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Remote Astrocytic Response of Prefrontal Cortex Caused
by the Lesions in the Nucleus Basalis of Meynert
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The nucleus basalis of Meynert (nbM) was lesioned by injection of ibotenic acid and
the prefrontal cortices were subjected to immunochistochemical and Western blot analysis
for the expression of glial fibrillary acidic protein (GFAP). In some rats, vehicle was
injected into the nbM and in others 6-hydroxydopamine (6-OHDA) was injected into the
ventral tegmental area (VTA). Quantitative Western blot analysis revealed significantly
greater immunoreactivity for GFAP in the prefrontal cortex of nbM-lesioned rats.
Immunohistochemical examination revealed fibrous and hypertrophic GFAP-positive astrocytes
even one day after surgery, and this reaction was stronger at three days after surgery.
In contrast, GFAP-positive astrocytes were not ohserved in the brains of vehicle-injected
or VTA-lesioned rats, even 21 days after surgery. The present results indicate that cortical
astrocytes respond to cholinergic deafferentation. In addition, the expression of amyroid
precursor protein (APP) in the reactive astrocytes were examined by immunohistochemical
techniques with antibody against APP. The reaction of astrocytes was induced by the
deposition of kainic acid (KA) on the dura or the infusion of ibotenic acid into the ipsilateral
nbM. The expression of GFAP was observed in the cortical astrocytes induced by both

treatment, but the expression of APP was observed only in the reactive astrocytes in the
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cortex injected with KA. This suggests that the reaction of astrocytes is heterogeneous

dependent on the feature of the lesion.

Key words: reactive astrocyte, glial fibrillary acidic protein, f—amyroid precursor protein,

nucleus basalis of Meynert, ventral tegmental area
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I. # =

RHEEOFREDF O HIE, BRARAEETSH
v, BECHEETS ) THREZEAITRMERE LT
BHUBhAZ ENEh-T. LL, BEOHIRESE
HrFoERIC LD, 7 THREAS F I R
BT« #A4 bhd v WL, SREENEOZEES
HLTWBIENELMERD, BEERBOLRE - MR
SRR 7 ) THBRAEELGE Y R LTV EEL
bBnbsloici-i.

SESEAMREEBICEVT, BEBERECHLTT A
FEd A FORIGHBEES LA, T4 7RI
BUWTh, BABSHRRERHEAE L& &b, GFAP
BT At od A bOHBBEYELZEAMLRTLAD.
ZOT A MudA FOHBIL, EAROBE L ILTL
LB LWL LWL OBEY LA, BARBRAR LI
L5 TR L DD, HBEET A A FEE
D—EH RGP - 20 L. 7A Y, T—fK
OEREREAETH O, BYLBEREL VA, il
DOREORAFERITMIB I Nicd &b, FREMRL R
TEHET7A by FOBEEEREZ S I ERN LTHEMR
RIFE%BH &, BEREA~DERH &N TELIOTIRARL
mEEZ, TA LT, FOBERXBET ATHE, in
vivo TOF LVEBRTF A2 LR 2L 7.

TA MY A L HEHT in vivo TOEERRIT stab
injury® % cold injury? O X 5T, o, R
BENCRE*VOERITEFTARE 12, v b
BB AT B & A HE S GFAP BHERIGH 7 =
FeY A FOHBEAREERY, BEENTER,»HEN
e SN AERBUCHE T X b A b OFEER
Bbhdiot. ZOERBRIGHET 2 toy o O
e, X XIAPWHORRC W, +o A
ENTELT, BEENBBBCT L CHETLI 7 A b
HA b EWRERRTLOTHRE VI EE L. £ 2 TH
o, TV TR BT EE AR
FTERA FAMEERE (nbM) 2T 5 FARME

L, TOFEBHBETHANHEELEDT A b v A b
DRI = L.

¥, EABOERERRS TH 5 fEHOHIRE
T#H 5 amyloid precursor protein (APP) #%, I8
BREORIEHET A tu v A4 MicHBT 52 LGS
nTWwW59, BENLBBECHECHEST ST A oY
1 b EEBRICHET 2 S bORIGA =X 2%
Bt 5i®, APP %~ —h—& L TREEREAIES
Nzt

