o2

DY 2 EshuA A=

Q)
o

)4 et 9]

F ol A

]

-
| U

-

Ashe 2

| =
T

AT

T

3

o)
20004 124

B3] I
g T



10 3]e] o]3F HIA}EHS]
Ansag_ o] 42
_?,]

o1
9
9




Changes of the Cholinergic or Dopaminergic
Innervation to the Hippocampus after Entorhinal

Cortex Lesion in Rat

Mi Hee Ko
(Supervised by Prof. Moon You Oh)

A THESIS SUBMITTED IN PARTIAL FULFILLMENT OF
THE REQUIREMENTS FOR THE DEGREE OF
DOCTOR OF PHILOSOPHY

DEPARTMENT OF BIOLOGY
GRADUATE SCHOOL
CHEJU NATIONAL UNIVERSITY

2000. 12



Abstract

The Bartha strain of pseudorabies virus (PRV) is one of several viruses
frequently used for transsynaptic tracing, and has been widely employed
for analysis of multisynaptic circuitry following injection into peripheral
organs and brain of rats. The role of the hippocampus was involved in
learning and memory functions and the entorhinal cortex plays a crucial
role as a gateway connecting the neocortex and hippocampal formation.
Entorhinal cortex lesions have been employed in numerous studies seeking
to neurochemically characterize the processes governing the sprouting of
new fibers in denervated hippocampal regions as the Alzheimer’s disease
model. The first purpose of this study was to identify the hippocampus
pathway, the cholinergic or dopaminergic pathway in the normal rat brain
after PRV injection into the hippocampus. The second purpose was to
investigate the morphological changes of the hippocampal cholinergic or
dopaminergic innervations by using the PRV injection into the
hippocampus after entorhinal cortex lesions. Experimental procedures were
carried out with adult male and female Sprague-Dawley rats weighing
250-350g. In the normal or ECL rats, 3uf of PRV were injected into
hippocampus, using a 10gf hamilton syringe (0.05¢¢/min) with the
stereotaxic instrument. Stereotaxic instrument coordinates for the
entorhinal cortex lesion were placed 10° outward from the bregma: AP

(anteroposterior) 8.3mm, ML (medial line) 4.8mm, and DV (dorsoventral) 4mm



and 6mm from the dura matter, ML 4.3mm, DV 5mm from the dura matter,
and AP 88mm, ML 3.65mm, DV 5mm from the dura matter. Electrolytic
lesions were made by passing a 1mA cathodic current through a 26-gauge
stainless-steel electrode for 45 seconds. After the PRV infected rats
were  perfused with 4% paraformaldehyde-lysine-periodate and the
brains were removed. PRV-positive neurons were identified by
immunohistochemistry employing rabbit anti-PRV as a primary antibody.
Double immunofluorescent staining after ECL were employed for
visualization of both the PRV and the choline acetyltransferase, and the
PRV and tyrosine hydroxylase as neurotransmitter enzymes and definitive
markers for cholinergic, and dopaminergic neurons. All tissues were
evaluated by light, fluorescent microscope, and confocal laser scanning
microscope. The hippocampal pathway, the cholinergic or dopaminergic
pathway were identified in the normal rats. The double labelled neurons
(ChAT and PRV, TH and PRV) were distributed at several different
nuclei from the brainstem to the entorhinal cortex of the cerebrum.
The morphological changes were be observed in the hippocampal
cholinergic  or dopaminergic innervation after entorhinal cortex lesions.
These data suggested that the hippocampal cholinergic and dopaminergic
innervation showed morphological changes throughout the whole brain

areas after ECL.

Key words: hippocampus, pathway, PRV (pseudorabies viruses),

ECL (entorhinal cortex lesion), cholinergic, dopaminergic
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Figure 1. Photomicrograph of the hippocampus after cresyl violet staining.
The pseudorabies virus was injected into the dentate gyrus of

hippocampus.

Figure 2. Cresyl violet stained coronal section of rat brain with cathodic a

electrolytic lesion of entorhinal cortex.

Figure 3. Histochemical staining for acetylcholinesterase in sections of the

hippocampus after entorhinal cortex lesion.

Figure 4. The central nervous system (CNS) hippocampal innervating
nuclei labeled with pseudorabies virus (PRV) in the normal rat

brain.

Figure 5. The CNS hippocampal cholinergic nuclei labeled with choline
acetyltransferase and pseudorabies virus (ChAT/PRV) double

immunoflorescent staining in the normal rat brain.

Figure 6. The CNS hippocampal dopaminergic nuclei labeled with
tyrosine hydroxylase and PRV (TH/PRV) double

immunoflorescent staining in the normal rat brain.
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7. The CNS hippocampal innervating nuclei labeled with PRV at
10 days after ECL.

8. The CNS hippocampal innervating nuclei labeled with PRV at
30 days after ECL.

9. The CNS hippocampal cholinergic nuclei labeled with choline
acetyltransferase and pseudorabies virus (ChAT/PRV) double

immunoflorescent staining at 10 days after ECL.

10. The CNS hippocampal cholinergic nuclei labeled with choline
acetyltransferase and pseudorabies virus (ChAT/PRV) double

immunoflorescent staining at 30 days after ECL.

11. The CNS hippocampal dopaminergic nuclei labeled with
tyrosine hydroxylase and PRV (TH/PRV) double

immunoflorescent staining at 10 days after ECL.

12. The CNS hippocampal dopaminergic nuclei labeled with

tyrosine hydroxylase and PRV (TH/PRV) double

immunoflorescent staining at 30 days after ECL.
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et &4 SolM B AR (A A FAHS sFolg & & o
B, AZsAY A5 aE 7ol gk o] v]odoz AHolge
HAAM G DA dom sl g4 Metn Uk N AR o
o7t B # e B AR 71dEe Y% @779 (short-term memory)
4 e ARV 9 A g5e B YPe] Holop #7]7)9
(long-term memory)2.2 H&E 4 Qltd (Polster 5, 1991). o] x & ¢lz7+a}
B2 AN 7192 DNy Fr)rdeg e Hygs sxm ¢
o (Squire, 1992). ZFFell At dvie HE7199 Ao a3 AL
st glom, sinte] NAF 2N Al Y2 A (plasticity) S BRI 25
Atk dvke #2472 (Ammon’s horn)3 X ololat (dentate gyrus)e] F =
wor FAH geon, sutFAdAe FAMMERE FE £374EA
(entorhinal cortex)l A f@lstx #%E 2 (perforant pathway)E wuwte} =]z}
(subiculum)s F@sto] 2ofolgto] AYNZFHME (granular neuron)9t Y
S o2 HYAAME] AL o7 HGAE (mossy fiber pathway)Z&
Ebil CA39l Sl IHBlME2 SFAbso] ol Schaffer ¥ @742 (Schaffer
collateral pathway)E Et1 CA17}2] A"} CAlel Y= AAANEE &0}
o 8 YAHABEQ A7 (subiculum)o 2 FALETH 2 Zhel M thA] &3zt
ddz AdZ=o duk WAIZ (internal hippocampal circuits)S & A sht}

