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Abstract : This study was carried out to investigate the NPY-immunohistochemical charac-
teristics of the olfactory bulb in the striped field mouse(Apodemus agrarius). The animals were
anesthesized with thiopental sodium and perfused with 4% paraformaldehyde through left ventricle
and aorta. Brains were removed and tranfered 10%, 20% and 30% sucrose. Sections were then
cut on a cryostat into 40pm-thick. The tissue immunostained with avidin-biotinylated complex
method.

The main olfactory bulb consisted of seven circumferential laminae : an olfactory nerve fiber
layer, a glomerular layer with glomeruli surrounding by periglomerular cells, an external plexiform
layer having granule and tufted cells, a mitral cell layer, a narrow internal plexiform layer, a
granule cell layer forming several cell rows and a layer of white matter. The accessory olfactory
bulb had four layers : an olfactory or vomeronasal nerve fiber layer, 2 glomerular layer consisting
of small glomeruli, a mixed layer not distinguishing the external plexiform/mitral cell/granule cell
layers and a granule cell layer.

Most of NPY-immunoreactive(NPY-IR) neurons in main olfactory bulb were localized in the
deeper portion of granule cell layer, white matter and anterior olfactory nucleus. In addition, some
NPY-IR neurons were identified in the external plexiform layer. The shape of NPY-IR neurons
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of all olfactory bulb were predominant round or oval, sometime multipolar in shape. And most
NPY-IR processes were parallel to long axis of white matter. In accessory olfactory bulb, NPY-

IR neurons were not found in all region.

Key words : NPY, olfactory bulb, Apodemus agrarius, immunohistochemistry.
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Tatemoto'e] 2j3} )] HoJA HE 2832 new-
ro-peptid YINPY):= 4§34 27} 36-amino acid peptide
2 2% #AohA ¢AFE avian pancreatic polypeptide
(APP)St $AME Ao2 AW HZAA o]Fof
NPYo] )@ NAHREH a7 A’ 22 4XF
EEE AR 2 945079 22 93F o277
A B A7t o|FolA gtom NPYE §i3te A%
AEE F2 FFNZARST dHHAg 7449 &
3 Ao] ¢zt ojgl @ NPYE 7|55 o2 48
A W&L o} wnjsht NPYE AAHAYd FUE
A Aol F7HHE A BAY v Y2 A ZwA
9) ¥ (suprachiasmic nucleus)o] NPY FAE 3§ F7|4
8 9} (circadian rhythm)o] F%& wActe W§ Fol B
¥ o UG B8 AFERY AF 00 & B2
2 ¥ NPYE noradrenalin A2 gAY 2HAE
Y B of] 2™ LHRH(luteinizing hormone releasing
factor)e] HH|E ZJYoIZA FAYHs 28 @
LHRHS 24¢ FAANG R g8A Aok =F 4%
3289 RHdE g¥E Foa 8> 33207
A Ag 24", 45U 37 2 A FAE
#oae Aoz dA Yo’ 2dE 43849
AS A5 YoM NPY FE7} gaHE o] B §
2o m® o]o th3] 39-& 3 okAl(antidepressive agents)E
2@ Y79 &5 AdA NPY7} F7HE 0] BEE o
N7 std e az} HAFdolA NPY 5%
7t B2gs A& LIF 2 H NPYJ) Alzheimer, Par-
kinson¥ ¥, AYBAE F¥7 2& AYAA Yetvte
A 734 4837 (anorexia nervosa) = F2E 42 ¥
Aolgn g A Y,

¥ £ Q7o Argstan e oF4FEF (striped

field mouse, Apodemus agrariusys= % F(Muridae), B2 7
&(Apodemus)d] £3te AARE FRELRE ASH

