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Effect of NMDA Receptor Antagonist on Local Cerebral Glucose
Metabolic Rate in Focal Cerebral Ischemia

Sang Eun Kim, M.D., Seung Bong Hong, M.D.", Byung-Woo Yoon, M.D."
Sang Kyun Bae, M.D., Chang Woon Choi, M.D., Dong Soo Lee, M.D,,
June-Key Chung, M.D., Jae Kyu Roh, M.D.", Myung Chul Lee, M.D.

and Chang-Soon Koh, M.D.

Departments of Nuclear Medicine and Neurology", Seoul National University Hospital,
Seoul, Korea

There has recently been increasing interest in the use of NMDA receptor antagonists as
potential neuroprotective agents for the treatment of ischemic stroke. To evaluate the
neuroprotective effect of the selective non-competitive NMDA receptor antagonist MK-801
in focal cerebral ischemia, local cerebral glucose utilization ((ICGU) was examined in 15
neuroanatomically discrete regions of the conscious rat brain using the 2—deoxy—D[“C]
glucose quantitative autoradiographic technique 24 hr after left middle cerebral artery
occlusion (MCAO). Animals received MK-801 (5 mg/kg i.v.) or saline vehicle before (20-30
min) or after (30 min) MCAO. Both pretreatment and posttreatment of MK-801 increased
occluded/non-occluded ICGU ratio in 7 and 5 of the 15 regions measured, respectively
(most notably in cortical structures). Following MK-801 pretreatment, there was evidence
of widespread increases in ICGU not only in the non-occluded hemisphere (12 of the 15
areas studied) but also in the ocecluded hemisphere (13 of the 15 areas studied), while
MK-801 postreatment did not significantly increase ICGU both in the normal and occluded
hemispheres. These data indicate that MK~801 has a neuroprotective effect in focal cerebral
ischemia and demonstrate that MK-801 provides widespread alterations of glucose
utilization in conscious animals.

Key Words : NMDA receptor, MK-801, Cerebral glucose utilization, Focal cerebral
ischemia, Autoradiography
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2. UIXZ0M SHSUTA 244128 22| Ia
x| ZTEO[SES| WEt

gz FoHERAY 2443 Fol AAE o
e AFQINA, FTHAY, BRT, B, sv}
CA-2 A%, CA-3 A9, W3, FFaE, 559
Jde) FaMTEolsES YR Y gHuT
AER9e FoMTEGo|EERT F3hA Roih
(Table 2). Fig. 1ol A4sh Foi=lEau s o

Table 1. Physiologic Parameters during [*'C]Deoxyglucose Experiment’

Group MABP Rectal temperature Plasma glucose oH pCO2 pO2
(mmHg) (C) (mg/dl) (mmHg) (mmHg)
Saline 102£5 372% 0.1 16511 7371003 364%x26 91.6£10.1
MK-801 pretreatment 9%6t4 37.1% 01 173+14 7341001 46727 89.3£10.2
MK-801 posttreatment 99+3 371 0.1 157 9 7341001 447x62 9.3F 75

* Measured 45 min after the administration of [“Cldeoxyglucose, immediately before sacrifice.

MABP : mean arterial blood pressure

Data are presented as mean=S.E.M. with statistical analysis performed between the treatment groups and
the saline control group using ANOVA followed by Scheffe F-test. There were no significant differences in

the parameters between the groups.