(Paxinos, 1995). 71975 #ojstE WEFHUe 223 Tz #olel



THY £3742H F54HPA siutFolad @ Aot o)A sinfe= Elaes
#71de Hdste FANY 94420 WYY Mo Zas ol
T 217 7A19l biogenic ©}IF (acetylcholine, dopamine, norepinephrine,
epinephrine, seretonine, histamine), ©}7]=2t& (GABA, glycine, glutamate),
el =+ (opioid, substance P) 59 W& AAHAGBZ Ao ZA3t) =3
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Alzheimer’s disease (AD)E 1907'd =] A4 #3tx12l Alois Alzheimer
ol oJsiM 514 At A& LAHUYG (Terry 5, 1996). ADE oA
o, 719, & Hee] Ax75ol HaAHoz Pas= HaaHAslo|}
AD9 AMAAEEAH WHal= f-amyloid (AB; p)E X883 AR (senile
palques, SPs), #QItstE  tau-@WlA 5o ZHow AAHMGUU
(neurofibrillary tangles, NFTs) 5& 345t svje} £37b737 e of]
ARG} A%, NAME] =4 A7 dojdt (Ball, 1978; Whitehouse
<, 1982; Hyman &, 1984; Masters %, 1985; Price <, 1991; Selkoe, 1991).
AD= g4 e] By Agdory F2NAA 15 7%
A7l T3S A (Morris & Kopelman, 1986), z71° ©7]7)19) &4
ol @A stA ettt} (Freedman & Oscar-Berman, 1986).

ADlY Zd4 (cholinergic), MAEY4 (serotonergic) =2 ol A

S I e B )|

tjo

(noradrenergic), =394 (dopaminergic), GABAnergic, somatostatinergic
ABAEZE Hase] 2 A3k nusgich £3), 2ay AANEe Tanl
3 ANAAEANAM A 2 A (cerebral neocortex)d} 3 nf (hippocampus), o
22 A (temporal cortex), %7k # (putamen), 2 (substantia nigra) @}

Y09 Y (ventral tegmental area)oll ] A ¥E7} &4 AU & HAshA 7t



€Y (Bartus &, 1982; Reinikainen %, 1990). a4 A4 A= 4% g3,

HMo]&A  (choline acetyltransferase, ChAT)ol <& o}4e CoA
(acetyl-CoA)¢t 3 (choline) .2 3¢ @ wAlo|A 450, ChATE =
A ABAMES BANEAZA T35 7] -8 (Nucleus basalis)& X of
A ChATE #A4ste 8% H9o9 MZE  (neocortex) 3o}
(hippocampus)® FALET, 3F x o] FAAF AAMEY AR s
HAh AlESHA FAFL AFAAAL, ChATY WA EEHE wio) o s
=5 HA (striatum), ZHE 7] A A (magnocellular basal nucleus), tha] &%
YA (pontine tegmentium), %3474 # (cranial nerve motor nuclei)$] 4
el F2aFA EA7F 99 (Whitehouse 5, 1981; Armstrong 5, 1983;
Coyle &, 1983).

TFEANAATSE AENAATAMN 39 (dopamine), >=Zol| 3y I
(norepinephrine), | HYZ & (epinephrine)& #G3t MNAMEE EH35to
ZhelZ et A ME (catecholaminergic neurons)g} 3t} o] EHEL g
22l (tyrosine)oll A ZWsted A#lZ L-%3 (L-Dopa), &7, »=2 o3y
Zd g dyguzdoez HAIHEdH oY JNHEL z7] AsdA A

L-E3z2 H3A7= 471 E2A 742882 (tyrosine hydroxylase,
TH)olH o= E37lAd AFAE] FAEAZ ALY E594 A A

T EFEEANA BE AA7E, A, AA, E52H 7% (Salamone, 1992;



Balthazart &, 1997), &% 719 (McDougall %, 1987) So] 223 A&
ghot.

£ 224 (entorhinal cortex)2 HEA (amygdala) Tl oo, =3
vlo]l %@ (parahippocampal gyrus)®] ¥Zol $x&=d (Van Hoesen 5,
1991), £FzEde &4 FA9d Alged g soEads Azg
(Gutierrez-Figueroa &, 1997). £3 72124 &AL #ojige] dun AAAM
Tl M2 dFE9 AWE Arstsd 850, olola (dentate
gyrus)® #2399 vlZZ (outer molecular layer, OML) 2/3 A% o)A 80~

90%2] AlW2gol E4ET, 1/32 A 4FL WA ¢tk (Matthews 5,
1976a, 1976b). AHZAHAA H7IH AF5E& BI £537F &4
(entorhinal cortex lesion, ECL) A]7]ol= au} x]olo]gte] u}zghi z}=oj A
acetylcholinesterase (AChE) &4o] F7lde] B A} (Geddes 5, 1985;
Henderson &, 1998). & FolA9 ECL 22 AD 3AloA Hol:= ZAA
ABAEES sproutinge] dojdtis HollM o) FERAZA L &5ojgt
tt (Bartus &, 1982; Whitehouse 5, 1982; Hyman 5, 1984; Geddes s,
1985).

FRAAAE e NAZE WEe Aol b wHHOD so 23

49

A PFFEFHY WAAMEdYAo FAW wwA i horseradish
peroxidase (HRP) &4 Fo] 221 it} (Moore 9 Lenn, 1972; Fryscak
s, 1984; Altschuler &, 1989, 1991). % 2} o] E35h= A Ao we} A EH

oA HAEZOZ o]F3tE phaseolus vulgaris leukoagglutinin  (PHA L),

oft

biotin dextran amine (BDA), wheat-germ agglutinin (WGA)®} 72+& Ay}
5
fluoro ruby (FR), fluoro gold (FG), cholera toxin subunit b (CTb), tetanus

uls

o] 5+ (anterograde tracer)®t ZAtollA ME A WFoZ ol

off
ol



toxin  (TTx), HRP, fluorescein isothiocyanate (FITC), tetramethyl

rhodamine isothiocyanate (TRITC)®} 2& wdt o]% 3z} (retrograde

tracer) R L& ©]EFH2 (antero- and retrograde tracer)® TE F Tk

(Moore ¢t Lenn, 1972; Fryscak %, 1984; Heimer 9 Zaborszky, 1989; Lee

S, 1992 Delfs &, 1998). Z22iy o]E2 AAFHAZAN #AHES 7H1Az

Qod FFAFIY B2AAE T o AYAARROZ o542 1
A %!