II. £ B A &

1. EFNEMHDOVER

HENTIT, 200g DO Wistar 7 v b EHW. o
4 Y REE T2, Paxinos and Watson OB w3
¥, RIBAIERE W acethylcholine (ACh) % #8735
74 x4 FEERE (nbM) & Arendash, G.W. D
FES ZHE, bregma LV 1.1mm #H, FPLH 2.4
mm Hll, BEBRE LD 7.6 mm DFEICEHERIA
L, microinjector pump (CMA100, Carnegie Medicine
A/B) 2V, AR5 B (5mg/ml) 14 %550
PP TP < DA LB L7, NBERE LTHTHE
FHE dopamine (DA) %44 % [EHIBEE (ventral
tegmental area: VTA) % Herve, D. HDFHEY 1T
H-5%, bregma L 9V#HH 4.1mm, FEF LY 0.5mm
S, 8.7 mm DEIIEEFIAL, 6-hydroxydopamine
(6-OHDA) (2mg/ml) 3pl ZHEA LBE L. Sham
FHiL, nbM B L EROFHE CHBFCARET S
PEHIFA Liswdb & Lie, £hFh, Bk, 3,
7, 21K, =T ARRBETICECHICERL, £A
BTBEIEREH O —#%, Western blot analysis i —80
CRRFEL, BETOATAI AERAK I THEALT LT
b N TREEES, /85 7« VA LSRR
By,

R B ORI, hematoxylineosin (H.E) %,
Kliiver-Barrera (KB) $ficTfT5 & & b, nbM B
5 v biE, choline acetyltransferase (ChAT)
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(Boehringer Mannheim) &% %, VTA BHES »
b tyrosine hydroxylase (TH) (SEBamifEiRES#
E BEMEEHS) RERERTO L LD R
MeEre ACh, DA fEEiE =2 — o v oA R L
7.
2. BIEHEERE ACh, DA BEORE
nbM B LU VTA OBEEEFACHERT D100,
ATEA¥ERE O ACh, DA BEAEERAEK/ n= 73
T4 HCTHE L., nbM & L VTA B3
H#iz, w4 7 ¥ x—7 (Toshida, microwave appli-
cator) *#M& (BKW, 1.58) wTERL, RjEHERK
HAYoH L. DA 0.1N BEFERCTAEY S
A X% 15,000 rpm, 205fEE&E0, ACh 3 0.2N @3
EBIZTHE YA A 10,000 rpm, 205 ML L E
Hx B BECRERCPRUBAEERE 7 n < b
7357 4 — (BAS) %M\, DA HimEiZid Biophase ODS-
VI column (BAS) %, ACh #lEMicid Acetylcholine
analysis column 51-5054 (BAS) #{#H L 1.
3. fEEsevms
nbM B LU VTA %88, 1, 3, 7, 21H®
FRHC BT ARTEEREO T A brtq FORIEH:A, glia
fibrillary acidic protein (GFAP) =3 % Sfrf s
Rt & o MRt L. GFAP %fail, #i GFAP #
) 2 o —F ik (Dakopatts) %\, avidin-biotin
peroxidase complex (Vector Lab.) & RIG#,
diaminobenzidine I THfE X4/,
4. HIEEERE GFAP ZEREOFE
nbM %L 0" VTA ##3 HH & Sham FifF5 o +
o, EREEEREY T FA AL, 15 BAEY
11% SDS/polyacrylamide gel i TESkEIH, = b
ot — ARCERKBES L. I GFAP Hifk
(Dakopatts) & THREREHE, avidin-biotin complex
(Vector) & RJE &4, 4-chloronaphthol I THRE L,
densitoscanner (CS910, Shimadzu) W CTEE L.
5. RIGHT7R bOHA MTEHTSH, Amyloid
precursor protein (APP) ORIBO#HET
KBEE FHREHC -, BEREC BT 5 Ut 7
AbnHAS &, nbM BELHECLOHBHETH D
BEHEE T 2EmBUGHE T R b oy o RS S
fod, APP %L L Tr ORERIH * S#FA
BET L1z
K EBEE 7L, 250g OB Wistar 5 v b %
ot VKRBT, ERERREE T CEE, MEHELS
DL A ICEE 2mm OREG, »1=vE (7.5

mg/ml) & LAZF¥ictA+ o eAePE LIER L
7o. nbM BEE F VIR OFETHER L. £hE
hAERkEEEE 1, 3, 7, 21A%K, ¥ vEB—4%
SRE R LT AT e NI TERERE L, 20% > = 8/PBS
T cryoprotection #%, BEEE LI VAR 2y b2
T35 -4 EER L. FhFhii GFAP Hifk
(Dakopatts), $i APP £V # n—F Atk (APP666-
695 1 AP PR EE, HFEBREABEEESY) wh
R AT - I

1. # ES

1. nbM, VTA WETTILORIL

nbM kLU VTA Of#i%, H.E #f, K.B
WCCHERR L. nbM B £ 5 Tld, nbM KHEET
AABO 2 vFEE MR EE s (Fig. 1,
ChAT #fEstatd, ChAT BMMROBEL Y Rb .
—7, VTA gz, BEROPECH-% VTA
OEEARE A TE SR (Fig. 2), TH At d TH
IR MR OB 2B 1.

