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LR RN AR RIS O : BET V=Y A2 Wiz
WA 3 3HE 7 5 S D AT

BT EFEY, EE EEY, Mk RIAY, GBI 4

1) JINGFEERLR 256 6 224, T701-0192  AMARE577
2) [

3) 10 B L L RO 22 R 22 MY I A AR I A FE 7 A AR BRI JE 3R, T960-1295 1R B ULAR B HiEa i 1 % it

P GUOREERIGRARMEEZNL T, RERAORKEFICAUVEH -1 —OCOBKRREL >
FTAL, ESICRERAEZBRT 24 LB EYEEZEF I 21— OV ICK->THRESINS.
BARDZICEVT, BHEISEXPEEEFTRABSIER SN S EERKIBRICREREERD
BENHD. £, FoRHEORSHERTIE, RIEEE=1—0O> ® tyrosine hydroxylase
(TH) OFBEHPET - BEXTBZEPMONTVS, ZZCEAMETIE, YUOIRVTHHE %
green fluorescent protein (GFP) TEZ 42— L F-E&EFURE Y X (TH-GFP ¥ X) AL, HEEE
FEREH U ~ETILT I AEERL, ATERICEZ ZOMOEBEEYE IS T IHELHAN
=, Fikl, #BAICLUTIROEEREARLICERASY, 3BRE~64BRICGEREEL, £
REOEHRX T 1 AMERBEEBRAFZRAVTRELEE21T>7. TOHRR, ChETOHRE LG
3BEBNEAET IV ATIE, LERAMRIKO THHRESZLIETLTHY, E2EOAE
Wi dhTWwWiEleEpREhi /-6 57 BEREOSRATETIVYIXTIE, REFRRETTIE
BRI THZE LWV TH RBETHAHER S TH-GFP YU X TlE, THORBEIETLT
WBILHEDPHET GFP R ZHIST2HiarPBRESh, BEREMAET LYY XA THEKEIC
THRE##F T2 -2 —OPHBICEShf COLIETHZ2—OYERERETERTDHO
S BHLEBHAZVABGFEEERICH /. UEOKR, TH=Z21—0OY A RTATERICH
TARIEDZ#HMIE, THZ2-O PANFBICH U TELZESHEMEECIEVIB4DR
EOMAREREZFHITSLDEEZD. 5%, $HMEZRT TH -2 —OXPHVADBREMCED
S ICEADEPENEED TVEL,

doi:10.11482/KMI-140(2)67 (‘264 4 /7141 ZH)
F—7—F BB, RERERGE, WAJER, o KB LEEE, Uy I VRIBURIERE

e MR RSB R 2B &, BRI LT

BHEZAGE, BERS WES - PR, BT HZEHNWEICR L. BROYLTRON
R, MEHRT L TMERIHL. b0 5, TUVF—REEMRAIRIER, BRIk
@ﬁ%@%fﬁﬁm%htﬂ%%%®%ﬁiﬁ Eil&oT, »or—@EWH, 73R
Hoa—a 22X ) AL ITR TV 575, R 5 &, FREDHE - B L2ilb

GRS

s Ek

T701-0192 AW E577
JIG BERL R 2 2

#HEG 0 086 (462) 1111, PI#27520
77 v A :086 (462) 1199
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5T, REREPEBIETLIE0H5.

WAL D —IRHAE T & 2 WER DKM I35 ERIK
EMHEN DML D Y, B4 Aty %
GAEL= 20 Lo THRINTED,
INHDZa—u 3w AJJEROREEIZE
bbEEZLNTWS, 0¥ KRILEER
(tyrosine hydroxylase, TH) 3l = = — 1 » $ %
BREWRT A =2 -0 BOVEDTHY,
y-7 3/ & (gamma-aminobutyric acid, GABA)
EDOIAFENG0% L L, AT AR
B HEHTd 5 calbindin (CB) % calretinin & (31K
WIFERERLTWEY, 7, B8R
MSHEAR BPEREGWLE L L72T v P RO
ADEBRTIE, TH=2—0 Y OFRHEIMET -
WERTZZEBFMORTVEY. 512, /-
F 2 VR OB RE I EEEIRDE 2 B
FERASHET LI R0, BWERTHBET S
TH X VERBIBREEICE D2 L E X HNTWw 5.
ZITHRAIE, BEMY ARV TH DOFB
% green fluorescent protein (GFP) THth L 72 TH-
GFP N7 Y A¥ = =v 737 A(TH-GFP ¥ ¥
) o, ENENHBEET VT A2 FRL
BRI AT ERT I & 2 BT o T, RIEMNI
LA FEZ TRl L XV ToO#I% 2175
7z,