AEZ ol Fshe 4 3 AL

AY7HA ZtAY AYzbxnt 23] A g Ho|th 27ke AFL5 7] A2 Al
423k wpol2d 221 pseudorabies HiolelAE E o] AL H AAZHAS

o PAHE BRI & AT (Lee 5, 1992). = nlolgj At Pk o524
Aol A vt ZHabg whe o) FstW A wlolgi At FAEO 1 Frp Zslg m
oldet dHE dA T4 = A (Card 5, 1990, 1993). 23] Aol A
soF &4 A o] &=15, PHA-L, WGA, FITC, TRITC 5<&
ol &% YT HMS Fald AAHNGEA Wslel NAZ EHo| da Abg
sl AdY (Jansen 5, 1998; Farkas 5, 1998; Deng® Rogers, 1999).
Pseudorabies H}ol2l 2~ DNAE 7' Alpha Herpesviridae?] 3+ Z oo,
H 1093 o] Y] AYAE B0 £ Qe EAY AANSA nlo)e
A2M AME w7 F7Fsta Y (Card, 1998). Pseudorabies Blo]#] A= A
¢, TERIS, 9, A, AR, mE, uFENG, A0, 292 A, AN A%
A o TxABATH FFAFAZAN 2174
24 ®wol] o] &5 At (Rotto-Percelay, 1992; Jasmin, 1995; Doggweiler
s, 1998; Chen %, 1999; Kim %, 2000).
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2. 475

¥ 7148 (basal forebrain)alA MZZ (neocortex)® v} (hippocampus)
2 FAHE 2949 WEELS g%, 719 59 A5 UojN W Fa
& A4¥s o H2<EY (Parkinson’s Disease, PD)# @ #235ho] o
(Alzheimer's disease, AD)NAME w3}9} Bt TRl F2o] =7}y
T BFE EAY (Terry 5, 1996). PRVE 2074 Ad Ay Fdstd 2
H A (cerebellar cortex), A4} (thalamus), ¥ &%) (amygdala), & Auky
(locus coeruleus) ¢ ANZAZE Bo] AFHYoY (Kaufman 5, 1996;
Jasmin &, 1997; Chen &, 1999) &ivie] A A 2o 3t AFE= ofx nF 3
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H AF2E oty oz 7ddg. wets A PRVE v}
TUANZ H #u2 FAlsle TFAAEE 2ASID o]l AT F ZAA
(cholinergic)® %3914 (dopaminergic) AAZE& T Z3nz sgc. =
AD® 2dQ £33 &4 (entorhinal cortex lesion, ECL) ¥ PRVZ
siob-floll FQlsted sintz FAlste AlFRe] WaE xAlstm, A A
ARt =aRlg AR WEtE FEaua 59



0. A= 9%

o

1. 28F5%

AF 250-350g2] A %3 Sprague-Dawley Al 8 30via]E ot 39 ¢
o] & (21£27), £ % (50%), w3} ¥ F7] (12112 A|7hH 7 A SA &%
T TEAISFAM B ARE FFEAT.

2 AEE5R uhA

ddF29 vH = ketamine hydrochloride (60mg/kg, Youhan corp.)9}
xylazine (6mg/kg, Bayer corp.)S B FAsIGlon, A¥EZo] ot
T Aol AFEEA

3. Pseudorabies virus (PRV)9] sjn} o] F¢

Pseudorabies virus (PRV, Gyeongsang Univ.)¥® Bartha strain (Ba)&
porcine kidney fibroblast (PK15-cell)ell z}& 7122 A}8 2] plaque forming
uniti= F 1x10°pfu/meolil WE (-70C) RB&H FA "AH| = AlAM
g e AbgE A

HG A7l (Stereotaxic instrument)el #H wElE nHAZN F
Swanson (1998)¢] rat map (No. 31)ol wz} &nlz PRVE F39u}.
PRV aivt W FYAAE Ad 87 (n=3)9t £3A2Z2A&4 104 (n=3)



® 309 (n=3) ¥l bregmaS 7122 92 37m (AP-3.7m), A=A
ot FOoZ 22m (ML-22m), 281 dura matteroll A} olel &  3.2pn
(DV-32mm)el ¥,  Xlolo]® (dentate gyrus)< SREAHor g
Electronical injector& ©]8-3te] 0054¢/min #4222 PRV 3u (1% 10°pfu/
m)S TASHIT PRV AL8L HAA 9ol 2 A7) el A F
U3t 96AIZtY HEIHE T

7|

tjo

4 ¥z A4

)
AN

H]

44 #3A9 ECL $ol PRVE FU8to] of 964179 AE7|7he 3

3
& 30wt FFuARAG BAFRTYo] BY ¥ M2 ¥z gq g Hof

==

4Tl X 422 314 0.1M phosphate buffer (PB: pH, 74)2 1A %o}
Al %3t 20% phosphate buffered sucrose | Aol 24~48A7F FoF ©r v
ettt A= FAEA7E ol &3k 30m T2 6-well platedl] #4<
L£HHoR dasdon 4T naste ALsigdy ne I xz A

< free floating method2 A&t

r\:l

>.

5. £33 73 A9 &4 (Entorhinal Cortex Lesion, ECL)

0.

AAZ Y 2048k 2ol AAHA B F UYYFE] T2 o] fatal,

ear barg 4% FAd nAHEF e Paxinos®t Watson (1998)3} Swanson



(1998)9] brain maps #3112 3t bregma®} lambda®l Y2 Fy@oz 1
At &4 A= Poirier?} Nichols (1991)9] o] o)) 9= o0 2 ®E
10° 52 % ¥ bregma® 71222 92 83m (AP-83m), AEML 7|2
o o2 48mm (ML-4.8mm), dura matterel Al 6mm (DV 6mm)3 4mn (DV
4mm), YAl AFHelA HoZ 43mm (ML-4.3mn), dura matterol A Smm (DV
5mm), 121 bregmaE 7]FoZ Y=Z 88mn (AP-88mm), AZML 7]Fo=z
¥ 22 365m (ML-3.65mm), dura matterll A 5mm (DV 5mm) 2}2h o] Eo ¢
F 554248 F8dd. £3 423 &4 1oA, 4562 S diameter7t
0.5mm%! unipolar stainless steel electrode& ©] %3} cathodic direct current
DOE A714 A3g FAch. Shame A9 Y& LHPoz A FHow
A714 A5o] gle Aol

6. Acetylcholinesterase (AChE)¢] & =3} 3} A

AEFES foM9} 53 WP or ECLS WE % 10Y, 309 A=)
b 733 ¥ Tagos (1986)9 WS o7k Wyl QA AP, 27
= 0IM PB (pH 7.4)2 10%37F Al ¥ AH 3 % stock solutione TS T},
Stock solution®] x4 50mM NaAc, 4mM CuSOQs, 16mM Glycine, pH 5.0
24 o] W pH A& IN HCIE A}&33th AlHo] 2y 3 A2 abe o) A
shaker& ol &3dte] ®FgH  (116mg, acetylthiocholine iodide; 3mg,
ethopropazine/100ml stock sol.)& ¥ °] overnightA]Zt} ¥FLo] ZY % %
A F @A (1% NaS - 9H:0, pH 7.5

adjusted with acetic acid)2.2 10%37F 8BFgA|7 & 28547 287 £ o

iy

S THTE 1IN A A

o

A3t 0.1M PBE 1087+ 23] AlHsln =2 HHE gelatin coated slide



of &2 424 air-dryAlZAth Alcohol# xyleneo 2 &9t Ewisl 1}
= AR ¥ polymountZ Flste] Fdn|Pgos B AABGA

)

o

n

7. Cresyl violet g

siut2 PRV F4 X9} £FzkEa &4R9E2 sy A
cresyl violet 8*-& Paxinos 9 Watson (1998)¢] W& W& sl AA sty
o 30mz ZY H x2S gelatin coating® &eol= ZelAo] mountingst
o xylene I, II, alcohol 100% I, II, 95%, 70%= talti2 z} 584 A= o}
& 0.5% cresyl violet (pH 3.9) 22 1587 QM3ldt} 2= 22 A H3
I, MHEE #F8 T alcohol 70%, 95%, 100% I, I, xylene I II #AL

