Central type benzodiazepine receptor and
cerebral blood flow in experimental chronic brain
infarction-Evaluation using a double-tracer
autoradiography technique-
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Tig, 1 Autoradiograms, of ***Tc-HMPAO for regional cerebra] blood flow and 125[-
Tomazenil for central type benzodlazepme receptor in the sham control rat. Note
high densities of receptors in the cerebral cortex, parts of the limbic stiuctures, the
molecular layer of the cerebellum, substantia nigra, and medial parts of inferior
colliculus, and low densities of receptors in the caudate putamen, parts of thal-
amus, and lateral parts of the inferior colliculus, White matter areas, pons, and
medulla showed negligible levels of receptor.
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Fig. 2 Effect of chronic infarction 21 to 28 days after unilateral middle cerebral artery
occlusion on rCBF and central type benzodiazepine receptors in the rat brain.
Note more decrease of receptors than flow in the middle cerebral artery lesion and
decreased receptors in the ipsilateral thalamus (open triangle).
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Table 1 Affected side to nonaffected side ratios of 9™ Te-HMPAO and 1%]-Iomazenil antoradiogram
densities In rat brain structures of 5 chronic ischemic models and 4 sham-operated controls

MCA occlusion (n=3)

Sham operation (n=4)

Structure
smTe. HMPAQ 125[-Tomazenil T HMPAO 1%]-Iomazenil
Frontal cortex {(motor area) 0.80-:0.18¢ 0.624-0.368 1,01+0.02 1.00--0.04
Parietal cortex (somatosensory area) 0.46--0,23¢ 0.184-0.23*%% 1,0140.03 1.05-4-0.08
Temporal cortex (auditory area) 0.824-0.154 0.62--0.39¢ 1.01-0.03 1.004-0.07
Occipital cortex (visual arca) 0.96-1-0.06 1.074+0.21 1,0240.03 1.004-0.03
Accumbens nucleus 0.96:0.01 1.00+£0.04 1.011:0.02 1.064+0.03
Amygdala 0.994-0.02 1.0430.04 0.9940.03 1.044-0.03
Caudate-putamen 0.444-0.38% 0.414-0.21§ 21.014-0.01 1.044-0.03
Globus pallidus 1.0540.03 1.094:0.12 1.00:|:0.0?_. 1.014-0,04
Thalamus 1.0240.02 0.7240.17%¢ 1.0240.02 0,99-40.03
Hippocampus 0.994-0.02 1.004-0.05 - 1.014:0.01 0.974-0.04
Substantia nigra 1.02.4:0,03 1.054+:0.05 1.0240.02 1.024-0.08
Superior colliculys 1.014+0.01 0.97+0.07 1.014:0.01 0.96:4-0.01
Inferior colliculus {(dorsal cortex) 1.00+0.01 1.00+£0.03 1.014+0.01 1.0040.03
Inferior colliculus (central nucleus) 1.0140.02 1.08:+0.17 1.003-0.01 1.044-0.05

# Significantly different from sham-operated control (p<0.05, Mann-Whitney U test) in each tracer.
* Significantly different from 2 Tc-HMPAO (p<0.05, Wilcoxon Signed-Rank test) in each model.

#eh5 2 B @ 1281-Tomazenil 5347, £% CH
LN T EBEERL UTEEVREEROS
A e+ s b0 ThHy, 2HEMBEOERE
BRESMGETRTLO L EZ bR, BREY
ST SRR A (C) F 2 AT
b5 GABAL, TEE L HE A LR TR
Hehd, BEEECETIEERICEETS
LERTWRBE, B W TRMES U7
¥ CRFEPIHEBICRET Ao L, iR
RSO TEECRERE 2 —n VICRIET
BLERTWBLL, LT, H5 I
B APRER VU7 ECVRRABEOCTL
B, —sz—uwvigBEoRkEtiiza—wbic
b ORBEGREECELIHET b0 EILA
5.