B oolgelol 5 vlo]#IFNA, §HLZE @
F9 gite] AHAE FYdME AFEE EHE A
do] X33 U, Apodemus agrarius & FHFH A%
ofAlopoll A 210kFo] glom Iud FEIHL e
Apodemus 4:¢] ol A= 98 2 A mets AgEz
4o FEE & Yed” its HEgd Mg
Apodemus agrarius manchuria, 39% UEH Y EX
3= Apodemus agrarius corege , 'FA % ARG A4
8} Apodemus agrarius pallescens 18] 1. AT X0 A4
83 Q)& Apodemus agrarius chejuensis & 2F38t2 it
TE AT EHE FE §3Y UL YA e}
olgas 432 9y gl don® deuols,
PAA o 5 HU4A vAEY FgAE, 1r3* F
9 ATE 98 Be ATFAEC] FEHAE )48 o
g AP stz ok A28 Sl Mge FE4
E AYEES ey 438 FEAHAA o F&F
£ AHSEEA dyetEQ B4 #d A7} o Fo
Ax den” RF5EHY ALAAE o] FoiA YTt
agy o)d F89 4gF e v E 9 oA
& U YA E4o] Fol WA A 4
Aeo|ug oje] A YeiH A7t UFHolg ¥
F Atk g3A £ dFdME klFEAY F4TE
oMo NPY AdulgAAMESY REXRS R 2¥EH
& 9 FFAAATY AZ AL EDY & AFHF
3 71248 $4E EE2 B 978 A4 HA
.
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- 408 -



&3 (striped field mice ; Apodemus agrarius corea)d %4
TFEglo] EF SuiEE AHENT. HERAYE 48
AYEE el 8 HYH WAES AN ¥ HE
7387 913t thiopental sodium(30mg/kg)E 7
WEAske vl A7) O cannuaE FAHE §8o
LEUEH AUt ERAHE 93t 0.9% A4
ATE BHRFAT F oA 10% FHLEFF2LA
(nutral buffered formaline)2. 2 #HF 1A & FAZH
Mg AA%RL HE HEdd FY FFAY 24
A7+ £33 A F 2 0.1M phosphate bufferd saline(0) 3} PBS)
gdoa u= 30% sucrose £ H(pH 7.2, 4T)& oA o
7b AtegkE dzA AHAZ 3 YFH 7] (Reichen-
JungAHE A HALO) 24 & 80pm T3 40pm A ¢ B4
2 A HEE FA 5 gelatino. 2 A2l @ o=
FHAA cresyl violet G4E APt o] B
FE2 895 9 FUAYE AX 4T EEE TENUT

L ES s

DXL AYFE 3t E SRAAAS 2L B
o2 FFaAeH BFFAddE HEFE Yo
0.1% sodium nitrite$} 8 4-3 172 & §]3t 0.005% he-
parin(% 41 2)e] -9 0.1M PBSQH 7.4)% AL§ 351t
T3 FHuAGo2E pH 659 4% paraformaldehyde
(n 0IM PB)Z WA BFHIAT & pH Aolo] a4
1A &HE gol7] 18t wZ ojojA pH 11.0¢
4% paraformaldehyde(in 0.1M borate buffer)= 94 3733}
At 1Al B¢ F HE HEdo pH 1109 4%
paraformaldehydeol] THA] 24417 £ uASEL olojA
PBZ 93 A7l 10%, 20% sucrose 8o 2} 241 7+4,
30% sucrose -84 A= 7} ¢A 3 sleekE wW(%F 3Y)
7R @7HFATE 4 E AW 2 80pm HE S F 1 40
pm A9 34 4 AYSHE FYEAT o] 03%
Triton X-1000] 3#-¥ PBS(¢]3l T-PBS)E 2+ 1083}
58 $A8 ¥ 244 (free floating method)'& o] & & B
Az P N & APt

