A Fundamental Study on Nuclear Medicine
Imaging of Cholinergic Innervation in the Brain

B&5:jpn

HhRE

~FHH: 2017-10-04
F—7— K (Ja):
F—7— K (En):
YRR

X—IJL7 FL R:
FiT/:

http://hdl.handle.net/2297/8186




342 SRAFFEESSME $99% F25 342-359 (1990)

2 > PEE Y AR A ST D O I R 2 R D EERERTR ST

SRAFELHEELME (FIE | AEK—HE)
® & B T
(PR 22 A 7TERM)

Mtﬁwazu>Wﬁﬁ@%iﬁ®ﬁ&$m@@m%EWtLt%mmw%tLf,7»VA4
7—%@%%@%%?w®0totén1wé4ﬁ?V&&ﬁwt~m%M§E%W$m;é:uyﬁ
BEETRERES v MR EM L. AFENHCSY 2% . FREEOTMO oI, EROEEL
D LBENELEAANESEHNEREBREREER, RIFLT, SEHHEREE BT 5 RKIC0ES
LRI OLTRE L. FNHET 6 BEROBREATO RIS, BINE SRR FME « ATFHE
WERBE DT, CEHBEORRET A N TR, FHTEELSIC R b VT i ET S B R e B R O R
2RH 5N, SENERERKTROEBLFIRE TR, FRERIEN TR ERENE, RLE, B
IUWEOW&mmm%tfvfwvxﬁE¥fho,ﬁ%ﬁ?@?t%w:Uylzfa—ﬁ
(acetylcholine esterase, AchE) matDETHs bR, & 5ICRIABUTD 2 RS EIRIEE, BEIE, Al
FEEE B BT AchE RaMDETHA LN, ERET BB AR AREEER R BT 53
Yy FEF VLT AR7 2T —F (choline acetyltransferase, CAT) B U AchE BEHOREET-
- RESBEIJERGEEANC i, CAT YoM F946%, AchE FEMEHIERIA0% L HETFE LERICETLT
Wi, DEX Y, o3y v IEBEEXEREFNEERBREET VY NAT —JwD—ETFTNELT
BAELBEEILONL. &5 CERBEOTRAAMEEEFECBFATF L) ¥ DEEET-
7. REEEEJEREEBENC LN, PHN%HEE LERCET LTV . R RNEE B2 LADY
7ﬁ7t%wzuy%ﬁ%ﬁ%iﬁ%&%@i—hﬁﬁfﬁa74—m;D?ﬁbh.%%ﬁ%ﬁ,
M, ZAGE, M, BAEFHO L T LB, EREAE TR LEErEIRD b ol &
5w AR B TRz *H #23 2-(4-phenylpiperidino) cyclohexano! (AH5183) £ T,
v%#xm:UVW@ﬁw&im@ﬁ&%aat.m&wsw%ﬁﬁ%ﬁﬁw@ﬁ%%ﬁ«ﬁ@-ﬂﬁ
EFFEWT, FREFALID S 4% G F EPEBCETLTRS L BEERICB L TH D TH
%ént.%%m%uxwaﬁét@mﬁmzwfbﬁ%mﬁ?bfwt.AHm%c; v F AR
—a—uriZBFETEFLIY VEOELEHBICRBT S eE LN SH k=3 AH5183 MW
TELNTA— I VAT T ACKEEERLEY AT LERVT, SERWHE D S EIER 218 2 ZRTT
mtﬁE?@@ﬁ%&%aﬁt.:mﬁ%muxoﬁéﬁﬁwﬁm%m&;DW@EEET&:aﬁT
=7-. AH5183 @i iraay SAEETMERRE D EBIL D 7 DEHIVAFYREEZLN, B R
e EERLICE DB EFRE2 Y E2—7 W & #& B (single photon emission computed
tomography, SPECT) ~DI&MH MEFEND.

