with TH(d; arrow) in pineal body.
a, b: x200;c,d: x400.

Fig 7. Some TH-IR ganglion cell bodies(z) in the superior cervical ganglia are immunoreacted with VIP(b). X 200.
Fig 8. TH(a) and SP(b) are colocalized in the nerve fibers of the pineal stalk(arrows). X 400.

Fig 9. Bipolar neuron-like cell(arrow) is immunoreacted with NPY. Its processes is shown going upward and downward in the pineal

body. X 400.
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