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Effect of MK-801 on Neuronal Cell Loss and Fos Expression of
Hippocampus in Lithium-Pilocarpine Induced Status Epilepticus
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Background & Objectives  Endogenous excitatory amino acid has been implicated in neuronal damages occurred
in many neuropathological conditions such as ischemia and seziures. Glutamate, the principal excitatory
neurotransmitter in the CNS, exerts its neurotoxic activity primarily by binding to the NMDA receptor,
one of the three glutamate receptors. We evaluated the effect of MK-801, a non-competitive NMDA
receptor antagonist, on both Fos expression and neuronal damages in lithium-pilocarpine induced status
epilepticus rat model. Methods - Seizures was induced in rats by lithium pretreatment followed by low
dose of pilocarpine (30 mg/kg, ip). MK-801 (1 mg/kg) was treated 15 min before (MK-801 Pre group, N=
B) or 20 min after the injection of pilocarpine (MK-801 Post group, N=5). Saline, instead of MK-801, was
injected for the Control group (N=5). Results . Seizure-induced neuronal damages, which was evaluated
by the counting of the number of viable pyramidal cells in the area of CA1 and CA3 of the hippocampus,
were significantly inhibited by MK-801 in both MK-801 Pre and Post groups. This protective effect of MK-
801 was observed only in the CA1 area and was not typical in the CA3 area in both groups, and there
was no differences in MK-801 activity between Pre and Post groups. We also examined the expression
of Fos, which has been known to be involved in long-term neuronal plasticity or delayed neuronal insults,
by the immunohistochemical analysis in the hippocampus and thalamus. Pilocarpine induced Fos expres-
sion significantly in the Control group and moderately in the MK-801 Post groups, whereas, it was com-
pletely blocked by the pretreatment of MK-801 in hippocampus. Condlusion - Our results showed that MK~
801 prevented the hippocampal cells from neuronal damages as well as inhibited Fos expression in the
pilocarpine-induced rat seizure models. These results suggest the roles of NMDA receptor and Fos protein in
seizure-related hippocampal damages. (J Korean Epilep Soc 3 155-163, 1999)

KEY WORDS : Lithium-pilocarpine - Status epilepticus - NMDA antagonist - c-fos - Hippocampus - Neuroprotection.
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2702 AEE 250~300 gm®) AZE AL A}
F AR AR 2 AARAL AR
T2 B AHE Hod *}%5}2\‘?\‘4.

2)% N

25 (lithium chloride)® B 27F=9 (pilocarpine hy-

drochloride) methylscopolamine ¥ MK-801€ Sigma
(U.S.A)ellA, ketamine(#&43, Korea), diazepam ("8
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Q1A <k, Korea)¥} xylazine(3+= uleld 3}et F2]3)A},
Ul A eFsAtzRE 47} pelEint. Bl E
FA] A S5l H9 3 mEg/mlE ¥ gg2s=
A7} methylscopolamines 0.9% 2|2 g4zl Ho] 2zt
2} 30 mg/ml¥ 1 mg/mlZ A3t Alg-stgoh.

Korea) 52

a1l

2% H

1) 388 29
201t219] BF <l ketamine(87 mg/kg)? xylazine(13
mg/kg) S B2 Ul FARI w3 A7 3 H 9 147 (ste-

reotaxic frame) ol S ET FHEFS =2A7] T 4=
AFHF TGl ARl ket Aute] A=E 27t 41

bo

< ¥ & AlE(bone cement)g} Z]JJro O}ﬂ%(dental
acry) 2 AMg8le] QAT =
o FJE5&
24A)7Fe] Rt
7F23 (30 mg/ kg) & B7) q] _]_;\]_—6]_04

et olw A4l l'i—é?]—a}‘_% 2yx4 Hx_}&%

FEFT 2 HALH ‘i‘iﬂ"ﬂ 4611 ﬁ"éﬁ‘}"ﬂr/} 4
AlZE v 108 202 B Wal L Hole)
& #Fstgon 37l A the 3473 Xﬂi ‘jr"] ofA]
(10 mg/kg) & Fosle Ad S DA 24
7k B9t ) 108 7o H3tE 23 }“E} 1 Hz«} A
F3+ g8, 70 Hz® 259 ¥H 9 60 Hzel notch filt-
erg AH8-3te] 17| (Nihon Koden, Japan)® &4 3813
o Hu-82)9] &%= 15 mm/secE 3T

2) 4@z
AT FAREE, MK-801 AAAZH FH R 2]
A o2 Wit $3 Zdse g -deslegez

o MK-801<2 1 mg/kg®] €% 2 TR n(N=5), ¥
AATAINE BRslanon FHAUC = 208 F
o MK-801& 2 &322 FALSIATHN=5).
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Eosin(eldt H-E) S4¥7} AN TSEPEE 242 A4
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anti-Fos antibody, Oncogene Science, U.S.A)E 1:
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ozt A2l biotinylated anti-rabbit IgG¢t peroxidase-
labelled streptaviding 241752t 204 ¥hEAIZ] o
S 3% 3-amino-9-ethylcarbazole®} 0.3% H.0. T3
o7 dhalsie] FESIHTHDAKO LSAB Kit, DAKO Cor-
poration, U.S.A).
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Table 1. Inclusion criteria for the identification of viable nerve cells.
Only cells with a complete presentation of all listed criteria can be
classified as viable

