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The Effects of Excitatory Amino Acids and Their Receptors on Neuronal
Damage of Rat Brain in Hypoxic-ischemic Encephalopathy

Heasoo Koo, M.D.
Department of Pathology, College of Medicine, Ewha Womans University

Since the role of excitatory amino acids such as glutamate and aspartate and their receptors
mediating cellular injury through various mechanisms were known in hypoxic-ischemic injury
and associated diseases of central nervous system, blocking agenis for transmitter release or
receptors have been tried to reduce the cellular damages and subsequent sequelae experimentally.
Several in vitro studies suggested two kinds of glutamate neurotoxicity: (D) rapid toxicity due
to influx of sodium or chloride with resuliant cellular edema and consequent damage, which
is associated with N-methyl-D-Aspartate(NMDA) as well as non-NMDA receptors, @ calcium
mediated delayed toxicity associated mainly with NMDA receptor.

This study was conducted to investigate the role of rapid toxicity in hypoxic-ischemic injury.
Early lesions of 30 minutes to 24 hours after hypoxic-ischemic insult were examined by auto-
radiography with radiolabelled glutamate and kainic acid(KA) as well as light and electron
microscopy. Late changes were evaluated on formaldehyde-acetic acid-methanol(FAM) fixed
brain 1 week after the insult.

Comus ammonis(CA)1 of hippocampus showed the highest density of NMDA receptors, which
was decreased constantly from 2 hours to 24 hours. In contrast, CA3 of hippocampus showed
the highest density of KA receptors, which was the lowest at 6 hour and increased thereafter.
Light microscopic examination showed the worst changes during 30 minutes to 6 hours. After
| week, most of the cases showed degeneration of neurons and CAl and CA3 did not show
the difference. Electron microscopic examination showed marked degenerative changes of
neurons as well as neuropils starting from 30 minutes after the insult,

In conclusion, rapid toxicity mediated by non-NMDA(KA) receptor seen in CA3 lead to
permanent damage in 1 week old lesion. (Korean J Pathol 1995; 29: 545~562)
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Fig. 1. Light microscopic findings of frosen scctioned rat brains 2 hours after hypoxic-ischemic exposure, Bosinophilic
neurcns were noted i left hippocampus, frontoparietal cortex, and thalamus in the torritory of middle cercbral amerviA),
Hippocampus(B) showed many eosinophilic neurons mostly in CAlfamows) und CA3-4(nmowheads),

Fig. 2. Light microscopic findings of Funm]dehy{lc-aueﬁc acid-methanol(FAM) fixed rut brains | week after hypoxic-
ischemnic exposure, Evsinophilic nourons were mostly noted in lefi CAl{amows) and showed pknotic nuelei and
ecsincphilic cyloplasm,
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Table 1. Neuronal damages at 1, 2, 6, 12, 24 hours and 1 week after hypoxic-ischemic exposure (1 to 24 hours: FS,
1 week: FAM-fixed rissue)

' 1 hr 2 hr & hr 12 hr 24 hr 1 wk
Site '";m““m“l (n=10) (n=9) (n=5) (n=T) n=12) (n=16)
AEC No(%)" No( %) No(%) No{%) No{ %) Noi %)
1 Wl
Outer Grade® 3~4 4(40) 5(55.6) 2(40) 1{14.3) 3(25) 12(75)
corex ] ~32 1(10) I(11.1) 1(14.3) 4(25)
Inner Grade 3~4 4(40) A(44.4) 2(40) 1(14.3) 3(25) 13(81.3)
cartex | ~2 1(10) 2(22.2) 1(14.3) 3(18.7)
Grade 3~4 (500 3(33.3) 2(40) 1{14.3) 216.7) T(43.8)
CAl -
| ~2 1(11.1) 1{14.3) 5(31.3)
Grade 3~4 S5(50) 4(44.4) 20400 1(14.3) 1(8.3) 12(75)
CA3
=2 1{14.3) 1(8.3)
Crade 3~4 3(50) 4(44 4) 2400 1(14.3) 1(8.3) N56.3)
CAd
]~2 1{14.3) 1(8.3) X187
Dentate Grade 3~4 4(40) 3333 10200 1{14.3) e Ti43.8)
Byrus 1-2 1(107 I{1L.1) 1(20) 1{14.3) 4(25)
Grade 3~4 4(40) 5(55.8) 240 2(28.6) 1(8.3) 12(75)
C:P S
| ~2 1(10) 1(11.1) 1(6.2)
Grade 3~4 5(50) 5(55.6) 2(40) 2(28.6) 1(8.3) 11{&6E.R)
Thalamus
1~2 318.7)