4 A F polymountZ ¥<lste] BaHulHoz B3I T Al H
sttt

o

8. PRVe| w22 5}t

Z24dH8E 0IM PB (pH 74)2 1087 2 A Loy A3 I 1:10,000
o2 343 12 A rabbit anti-PRV overnight& Al# 37ColA 8FL A
2. o] W gMAL 0.IM PB (pH 7.4)°ll 1% normal goat serum 0.3%
Triton X-100°] Ao Je AE AIEsdg. 7 F 2A-dHS A4

0.IM PB& 10%3t 23] AlHstdom, Hsu 5 (198109 g o7k w&3)
o] 22t AR biotinylated anti-rabbit IgG (Vector)& 1:2000.2 3] A 3}
37ToA 1AZHEE shE AR 22k & Awrgo] &Y % 01M PBE %2<

_10_



Al A 8t3 peroxidase’t EAEl ABC (Vector) £40.2 37ColA 1A]7F So
HEAIZT tggeg 01M PBE 1087 29 A&t 0.03~0.04% 3-3°
diaminobenzidine& 0.IM PBell %<l % 527 w8 x7]1 0,003% H.0.2
Hotstel A g S AYsigt 21 F 0.1M PB2 1087 23] A"ty =
214 H & gelatin coated slide 919 €8 ALo]A air-dryAl A} Alcohol 7}
xylene2 2 29 03 348 AN F polymount2 298t 33taln)
dog dasta ALY Fode AAG

9. PRV$} choline acetyltransferase (ChAT)<] o] Zw o A

FEEEE A Y YYo= vl Yo PRVE s = A4 313
¢} ECLE & Z2d#2 PRVY choline acetyltransferase (ChAT)E o]%
FHE HASAT. 12 A rabbit anti-PRV. 1:200, goat anti-choline
acetyltransferase (ChAT, Chemicon), 1:20©2 0.1M PBol 1% normal
donkey serum, 0.3% Triton X-1000] 3]43}lo] 37°C o) A 12~24A)17F F<H
incubationdte] WHEAIZ{th 0.1M PBE 1027 2¥ A Hat1, 23 &=
rhodamine (TRITC, Jackson Immunoresearch Lab.) conjugated affinipure
donkey-goat IgG (H+L)®} fluorescein (FITC, Jackson Immunoresearch
Lab.) conjugated affinipure donkey anti-rabbit IgG (H+L)E& 2z}2} 1:505] Al
g4 F 37TColA 242 whgAZ T 2 £ 0.1M PBZ 1057 2 A ¥ 3
¥ gelatin coated slide 1ol €& 4ColA 1247 BZA7 5 glycerine®}
0.IM PBE 2912 A< €d°2 mountingdtad confocal laser scanning

microscope 3}ell A AP & st}

_11_



10. PRV ¢} tyrosine hydroxylase (TH)<] o] & ol o Ay

dEEE2 fo U WHeZ vl Hel PRVE FU 3 A 33
9 ECLE & A AHE PRVY tyrosine hydroxylase (TH)Z o]2 QM &
A8tk 1A &A= Rabbit anti-PRV, 1:200, mouse anti-tyrosine
hydroxylase (TH, Chemicon)E& 1:2002.2 0.1M PB9l 1% normal donkey
serum, 03% Triton X-1009] 343t  37ColN  12~24A12F <t
incubationsdt] WG AIZ T 0.1M PBE 10%3 2¥ M sz, 23 A=
1’5022 343%  rhodamine (TRITC, Jackson Immunoresearch Lab.)
conjugated affinipure donkey-mouse IgG (H+L)® fluorescein (FITC,
Jackson Immunoresearch Lab.) conjugated affinipure donkey anti-rabbit
IgG (H+L)7} 1505 Al 814 & 37ColAq 222 g A AT 2 % 01M
PBE 1023 2 M A3 F gelatin coated slide ol 22 4ColA 1247
ANEAZ F glycerined 0.1M PBE 2912 49 £4°2 mountingdto]

confocal laser scanning microscope atoll A A}z #od s}

_12..



44 AN vtz Fabshe Az

—
O

Y A sivtol HAAAFE7)FE o] &5 pseudorabies Hpole A
THE F AAE cresyl violet LS Fstd &laA ) (Figure 1). ¢
k13

shlg F Azt gMS @ zAEY WEHBY (A,

>

ventral tegmental area), =743 (bed nuclei stria terminalis, BST),
%<& 718 (dorsal nucleus raphe, DR), £ %2999 (entorhinal area, ENT),
&/ 58 (lateral mammilary nucleus, LM), ZAlStZZ 28 (medial
geniculate, medial part, MGm), ¥jZ <& 5 £ 3 (medial geniculate, ventral
part, MGv), T3A%3 (medial septal, MS), ¥ Fo}z}7]& (subfornical
organ, SFO), 453 4% 713 (superior central nucleus raphe, medial part,
CSm), A4 (thalamus, TH) § 9 Q8o x FAgurgo] vepton 3
TR0l et FAARS S AolE AT (Figure 4, Table 1).

1.2. sivte] S04 WA=
B8 #AHA9 ool wlolziAg FUF H  HxxS  ChATH

pseudorabies H}olz] 2o 3 o|FHBFMS A Ps Ay ZHIMPEA

(agranular insular cortex, Ald), S4# %<3 (central amygdala, CeA),
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& (globus pallidus, lateral segment, GPl), 9 ZA|As2 1A (lateral
hypothalamic area, LHA), 9533788 (laterodorsal tegmental nucleus,
LDT), WSA=s  (medial septal nucleus, MS), F7hx9Aa)
(mesencephalic recticular nucleus, MRN), == 3593 M2 (periaqueductal
gray, PAG), 7+% A (substantia innominata, SDollA] o]Zg Mg ANE7}

Feigom Qe FF wa o]FYMWNE HEe aolZ wAY

(Figure 5, Table 2). PRV} ChATol| th3t o| 5383 JMS Esto] o]
kg g dA AR F g B ugg AX@ W Fuay

&
(globus pallidus, lateral segment, GPl)°] 54% 2 ## =t} (Table 4).
1.3. #jvte] &9 ARz

47 839 dfuto] dlolgiAE FUZ F HEAS tyrosine hydroxylase
(TH)9} pseudorabies whole]2:of tidt o] T3 AW A3 ZAa} wjZs
#3 (Al10, ventral tegmental area), th2]A}o]l# (interpeduncular nucleus,
lateral subnucleus, IPND), #2%Fd  (locus coeruleus, LC), &5 2173

(laterodorsal tegmental nucleus, LDT), FX¥#F3]M A (periaqueductal

ot
1=

gray, PAG), FA1/d3t# 8 (posterior hypothalamic nucleus, PH), A
(substantia nigra, reticular part, SNr)ollA] o] F A Mg M X7} F2EY o
AR FHol wet o]FAAHRS HEE AolE BAY (Figure 6, Table
3). 53] gl Atold (interpeduncular nucleus, lateral subnucleus, IPNI), 4
=T8I E (periaqueductal gray, PAG), Z 272 (substantia nigra,
reticular part, SNr)oll A4l 743 FAdut&o] #ayQit. PRV THS o] &3
BANE T3l olFY S u &M thgAtol s (interpeduncular nucleus,

lateral subnucleus, IPND©o] 100% =24 713 =4 ZALE T} (Table 5).
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2.1. Sul2 FA}sl= 22aA2

£33 7249 AU H &4 RYE cresyl violete 2 A AR 1 9%
&stA v (Figure 2), =3 ECL 22¢] 713 gubz el wstol sfn}o]
A opo] el QlojAl olMEZAR AL (acetylcholinesterase, AChE)e] 3
WMEZE 22 gstd Moz zAE AT (Figure 3).