Mot & ik
By

REE, A#10~12:80 C57BL6I < 7 A
(HZ SLC) 10Vt (M 5 DT, #ES5PC) & B6. Cg-Tg
(TH-GFP)21-31~ 7 A (BRC No. 02095, ¥,y
P NES SR S SR S SN
% DNA Al 2 &G 5 ¢ )114#09-02, 2010), 5
VC (i 1 PC, ME4PC) 2 HWTHRHET VY A
VR L (KRIE), #HMEPUAZ Witz
1ol TRTOEBITROAIZ, <7 A EX
YRV E S — v M) A (100 mg/Ke) & E
WEgt L, R Z AT - 72

IRFEHIRLIE © SRR E 7~ o X DFE
<7 ADENBILOIIRDFR & BB

ITYKRL, 48 r%k(06-0) TG LARL
L7, —BB%, PRt 2ERICA
BOKREHTL, KEEOZIOHETREEIR
B L7z, BEIAT LA b —
FEUIRH L RS 24T, — RIS 2 AT
) L) BELEEICHHE MR TEX % T
7z AL SEAEPASIREE & fEslE:, 3R
~6r HRBLZ2bDERBHETFT VYT R EL
7o, FAREEE, JIGERKSEWEBREE
Z DA% 21T (09-074, 2010) )11 P& A} K 27 8
WEBIRSHI KD EEREINZ D TH 5.

TIER I FE

See P 3 MLl R L 7B A R R O
TH-GFP =7 A%, 4% /XFFRIVATIVTFE R Y
VERRRERE CHERE E L, WYLz kE T
J T — A& (Leica VT 1000S) Tk PR Wi 1250 um
JEDOMBEA T A A RAFR L7z I OREgE
X, HHRERE T - 72

EELYett - BB MR ORI OMRERZ 5 4 A
1&, 0.3% Triton X, 0.05% 7 J1bF PV 7 A5
AHl1%FME7T VT I ) VBT M) 7 A%
i ¥ (BSA-PBS) IZ A#, 20T, 17w v
FUURINEAT o7 Tk, K-k %E
Mz (e s2 1 281, >'7), 20C, 1~2H
BPROS & €72, A9A4 A% Y AL,
F AL ZWRPUA (1:2007 R, Vector £1:) BSA-PBS
T, 20C, 2 K¢, avidin-biotin complex PBS
(ABC, 1:2004 M, Vector #1) H1T20TC, 2K
BTG L7z, A7 4 &, V) ¥ 210.05% 3, 3
-diaminobenzidine tetrahydrochloride (DAB, [F]1~
b%) M) AR IR L0.01% @b kFE %
Mz, BIRT1~345MBEGETT-72. &®
PRMOBEDO AT A AL, 0.05% F A I 7 L8
VRN CRIEEE 4T, 15547, BKE
IR VB (TAAB #1) Wil 2175 72, Wil Eh
T2 AT A4 R, Y& LS oBigs -
3% % 4T - 72 (Olympus BX50).