&5, nbM, VTA #85 » + ORTEERE S
%, ACh, DA BE#% HPLC %\ THIE L8R,
nbM 5 » Tk ACh BE 102.3+23.2 pmol/mg
protein &, 2V hmr—s (191.8+20.4 pmol/me protein)
R LEBOET.ED T (Fig. 3-a). VTA BiES
hTid, DA BB 1488.0+64.9ng/g protein &, =
v ba—s (2824.8+753.9ng/g protein) CHLEE
DETFTHE»H . (Fig. 3-b). oL 5 #@lfkrm, £
A AR L5 v b EWT, FTHERED
FTA MY A PORIGHESY GFAP #7—Hh—& LT
IR - B AL L.

2. PIEEERHEIC&KITE GFAP &ERIGH

4 %85 R a T AT e FEIE, 57« vEBEYH
CBEGTIE, ERELAES » b T, AMEEE]IRBS
HEOT A brd A bl GFAP SUBkaM: &7 %0,
Sham FMi5 v T, FOBH»HBEVIBOT R b
FA MEI bEPCRBEINEDLTH-T. Zhic
L, nbM ##5 » b Tk, WTBREREOEIE»D
HVIBIZH -5 % CIEAI GFAP BHORIGHET A +
oY b OHEBRARD, Wl OMICHS s ERLYE
»i: (Fig. 4~A, B). GFAP & RIGHIE, nbM 8
BERIAEAGHERL, 3HBREAKEAY, BEAM
FiemE L, BEOIEKLLET A bugA HEESR
fo. FOH%, 7THHH2BE EERCEGELED L
WRESER b ok LT - (Fig. 5). —
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Figl <4 xA rEEBHESEIAHDO T v ¥ (Kliiver-Barrera %

)

EH A R F YBRIEARMN (Bar=2.0 mm)

Fig 2 HUBET (VTA) BE3IA#0 5 » PR (Kliver-Barrera

Befr)
&Ml ; 6-hydroxydopamine HEAEA (Bar=2.0 mm)

Ji, VTA B85 v bTid, BlEOM LB E
Hpip@ER»bh? (Fig. 4C,D), 1~21HDOWWTho
BRFZEVTL, GFAP BHORIEMWT A by 1
FOHBIIED 51 (Fig. 6). 351 GFAP %
BRIGHY BT 5 22, nbM, VTA ##3
HEORBEER ERE Y 5— b2HAL, Western blot

analysis %17 -7, TORER, ®LES » ML, nbM
W s o b TSI GFAP ofEns R (Fig.
T-a). FV Y bA-Z X LERHBITOKRE, nbM
WS v b Tk sham F4HF5 v btk L, GFAP ©F
BOLRZZEDRE, VIA B> rTidlbhAEE
Aux@Bdich -7 (Fig. Tb).
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Fig 3 a @ BiBHERE LTI 2 — D Acetylcholine BE
C : control

nbM : <A R bEREBEES » b % p <0.01
b : BISHERE R €Y % — D Dopamine BE
C : control

VTA: [RUHETRES » b %%k p <0.05

Fig 4 =1 3/ P EEW - BUESTEES HEOWHERE T A b oyt b (GFAP
EEERE) (Bar=0.1 mm)
A, B: =43/ b EEHBES » C, D:HNHEHHES » +
A JEBEEER C : JEmsEp
B BREM D : BEEf
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<A F0 P EEEGEES o r OFEERE
GFAP Sz BUS M DO RERZE b

A, B, C, D:zhxhy¥#1, 3, 7,
21H# (Bar=20 um)
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Fig 6 MUBEEEES » F OREERED GFAP
T AT B D RER 92 b,

A, B, C, D:zhxh@®1, 3, 7,
21H# (Bar=20 gm)
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(%) x
[ 1
300 +
n.s.
200 ——
2l
100+
0

Sham VTA nbM

a7y PHTHERE ALY % — b D Immunoblot (GFAP ##Fgfa)