Entorhinal cortex lesionS & 109 %o 339 s}u}o] pseudorabies H}o]
28 FUT AR Ho wiZ B (Al0, ventral tegmental area), & %x

ulu

A28 (bed nuclei stria terminalis, BST), $%%7)8 (dorsal nucleus
raphe, DR), £%2t9 9 (entorhinal area, ENT), 2|8 (fastigial nucleus,
FN), v} (hippocmpus, HP), €5 #%8 (lateral mammilary nucleus, LM),
A3 (locus coeruleus, LC), WZHZF 28 (medial geniculate complex,
medial part, MGm), ¢+%%F£3¥ (medial geniculate complex, ventral part,
MGv), &2 utsl (medial septal nucleus, MS), | Fo}ai 7] (subfornical
organ, SFO), #%%4& 713 (superior central nucleus raphe, medial part,
CSm), AI“¢ (thalamus, TH) 9 A7 selx Fgdutgo]l #aglon o
AN} Fiol wet 2743143 (bed nuclei stria terminalis, BST),

% &719 (dorsal nucleus raphe, DR), 43249 (entorhinal area, ENT),

£

A (locus coeruleus, LC), &2 28 (medial septal nucleus, MS)ol
M 7R NS Al g8 3 zolE nyu (Figure 7, Table 1). %=
g 30 Fol #H9 svtol pseudorabies vlole] A g F<QE A} Mol wy

533 (Al0, ventral tegmental area), %324 (bed nuclei stria
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terminalis, BST), %$%%7]3 (dorsal nucleus raphe, DR), % 3%7t99
(entorhinal area, ENT), %23 (fastigial nucleus, FN), #}v} (hippocmpus,
HP), ZH4F9  (lateral mammilary nucleus, LM), H M8k (Jocus
coeruleus, LC), HEIZEFEH (medial geniculate complex, medial part,
MGm), %7 &3 (medial geniculate complex, ventral part, MGv), W2
23 (medial septal nucleus, MS), ¥ Fotai7] & (subfornical organ, SFO),
H%EF 444713 (superior central nucleus raphe, medial part, CSm) 52| Al
Bl FAEwrgo] BEAHAOH, T PPN HEE= AAMe] EH o
2} 2ol & B Yt} (Figure 8, Table. 1).

22 vtz FAlste YA A=

EF42- &S F 109 F AFHY @sjvlel] Hlolg A Fld H x
£2& ChATS$} pseudorabies Hhol&] 2o gl o] FHJA M Afst Az
FWa (globus pallidus, lateral segment, GPl), 9 ZAA32 TR (lateral
hypothalamic area, LHA), #%33]703 (laterodorsal tegmental nucleus,
LDT), WSA=3  (medial septal nucleus, MS), =7t orArs)
(mesencephalic recticular nucleus, MRN), ¥ %3 (substantia innominata,
SDell A olFdMd MLyt BAEAony Fwsl (globus pallidus, lateral
segment, GPl), WZZA%3 (medial septal nucleus, MS), 3 3Fx]otA)s)
(mesencephalic recticular nucleus, MRN), %% & (substantia innominata,
SD 5o VA TR/ e} o]FUYAuS ALo] zo]E R AT} (Figure
9, Table 2). =3 30% Fol #F < sinjo] nlo]d A2 FU3 5 HzAS
ChAT¢} pseudorabies u}olg] o] thyh o] &AM A3t Axp Futg
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24 (agranular insular cortex, Ald), %334 (bed nuclei stria
terminalis, BST), $4HX® (central amygdala, CeA), F#Wa (globus
pallidus, lateral segment, GPl), 93ZA338% 3 (lateral hypothalamic
area, LHA), 21553 /§¥ (laterodorsal tegmental nucleus, LDT), 33t %
43 (mesencephalic recticular nucleus, MRN), %3 (substantia
innominata, SDl A olFHME HE7t BaEgon NAM EFo e
GRS A= AolE RAY (Figure 10, Table 2). o] F %A wkg n

&
¥ ECL 108 Fo Wl (globus pallidus, lateral segment, GPl) 54%

o

ECL 309 % %93 (globus pallidus, lateral segment, GPl) 44%, 9] 5=
7H# (laterodorsal tegmental nucleus, LDT) 44%2 A 7}& =7 ZArE Aot
(Table 4).

23 vtz FASE mauyg Az
£37t@del &4 109 Fo @A sjupo] w28 FUY § Hzx

& tyrosine hydroxylase (TH)®} pseudorabies H}o]lg} 2ol 3t o] Z &3

e Al A wiZH A (ventral tegmental area, Al0), FE BT 3)

1'

0.

0

A (periaqueductal gray, PAG), HAI4&38 (posterior hypothalamic
nucleus, PH), 543 (substantia nigra, reticular part, SNr)oll A o] &< M=l
AE7E BEHRAoH AN FHol wel o] F YRS AT Fo]E 1

Rom, 53] ZMA (substantia nigra, reticular part, SNr)o| A 7}3F okAdulb
ol #AEAG (Figure 11, Table 3). =3+ ECL 30¥ 3o #z<2] s)u}q)
ol A8 FQ3 H H x2S E2A 74 EE 49 pseudorabies Hbo] #

&o 3 o]FHFEAMNES AAF A wiZH RS (ventral tegmental area,
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Al0), BMwbd (locus coeruleus, LC), F=#593 M d (periaqueductal
gray, PAG), ¢85 3 (posterior hypothalamic nucleus, PH), &3
(substantia nigra, reticular part, SNr)ol A o] F @M= A E7} o5 o0
B (locus coeruleus, LC), F=#F 93|43 (periaqueductal gray,
PAG), &4 (substantia nigra, reticular part, SNr) 52| A7 8o £ 2o
wet o] TFANE Aol Aol BT} (Figure 12, Table 3). PRVS} TH
oA N ]TAJHBIMNEG Fala] o] FUAWS v &L ¥E ECL 10¥ 3
v ZF %3 (ventral tegmental area, Al0) 55%, & A (substantia nigra,
reticular part, SNr) 55%, ECL 30¥ % w|Z %3 (ventral tegmental area,
Al0) 100%2 7t & FX& 2AA8Y Tt (Table 5).
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Figure 1. Photomicrograph of the hippoccampus after cresyl violet
staining. The pseudorabies virus was injected into the dentate gvrus

of hippocampus ( x40).
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Figure 2. Cresyl violet stained coronal section of rat brain with cathodic

a electrolytic lesion of entorhinal cortex (X 40).
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Figure 3. Histochemical staining for acetylcholinesterase (AChE) in
sections of the hippocampus after entorhinal cortex lesion (X 40).