Key words cholinergic innervation, muscarinic acetylcholine receptor,
AH5183, autoradiography, QNB

Abbreviations : AchE, acetylcholine esterase ; AHb5183, 2-(4-phenylpiperidino)
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ethylenediamine tetraacetic acid ; HRP, horseradish peroxidase ; IsoA, 3-methylbutyl
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Fig.1. Circuit diagram of a step-through apparatus for the evaluation of a passive avoidance

performance in the rat.

alcohol ; ATP, adenosine triphosphoric acid; MRI, magnetic resonance imaging; NEM,
N-ethylmaleimide ; QNB, quinuclidinyl benzilate ; RI, radio isotope ; SPECT, single photon
emission computed tomography ; TPB, sodium tetraphenylborate
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Fig. 2. Overview of the step-through apparat-
us. The experimental box consists of light
(arrow) and dark (arrow haed) compartments.
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V. Y »7EFILEBERE (choline acetyltra-
nsferase, CAT) 8L U7 FLalj 27
Z —+ (acetylcholine esterase, AchE) ;Mo
HE

ZEHNERERER & BN, RINEEREES v M 12
EiZB T, & F AR — BRI SR & R
o U RINERIEE X E %, CAT fIER® 71T
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(EDTA) ¥ (10mM, pH 7.4) #1iz T Triton X-100
0.5% v/v) bRy I —BREY & 4 F— T
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TRISEFAL 2. RIGHRLSEITER A A N o %
Y73y (IM, pHE.5) 20p ]l Z2/NA, KEBT 2 LT
IORIEEELS . ZORBGERIZ0.5ml @Y >~
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10mg @ Kalibor #&¢ 2ml O7 2 = MY L &0
Z, 356, 10ml OBiktEy > F 1L —% (New
England Nuclear, Econofluor) #f0z , #hiCiEEL
. ERERLCERT eF LI iRy v F L —
SHICHRET 225, RI EHEE Acetyl Coenzyme
ARAKMEEHE Y, iy v FLr—vavhvryT
BEHE hnw,

AchE HIEE & Fonnum DAE Iz L 572, 10041
DI=Fa—FLEORESR—F 541 AN,
i) vEREEYR (20mM, pH7.2) »4mE7 L7
2 (0.8mg/ml), BE U RI EHEETH 5 [ace-
tyl-1-1+C] -Acetylcholine lodide (New England
Nuclear, NEC-350-10, 2.07GBq/mmol) % & {r 51
EMAB L2 E030C TRIGR BB ¥, Rt
BRSO ICHERE N Fo$y 5 3 > (1M, pH 6.5)
Wul Mz, kT2t VRISEELES S,
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T4 2MZ, Iml FEOI=Fa—7BLE. h
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YEMEARLT v 7 A3 %9 — 10 THEEBL, S510E

L&, EBOTFAZFAS b BB LED K
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YaryRSATMCE L. ZHiC 10ml ok
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VA, ImM 77 /¥ =Y v (adenosine triphos-
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W0p] R ULERMZ, 38°CI5AHD A > F 2
R—y g ry&2{To7:.

&5, 0.5M YU YES MY v ABER (pH 8.0),
ImM ATP, CK, 72 F Va2 ) Y2 AF 5 —+
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BTz, ki 0.3M EREE NV 2 4 30ul 2H04,
B (1000g 1 3R LTEHE Nl <A 27085 A
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L. ZOBEEM»S 7V A AS v b Tec 4551 (£
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Fig. 3. Acetylcholine esterase (top row, X4) and Nissl staining (bottom row, X 400) at basal forebrain
in the ipsilateral (right column) and contralateral (left column) hemispheres.
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Dy RBEEL, ST 7 —YERERLETLH
BT, ZheOYE % 10mM © EDTA 28
50mM Y > ESEEEWR (pH 7.4) TERIZT0ZHE 7L
4 yFar—yarll. Z0%, Tns5OlMIFL
LAAY YT F L) v OERAETHD [*H]
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BEEPTERC T IEEA v Fa—yarli.
NEM ¢ EDTA i2fEBI%E =03 2 ZREOEFM %
RELZEELEE2EMTMZ:. QNB 3224 Y
VEET EFAa Y YBREOY TS A KL TR
BIRKTH B4, COQNBIDM DA ¥ F ar—v =
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IrENHTIA S MOREE, 7 MiOTERE
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Acetylcholine Esterase Staining

These staining

methods reveal neuronal cell loss, gliosis, and diminished AchE staining in a ventral region of

globus pallidus, substantia innominata, and internal capsule in the ipsilateral site.