Lane 1 : control

Lane 2: %A /v F BRESGHES » b

b : GFAP R EE
Sham : sham F#ff7 » b
VTA: FREETHET » b

nbM: <A 2N EEBHEES » b

% p <0.01

3. BBEETILE nbM BEEFLCESITSAR
TR MAY A FD APP SRERIGHC
2T

FRADEBl L, h4 = vEB*»BEX LSS EE
i EEMMBEE O F LB, needle injury @
L O RRE B DT, KREEEI~NEE o
PR EEST L L REREE Lis, ZOEERE
Fad nbM BEEFAZEWT, APP ORBRAEE
RS L. APP ©C K 666695 ioxt3 5]
ik, €2 VBE—4 %35 Rk AT AT FEE - 8

BYR TR, EES > MNOMBRMRORGES g6 Uiz
B, TALRYA PEDWTR, REEIBOT AR
HA b O—EREBTIEDLTH T, HA=vBIZ L
LREEE T TR, HEE B LBENRE APP
BB 4@ (Fig. 8-A,B) », 354
FTohboffilall GFAP BHoORIGHET X b oy oa
FTH B LRI (Fig. A, B). Rtk 7
Abadq ekt s APP RERIGHIZEE®1H
HaoHHEL, 3ABR&ELES, DSBERE L. BE
B bER AT BT 2 GFAP BMRIGH T A b
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A, B: a4 =vBEEREET
A GFAP ®E%6
B APP i gE

oA bt APP BMETH -7, —FH, nbM BEEIfE
WETBHER R BT ARG A br 7Y 7IiE, 1~
IHBOWThORRIC BT APP RERIGHES
Ao -1 (Fig. 8-C, D, 9C, D).

v, % £

TAFaYA FOBELPIET S in vivo OERR
& LTk, stab injury®, cold injury? /¢ & OEEK
BBRETTFARRAWSLNE Z &% o h, Isacson
Lk v, BEHEA AT VvEBICTHEETLZ LI LD
T OB GHRTH HRERR - BE - ANBEIC GFAP B
BRI T A bad 4 bAHBET AT ENRED &h
Thb, BERIGET 2 bad A PREBRBEH, ThE
BETILCL2rDEFARBREI ATV 29, Ba i
eI 7=, BTEHEERRE W ACh %#83 % nbM &, DA

FREYSMIE $108% F6E FTH6F6A

s i . =

Fig 8 KBEEHREET v E< M 20 P REMBBE 7L TD APP. GFAP fuikiby
(27 —-9k) (FIEA) (Bar=30 pm)

C, D: =4 3V REEEEEF L
C : GFAP it
D : APP fgiufs

ST 5 VTA % BT AHccERE 5V Tll, nbM
WEEFNCBCTOLRFBEERECRISHET X oy
1+ OHBE R, VTA BETRBDbhih -7l
E&h, ThEHEORIGIZET S anterograde degeneration
&5 b DTIE <, cholinergic deafferentation ¥
BRIOCETHRULTH 2 FTHEESHE S iz, nbM,
HHZ, BB LR CHA 818 Lo iHsE il nbM
Wiz £ 5 ACh OETIC & 9 BREME T4 212 53,
noradrenalin'®, serotonin'® fEBiff =2 —1o v ® dea-
fferentation TIBAHOETIRED bhic L&
nTEH, KBEHECEWTE, ACh BPEELH* %
LTwabb0EBbh, 7TAMRT A PORE D
cholinergic deafferentation WfWERCAE UK
ITHHATERMESRE L bR,
COBEBEIGHET X b a o b, BBV HIc S
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Fig 9 KBEBEBRBTFAL LA 70 F EEEBE T L TD APP, GFAP
SEESE (37 —4F) GAIEK) (Bar=5 pm)
A, B: 1 =vBEREREET

A GFAP #fEdt
B : APP ffERE

GH (- A) 13, FRAFRELT7A eSS bERT
C, D: =4 31 EKEBHEHES » b

C : GFAP e
D : APP e

KH (—- A) 3, Th¥nRE UAERREZRT

BRI LT, RGBT A bod 4 P BT 5 53T
BTH 5. HEHL AT, FEEEREOWSREMEICE
R RED bhiwv. BEL<ATE, MR
PR LI, vF T RSN L T ha
TAbagAg bO foot BEYBELAIRAENRD LR
BEHEOINTEDY, vF 7 20B{LeR LT A b
A FPARIGLTOWARBEENEL bR E. WThic
&, nbM BEEFA TR, WEMESEFEL, WS
PEMEE LY B BB OFRT GFAP B0 RIG

