Fundamental study on nuclear medicine imaging
of cholinergic innervation in the brain: Changes
of neurotransmitter and receptor in animal model
of Alzheimer's disease
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4Fig. 1 Methods of setting regions of interest (ROI)
over digitized autoradiograms of coronal brain
slices. ROIs were drawn over outer, middle,
and inner cortical layers for muscarinic acetyl-
choline receptors, While they were set on the
whole cortical layers for AHS5I83 binding.
Total; total muscarinic cholinergic receptor,
M;; muscarinic M; receptor, Maz; muscarinic
M receptor, AH5183; 2-(4-phenynlpiperidino)
cyclohexanol.

;. Unaffectad Atfected

TOTAL M2

Muscarinic Cholinergic Receptor. -

 AH5183

Fig. 2 Representative auotoradiograms of total, M;, and M2 muscarinic cholinergic
receptor and AFE5183 binding in the rat brain with unilateral cholinergic denerva-
tion showing the decreased AH5183 binding in the cortex of the ipsilateral side to
basal forebrain lesion despite of no significant alteration of muscarinic cholinergic
receptor.
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Table 1 Acetylcholine levels in parietal cortex

Model (IN=T)
% change
Ipsilateral Contralateral
**#8.6+1.0 12.54+1.5 —31%

(means+SEM, nmol/100 mg protein)

**p 0,01, ipsilateral side v.s. contralateral side to
basal forebrain lesion in operated rats (Model)
(Student’s t test).
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Table 2 Muscanine M receptor in fronto-temporo-parietal cortex

Model (N=6) Sham (N=6)
Ipsilateral Contralateral Ipsilateral Contralateral
Outer layer 133+4 130+4 13943 13642
Middle layer 994-2 98-+3 102143 10142
Inner layer 10043

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

10042 103£3 104412

Table 3 Muscarine M3 receptor in fronto-temporo-parietal cortex

Model (N=6) Sham (N=6)
Ipsilateral Contralateral Ipsilateral Contralateral
Outer layer 8342 80+1 8343 80+£1
Middle layer ' 7642 73+1 7243 7342
Inner layer o 7842 T9L1 7743 7841

(means+SEM, pmol/g tissue)

Table 4 Total muscarinic receptor in fronto-temporo-parietal cortex

Model (N=6) Sham (N==6)
Ipsilateral Contralateral Ipstlateral Contralateral
Outer layer C.0 25146 24346. 260+5 25244
Middle layer . 21243 20443 21745 C21243
Inner layer , 21944 21243 22146 2204-3°

(mean+SEM, pmol/g tissue)

Table 5 AHS5183 binding in fronto-temporo-parietal
cortex

Model (N=6) Sham (N=6)

Ipsilateral Contralateral Ipsilateral Contralateral
*-#347 L 10 _ 403--14 395416 40816

(mean+SEM, pmol/g tissue)

*n<20.001, Ipsilateral side v.s. Contralateral side
in operated rats (Model). :

$0.0l <p<c0.02, Ipsilateral side in Model v.s.
Ipsilateral side in Sham-control rats (Sham).
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Summary

Fundamental Study on Nuclear Medicine Imaging of Cholinergic Innervation
in the Brain: Changes of Neurotransmitter and Receptor in
Animal Model of Alzheimer’s Disease

Hiroshi MaT1supa*, Keiko Kinuyva¥*, Shiro Tsui**, Hitoshi TERADA***,
Kazuhiro SHIBA**** Hirofumi MORI****
Hisashi SuMiva* and Kinichi HisADA*

* Department of Nuclear Medicine, Kanazawa University School of Medicine
** Department of Radiology, Toyama Medical Pharmaceutical University
*** Department of Radiology, Ohashi Hospital, Toho University School of Medicine
**** Radioisotope Center, Kanazawa University

A fundamental study was performed on the
nuclear medicine imaging of cholinergic innerva-
tion in the brain. In a cholinergic denervation
model prepared by producing an unilateral basal
forebrain lesion in the rat, which is reported to be
one of animal models of Alzheimer® disease,
quantitative determination of acetylcholine in
parietal cortices revealed statistically significant
31%; decrease on an average in the ipsilateral side
relative to the contralateral side to the lesion.
In vitro receptor autoradiography showed no
significant differences in total, Mz, and M2 mus-
carinic acetylcholine receptors between the ipstlat-

eral and contralateral cortices to the lesion.
Simultangous mapping of presynaptic cholinergic
innervation using 3H-2-(4-phenylpiperidino) cyclo-
hexanol {(AH5183) demonstrated significant 149
decrease of AHS5183 binding on an average in the
ipsilateral relative to the contralateral fronto-
parieto-temporal cortices to the lesion. These
results suggest that AH5183 is a promissing lignad
for mapping cholinergic innervation in nuclear
medicine imaging.

Key words: cholinergic innervation, muscarinic
acetylcholine recepior, acetylcholine, autoradio-
graphy, AH5183.