ZEAOLRIEGE  RERREZ T 5 =2 —1
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VEDPBMICE AEBEEZTTCWAREIME KIS EE7 (1) 7 ¥ FH CB D28K Hifk (1:5,000
WRB720, K- ry—A—%HT  HH(2)~ 7 AH0 TH Hifk (1:5,000)(3) 7 F4i
L EACRIEG B 21T - 72, RERTEIRET R 5 4 glutamic acid decalboxylase 65/67 Hi A& (GAD,

Z1&1%BSA-PBS T7 0 v %7tk LL 1:5000)(4) =7 b B GFP Hifk(1:5,000). —
ToO—kIEEMAGDET20C, 1~2HM  KIUKRISHE, DT OSGERE — IRPUA % LA

#1 A5

i RIETY AR ks T Z% 3k X
Tyrosine hydroxylase XA 1:5,000 Chemicon MAB318 Toida et al., 2000 2,3, 4
l?rl(f?;fry marker ¥ 1:10,000  gift from Dr. Margolis Margolis, 1982 2
Calbindin D28K <A 1:5,000  Swant 300 Toida et al., 1998 2
Calbindin D28K A 1:5,000  Millipore AB1778 Kawaguchi & Hirano, 2002 [¥ 3
Glutamic acid . . . .
decalboxylase 65/67 AU 1:5,000 Sigma G5163 Erlander et al., 1991 X2,3,4
Green Fluorescent _ . Molecular Probes -

Protein =7 KN 1:5,000 AL0262 Jessberger et al., 2008 X4

1

A

= 1week 3 weeks over "
] L
Cut & Check T
Suture

Perfusion

M1 BHEFVYZAOMEHE A<y AENBILOIEE C FIRIINT I TR G, BELLYT ZADRITK
W2 R (@), BECHBINENEILEZRT (Y. B SHEF VY 2AEROTRE. C: 8% 6 7 At
R L7z~ AOREER. KNG SRS Z 7R3,
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GHE20C, 2KEMBUE 27, (1) fluorescein
isothiocyanate (FITC) £ #& © /N $1 7 ¥ ¥ 1gG
(1:2004 B, Jackson) (2) indocarbocyanine (Cy3)
Bk o NP~ 7 A IgG(1:20045 R, Jackson)
(3) Cy3taka NP =7 bV 1gY (1:2007 A,
Jackson). ZNEFND A5 4 A%, Bftaniz
% Hoechst (1:5,0007 B, Sigma) T 5 4 [H] K I&
&4 721, Vector shield (Vector H-1000) T3 A
L, setBAMEE (Olympus BX61) THefat % ff
Ak, 2 5'6% L— “ﬂ:— ﬂﬁ%‘ﬁﬁ% (Leica SP-2) D3t
X3&4
FTRTOH G 2 7'[:% 1% '—“ﬂ‘—ﬁ'ﬁﬁ%ﬂ@iﬂ%%ﬁ
E-FCTHOLNZDDOTHS.

A 2 > P
AJIEWIZ X 5 TH S fla o2 b %=
Ew b3 5720, HAERMK O TH-GFP B €5

2 AR 2B O tyrosine hydroxylase (TH),

calbindin (CB), glutamic acid decalboxylase (GAD),

2 @
VT ADAT A A% FT= Y AH TH Jifk
& Hoechst 12 & 2 £ EHOLHt (Fikid kb &
FiE) 2475 72, L —3 — BiER (Leica SP-2) TH
%1%, Neurolucida (MBE, version 10) T Ek 1A
ot BALHIRE Y 72 0 (#E150 um X 45400 um)
CAEBMINL%E A v b L7z TH Btkileo 5
+ TH Bl / Hoechst Bgtk D A x A7 » b L7z,

i, AU YT A4 VT T L= ADkNE Tk
(inclusion line) IZMIfE SN T WD b DI A ¥
v ML, B & Ed (exclusion line) \2filtit T\ %
bOWH Y Y b LavE W) IS 722,

(RS
BEFIL X

I AR X 2 WERD SRERIK A HERL T %
Za—U YO BEBERTRL 120, REETIV
Y ARER L7 M1 ARSI D00k 5

GADB5/67

olfactory

marker protein (OMP) D %3 K5, Open: S:HIXHIER, Close: &P RIMINRER, Intact: ARLEBLER. 5 [ LBk R
KR o TH SUEROSEE, FLARTLTW S, SHHREMAEO TH, CB O REREMIBEIERLE <~ 2