BT X buy A RARBLTERD, BT S MR
EECEELYZI TS stab injury T EDRE L
IHEEBRLADT, TA oY FOBREYTERT S
FitleeFE LTHEREERRS.

stab injury 7r & OEBENCMBEBCHEVGEERTL T
Z badA bE, nbM BECEVHELT AEBRICHE:
TA b aHt A b ORBEEFE Y BT 5D, APP &
Bt & B L. APP oXBlic-on
Tk, MBI A = vBEEATEETAY D, stab
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injury ®5F 42020 R\ TEFORBEBEORIEHE T 2
brsd iz APP DEBTA 2 EABRIh TV 3.
Beoh =vB L BEEEFrEVTL, FHER
W ERBEES T (1) OT7 A buyA bz APP
FRERIEHARD . —75, nbM BES » +Tid, GFAP
B BRI T 2 b YA Mo APP RERINM
RD LT, APP BEEFISHI >\WTIE R - BT
Aiaxbhts. Ll, BEEWMEEET VT, &
Boboofn o BT 5 GFAP BT 2 b
¥4~ APP BHETa D, LT L2 TORIEKET
AbayA bp APP #REL T E2b3TRich-
fo. LLED X 5z, GFAP RERe BT, Wb
@5 GFAP BHORIGHET A bait A b ERE~NET
AbagAd bTRHEHD, APP REREHIIEAFR
B ->TED, HEOHR - BE W L0 2 ORICHEE H
B bz ENME LT

Takamiva ©'® i}, stab injury CfEWHEST 3K
GEE7 A a9 A % BrdU, vimentin e, SH-
Thymidine ODEROVALFTRLELLELIHMTEL T
WA, vimentin 27V THROFELMREBRES T
By, SEHOT A b r A MCFEE LBBIC P %
155, BMBEHCL LB RESTE & BER
FHB T 5. BrdU fE#E L *H-Thymidine B H
ALMROFHOBE D H, SFHEBET LT A FadAs
PEOSZ—BERRTEELEBLLRTWS. —F, A
B SRR EN BT CHETE 7 A b ME
PHEHCEELTHERT I EELLATVER, Zhid
vimentin B TH -7, ThLDEEM S, GFAP B
WORIEHT 2 buv A borxhicid, © 528,
INVT 745 AV OBERTAIaHA MNCHBLD
E, @ Bz s U T 749 AV FERAOSEB—EMET
WINd 57 A et A bPHFET L EEBRTW5. APP
LEE T TN ORES TR EBERBOBRIGH 7 & b
a4 MCOLEHELTE D, vimentin DA LT
Bh, BECHC—BECSBEE LT A by A b
COLBELTHHTESENSS. —F, nbM B
L2 EBRIGKET X f et A Tk, GFAP BHEH
2842 40D, APP @ upreguration 2k H7c
WeEZLNE, ZORIBHEOE L, FIROBIC X
5500, REBOMBIELILLORRIE-ED LA,
GFAP #EMICHICIZZEN T {, GFAP @ upregulation
BRBETHHEEL. NEOBERI Y, REOEL
CEh7AbudA v TD APP REBF LR Z
EDBL M ET ST

TadosS 2 —IRIBT S, GFAP BT A bm
1 PORBEFITRETH LM, ZAHORE & 12HB
LaEwenwsBELD Y, KL LDOH, —BNLR
BRI - & D Uit —F, TAY A4 7—KTiE nbM
DY B o — 0 v OERCEHEYRD, ABK
H T} cholinergic deafferentation A I - T\ 5 &
Exbhb, Lizh->7T nbM @HEEFALETAY N
12— /WTOTAbu 7 ) 7TOHEBLA~L LoERR
EFNEZBZLRB.

Eil &

Bair pimaicy, HIAEEE G2 E, R
BizBo € Licik HBRBETCEBBLEST. T
BEEMAEE L E F LU AT I e S
RE MBS, BLIERERTETAREE B
N Bk, EBBRBHtY 2 —fgRE BT
HAERSE, ERETERARRSRENR S8 #
Sk, BURAKEBMAETERAR RNE RE4E
HREE Thed, RBREMELE, FRAERBIETSE
BRE BE EhEdE, LEELEECES
BLET. BB 2T A, FEREETFEA, WK
WATFEAOHBICEH L LET. TLHED
EEELTFEWE L TR AR TSR feEm
MER F&BcodrbRERLET
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