B R AIY: R Y AR 13 FAHE ZF ET
o)A 228 202 NPY(Incstar) 33 5 1:30002.2 8§
A3t ALE3 ) 23 34 biotinylated swine anti-
rabbit immunoglobulins(Biomakor)3} peroxidase-conjugated
streptavidin(Biomakor)& PB £ <i(pH 7.4)9 bovine serum
albumin(] 3} BSA ; Sigma)o] 1%, Triton X-1000] 0.3% 5]
5 Asteto} 22 1:300 Y52 B4 A8

t}. Peroxidaseo] )@ &4 3,3-diaminobenzidine4HCl
(DAB, Sigma)& 0.1M PBS(pH 7.4)0 8%} 5} <] (40mg/100ml)
A F GaAsE2 5Tt 0.0045% HEE A A(]
3} DAB £ 9) AH4-8H 31 ot

HAEHM : g RE JHL B{YE o] 83
o FU4 £4E HUYP PR nA dgon’ v
A& 4CHM AR Y2
AE 2AAYHHE B AL 2o EAd=
peroxidase & &) A 87] $18+e] 0.5% AL} A4 Ao A
1A 2b 5ot AR F FF59 T-PBS(pH 74)2 ThA]
1084 33 £A8A. ool H| ol FHd g
Agute g dhz)87] 98t PBSY| 0.3% Triton X-100,
1% normal goat serum % 1% BSAE Hr}lste] zAjg
preincubation § o] 2~3A1ZF ¥k A FH ). 1% 14} A
£ 4TAA 39Uz whs-A1 7 ¥ oA T-PBSE 1084 53]
BRI olof 24 A< biotinylated swine anti-rab-
bit immunoglobulins(Biomakor)& 4Tl 4] 24417+ 8H-g-A]
2 % oA T-PBSZ 1024 53 SHs00 perox-
idase-conjugated streptavidin(Biomakor)o) A & €A Y
W o2 uhg-Alzl 3 PBSS} PB(Phosphate buffer)o] A
Z+zh 1087 23] 418 a2 T A) T-PBS(pH 7.4)0l A 15%&
7123 AEE ohg T4 A0 DABE Jol A dAA T
24 HHE pelatine] LA RE o] §3oq Sgol=
glo) #AA D F o] gto]=E 0T FLr|ud
108 F8& AAREA 24U E Sefol=o &4
3 FAAZh 2 HHo] RAY &Pol=E Al A
2oz Aol 34 et LM A9 AZxsHL A=
7t Bd £8olE BEE GEE o] 88 B4 ¢ Xylene
of &g £ AHE& AA permountZ F Y3} YT ER
£ AFs g

HANSHES| HM . F4FLL 4 3¢ FEHN
ZAF R E Fn2 Fdd 02 NPY d9uk44
X9 A& B 3gon ojg FHld £xd}
e RS ABALA Y Rx99n I AN EAR
o F0s, AEA Y A7), EX}E AR /A &
A & A3t 3t micrometers} g FH gy
A& AHe3te gaE.

d I
$EA9 $AEe AN vy $4%e



t}2](olfactory peduncle)o] #-#s5 o] gijlon dFo2
&5 A2 A8 H A vay A2
goz gAY FE€dY FAYLE @¥dE
TEE A3t FEHHD v FF L% (main olfac-
tory bulb)®} ¥ 2§ (accessory olfactory bulb)2. ¥
HQed F¥4%Ee] F47EY dFES FAHA
o F49Ee] FRde vgZoA 4328 7MY
A &3 Rdy T2} FelEtg e F44E HE
HolE F24-& A d(olfactory ventricle)o] o] FE
A EA3HA &3teh(Fig 7).