HEEAR Y SO T EEEEEO b N REIC B
54 A—U s, Positron Emission Tomogra~
phy (PET) iz & » 11C-Ro 15-1788 & W CHF3E S
NTERS8, UL, PET R m B LA
FEEL, —WHEE~0EEEEZ TS, S,
i Lic 1251-Tomazenil i3 A0, SRRk &8
¢, EBERBYIZI3 44 SPECT o X 2 S5 A —
U FBREELLoTWbDEELBNLD, Bl

#ET, PET X SPECT i k& 3 pfiE <y
VETEEVRERA AT AR, TARALE
EOBRE, 7rvsd v —ERICB T 5 HEEE
ORBICER E Eh T E R0,

LE, TOA4 A =T S OERENEEERTS
FRAME S v MeBWUEBRNCBRHLE. 20
FF, PASE Lo KNSR SR MRIRIC v T
LT oRE kS, Ry I P7EErRARIE
ToREAKThok, £k, HEEERTR
WAADOBREIC B W TRFEOET B H bhi.
TITHEELATREERL BWw D ki, "Tc
HMPAO i 5% 2 IRFEIC T 2 w3z
Ll, @EEEMAIA DR 1251-lomazenil ¢ 1L
i o HIEY Y, MIEMEAEEBLTLEN
DERESTEBECRRLEZVWERESZ R T
3. EEE MEEBWTRE, RS cRSEE
0 WuTc-HMPAO o i 2= & ifi Jirh ~ 0¥k
ARE  PmHE ERSCEM Lz v L ShTw
319, Ld L, bhbholRmEsrsy bl
i2 351 % 99Tc-HMPAO- % N-isopropyl-p-[1251}-
jodoamphetamine (\55I-IMP) o HikCHE, FE®
A= b5 UFFTARALPEERIS bR EL
728, 1BLIMP ORI AMHtE & Sm itk &



648 - BE#

THEHBMEP RN D Z EPRESh TR YO, 5
y b BT 9PTCHMPAO it b MM BV T X
DL RMEEE L ) BECRMT 5D LELbR
%, TR Ty MNTE, RPYCREEMED 9 Te
HMPAO 7% 7k 5 B A S Mric e & h % BEE R
A el s bl bRkEnien LS
NLTW3ED, 7, 1%L-Iomazenil o frigrp o {43
PEW 7R LB P & TSR LT L% 5 WAEM I BIL
TThaR, SEOFRTMFHERE 34 BH
BOBMEBHEIICT - I VX ST 7 4 BT
LTk D, o#crbiEHBfAcicit
AMEBESRTLE2TWs 2k BEERNICHER
ERTWBEW, LikisT, SEOCERTR, &
ERRE S VU7 ¥ E BRSO A —
FEFCASFACRRERLTWE LD EELDN
5.
EBRANEILI 3 520V U7 ¥ EVREE
DELEBRFLEREFZREALESL ORIV,
Onodera &322 13H) & A I O—BHEm %5 56 5h iRk
B2z & ¥ Lic B8 v T $H-flunitrazepam & T
BELTWE, Zhicknd, HgL27 ks
W, = Y OEBEERE U BREETE MU
CBiav Uy e VREEOE LWET L,
WA b o GABA {EB)ED BIRHER 521 5
BRI 5 5 SRKOELVRINASbh L
Wy, roEEcoSEEOENE, #BeE0
GABA == —w OB IC s+ 2R L
I hi., UL, LA HA Wi *HAunitra-
zepam IETRE Y v FTh o, FED 2k
PRSI T E Y CRERZ L EET
.m0k, HRBEENLEES VTV
AT 3 2 Lick 5. Dubois &2 113RH
Bkt 2y U T FEVBEEO T v i =
2z F T 5 SHPKI1195 % v 7z in-vitro S5k
F—rS3TF IR, SERAVET Y b~
R EEIREZE T F A B TR L. B,
R ISR o IR gE L L ik fEh e Aflo &
T IR v U 7 R AR O SR
FR L. Do, MEEEREA LER
ER4HE T @ Z ik (transneuronal degeneration) 2 X

30 % 6 B (1993)

WHEEEE AR LSV A — v Rk X5 b0 ke
#ERTWS, LikHi>T, Onodera &n BE
=8 % SH-flunitrazepam OFESHEIMN & v 5 R
W, OV A—vREEBbOLLELERE.
—%, 7y bW RBEEIREAZ T FricsnT
Fujie 5% 13, BROGKOETHIN, B
| T 5, Kataoka 529, Tizuka 529 4 [F]
BoEEZEELTWS, ZOWEOERT, B
FREBRERORKEE L 5B THEE X 5b 0
LEzBRTWS., SREODLDILOREITHRS
iz BAREIR ORI 81 5 1251-Tomazenil O
£ F 12, = transneuronal degeneration iz X
D, BEO==—n Y BB LEh=2—urb
e b OBFEHEIWD LIl EEXBRB.
AR, BBICEREZ bR o o2, Tamura
B2 BEEOERE L A transneﬁ_mnai degen-
eration ¥ $45 L TR D, SHOBEBENHRRE
S icREENETHE. —F, Y2Tc-HMPAO
ks A— 7 VA5 F ATR, FEIEEH
T O MRET ORER RV Y7 €8 VAR
EToRES VIEL, BRTOELEIRD BRI
bode, ZRE, =a—ulAE LT LHER
DI H B LD IMFIRTAZ Lok b Lt
e,