CP, caudate

putamen ; GP, globus pallidus ; IC, internal capsule ; THAL, thalamus ; SI, substantia innominata.




2 ) AR MERE SRR O B R R ER (L O ERSR R 7 347

95%fAE &N, 72 QNB k pirenzepine D& T
i M. ZAEDOUEEENL LS. 72 QNB o
FHEANBEEOTMTIT, 1> F a2~y 3 VBRI
WpeM O7 boEYE2MA. 1A Y Fa~r—
va v, MRONE Y YEBEHEEIC T4, 28
i L. AN THEBE, DIFTEE™ Li: sEED
BECEI FUEHEBRRE v, *HERD
Hyperfilm (Amersham) CH&H &%, QNB EJhnig
&10HM, QNB & carbachol D& ¥ DHEE20H
i, QNB & pirenzepine Q& OBHE30H BIZE ¢
Lic#, BRLA— o927 50 %ERLT:. Be
WA — NI VF 75 LIEEBRED LI EF 4 7 4
VI TAY VAT ALARHAVT 7 ANVAEELST 4 ¥
AL, BERED S B s EREMRE RV T,
AKMEE B3 WEHEEE 2 QNB oS B E
(pmol/g) WHAE L 7. 7 hut v OFET LEEE
TOBEZ» SHROBAREZEHL 72, @E0E
ZEERESD PC-Y AT LW 2FERAL.

VII. 2-(4-phenylpiperidino) cyclohexanol (AH51-

83) BN AE

LABY T 2 F V) YREEORE R T 71
FWHLE—D7 v b 6 L L BFHES v - 6 DR
BRI ICBOT, v+ 72/MEICBEFL2 72 F1 2
UYIFBROMN S HERTH 2 AH5183 A M D
WEEA—INI VAT 7 42 E 0T, ML
%, 120mM NaCl, 5mM KCl, 2mM CaCl,, 1mM
MgCl 2 &e b U ZIBEHE G0mM, pH7.6) TEEW
TUWHEA Vvt v Far—ya vz, 208, HiE
# AH5183 (NEN, NET-964, 2.11GBg/ mmol)
30nM EELRTBRO b Y REERE T TEEIC T 1B
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Fig. 4. Acetylcoline esterase staining by Karnovsky & Roots’ (left column) and Tago’s (right column)
methods in coreonal brain slices showing diminshed staining in the extensive area of frontal
temporal, parietal cortices in the ipsilateral site.
thalamus in the bottom.

Tago

Caudate putamen is seen in slices in top row,
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L.

7R LT 8 VI R BRI T Y S b L, 256X
256t )y 7 AV A ZORERT —F 2HELDT
s M ERLTZayE—FAZENMLT, BE
SEGALEREEE GMS55U (HE, HR) WlRDiAL,
128X128% + U v 7 A4 X7 —F i [EkER, BEK
Ty XA %EHOTERETED S BBTEREERL,
AH5183 DRSO ZRTHITHIE 2 A4 72

1 #®

1. REMEERD

FEBERITEO R, BTN EIRBIRF MRS
8 +12% (mean+SD), AFMEH S + IMEERE
7wl HENSRHEALTHONICHE L. 36HE
BOBET AT, FHERC BV TIEHF 5 ILTH
BE ¢ AR O EES A o1 (9, 15, 25, 39, 42 ), fib
D/ ETh 7. —H, BFMEEILIC
BIAREET A T, £fi»3008 Bl L o @8
BT L . 42BN O B R L EIE R, FW
BICBWTEREL D VHHELERCRTH
(Fischer D E#EREREH:, p<0.05).