FaAYgo| et X EH UFLH : Cresyl Violet
94 #FA F3 249 (main olfactory bulb)e] 7| &
A 2WT2ENRFOREE £330 JPEA £
734 5% (olfactory nerve fiber layer), A} 3] % (glomerular
layer), u}2+d 7} $(external plexiform layer), -2 A L3
(mitral cell layer), << 7] %(intemal plexiform layer) ¥ 3
UM ¥ 2(granule cell layer)d] 6202 FEEHYLH 7}
F &3oMe Y4do| BAHHFig 7). FFEGLE
o 7HF w3 FZAR /2L F45E 344
X2REY Ye FH2AZHRY FAUAEFE)
ANFAE ugZRo R XY FHAYE ANE 3
A QAEd 2% FFE44EY WEdg ¢&do
13 FHYZ 5% ¢ B vaA gsiti(Fig
7. AAFA ] A S-de A o] o 50~100im B9 o
F& 2719 AFAEC] JRE GF0E FELYES
EH4T g HE dEddM 2308 Hole ¥
A= F&HAHFig 7). AFFA FHA £ 6pm Yoo 3
717} #& AL 39 M X (periglomerular cell)E o] AHF
Aol A& EeiAn JAALT(Fig 7) v E7] 3ol
€ AT FHAES 37 E B0 FAIE FEAME
Eo] AT Ut JHAE Alojd e AEFET
7 & ¢ed €RYAES #EEHded o 3re
14-18pmZ TFEion vgBo2RY dFo2 7
$& 1 377 27185 tHFig 7). $EANEE 3343
S04 B2 NEF MY 2 AEHen B 123
o2 g $EAXEE AT AT £
Foe 249 HPAXE] A JYRot & F
287 ggton APMEFAE $39 FHAES0
34E o] F1 JK ¥ FAYLY FEFE 4
A F4FEAM] & FEAY A4 #2H
2] 4 gkTh(Fig 7).

FELYR NPYCHHRISMAME HEPD : 5E
A FEEGES B8 NPY Aol AAMEG NF
AH7t 25 Agurg-g B AchFig 1-6). NPY dgukg
AEES dose B4730¢ FX53 N 9(Fig
3,500 2%& 3 B dd¥o] RO 1
3 E71E€ A5 UAATHFig 3, 5). ER H4H o
A EFAE ABHRY BE F2 R Aol F @
28 YH 2 BAHA QF LR Yvericosity) S B4
# AT UUTHFg 5). EF B NPY WojugA A
MEA 7L AFFZ7% Y (ant. olfactory nucleus)| A
ZE Y ou(Fig 4, 6). AXAY BEe YA BF
H A% $A1E 9y £ 9982 "3 JUT E719
g A v o35t (Fig 4, 6). TH L9 NPY H
AurNAAEA 7} v dr S FJAEEY 4%
Z, 984 sl7toldl A BREHUGFg 1, 2). 53] upg
A7) EofA HEE NPY QS ARFATE F2 B Y
¥g g1 dgled 1 HEIEVES 39 FYPUY
3 B3 21 JATHFig 1) FHAEZ AFAA
WAE NPY A9t g A ZAEA = W87 Ag 3ol
7t A9 QLA HFig 2).

NPY A gutg AALRHEL FAARGF2H A7
HEE AYe RE Yo A FFHAEY 53] 39
AEZAA S 341 1 0g YDA i E
o £47150 A8 vl u ¥A B ACHFg 1-4).
NPY 9HA 44 4o Feae BHATSE H43
dME o dygsA T3ty M2 Ade] BYo
2 dAddE AAY BYoy od Zd §& 4FYR
%o} B ATHFig 3, 4).

2xztargel Cresyl Violet @M : 252
& vl o2 RE A Z 34 A H%(vomeronasal nerve
fiber layer), A} 7%, EJF(IRLIFISEAEZ/E
47]% ; mixed layer) ¥ HYHEZ Y 4502 FEHY
. NEINAEHREE FE4Y LY FRNBERS
3 go] o] FE2ARHFE FAHNLH AFA
¥ BRHA gAch AFAZE o F 2 e ALFA
8 Arle F349EY Ao A%y 1 A ¥9
3 BAHA FRow ATA FEY ATH FHAE
o RYE EREA FUh BY 1 5= FFLFE
H)8) 25 om FHd FoA e AAotAAE gt
TFEE g33A gt

BH2togol NPY HYRISAZMES £Z : NPY
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deghgAEe @84 gten FYMER e
259 AFARET) F4HEE BT £Y =8
AEREE T &L 4FE0 SIS