pL B, 1%I-Tomazenil iz k 5 18MiMEE M I &5 0
SRR YT EEVRERO A A=V
i3, ma—nVEEIR=a—n bl 0%
RkEEORLERBLTWE b0 LELBR,
AL A 2 — ¥ > 7k 0 b SR IR E O TR EE
¥ AT LSRR AR S h e, %k, B M
~DIERAAEFENS,

e 1 10T.Ro 16-0154 2RELTCcZ Wi BE A
D I azﬁ;icg@g%ﬂ,i?.,

X m

1) Savic I, Persson A, Roland P, Pauli S, Sedvall G,

Widen L: In-vivo demonstration of reduced benzo-

* diazepine receptor binding in human epileptic foci.
The Langet ii: 863-866, 1988

2) Huffelen AC, Isselt TW, Veelen WM, Rijk P, Ben-

tum AME, Dive D, et al: Identification of the side




SRR IR SR S 1 B v V' 0 7 v R A LRI 649

of the epileptic focus with 123[-Jomazenil SPECT.
Acta Neurochir Suppl 50: $5-99, 1990
3) Beer HF, Bliuenstein PA, Hasler PH, Delaloye B,
Riccabona G, Bngerl I, et al: In vitro and in vivo
evaluation of iodine-123-Ro 16-0154; a new imag-
ing agent for SPECT investigations of benzo-
diazepine receptors. J Nucl Med 31: 1007-1014,
1990
4) Schubiger PA, Hasler PH, Beer—WohIfahrt H,
Bekier A, Oettli R, Cordés M, et al: Evaluation of a
multicenter study with Iomazenii—a benzodiazepine
receptor ligand. Nucl Med Commun 12: 569--582,
1991
5) Bartenstein P, Ludolph A, Schober 0, Lottes G,
Scheidhauer K, Sciuk J, et al: Benzodiazepine
receptors and cerebral blood flow in partial. epi-
lepsy. Bur J Nucl Med 18: 111-118, 1991
6) Bartenstein P, Lehmenkiihler C, Sciuk J, Schuierer
'G: Cortical dysplasia as an_epileptogenic focus:
reduced binding of 123[-Tomazenil with normal
uptake in 92Tc-HMPAO SPECT. Nucl Med 31:
142-144, 1992 '
7) Tamura A, Graham DI, McCulloch J, Teasdale
GM : Focal cerebral ischaemia in the rat: 1. descrip-
tion of technique and early neuropathological
consequences following middle cerebral artery
occlusion. J Cereb Blood Flow Metabol 1: 53-60,
1981
Matsuda H, Tsuji S, Oba H, Imai K, Shiba K,
Terada H, et al: Direct autoradiographic com-
parison of #Tcm-HMPAOQ with 125I-IMP in experi-
mental brain ischaemia. Nuci Med Commun 9:
891-897, 1988
Matsuda H, Tsuji S, Oba H, Kinuya K, Terada H,
Sumiya H, et al: Double tracer autoradiographic
method for sequential evaluation of regional
cerebral perfusion. Am J Physiol Imaging 4: 131-
135, 1989
Paxinos G, Watson C: The rat brain in stereotaxic
coordinates, 1st ed, Academy Press, Sydney, 1982
11) Johnson EW, Woods SW, Zoghbi S, McBride BJ,
Baldwin RM, Innis RB: Receptor binding charac-
terization of the benzodiazepine radioligand 125]-
Rol16-0154: potential probe for SPECT brain imag-
ing. Life Sci 47: 1535-15446, 1990
12) Innis RB, Al-Tikriti MS, Zoghbi S8, Baldwin RM,
Sybirska EH, Laruelle MA, et al: SPECT imaging
of the benzodiazepine receptor feasibility of in vive
potency measurements from stepwise displacement
curves, J Nucl Med 32: 17541761, 1991
13) Richards JG, Mdhler H: Benzodiazepine receptors.
Neuropharmacology 23: 233-242, 1984

14} Young WS, Kyhar MJ: Radiohistochemical local-

8

—r

9

~—

10

~—

ization of benzodiazepine receptors in rat brain. J
Pharmacol Bxp Ther 212: 337-346, 1980