RERARRBIZ IR THA LTS
H4HEARE, All scale bars: 50 um

. —7F., GAD KU OMP O SUSPEICZ b R S e,

GLL: 5 ERfAJE, EPL:
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BB DU &R A%, K1 BIdSRE
FNy AL ETORAF— L %R LT 56
TRABONE RS L, REARMOREKOY A X
IR ER I LA L w7z (M1 C, &HD)

ATJHRIZ I B 57 > 7% 2 TN D
TG X B8 TH ¥ » 787 HBHUK
TEEWAJEROREE L, £kt H
W C ABC-DAB HRERBICL 2 7 87 5 H
OEALEBELL. K2 3HERMBHET LV
< ZADGER g RS, B R (Close)

® TH 5% BOSHE 153 (Open) 12 AR THAZE IC
KTFLTWwWBDIZH L, CB, GAD, olfactory
marker protein (WFHHEDFFRIY < — 5 —) DR
BOSEIIZZALR R S N h otz BIREWC
&z, BEXH (Open) ® TH, K UF CB %R
PRI ATIER S TWZaniZd 20b b
T, KRBT A (Intact) DWER X D B4 L
Twiz. F7:, TH-GFP AHET VT ATYH
FARDORT A S N7z (RUIR E e vy).

TH AL o g & - BAER B X O TH-GFP

3 AR~ AL IAEBILRICRIT T A ER O 2B, A & BIIHCB FLik (k) / Bt TH Bulk GR)/
Hoechst(#]) 12 & 2 £ Bkt AL B : Wig2 EhLabebo. A% B THOR) ©A. A’ B®: CB(fk)
DH. C L DIZPL GAD Pk (k%) / $T TH Pk (FR) /Hoechs () 12 & 5 £ Hatgta. ¢, D' : Wiz EhadbE
bo. D THR) D& C, D’ GAD() DA, AA’B LU C-C*: BFAKMMLER, B'-B°S X0 DD’ HE
I RIMER. 5:BIC & % TH O SUSTEIZSF SR E KT LT/ A3s(B%, DY), TH & HEfFE 0 CB (A,
A® B, BY) L AFH DO GAD(C', C°, D', D) DS RS IZZMLIZ R S e dr o 72, $f1 TH Btk /CB Btk
2R (AAY). ZKEME TH Btk /GAD Btk % 7”4 (C"C%, D'-D?). TH: tyrosine hydroxylase, CB: calbindin, GAD:
glutamic acid decalboxylase, GLL : &EkK)&, EPL : #HigiRIE, All scale bars: 50 um
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BHET V< X0 BEMHRKAEICEIT S
TH B Ve 1Z, “F3920.818 / 60 X 10°um®T &
O L, SR T 1808 /60 % 10°
um*TH Y, $190% DIRAHEE R L7z,

SEAOLRIEY I X A B  BAMBEHE
FI< 7 A% HWT, TH & EEFROK W CB (K
3 A, B)LIEFEEROE W GAD(GABA D E K
BER, 3 C, D)ITHT 2 AJIER DRI

DWTHEHLRIEGM Z TV B E LT
ZOFER, TH & RO CB 7217 Tld %
{, TH & B IIFEE %R 9 GAD O HRE KIS
P S ATTERIIC X 2% LWE biZA SNk
»o72(3 A% B C3 D?)

WIZ, TH-GFP mfEF V< 2% HWTA
JIEWNC L BB L7 (M4). ZEEOE
FIE gt DK HTIE, TH-GFP ~ ™7 X b B[Rl
WLBR R BRI G o TH SE SUntE i, B4R SR

4  TH-GFP ¥ 77 212 FT AT 02, A & B3 TH-GFP (5%)/ $T GFP itk (R)/ L TH Btk (F) 12X 5%
BHOGMEYE. Al B' I TH-GFP () ®A. A%, B® 1 GFP(R) O A, A%, B® 1 TH(FH) DA, TH O SUSTED 2k
LTWBIZb2hb 5§ (BY), TH-GFP D38 (BY) & GFP D 6p IS 2 M3 5 (BY) M7 51 5 (B!, B ).