&

dutgos IFEES F44EE AH AFHY &
Zulg R 2N E&3ie] AFEY AHE R YHH g
on} Fgo) wet £Zo] AP FLY UL 3= 8
FEFE 4TE $£49g0 2d. IgYEdE $44
3923 AAAEEQY SEAES SRIAE, YA
7 A E(intrinsic neuron)3! FPME R ALTFA FHAAE
B U2 A8 279 HEE0] E43 o5 T
Z59 AXEBol 2o i 39 3UuEE o] F2 3
O B A7 BEE 5EAY 349LY A%
A= Z HEE0] 739 FRY 3RS A& o
R[AT 71 £330 F4Z YA gE=e F44LH
AL AR Yot ANE A2 e ol2niga®,
ZAu”, 2EENPH 9 g S g} o
¥ ¥4E AY XH5EY F49Ee HZor R
13 AR EAN Q& FYAA 48 Yol Sl
Xo| FELYEY FE4YEe 2RE0R FEHY
Aed FF4FEL T2 E(olfactory portion)e]
o & FAAXZRE AN RE WolEole Rl
BEA%Ee uRERd EA3E A FH7])B(vome-
ronasal organ) 8.2 £E AAHHE WolEolE £UY
AEEEY A% AFa7BY 75 F2 4999
FE44 gogE Aoz gA UGt

AZHA $43EoH BRug AZEHEAZE en-
kephalin®, somatostatin, GABAY, GAD” 50 2 t}e )
B 79 a9l NPYSE d7g4 AAEHELS 3
Yol 3749486 £X3E NPY X9 g 47
PH® 1UGY, 1%, 440" L A4F” 59 44
FE2EE 9379 o2/AA dgd /Y FES
QAo 1 BX4 g A7 o] FoA fck wA
B AT N9 527 F4FE9 £EIHE NPY
AN AT Ao g 23§ HE NPY Autg
AEE duiss 99 £ d98e gy 443
3 SEFZAF YA BEEHYT. EBEF LFelrle
s uagr123 FPMES AZo)HE NPY Y
BN AEA 7 BEHUT ol AHE e F

a

B3 Hwdo BY 479 A4 NPY FEAAFHEE
F2 AYAEZY A3 4N g¥HH 1 ¥
He X339 A3AE%3 s B2 ohiz o8y
AXF g7l 72 FYHE33 4439 FP¢

“goz 29ugy HUYD. E GE 97RY 8R4

g3 A7 2W 249 NPY HeugAAA LA}
AR A BREGT BIY ¥ Y. oL
CEPEEER RS PREEPRFEEER D!
Aoz WadD FYATEY ABA T4g NPY
RS AAAEAT} BEHE 2¢ AHE BT
aey £249 A4 YEEZURRNA Te NPY
WS AFAEA BLE v 8A9 F$ Chron-
wall®] 240 AYWENZHEE F2AF A B
FHGT T 39 o4 Aolg RATh B¢ 584 3
$ AR RANE 2507 E AT NPY Beurs
AAAEAZ Baso) WA F49 Ao HIAT.
B8 Fune $2ed BT NPY Buhg A
AE @ AFoAE NPY Sjo] Aue g xol
AZAEAE BYAZ2 22 ¥ £971%9
FYAES Abolo] Bol REBTT sgen 2 2F
& 52AY HUYoT AEEVE SuLYoE 29
0z mad v 4o e A & 5349 @
29 B fAHE AT dRoU SEAY A9 &
Qr12oME BAVSAFAEAL BRIYA Po} F
o7} AT BAFRY 2ES noole) ¢ NPY ®
g AFAEE 447, HYAERY Y2 0 F
F e 2AME YRAYGT SFRon” A 3
$ NPY B9 AEAE F2 9920} 713 Bo] &
37 HYAEE L $Q712NAE BRI so)
A F} HARDIE $249E9] YARHERY B
2o 1o} $AH0) AT