Table 2. Local Cerebral Glucose Utilization in Different Brain Structures 24 hr after Left Middle

Cerebral Artery Occlusion in Saline-treated Rats

Local glucose utilization ( 2mol/100 g/min)
Structure
Normal hemisphere Occluded hemisphere

Caudate-putamen 55.1%+13.3 478+13.2
Frontal cortex 55.8+11.4 425%10.3"
Parietal cortex 549+11.0 3201147
Cingulate gyrus 475%+11.0 22+ 96
Globus pallidus 307t 638 236t 49
Thalamus 579+t 75 497+ 81
Corpus callosum 339+ 76 2921 70
Dentate gyrus 49.0%£155 423146
Amygdala 359t 79 257+ 73
Hippocampus CAl 286L 86 240% 88

CA2 . 274+ 79 156+ 43

CA3 261+ 7.1 194+ 47
Entorhinal gyrus 439%10.1 233% 747
Occipital cortex 546% 81 412t 82
Temporal cortex 59.7t 83 307 66

" p<0.05

Data are presented as meantS.EM.

- 297



~ The Korean Journal of Nuclear Medicine : Vol. 29, No. 3, 1995 —

- o

Fig. 1. (A) Autoradiograph of sections of normal conscious rat
brain and of calibrated }14C]methy1 methacrylate stan-
dards used to quantify C concentration in tissues. (B)
Autoradiograph of sections of rat brain with focal
ischemia obtained 24 hr after left middle cerebral artery
occlusion.

st TAMH Yol 428 Mol YEAA AFPAp]
2A0e Uehigien, Fig. 2 dRGAMAIE

3. MK-8019] &AM Zo{ &0}

A2dlg o] g3l A2 CAERIPIAIZEGSE & MK-801 AAMRZfM AFgud, F4494, 9
Mk Sy &, vl CA-2 Ag, uv)d, $5d92, 3549932
o] HA/AY FAHEEZo|LE b= dzTd 23
2o fostA &4tk (Table 3). 38 MK-801 ¥
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Fig. 2. (A) Digital autoradiograph of sections of
normal conscious rat brain and (B) of
rat brain with focal ischemia obtained 24

hr after left middle cerebral artery
occlusion. While red color indicates high
1CGU, blue and pink denote low 1CGU.
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o, RGN, FFENLY WY FLHEET
Rurt fesA 2%
(Table 3).
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949 FHTEFOFES 2T Y i
aRxY fofstA =gth WE MK-801 X=X
A tixte] FAHEEGolLEL gzT AY
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o} (Fig. 3A). ¥gk olzt e dxutFolz A

A e
L o ¢
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U, MK-801 & AT ) Fo3 34
HEEFol 459 xolE VehiA ¢ttt (Fig. 3B).
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2 (jon channel) 25l Fx}io] glov, Zso EH
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Table 3. Lesion/normal Local Cerebral Glucose Utilization Ratio in Saline and MK-801 Treated Rats

Lesion/normal local glucose utilization ratio

Structure

Saline MK-801 Pretreatment MK-801 posttreatment

Caudate-putamen 0.819+0.052 0.945%0.053 0.818+0.14
Frontal cortex 0.729£0.031 0.916%0.069° 0.907+0.065"
Parietal cortex 0.429%£0.182 0.903+0.128" 0.888%0.123"
Cingulate gyrus 0.923+0.057 1.042+0.037 0.972£0.024
Globus pallidus 0.774£0.068 0.716 £0.046 0.8221+0.175
Thalamus 0.851 £0.058 0.993:£0.054 0.828+0.087
Corpus callosum 0.820%0.099 1.008£0.018 1.076+0.038
Dentate gyrus 0.846+0.034 0.923+0.028 0.908+0.137
Amygdala 0.703%0.059 0.868+0.125 0.781£0.083
Hippocampus CA1l 0.792+0.063 0.864=0.077 0.880£0.042

CA2 0.577+£0.068 1.038+0.130° 0.863+0.093"

CA3 0.787+0.092 0.920+0.073 0.9551+0.084
Entorhinal gyrus 0.543+0.081 0.736 £ 0.057" 0.624+0.102
Occipital cortex 0.727£0.037 0.926+0.093 1.094+0.175
Temporal cortex 0.5140.099 0.986+0.110 0.7750.270"

* p<0.05
Data are presented as mean=S E.M.