1. Sharply delineated nucleus with elipsoid or round shape

2. Clearly distinguishable nucleolus located centrally within
the nucleus

3. Nucleus slightly darker than surrounding neutrophils

4. Neuronal cytoplasm clearly demarcated from surrounding
neutrophils

5. Less than one third of the surrounded by confluent
vacuolization

3RA R FoA R el EASITE ael3 Al A%
o WE Fos WA P& Lohy) Hete] A4l Fos
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5) S M2y

7t 4PN AL alnle] CALT CA3 9N 238
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FEAERY. MK-801 AR 33 T2 AAA2E
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1. 358
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movement), T/ 8¢ A A8 2 FE N BY
< s} YolX & 9} (Rearing & Falling)# 22 A3
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Saline treatment

MK-801 pretreatment

rrn AWl A A,
30 min
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120 min

MK-801 posttreatment
T T Ve
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180 min
eer \JRAARAR AR ARK:
- _}/\r/\,,_’h\/m‘j\‘vur_ ey ;%‘ ;
360 min  pape A A oA N g E
PR At AR Fig. 1. EEG recorded at 30, 60,
120, 180 and 360 minutes aft-
er pilocarpine injection in con-
trol, MK-801 pre- and posttreat-
ment rat.
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7F ettt

(waxing and waning)-&

2) 4=232n -'.E-°1 1208

AT FHAE TN = 608H Jehgd x| &3]
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12,942 tiz2o] vlsle] Az SEEr} felshl e 2= F/HENTH(Fig. 9).
statt. CAY QoM E 1A A5 AlXEF7} 25.8+
4.38% CA1®} fARRHI z_}g\_gq ot AAAT =L n At
ARl A E 37,012,109 39.8+11.712 FHAHT

o] Blgte} AAME EFP=7t ‘2’3} o BAA FolA 2% - gzstadon} slo|dat Gl g FHAE B
& glltH(Table 2, Fig. 2). %01]/\1 FEEA 9]5‘} ﬂ@*ﬂ:—‘fi -’E"o‘ﬂ%ﬂOﬂ g A s
FAARTIIAE sivkel CAL CA3 99 2 AlgolA] _‘;ﬁ;“'ﬂ o eens oo ;m o
Fos B4lo] Fisislon HaldmE BF gade 220 ;L;E 1@ ol 74]?2 ‘; ;ML oo
Shte). MK-S01 AAARAAE shoel CaL cA AR T T MDA gt 209
S} A3l Fos e vepdA @ e etk 0o T S oﬂ;_ K 801¢]
FAAZAA Fos WAFEE CAL B CARISA & 7 - ;va:;ﬁ; e o1a AL nEdR
% grade 192 SRR vlgel Pasle AFE R ceT T T e
o e s s, ] grade T E WA S SHe2 ] 4UE Bl
W} 7|24 g 2Td LS AIRHESE A714 ™ol #4

Table 2. Measurement of the neuronal damage in CA1 and CA3 _ B
area of the hippocampus by Stummer's method (20) {(mean=£SD) in 2 4 e Hae MK-801 438 2%t MK-
the rats treated with saline, or MK-801 before and after pilocarpine 801 Eojo] wa AlX| gl Z¥A dupg) 2 ols}o] Qa7 2

injection. Viable cell number was counted

CA1 CA3 Yol Ao VA eigkmn T3 2 ] S ¥ e]
No of neuron No of neuron A Zo] u| - Aot EXE TR Ezle] 2HAH
Saline treated 29.0+12.75 25.8+4.38 21 o7 = =

Beel A%AE AAFACH HLEANE A5 %

MK-801 pretreatment 64.14+ 8.19% 37.0£12.10 o - 1o
AL X A L = QN1 Eed 2
MK-801 posttreatment 68.012.94* 39.8:11.71 Sk 8A17F o FAS QT e MK-801F 4
*»<0.05 AT FHAH] 2Ty TYsA AEHUES

|| Fig. 2. H-E staining of the hippocampus 24 hours after pilocarpine
injection in control (A), MK-801 pretreated (B), and MK-801 post-
treated (C) rats. A @ Almost all pyramidal cell of have been destroyed.
B, C: Shrunken and darkened neuronal somata are interspersed
among normal appearing cell on the CA1 area but the feature is less
| prominent in CA3 area compared to CAT area (X40, Bar=312.5 pm).
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Fig. 3. Immunocytochemical staining of Fos in hippocampus 24
hours after pilocarpine injection in control (A), MK-801 pretreated (B),
and MK-801 posttreated (C) rats. A : Intense staining (grade 2) is not-
ed in CAT and CA3 area. B : Nearly absent of Fos staining is noted
in CAT and CA3 area. C. Low intensity (grade 1) of Fos staining is
noted in CA1 & CA3 area but intense staining (grade 2) appeared in
thalamus (th) (X 40, Bar=312.5 pm).
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