2 979 209 e 42 5B A72BE ¥R
st} B o J¥E 5B $A%g|H BFINPY @
QUSAFHEAE FYATS 423 942 43
Bgton ojgge A FFAINE 2& FBE
RN R PR SERE T ERRCE
o WANSAANES BREAROH wRYrI AN
£ 247} 3259 I 583 Aol Ag HoIIE &
Yt o9 BB Fol B Aolst Yrhbe Re
$24 834 Aol A o= Aol LD A% 7]
54 @771 39solol ¢ Aoz ARdY

=

[
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i B2

U AYste 5EF F49Eo EEHE neuro-
peptide Y $H-AAAEE 257 H3td FEFH 50l
218 UASE 4% paraformaldehyde® #F 1A 9
A ERAA D cresyl violet §4 08 dutz A B
22 Ngsy F49¢e 78 € AEENE BAS
QAo o]F 7|22 NPY 4§ o] &3t ABC AH Y
Ag NG A3 g 2L ARE A

Cresyl Violet 44 #AA FFZ4YL9 714
FR72E RFL2NY £302 VMM F447
AH3, AT, vgdr 3, sEAES, $971F %
FPAEEY 6302 FEHJLH M §FdME
Wy gol #AEQTH REAYE L wPFL2HE A
FIANZNFE, ATAE, TRFMRLAN SIS EAE
3/£4971%) % 3EAXE9 4322 FEAAT

527 FE4489 NPY A9 SAXEY g
Egdde] 2¥3n At 4429 E¥dE dF

£ NPY AR AAAEE 99 B: U8l o
BE ojglom g/ ¢ee v]%d Rk £¢ o
HAo)A HAY AAAFS A F2 82 ol
A A ued 4z aaggen 95¢ 298 ¥4
# A4S AT ETF B NPY BN AANES
7t GBZANAYGAN BREAUG. AEAY ZFL
BAeq BRY A 4D 48 EE UEYe ¥
I AReH E7)9 B oA nosdnt §E 25
o NPY Aut$NAAEA7} v d7 33 FPAE
39 A% 2, 943 7ol A BRIt 53w
Q7)13)N BEE NPY AU SAAATE 32 Bhe
¥e ga gged 1 HEREIE 29 FY4Es
PestA 21 g FPAES 434 ¢Ad
NPY dojut$ AAAEAE B4 A o)t A
o BEzege Ae NPY U AZE 28R
ggon YT R e 259 AANGFEDO| F
AR e HYd E% 5B EFES &0 B A4
go| BAFYh

Legends for figures

Fig 1. NPY-IR neuron in the external plexiform layer of main olfactoy bulb of the striped field mouse. EPL : external plex-
iform layer, GL: glomerular layer, MCL: mitral cell layer, OL: olfactory nerve fiber layer, Inlet: x 100, NPY-im-

munohistochemistry. X 50

Fig 2. NPY-IR neuron in the deep portion of granule cell layer of main olfactoy bulb of the striped field mouse. GCL : gran-
ule cell layer, IPL : internal plexiform layer, MCL : mitral cell layer, WM : white matter. NPY-immunohistochemistry.

x 50

Fig 3. NPY-IR neuron in the white matter of main olfactoy bulb of the striped field mouse. WM : white matter. NPY-im-

munohistochemistry. X 50

Fig 4. NPY-IR neuron in the anterior olfactory nucleus of the striped field mouse. NPY-immunohistochemistry. X 50

Fig 5. High power photomicrograph of NPY-IR neuron(oval bipolar neuron) in the white matter of main olfactoy bulb of the
striped field mouse. NPY-immunohistochemistry. x 200

Fig 6. High power photomicrograph of NPY-IR neuron in the anterior olfactory nucleus of the striped field mouse. NPY-im-
munohistochemistry. x 200

Fig 7. Cresyl violet staining of the main olfactoy bulb of the striped field mouse. EPL : external plexiform layer, GCL : gran-
ule cell layer, GL : glomerular layer, IPL: internal plexiform layer, MCL : mitral cell layer, OL: olfactory nerve fiber
layer, WM: white matter. cresyl violet staining. X 50
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