C & D i3 TH-GFP (¥%)/ ¥t GAD $ifk () 12 & 2 £ Eipkgtn. C', D' : TH-GFP () O &. C°, D* : GADGR) D &

C, D HifgkEERADEZL D, SHKED TH-GFP OFHAR SN A MIMLZ, GAD Btz RL, HEEMKAX %
Mk % oR§ (DD, &H)). ALA*B X 0°C-CP: PR HIER, B-B’3 X O°D'-D’ : HFARMILLER. TH : tyrosine
hydroxylase, GFP : green fluorescent protein, GAD : glutamic acid decalboxylase, GLL : 5:EkfAJE, EPL : #MEIRkE, Al

scale bars: 50 um
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ETNITALREBRICELETLTWADS
(M4 A® B?®), GFP OZB M I TW
72(XM4B', B?). ¥/ SHMBIBHLTCY
% GFP DI & A &1 GAD # 33 L T
Wz (M4D', D D?). &5, TH=2—
T AR D BRI L - T 2HEICHHET S
TEHTELHNY, BEBL A SIS GFP B
AR, IR E Mk R0 b 00
o7z (M4 B, B% D).

Z5

RERAREREZ R T A2 -0 D—DT
HHTH=z2—aviX, F0¥ 87 EHICE
WTRIW ATTENTIC X BB A BEEICZT S
—a—urThb. AWFETIE, B ATIEE
= B, BAR K O TH-GFP ~ 7 2 @ K il
BHFM 21T\, TH DAL o bW 22t
THREEMNLIORERE LT o 7. RIEH
et CIIALORBR R BIS L, SEION
et TIIEBOMBILEWELZER L H—D
Z 2 =" UYHFAIERIC X - TR 258 %
Briz-.

BRI YN ROES i WNIE A R T RS = S 1]
< AL B FEEERCRERAE o TH 58328
SHZICIRT - L, 72, SERWomERY
A XA LI=Z e BHET VYT ZADE
BT L7z, BERY A XA T 8% 2 8
iz Tl on, AJERIC L 2EHMEo
F— v F == P Fens 2 & RIS TN
POPEINLZ 2 —a v 7T OB
AL, BERNOMBEFEASHIN L 745 Rp &l 2
ENBEEZLNTWEY, &512, B
HIMLER D TH $09% OB & RRLE < 7 A & X
el ZAh, ATTEMPZINTVRWIZE 2D
BTS2 ISEE R L7z,

EAOWRERBIIEE ICH 2HMED =2 —1
CUHHIAE RN L TCHEWICHEE LTV 2 e 8
HMHERTWEY . BB E o b W H
% HIWLA% @ pars externa D = = — B V135l o
WLER ORI 3 LY, R 5ALA S 0w
THMAT) ERMBILL DA Z T L &