a: sham, ipsilateral; b: sham, contralateral; c: 10 days after ECL,
ipsilateral; d: 10 days after ECL, contralateral; e: 30 days after ECL,

ipsilateral; f: 30 days after ECL, contralateral
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Figure 4. The central nervous system (CNS) hippocampal innervating

nuclei labeled with pseudorabies virus (PRV) in the normal rat brain.

a: MS (medial septal nucleus); b: BST (bed nuclei stria terminalis); c:
SFO (subfonical organ); d: HP (hippocampus); e: TH (thalamus); f: LM
(lateral mammilary nucleus); g: ENT (entorhinal area); h: HP
(hippocampus); i: MGm (medial geniculate complex, medial part); j: MGv
(medial geniculate complex, ventral part); k: DR (dorsal nucleus raphe); I:
CSm (superior central nucleus raphe, medial part); m: LC (ocus
coeruleus); n: FN (fastigial nucleus); o: Al0 (ventral tegmental area,

medial part)
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Figure 5. The CNS hippocampal cholinergic nuclei labeled with choline
acetyltransferase = and  pseudorabies virus (ChAT/PRV) double

immunoflorescent staining in the normal rat brain.

a: Ald (agranular insular cortex), PRV; b: Ald (agranular insular cortex),
ChAT; ¢ BST (bed nuclei stria terminalis), PRV; d: BST (bed nuclei
stria terminalis), ChAT; e: CeA (central amygdala), PRV, f: CeA (central
amygdala), ChAT; g: GPI (globus pallidus, lateral segment), PRV; h: GPI
(globus pallidus, lateral segment), ChAT; ii LHA (lateral hypothalamic
area), PRV, j: LHA (lateral hypothalamic area), ChAT; k: LDT(laterodosal
tegmental nucleus), PRV; I: LDT (laterodosal tegmental nucleus), ChAT;
m: MA (magnocellular preoptic nucleus), PRV; n: MA (magnocellular
preoptic nucleus), ChAT; o: MRN (mesencephalic reticular nucleus), PRV;
p: MRN (mesencephalic reticular nucleus), ChAT; q: MS (medial septal
nucleus), PRV; r: MS (medial septal nucleus), ChAT; s: PAG
(periaqueductal gray), PRV, t: PAG (periaqueductal gray), ChAT; u: SI

(substantia innominata), PRV; v: SI (substantia innominata), ChAT
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Figure 6. The CNS hippocampal dopaminergic nuclei labeled with
tyrosine hydroxylase and PRV (TH/PRV) double immunoflorescent

staining in the normal rat brain (X 40).

a: AlO (ventral tegmental area), PRV; b: Al0 (ventral tegmental area),
TH; ¢t LC (locus coeruleus), PRV; d: LC (locus coeruleus), TH; e: PAG
(periaqueductal gray), PRV; f: PAG (periaqueductal gray), TH; g: PH
(posterior hypothalamic nucleus), PRV; h: PH (posterior hypothalamic
nucleus), TH; it SNr (substantia nigra, recticular part), PRV; j: SNr
(substantia nigra, recticular part), TH
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Figure 7. The CNS hippocampal innervating nuclei labeled with PRV at
10 days after ECL (x40).

a: MS (medial septal nucleus); b: BST (bed nuclei stria terminalis); c:
SFO (subfonical organ); d: HP (hippocampus); e: TH (thalamus): f: LM
(lateral mammilary nucleus); g ENT (entorhinal area); h: HP
(hippocampus); i© MGm (medial geniculate complex, medial part); j: MGv
(medial geniculate complex, ventral part); k: DR (dorsal nucleus raphe); I
CSm  (superior central nucleus raphe, medial part); m: LC (ocus
coeruleus); n: FN (fastigial nucleus); o: Al0 (ventral tegmental area,

medial part)
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Figure 8. The CNS hippocampal innervating nuclei labeled with PRV at
30 days after ECL (x40).

a: MS (medial septal nucleus); b: BST (bed nuclei stria terminalis); c:
SFO (subfonical organ); d: HP (hippocampus); e: TH (thalamus); f: LM
(lateral mammilary nucleus); g: ENT (entorhinal area); h: HP
(hippocampus); i: MGm (medial geniculate complex, medial part); j: MGv
(medial geniculate complex, ventral part); k: DR (dorsal nucleus raphe); I
CSm (superior central nucleus raphe, medial part)) m: LC (locus
coeruleus); n: FN (fastigial nucleus); o: Al0 (ventral tegmental area,

medial part)
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Figure 9. The CNS hippocampal cholinergic nuclei labeled with choline
acetyltransferase = and  pseudorabies virus (ChAT/PRV) double

immunoflorescent staining at 10 days after ECL (X 100).

a: GPI (globus pallidus, lateral segment), PRV; b: GPI (globus pallidus,
lateral segment), ChAT; c: LHA (lateral hypothalamic area), PRV, d: LHA
(lateral hypothalamic area), ChAT; e: MRN (mesensephalic reticular
nucleus), PRV; f: MRN (mesensephalic reticular nucleus), ChAT; g: MS
(medial septal nucleus), PRV; h: MS (medial septal nucleus), ChAT; i: SI

(substantia innominata), PRV; j: SI (substantia innominata), ChAT
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Figure 10. The CNS hippocampal cholinergic nuclei labeled with choline
acetyltransferase =~ and  pseudorabies  virus (ChAT/PRV) double

immunoflorescent staining at 30 days after ECL (X 100).

a' Ald (agranular insular cortex), PRV; b: Ald (agranular insular cortex),
ChAT; ¢ BST (bed nuclei stria terminalis), PRV; d: BST (bed nuclei
stria terminalis), ChAT; e: CeA (central amygdala), PRV; f: CeA (central
amygdala), ChAT, g: GPl (globus pallidus, lateral subnucleus), PRV, h:
GPl(globus pallidus, lateral subnucleus), ChAT; i: LDT (laterodorsal
tegmental nucleus), PRV; j: LDT (laterodorsal tegmental nucleus), ChAT;
k: LHA (lateral hypothalmic area), PRV; || LHA (lateral hypothalmic
area), ChAT;, m: MRN (mesencephalic reticular nucleus), PRV; n: MRN
(mesencephalic reticular nucleus), ChAT; o: SI (substantia innominata),

PRV, p: SI (substantia innominata), ChAT
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Figure 11. The CNS hippocampal dopaminergic nuclei labeled with
tyrosine hydroxylase and PRV (TH/PRV) double immunoflorescent
staining at 10 days after ECL (X 100).

a: SNr (substantia nigra, reticular part), PRV; b: SNr (substantia nigra,
reticular part), TH; ¢ PAG (periaqueductal gray), PRV; d: PAG
(periaqueductal gray), TH; e: A10 (ventral tegmental area), PRV; f: AlQ
(ventral tegmental area)) TH; g: PH (posterior hypothalamic nucleus),
PRV; h: PH (posterior hypothalamic nucleus), TH
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Figure 12. The CNS hippocampal dopaminergic nuclei labeled with
tyrosine hydroxylase and PRV (TH/PRV) double immunoflorescent
staining at 30 days after ECL (x100).