II. #E{LFHEL

BIMEESEES v M B 3BT, RE
READ, L8, & URERE W THEMREOR
HEBLIVSVA—YABEETHY, 3V Y27
s—vaEoETARED e (F3). £, B4
AT d B R EIETEE S o fIHEE c BEERECS
W, AchE #fEMD{ET »8 Karnovsky & Roots B
LU Tago 5OWVWTHhOAETOA SN (K4). —
5, #RERE, #EERE, BE, REEOREK
CiRERAESNEL ST

. CAT £ & U° AchE &% it

HEEFE SV OREHN I FERRANC N,
CAT EsiF46% , AchE FEETIH40% &, Hiat
2 AW (p<0.001, Student ® t RE)ETLTw
7. (&1)

V. ZFral) »

EEEFECS W IHBEMO T 272 ) VER
8.6+1.0 (mean+SEM) TH b, FEREMD 12.5+
1.5nmol/100mg protein IZ LTI % HETF LE
#iz (p<0.01, Student ® t HRE) FE2) ETFTLTw
7z.

Table 1. Effects of unilateral ibotenic acid injection into magnocell-
ular basal nucleus on CAT and AchE in parietal cortex

No. Levels in parietal cortex %
Enzyme

rats Ipsilateral Contralateral change
Choline acetyl- 7 15.143.2* 27.8+2.8 —46%
transferase (CAT)
nmol/mg protein/hr
Acetylcholine 5 1.240.2* 2.0+0.2 —40%

esterase (AchE)
wumol/mg protein/hr

*5(0.001, ipsilateral site V.S.
(Student’s t test).

contralateral site in operated rats

Table 2. Acetylcholine levels in parietal cortex

Model (N=T)

Ipsilateral Contralateral 9% change
#* 8.721.0 12.5£1.5 —31%

(means £ SEM, nmol/100mg protein)

% p(0.01, ipsilateral site v.s.
in operated rats (Model)

basal forebrain lesion
(Student’s t test).

contralateral site to
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Fig.5. Methods of setting regions of interest
(ROI) over digitized autoradiograms of coron-
al brain slices at contralateral site. ROls
were drawn over outer, middle, and inner
cortical layers for muscarinic acetylcholine
receptor, while they were set on the whole
cortical layers for AHS5183 binding. Total,
total muscarinic cholinergic receptor; MI,
muscarinic M1 receptor ; M2 muscarinic M2
receptor; AHS5183, 2-(4-phenylpiperidino)
cyclohexanol.
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Table 3. Muscanine M; receptor in fronto-temporo-parietal cortex

Model (N=6) Sham (N=6)
Ipsilateral Contralateral Ipsilateral Contralateral
Outer layer 1334 130+4 139+3 1362
Middle layer 99+2 98+3 10243 101+2
Inner layer 100=x3 1002 103+3 104=£2

(means + SEM, pmol/g tissue)
Model, operated rats; Sham, sham-control rats;

Table 4. Muscarine M, receptor in fronto-temporo-parietal cortex

Model (N=6) Sham (N=6)
Ipsilateral Contralateral Ipsilateral Contralateral
Quter layer 83%2 80x1 83+3 80£1
Middle layer 762 73x1 72+3 73+2
Inner layer 782 79+1 773 78=+1

(means &+ SEM, pmol/g tissue)

Table 5. Total muscarinic receptor in fronto-temporo-parietal cortex

Model (N=6) Sham (N=6)
Ipsilateral Contralateral Ipsilateral Contralateral
Outer layer 2516 243%86 2605 252%4
Middle layer 212+3 2043 21745 2123
Inner layer 219+4 212+3 221+6 220+3

(means *+ SEM, pmol/g tissue)

Table 6. AH5183 binding in fronto-temporal parietal cortex

Model (N=6) Sham (N=6)
Ipsilateral Contralateral Ipsilateral Contralateral
*, 3
34710 403+14 39516 408+16