THVOF ARG § 5 2 LA ST
WaT oF 0, BBAFEMILER D S 0 HIEER
DATIHERT S, FPHIRRER~ D A TR
EE LD DIEL< LY, THORIULF A9
AT EDURBEENT. Lo L, AERERD SO
BJNTEHDS, FERAIE A S R BRI ICHE S TH
Za2—B LT ED L) IEESNRE L
NTVEPIZOVWTIEFHTREFETH 5.
TH-GFP ~ 7 A O H i B E T D GFP D 53
X, TH ®89% %% GFP B 1 T GFP ®D87% 7%
TH FtE 2R3 2 &5 5", WIED TH D%
L GFP OFHIZIZIZ—FK L T 525 #10%
BEZ—HD A SN, RS, TH-GFP 55
EFNIYTATH TH DFEBHIMET - HELT
WBIZH0hb 6T, GFP DB
Za—u PP RAAE L. ZOMEOFH L
LT, FNIVAY—=UMPHASINIZT ) A
DB Lo TRIMERILTISREI T L,
TH 7 W E— % — O GFP EHHFE~DFE, F
AR E YA ZIVASTH & GFP TR % 5
ZLENTREEELTEZLONS. LML, H
B TINSIZOWTHLRICTAI EIETE
W, SHOBEE LTHRET L TwE LW,
AITEROFE R, TH-GFP <7 A7 Tld 7
SRR 212BWT S TH OB % M+
boa—uridmbERoNnLZEN6, TH
Z a2 —0 VI ATBERICH LTS R KIS % R
Toa—arThbrEZONL XHIZ,
TH = 2 — & Y IZWRAED & o ARl L
TRLLEEWER Y F T ABMEELLZ &0
5, BMELrSERANEZIIS TH=2—1
e, B —u U THLEMMBEALT
AN%#ZTBHDODPIEL L) Fr OREDOHR
YT sEELONS, $/2, TH= 22—
O 3= 2 —a T 5 MEIE / 5 T R
OMFHHNICEbEZ A E=2 -0 THY, &
VWOIYFPTAMERMETLEEZLNTY
5. DHiORMT v M EHWI-BEREHEOR
HTIE, HEIZHVIIH L THET ZH =2 —
O SRENME D S FEMOSHRL T L EIR
L7, Zhid, TH=2—uary2bltiish
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B F—=r83 VORI X A MGHIHIAIZ S h
TSR, BOEBIPAK T2 EZLN
5. Tz, RHBREERILEZRT S Bk
A ABTIREL Y Z EH 5, THOFKES L5
L, OB dmET A EAVRBEEINSG. &5
$ix, WA L TE R KIS % LT
TH=a2—BYBEDLIHICAIREICED S
DPIF D TVWE T2,

AR ZED BB 72D, NIGERRAFH 2R
O MBI RO 2 RS EH 2 LEF. T/,
Boe oBE 2 TR M — B8 SRR (1% R FK
GFEMY L) &I FHOKIE & P TH 72 Renee
E. Cockerham {#: (Department anatomy & Neurobiology,
University of Maryland, School of Medicine, Baltimore,
USA) 20L& D IEHVz LI

AWFFEE, NIFERKRET T Y = 7 MFgE: (22-A51)
DR EZIT T ThE L7
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Olfactory Brain Circuitry: Analysis of the odor deprivation
effect using the naris closed mouse model

Miki TANIGUCHI', Emi KIYOKAGE ' *, Kazuto KOBAYASHI?, Kazunori TOIDA '

1) Department of Anatomy, Kawasaki Medical School,
577 Matsushima, Kurashiki, Okayama, 701-0192, Japan.
2) Department of Molecular Genetics, Institute of Biomedical Sciences, Fukushima Medical University School of Medicine,
1 Hikarigaoka Fukushima, 960-1295, Japan

ABSTRACT It is well known that one of chemical marker in juxtaglomerular cells in the
rodent olfactory bulb (OB), tyrosine hydroxylase (TH), is decreased in its expression after
olfactory input deprivation. In the present study, we have made relatively long term olfactory
deprivation models, more than 3 weeks to months, by doing nasal closure on wild type and
transgenic mice. In combination with immunocytochemistry for neuronal markers such as
glutamic acid decalboxylase, calbindin, and olfactory marker protein, we have confirmed that
only TH-expression is decreased after deprivation. In our experiment, however, interesting
findings were obtained from deprived transgenic mice which express green fluorescent protein
(GFP) under the control of the TH promoter (TH-GFP mice). Although GFP-fluorescence
indicating TH gene expression and immune-reactivity for TH were typically decreased, immune-
reactivity for GFP was maintained. Longer deprivation had variable effects of expression of
bulbar neurons not only on the deprived side but also on the non-deprived side. In addition, the
neurons that expressed GFP even after deprivation have relatively large somata. These findings
indicate possible heterogeneity in TH neurons in reaction to odor deprivation and support our
recent report of heterogeneous reaction patterns of TH-neurons to olfactory nerve stimulation.
We will continue this work by altering conditions of deprivation to clarify the heterogeneity of

bulbar neurons organizing OB neural circuitry.
(Accepted on April 14, 2014)

Key words : Naris closure, Olfactory glomeruli, Odor deprivation, Tyrosine hydroxylase,

Glutamic acid decarboxylase
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