= o|2%529 #HAZ2Y (phencyclidine) ¢
Z-gste] ZEel K48 We ZEsta ME3l v7
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2007 W Saline
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B MK-801 postireatment o
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Fig. 3. Changes in local cerebral gilucose utilization following MK-801 pre-and
posttreatment in normal (A) and occluded hemispheres (B).
*p<0.05; Data are presented as meanEfS.EM. CPU=caudate-putamen;
FR=frontal cortes; PAR=parietal cortes, CG=cingulate gyrus; GP=globus
pallidus; THAL=thalamus; CC=corpus callosum; DG=dentate gyrus; AMYG=
amygdala;, CAl, CA2, CA3=hippocampus CAl, CA2, CA3 zone; ENT=
entorhinal gyrus; OCC=occipital cortes; TE=temporal cortex.
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EZo|&E H7b A FAHEHAA FolsA Fot
871 9oy MK-801 $4x $9o A4 o
T FAHEEGOlEEY FUHEEIL AAX v
W& gorz MK-801 £Xx] F9 Bu/A4 I
HMIEGo|§EL MK-801 AR Hlz] AdHo
2 AAEY A F/HEUSE Aeq FE5E 5 9
oh, s v A% sdz A% FFE
olEgoz FAHEYY gxutyzt 92-973 ¢
T4dH (interhemispheric corticocortical associa-
tion fibers)e] A¢ts E= dubdel HA o vk
FUNAB 221 (deafferentiation)ol] 218] A4 oy
Ykpe] FAMEEGo|LEE AStE HAeE FZ8
E 4= 9le Aolth MK-801 FXx| o] wiwl/4At
FTAMIEFO|LE Hlo Wsiel A dixutre ¥
A gEgE FAhHEEFOEEY] AFE FAs
B4 ), MK-801 X9 AZMEWIERE 4
o] MK-801 HAMAo] vz Aujdozn e Ao
2 A oYor® EFEz MK-801 £Ax]7}
ol E3E RBolE AL MK-801o] &Ho] Aztg
Zo BAHE Y u)@do] EXse] NMDA &4
oA Agslr] YEY Aoy AZED ok FiANF
d Fox= NMDA 849 7154 2o #AEL
ANG wu?e} duidEc $H MK-801¢] ¥
Fol X 4l BME oF LAE At o
th. NMDAe| &A% #F, %4, 1ngole A
£ 2454 geths Bt dE @d ¥ g )
AL HE83A 2ok MK-8010] H¥E RS dAsA
FANHPY HEFE FANAGEST o] Q)
Atk &= MK-801°] €A% HEF{F FHEHJE Ho
71¥ 3ht olzho] MK- 8018 ARAMZwWo]E Tl
JldsiAE 48 Aolge FAT U, ol o
MK-8010] HEFd] nXEe G| B Yats)
A AP A grh. MK-8019 AAAEH A
7} F#2 NMDA F-&419 g 2Hgo] o R
2 dutdog welsdAn Yrie AT, o8 B
1g 2 W H¥F FZEGE MK-8019 A7
AEFaFd oj= AR 7448 Aoz AzZHD.
e MK-801¢] Z4HE8F 2 FAHIEYGolE
£ WAe Add #HMe oS FAFHA S0}
Ag=lojel & Aolct,

AAES] AFolHd MK-8019] AAMEwo] &

F2 dixu oA 2AHHUEH, o= NMDA 2%
Azp g g2 AR FREY Yoo FAY
a7t gles BEE YR ny¥s dxFd.
o]Z°o] NMDA Z##l7l s3] NMDA-o|2F=
EgAo] F2 437 dEAAE ob4 HEsA &
.

o] AFolA ALE3 FAWFER DM E o A
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zAdAE FFEYE FYNARAGE, AEH
NMDA 7Z&A, 817383 NMDA ZA3tAe &7}
Egsla o % webd NMDA Z#Ae AAA

- EPo|ade F2HE, AYYT, e ELAR
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