(means = SEM, pmol/g tissue).
* p(0.001 Ipsilateral site v.s. Contralateral site in operated
rats(Model).
£0.01(p(0.02 Ipsilateral site in Model v.s. Ipsilateral site in
Sham-contro] rats(Sham).
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 Unaftected  Aftected

AH5183 TOTAL M1 ‘
Muscarinic Cholinergic Receptor

Fig.6. Representative autoradiograms of total, M, and M., muscarinic cholinergic receptor and
AH5183 binding in the rat brain with unilateral cholinergic denervation showing the decreased
AH5183 binding in the cortex of the ipsilateral site despite of no significant alteration of muscarinic
cholinergic receptor.

AH5183

Chohnergu: Denerva on

Transverse Reconstruction

Profile Cirve

Fig.7. Reconstruction of transverse AH5183 autoradiograms from consecutive coronal autoradiogr-
ams using a computer algorithm. Arrows on a profile curve set on the transverse autoradiogram
indicate decreased AH5183 binding in the ipsilateral site relative to the contralateral site.
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A Fundamental Study on Nuclear Medicine Imaging of Cholinergic Innervation
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Abstract

A fundamental study was performed on the nuclear medicine imaging of cholinergic
innervation in the brain. A cholinergic denervation model was experimentally prepared by
producing an ibotenic acid lesion in the unilateral basal forebrain, which is reported to be
one of the animal models of Alzheimer’s disease. To assess the passive avoidance
performance in terms of acquisition of new responses and long term retention, a
step~through apparatus with high precision was newly developed. At 6 days postsurgery
acquisition latencies showed no significant differences between the models and
sham-controls. However, the models revealed statistically significant shorter retention
latencies than the sham-controls at 36 hours after the acquisition trial. Histochemical
investigation in the animals which underwent the passive avoidance performance, revealed
neuronal cell loss, gliosis, and diminished AchE staining in a ventral region of globus
pallidus, substantia innominata, and internal capsule in the affected site. Furthermore,
decreased AchE staining was observed in the frontal, parietal, and temporal projection
cortices ipsilateral to the basal forebrain lesion in the models. Quantitative determination
of choline acetyltransterase (CAT) and AchE in the parietal cortices showed a statistically
significant 46% and 40% decrease on an average, in the ipsilateral site, compared to the
contralateral site. These results suggest that this animal model is approved as an
appropriate experimental model of Alzheimer’s disease. Further quantitative determination
of acetylcholine in the parietal cortices revealed a statistically significant 31% decrease on
an average, in the ipsilateral site, relative to the contralateral site. Finally, in -vitro
receptor autoradiography was performed to look for a promising ligand for mapping
cholinergic innervation in the brain. No significant differences were observed in total, M,
and M, muscarinic acetylcholine receptors in the cortices between the ipsilateral and
contralateral sites in both the models and sham-controls. Simultaneously mapping of
presynaptic cholinergic innervation was carried out using ’H-2-(4-phenylpiperidino)
cyclohexanol (AH5183). The present study may be the first report of the demonstration of
the statistically significant 14% decrease of AH5183 binding on an average, in the cortices
of the ipsilateral site, relative to the contralateral site in models or relative to the cortices
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in sham-controls. These results may imply that AH5183 is a sensitive presynaptic marker
of acetylcholine levels. Reconstructed transverse autoradiograms of AHS5I183 from
consecutive coronal autoradiograms, using a three dimensional reconstruction algorithm in
a nuclear medicine technique, were convenient for delineating altered regions with decreased
AHS5183 binding. In conclusion, AH5183 binding showed a siginificant decrease in the
projection cortices ipsilateral to the basal forebrain lesion, in spite of no siginificant
alteration of muscarinic acetylcholine receptors in a unilateral cholinergic denervation
model, which is regarded as an experimental model of Alzheimer's disease. The I or
»»Tc labeled AHS5183 may become a promising ligand for mapping cholinergic innervation
in the human brain in single photon emission computed tomography.