a: Al0 (ventral tegmental area), PRV; b: Al0 (ventral tegmental area),
TH; c: LC (locus coeruleus), PRV; d: LC (locus coeruleus), TH; e: PAG
(periaqueductal gray), PRV; f: PAG (periaqueductal gray), TH, g: PH
(posterior hypothalamic nucleus), PRV; h: PH (posterior- hypothalamic
nucleus), TH; it SNr (substantia nigra, recticular part), PRV; j: SNr
(substantia nigra, recticular part), TH
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Table 1. The distributions of PRV labeled cells in the brain after

injection into the hippocampus of the normal and ECL rats

PRV labeling
Nucleus Normal 10 days 30 days
(n=3) after ECL after ECL
i (n=3) (n=3)
Al0 + + +
BST +++ ++++ +++
DR ++ +++ +++
ENT +++ +++ +++
FN + + +
HP +++ +4+ ++++
LM + + ++
LC + +++ +++
MGm +++ + +
MGv +++ + ++
MS +++ ++++ ++++
SFO + ++ +
CSm ++ +++ +++4
TH +++ - -

The quantity of labeled cells were counted in each group of nuclei

and presented as follows(-: not detection; =*: rare; + a few, ++:

moderate; +++ abundant; ++++: extremely rich)
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Table 2. The changes of ChAT/PRV double labeled cells in the

nucleus of the normal

and ECL rats after PRV injection into the

hippocampus
ChAT/PRV labeling
Nucleus Normal 10 days 30 days
after ECL after ECL
(n=3)
(n=3) - (n=3)
Ald 4 _ Tt
BST + - +
CeA + - +
GPI ++ ++ ++
LHA ++ + .
LDT +++ + s
MS i ++++ -
MRN ks ++ ++
PAG ++ _ _
SI ++ + -

The quantity of labeled cells were counted in each group of nuclei

and presented as follows(—: not detection; *: rare;, + a few; ++:

moderate; +++: abundant; ++++: extremely rich)
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Table 3. The changes of TH/PRV double labeled cells in the nucleus

of the normal and ECL rats after PRV injection into the

hippocampus
TH/PRV labeling
Nucleus Normal 10 days 30 days
after ECL after ECL
(n=3)
(n=3) (n=3)
Al0Q + + +
IPNI +++ _ _
LC + _ -
LDT + - _
PAG ++ + ot
PH ++ + +
SNr 4+ + et

The quantity of labeled cells were counted in each group of nuclei
and presented as follows(-: not detection; *: rare; + a few; ++:

moderate; +++: abundant; ++++: extremely rich)
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Table 4. Comparative analysis of relative ratios of ChAT/PRV double
labeled cells in the normal and ECL rats

Percentage of double labeled neurons

Nucleus Normal 10 days 30 days
after ECL after ECL
(n=3)
(n=3) (n=3)
Ald 9 0 22
BST 14 0 1
CeA 12 0 41
GPI 54 44 64
LHA 26 27 38
LDT 24 44 29
MS 23 37 0
MRN 44 31 49
PAG 16 0 0
SI 22 40 16
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Table 5. Comparative analysis of relative ratios of TH/PRV double

labeled cells in the normal and ECL rats

Percentage of double labeled neurons

Nucleus 10 days 30 days
Normal
(n=3) after ECL after ECL
(n=3) (n=3)
Al0 82 55 100
IPNI 100 0 0
LC 57 0 72
LDT 12 0 0
PAG 18 31 22
PH 67 21 68
SNr 60 55 32
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PRVE ©]&3to] 4ZA (cerebellar cortex), A4 (thalamus), ¥ %]
(amygdala), Z %A (locus coeruleus) 59 FFAAA 2H FA 7
¥ e AR Badgdoy (Kaufman 5, 1996, Jasmin 5, 1997;
Chen &, 1999), ajvte] A2 gt AFE oz nF g AHo|c}h %27}
A HAHOE 2ol FAHAAZE PFEoly FAMEYAL0) XY T
WA EE HRP §°] 2921 It (Moore $ Lenn, 1972, Fryscak %,
1984; Altschuler &, 1989; 1991). 128y o|EL AAFHAZA FIAHL
73 el FFAZCIY BxAA S $3Y o FYAAREoZ o5
TE I FE7F N ET AFFAS Fo) AANAMER o] B F
AHE AUZHA RaAY AUzt 33 Aotk ko) ALEE ] A
2t N334 vlo]2] A2 pseudorabies HiolE Ak T E ANAEZHAE 9
HAdE R F Ut F vlolYae YWE o]FFHxlo|x gt FALL
wet o] FstA wpolgj2rt FA ol 1 Frb F71R ¥ obls AYE 4
A FRE + A (Card 5, 1990, 1993). 181 AlZo e 7+do] H7
Gob &4 ol &5, e VHFHAESH Zo] AHEHY o|F rE g
dNE Bt ABALEA W ANH2 FH Y AgdHm Qo
(Deng,& Rogers, 1999). ol & o] &3le 2 AYPoME sulo] PRVE
THS HAGANE B stz FASHE AA2zE P390

Aotole] AN FAEHFES AN Hog Bz wgz 3/4d 9
3 AAAuE Lom NFHGEY] T WErt ZstE (Lynch
&, 1972; Storm-Mathisen, 1974).

_,1
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Lynchs (1972)& %% £35z7t73% F "H  sutFEAdA
(hippocampal formation)oll 4] o}ME 2 Bali4rE WAzt Me 2
% &= (ipsilateral)®] X|o}o]go] BatZolA @AsA 23 WMEs} BEE
B, £¥42d AAHRE0l AYHer FAEdn Rusg 2 4o
A 3iutell pseudorabies wlolelAE FYate HAHNN AU 9N, &3z}
2 E4d AAE cresyl violet e St Aty agdm 557
23 &2 % A9 AT AN AChE ME3eH gL S35 A3}
&35 (ipsilateral) Xloto]@d ¥abZolA @AstA g MErt 2AE Roz
Bo} ECL 2429 dutAel wW3als #aigc)

53 #vt2 PRVE FYUT A #viz FAHE AAZE F4 8Ho)
A WEAZEFE3 (medial geniculate complex, medial part, MGm)& 7§
FANEE B W £374P Ao &4 FdE 77 =2 Ygio
A Al (thalamus, THAIA R4 @AM E 728 FAurg
Aoy, £34PA 4 Follv SN zAHY AR H&4 Fo
ANBMES] Mg Holx YAt}