CA: comus ammonis FS5: frozen section

n: number

1. Values are number of animals showing changes(%)

CP: caudate-putamen FAM: formaldehyde-acetic acid-methanol

2. Grade 1: occasional neurons are degenerated
2: less than 10% of neurons are degenerated
3: 10~50% of neurons are degenerated
4: more than 50% of neurons are degenerated
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Tahle 2. Neuronal damages at 30 minutes (0 6 hours and
12 to 24 hours after hypoxic-ischemic exposure
(Epon embedded semithin section)

‘ N I 3 min o 6 hr 12 to 24 he
Site (n=6) in=4)
damage No(%)' No{ %)
S :
Outer Grade” 3~4 3500
cortex | ~2 1{16.7) 4(100)
Inner Grade 3~4 350
cortex | ~2 {167 4(100)
Grade 3~4 35 W75
CAl
1 ~2 (50
Grade 3~4 J(500 75
CA3
1~-2 3(50) 1(25)
Grade 3~4 1{16.7) 3(75)
CAd
12 466.T)
Dentate Grade 3~4 466.7T) 40100
£YTUS,
Inner blade | ~2 2(33.3)
Dentate Grade 3-~4 3500 1(25)
EYTus,
outer blade 1~2 3(75)
Grade 3~4 2(33.3) 1(25)
Thalamus
1~2 350 3(TH
CA: comus ammonis ¢ number

1. Values are number of animals showing changes(%)
2. Grade 1: occasional newrons are degencrated
2. less than 10% of neurons are degenerated
3: 10~50% of neurons are degenerated
4: more than 50% of neurons are degenerated
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Fig. 3. Light microscopic findings of scrnithin section of cerebral conex(A} and left hippucsmpus(B] of glutaraldchyde
fined tat Brains 30 minulest A and 24 hours(B) after hypoxic-ischemic exposure. The neurons were markedly degenerated
with dark extensively vacuolaied cytoplasmiarrows) and the neuropils wene edematous at 30 minules{A]. Newrons shuwed
carly ischemic changes with darker slightly condensed vyloplasm ar 24 hours{B)(Toluidine bluc stain).

Fig. 4. Electron microscopic Mindings of hippocampus of contrl animal, Newron{n). axonia), and dendrites were well
preserved with well defined presvnaptic and postsynaplic junctions()(A: = 15600, B: = 1RO
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Fig. 5. Electron microscopic findings of left hippocampus(A) and cercbral cortex(B) of rats 30 minutes after hypoxic-
ischemic exposure. A markedly degenerated neuron with condensed vacuolated cytoplasm, collapsed nuclel, and de-
generated axoplasm(a) was noted with extensive degenerative changes of postsynaptic dendrites(d) and flocculated

vesicles(v) accumulating in presynaptic terminals(A: = 10400, B: = 18000).

Table 3. Changes of NMDA receptor at & hours and 12 to 24 hours in ischemic(ll) and hypoxie(Ill) groups compared
with control(l)

&% left versus right hemisphere

Anatomical
Group | Group 11 Group 111
region {n=10) —~
& hr 12 w0 24 hr 6 hr 12 10 24 hr
(n=3) . (n=6) {n=6) (n=6)
FP conex
outer 21.0 6.1 —16.5 22.1 359
(13,7 (237 (29.1) (15.7) (67.8)
inner 19.1 1.3 —10.17 4.4 20.8
(17.00 (9.0) (26.6) (20.8) (40.7)
Hippocampus
CAl 9.7 2.3 1.6 0.0 12.8
(18.6) (4.3) (22.5) (20.8) (18.7)
CA3 0.4 — 4.2 6.4 12.5 5.0
(11.3) (9.5) (10.2) (20.9) (16.6)
DG 6.0 - 3.8 1.5 1.0 12.0
(15.4) (9.2) (15.00 (12.0 (17.5)
CP 25.6 29" —10.9° 7.7 16.0
(25.0) (21.00 (15.4) (19.5) (28.0)

L]

Values are mean(SD), significantly different between groups (p=0.05)
Values are mean(SD), significantly different between groups (p<0.1)

Bl

NMDA: N-methyl-D-aspartate FP: frontoparietal
CA: cornus ammonis DG dentate gyrus
CP:  cawdate-putamen



FElF o Bl w - gk Alwels] A ER ebeleds] Y 553

Fig. 6. Autoradiographic findings
of M-mothyl-D-aspartats roccpor
in eomtroliA) and hypoxic-ische-
mic rrowp®) 2 hours aficr the
exposure, Densily of  receptors
were svimetrical in both hernis-
pheresiAd). The highest  demsily
was noted in smatum radiatum of
CAl(yellow) and lower demsiiies
weare exprossed inopreen, black,
datk blue in decreased  order.
Density was markedly decreascd
it 1eln CAl stratum relbianom, ce-
rchral  corles, thalamus,  and
caudatc-putamen ot 2 hours afrer
the insult{B).