15) BREET : FO Ve 75—, DGR #HEE
MR, AR, ERTA 1 254280

16) Shinotoh H, Yamasaki T, Inoue O, Itoch T, Suzuki
K, Hashimoto K, et al: Visualization of specific
_binding sites of benzodiazepine in human brain. J
Nucl Med 27: 1593-1599, 1986

17) Shinotoh H, Iyoc M, Yamada T, Inoue O, Suzuki
K, Ttoh T, et al: Detection of benzodiazepine
receptor occuparcy in the human brain by positron
emission tomography. Psychopharmacology 99;
202-207, 1989

18) Iyo M, Itoh T, Yamasak1 T, Fukuda H, Inoue O,
Shinotoh H, et al: Quantitative in vivo analysis of
benzodiazepine binding sites in the human brain
using positron emission tomography. Neurophar-
macology 30: 207-215,.1991

19} Andersen AR: [””mTc]-D L-hexamethylene—propy-
leneamine oxime (¥mTc-HMPAQ): basic kinetic
studies of a tracer of cerebral blaod flow, Cerebro-
vasc Brain Metabol Rev 1: 288-318, 1989

20) Lear JL, Ackermaun RF, Kameyama M, Kuhl
DE: Evaluation of 123] jsopropyliodoamphetamine
as a tracer for local cerebral blood flow using direct
autoradiographic comparison. J Cereb Blood Flow
Metabol 2: 179-185, 1982 -

21) Olsson ¥, Crowell- RM,. Klatzo I: The blood-
brain barrier fo protein tracers in focal cerebral
ischemia and infarction caused by occlusion of the
middle cerebral artery. Acta Neuropath (Berl.)
18: 89102, 1971

22) Onodera H, Sato G, Kogure K: GABA and benzo-
diazepine receptors in the gerbil brain after transient
ischemia: demonstration by quantitative receptor
autoradiography. J Cereb Blood Flow Metabol 7:
8288, 1987

23) Dubois A, Bénavidés J, Peny B, Duverger D, Fage
D, Gotti B, et al: Imaging of primary and remote
ischaesmic and excitotoxic brain lesions. An auto-
radiographic study of peripheral type benzodiaze-
pine binding sites in the rat and cat. Brain Res
445; 77-90, 1988

24) Fujie W, Kirino T, Tomukai N, Iwasawa T,
Tamura A: Progressive shrinkage of the thalamus
following middle cerebral artery occlusion in rats,
Stroke 21: 1485-1488, 1990

25) Kataoka K, Hayakawa T, Yamada K, Mushiroi.T,
Kubota R, Mogami H: Neuronal network dis-
turbance after focal ischemia in rats. Stroke 20:
1226-1235, 1989

26) lizuka H, Sakatani K, Young W: Neural damage
in the rat thalamus after cortical infarcts. Stroke
21; 790-794, 1990



650 BEES®
27) Tamura A, Kirino T, Sano K, Takagi K, Oka H:

Atrophy of the 1psﬂatera1 substantianigra followmg

30 % 6 5 (1993)

middle cerebral artery occlusion in the rat. Brain
Res 510: 154-157, 1990 '

Semmary

Central Type Benzodlazepme Receptor and Cerebral Blood Flow
‘ in Experimental Chronic Brain Infarction
—Evaluation Using a Double-Tracer Autoradmgraphy Techmque——

_ Hiroshi MATsupA, Shiro Tsus, Ichiei Kui and Kinichi HisADA

Department of Nuclear Medicine, Kanazawa University School of Medicine

Double tracer autoradiography was performed
to measure regional cerebral blood flow (rCBF)
and the binding of central type benzodiazepine
receptors (BZR) in infarction by means of perma-
nent occlusion of the unilateral middle cerebral
arteries (MCA) in rat. Todine-125 Tomazenil and
99mTe-HMPAO was used to label BZR and rCBF
respectively. In the chronic phase of infarction 21
to 28 days after occlusion (5 rats), rCBF in the left
MCA territory was decreased to 629 of the sham
control (4 rats), while BZR was more decreased to
45% of the control. In remote areas fromi the
MCA lesion, the ipsilateral thalamus showed 28 %

decrease of BZR as compared to the control,
though the decrease of rCBF was not significant.
Iomazenil - distribution may represent neuron
density or BZR density on a neuron, since central
type BZR is reported to be located on neurons.
These results suggest ‘that central type BZR
imaging is more useful tool for the evaluation of
brain tissue viability and transneuronal degenera-
tion than rCBF imaging in brain infarction.

. Key words:: '#T-Jomazenil, - 9mTc-HMPAO,
Benzodiazepine receptor, Cerebral blood fiow,
Brain infarction. -