2 AN e dntz FAEE U4 AA2E AN A9 PRVE
A2 AR FRAn o]F M T AHRY FA AHNME B AA
el AR oY 522 E &4 Fo e Wyl dojyr E3
A4 AAME FHYAH2E (agranular insular cortex, Ald), 25434
& (bed nuclei stria terminalis, BST), 24 H %8 (central amygdala, CeA)
ol A FAdutgo] BaAHAoY ECL 109 Fole= SA4¥E S Hojtist ECL
30 Folle FYLEo] ZAHJG. ol ECL Fol Azto] Au}dto] uwhat
Al 39) AAPRE B8 Bl A AL YD @ & U =@ =
A 329 F2 32 WEA 2D (medial septal nucleus, MS)| A= A

b
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% AF9 ECL 109 Fole ¥4 w82 ¥ v ECL 30Y Fols 4
e, FEBFHIMA (periaqueductal gray, PAG)IIME A 317 o A =
F4WE, ECL 109, 308 Folt S4WeS v 2AY AA2/} £57
2o &4 Fol B2 ¥3lE RAGE AL & £ YA
A3 HelH =37 AEE o8 7Hx ddzAssty 2 A 2=
&5t A8 (retrorubral), 43 (substantia nigra, A9), ¥1Z 5 %8 (ventral

tegmental area, Al0), H 259 3 WA (periventricular gray, All), &2

19

(arcuate nucleus, Al2), %A1 4385 (dorsal hypothalamus, Al3), =4
T4 (rostral periventricular, Al4), $%A1zt2%3 (dorsal preoptic, Al5),
Al6 (periglomerular), %= (Al7, retina) 5 10719 1&o|A ZAE Y} (
Dahlstrom ¢+ Fuxe, 1964; Bjorklund € Lindvall, 1984). =394 A8
(retrorubral), &7 (substantia nigra, A9), ¥1Z 5 3 (ventral tegmental
area, Al0) 59 FTHANRAEEL &iutFAAZ SA €Y (Dahlstrom 9
Fuxe, 1964; Ungerstedt, 1971; Lindvall ¢ Bjoklund, 1974; German ¢}
Manaye, 1993).

=R AFZe wss »w dgAle]d  (interpeduncular nucleus,
lateral subnucleus, IPND), 4%t (locus coeruleus, LC), 9523748
(laterodorsal tegmental nucleus, LDT)e] A A8 oA HAa s Ho| M= oA
HeS Rolgrk ECL Folv SAWEez vegd, aelm Yywy
(locus coeruleus, LO)IA = ECL 309 %ol 73 <Fgdurge wedo. ol
22 ¥ge ECL ¥l B2 dollM =00y NAMESo] go| Bosittn
= 7 o 9#Atold (interpeduncular nucleus, lateral subnucleus, IPNI)
lq= PRVOl thd THe o] o] A4 dolME A NFo] A ZAY
Aoy ECL Folle A3 ZAHA] ¢ A0Z Mol 7by e WssE nyoh
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L=
L

U

d= &8 44 dHe ECL ¥ #4144 sivte] A4 2= ECL ¥

of W&EQHEZE3 (medial geniculate complex, medial part, MGm), A4+

tlo

(thalamus, TH), 284 AZAZE 2% 5348 (bed nuclei stria terminalis,
BST), FAHHE  (central amygdala, CeA), FEBZF3z M7
(periaqueductal gray, PAG), %% & (substantia innominata, SI), %= 3914
ANAZME tEatel®  (interpeduncular nucleus, lateral subnucleus,
IPND, Z ¥4 (locus coeruleus, LC) 59 A7 8o A B wWslrp zA}bE
Aon, AHoz AD Ede ECL Fo a4 2 Tovly Aol

En

¥ 4¥e PRVE olg3te] sjntz FAEE: Hadel sjoke] u7 29
2UH AR W ERUY AH2E Agor TEY RozA e /Y
o BdE VFYES YYo=z FAY 4 e F2W A2A ATY
F gtk =& AD 22 ECL %9 SuolAe sistz Fibg: gnje)
A2, 234 % £y AZMEe] Feste wa % Adze 73
2 AD #t ofUgt thg AR Wse] e ATolA S5 old o A}
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Pseudorabies ®}o]2]2 (PRV)9] Bartha stain® @] wlo]g] A o] A
HEE AYEs FHAR dFHNM 227D (peripheral organs)®  (brain)
o FAF F duA AL s BAstEd 9 olfH1 U su}
(hippocampus)®] H&& 3st3at 7)o Tdsiny, 4352423 (entorhinal
cortex)= M2 (neocortex)®} w74 H (hippocampal formation)S €7
e TREM F2d %S ¥ £348 A EA4S Alzheimer's disease
(AD) 2224 suloolr NAEA0Z Q& 2L NG o] sprouting

of #ojsh= A H 5L Arst=d Bol o|g5 1 Yot

= AT AA, sivkZ PRVE Y% 3T @3 o WolA o snje]
NER, 2d4 £ ES0y AA2E 23390 SA, 32003 &4
Fol PRVE F93 F dvl2 FAHE sivle) AA2, 2d4 T2 syl
4 e dest Wals B

dEEET2ME FA7 200-350g =2 Sprague Dawley #AE9 <. 4
€ AHEshth £5 42 4L A9 HAYFE7) T FEE 9o
24 10° A28 & ¥ bregma® 71F22 912 83m (AP-83m), A=
= 71E8t] 422 48m (ML-4.8m), dura matterdl A 6mn (DV 6mn)=} 4
m (DV 4mm), GA] AFHelM 902 43m (ML-4.3mm), dura mattero) A 5
mn (DV 5mm), 712]31 bregma® 7]F°2 992 88m (AP-88m) AZHE
ZIFo2 do2 365mm (ML-365mm), dura matterol 4 5mn (DV S5mn) 4y
el #5 £354248 A9sgd. A28 &4 1 o SdRE
26-gage®] stainless-steel electrodeE ©] g3t M7]|E 45% 59+ AAFAo)

>

-65_



8 A% £342d &4 F 109, 30904 HAYFELE7)TAAN 10
AW FAIE o8 (0.0544/min)st] PRV 3408 siu}s o] Fglshdct.
Ao ZE¥ ¥ 4% PLP (paraformaldehyde-lysine-periodate) = A}8-3}
o ¥F 2FFL HE HEA. PRV BAHNAAEE 12 84 rabbit
anti-PRVE o] &3t WdzgstdMe Fato A 37423
&% F olF¥FINEe 2 HzZAdA PRVS ChAT (choline
acetyltransferase) ¥4 AIZAXE (rabbit anti-PRV, FITC conjugated

N
-

donkey-anti rabbit IgG; goat anti-ChAT, TRITC conjugated donkey-anti
goat IgG), PRV® TH (tyrosine hydroxylase) %Al AlZMX (rabbit
anti-PRV, FITC conjugated donkey-anti rabbit IgG; mouse anti-TH,
TRITC conjugated donkey-anti mouse IgG)E& A A AGE2 A FArar o
A3 2d4, =AY VFAERZ o] gagtt RE 149 2N W
EAGIN EE o] FHIBING Bt Fe} @Y T2 dold A
4 duF S T3t BRAY.

UMY Holas e HEA 7tFReigse] HAzA I NS 51

PRV outgt Ex& 839 dntiydan Saets $20349 204,

E=Rg ABAEE FEeEd AEH A ChATS$ PRV, TH® PRVY)
FHAANE NAATEE HEVolN tre] £F4PAe] o2
2 Ao e dge] REHUG. A4 FANA otz TAHE sjuie] 2
A2, 294 Bt ERu4 4R2E PR dn £57404 &4

Foll sivtz Falets FUY L =R0Y AAME Fejsty Wahsh 24
Ak old AREL £FAP2AY E4bo] ¥ YolA AWAE Srsii
oA detz RAbslE sjnie) MAwe AN, ERUA 4
gejsty wHE nFn o
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