Fig. 7. Aworadiographic (inding of
kainic acid receptor i conmrol (A}
and hypoxic-aschemic groupid) 2
hours aller the exposure. Demsly
of receprors were symmetrical in
both hemispheres{A). The highest
density was nowed Ino sitelum
lucidum of CA3(green) and lower
densities were cxpressesd in Mack,
dark bluc, and pink in deereased
order. Density was markedly do-
creased in left  hemusphere, es-
pecially cervbral cortex, thalamus,
and vaudate-putamen(B).
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Table 4. Changes of NMDA receptor at 2, 6, 12, and 24 hours in hypoxic-ischemic group{TV) compared with control(T)

& % left versus right hemisphere

Anatomical
Group | Group IV
region n=10)
2 hr 6 hr 12 hr 24 hr
(n=16) (n=5) {n=5) in=11})
FP cortex
outer 21.0 —-20.3" -33.1 —20.9" -11.3"
(13.7) (33.5) (18.2) (16.5) (25.8)
inner 19.1 194 —249 16.5 — 155
(17.0) (15.8) (10.3) (19.5) (17.1)
Hippocampus
CAl 9.7 85 2307 —19.8 ~15.3"
(18.6) (14.4) (9.2) (21.6) (14.5)
CA3 0.4 — 30 17.4° —11.2 —13.7
(11.3) (19.9) (11.3) (13.2) (16.4)
DG 6.0 62" —15.5 6.5 —49"
(15.4) (6.6) (9.7) (8.9) (11.6)
CP 256 ~13.1 276 -9 19.5°
(25.00 (12.1) (15.6) (45.3) (19.4)

" Values are mean(SD), significantly different between groups (p<0.05)
"t Values are mean(SD), significantly different between groups (p<0.1)
" p<0.05 by NMDAD method(difference between right and left)

NMDA: N-methyl-D-aspartate
FP: fromtoparietal

CA: comus ammonis

DG: dentate gyrus

CP: caudate-putamen

ol Ealste] #H-5-F2] 2o} glelchFig. 6A).

H el FEgNE F2 9% dxaAde g3
< AR AlEEHE T4AF HYm, 2EE 124
Fhell4] 242 7hef] A8 7H4EE B9l 20 (p<0.05) CA3
T 64l dizFEd ool FHEF Hald
(p<0.05). v|-de-27iu] 82 64)7he]] 2fzle] wE S
He|x(p<0.l) 124]7boll A 244 2ol A% W E
HEvhp<0.05). ZE F8o4 A7kl wE Aol
lelch A W72 dizgel] Bl guigles WEle)
flelar A7kl w2 Ale] = gigdchTable 3).

AV el 4 djole] CcAlE d)=F0 vz 2
Al e A HEE HYorm(Fig. 6B) 244]7F
7hA] A E 9 ap<0.05) ¥ A9 2jE:a g,
vl-g-zrvpe e 2 M EE K 9lchp<0.05). CA3
= W vasid 62]7ke) 244] Fhellgt AubE o

2 2|u|g] FHasglamip<0.05) =43 s a2
vlszala] 247k} 64| ghell Slulgls A4S Hew
(p=0.05) 124742} 242 7hel] 4] 2fzhe] H4EF B9
(p<0.1)Table 4). z}2#2] 2| 7hef] & W} 5 v
daul z-gEnt 64l zkEl 24417F Abolof] 2u]gl=
Hol & Echp=0.05).

2) Kainic acid: Sham &3t #| [ Foll 4= KAT
4 dlvle] CA3Z] 58 F(stratum lucidum)el] B
o] Esn A4iH ez CAldle A2 &4 o
o #He-F2| xo|rl glalchFig. 7A)

AN FellA e =t wlamafa 1242kl 24
Algtel] #Es] NST vz ahu)ael] 4] <Fzhe]
g B (pe0.1) Akl 32 o] glgich
A el A 647kt 4] 2% dixjub =3 o)
el ef7he] Pt HED (pe01) 647 124
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Table 5. Changes of KA receptor at 6 hours and 12 to 24 hours in ischemic(Il) and hypoxic(Ill) groups compared with

control(I)
S % left versus right hemisphere
Anatomical
Group 1 Group 11 Group 111
region (n=10)
6 hr 12 to 24 hr 6 hr 12 1o 24 hr
(n=6) in=6) (n=6) in=6)
FP cortex
outer 12.3 154 1.1 —23 11.7
(14.2) (19.1) (1600 (19.2) (14.4)
inner 134 1.9 21" 16" 24
(17.7) (8.6) (14.3) (10.8) (13.9)
Hippocampus
CAl -39 -7.1 — 0.6 2.3 0.5
(12.9) (11.7) (12.9) (1.2 (7.4)
CA3 7.6 1.2 0.8 5.8 0.1
(14.8) (4.1 (9.5) (7.00 (15.0)
DG 0.7 1.6 1.2 0.2 2.1
(10.6) (13.4) (5.4) (12,3} (12.3)
CP 11.8 5.7 —36 120 5.0
i(16.3) (7.8) (15.5) (28.8) (28.2)

Values are mean(SD), significantly different between groups (p=<0.03)
Values are mean(SD), significantly different between groups (p<(.1)

(g

KA: kainic acid

FP: frontoparietal
CA: comus ammonis
DG: dentate gyrus
CP: caudate-putamen

TrollA] 2447 Ajelell A|zbel] whE Abe|= glRTH
{Table 5).

H IV Foll 4= CAlS WE-E Ho|A] ghgbal CA3
= 24 7vRE] dlz=Fel vls] o3k Fhasigled
(p<0.1) 644 5E] 2]u|glH] #A% 2 chp<0.05) (Fig.
7B). 912 dixu Mo ¢j&s &I} w]gd-zstu
e RE 247 R di=da uid Af dis
Heleo 244)7b7bA] ZA&E gk (p<0.05). gl
24) 7h3 244] 7ol 4] ool wlal 2fkate] FRHEE
5 ¢l p<0.1)(Table 6).

A\ 7vel] w2 7h 292 vlaelHe iz Ae]
&2 a)7keh 64 7hAe)2E 64 7ETh 2447 Aol
glulgli zo]F K ap<0.05) CAI: 2473} 64]
7ha}e]ef| A 2lm| gl HolE HE gl chp<0.05). vl

Z7he| 82 24 7k} 64 7k, 24 7h} 124]7F, 64| 7HE}
2447k, 1247k} 244 7 Abe]ell 2n[glE Ae]E B
Gl cHp=0.05).

NMDAS%} KA 84 ZAAAEze] FAIHe|elA
222 zhe] w9 ulzu Abe|(NMDAD, KAD)S|
o] ZAolol| HohE Aol7h glaldl

al &

Gzt >t @ebelld EFE S7HAFI= 2ol
1935\ o] Krebsoll 2]af Rasl o] Glugl Aspartic
acid(Asp)7} Ef-FES] FFAAAANA AP e
A el AGEE4Y AREAR HEse AT
F 4P Aol AAERY bl A



556 oigtlel == - A 29 A5 E 1995

Table 6. Changes of KA receptor at 2, 6, 12, and 24 hours in hypoxic-ischemic group(IV) compared with control(T)

&% left versus right hemisphere

Anatomical
Group | Group IV
region (n=10)
2 hr 6 hr 12 hr 24 hr
(n=20) (n=5) (n=8) (n=11)
FFP cortex
outer 12.3 -9.4’ —16.6 —11.3 —19.3
(14.3) (18.8) (16.7) (7.8) (18.4)
inner 13.4 - 106 -25.1 ~16.0° —11.1°
(177 (12.4) (12.7) (14.6) (10.7)
Hippocampus
CAl 39 —-33 6.5 6.2 0.1
(12.9) (18.7) (11.4) (12.5) (7.2)
CA3 7.6 —1.87 ~15.3 5.7 ~7.1°
: (14.8) (6.8) (19.13 (6.3) (9.6)
DG 0.7 —80" —12.3 —6.6 —8.6
(10.6) (16.4) (17.7 (12.3) (9.5)
CP 11.8 52 —21.4 —14.17 ~58
(16.3) (8.7} (14.7) (4.5} (8.2)
* Values are mean(SD), significantly different between groups (p<0.05)
": Valyes are mean(SD), significantly different between groups (p<0.1)
KA: kainic acid
FP: frontoparietal
CA: comus ammonis
DG: dentate gyrus
CP: caudate-putamen
AFedsl= 4 A4 opgx oule] AHAHEE 51 Aol A Asg FHAZ A4 EI)AA (de-
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