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Cellular Mechanism of Seizure Discharge and Its Normalization by a Herbal Mixture
Prescription ‘‘Saikokeishito-ka-Shakuyaku’’ (SK)
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Epilepsy is one of the most frequently occurring nervous diseases. However, the fundamental cause of epilepsy is
still unclear. We tried to elucidate the cellular mechanism of seizure discharge. During this research we unexpectedly
found that a herbal mixture prescription shows very good effects on epileptics. Therefore, we also performed experi-
ments on the anticonvulsant mechanism of this herbal mixture prescription, ‘‘Saikokeishito-ka-Shakuyaku’’ (SK). SK
showed normalizing effects on intracellular calcium-related and protein-related pathological changes induced by pen-
tylenetetrazol (PTZ) application in snail neurons and cultured neurons from the cerebral cortex of mice. In addition, SK
showed marked protective effects against neuron damage induced by the cobalt focus epilepsy model, cytochalasin B and
severe stress. SK also showed normalizing effects on developmental defects of cultured neurons from the cerebral cortex
of an epilepsy animal model, EL mice. Moreover, SK showed complete preventive effects on the abnormal expression of
one of the seizure-related (SEZ) genes, PTZ-17, induced by PTZ in Xenopus oocytes injected with PTZ-17 RNA. We
also determined mouse chromosomal loci of the SEZ gene group and PTZ sensitive trait loci by linkage analysis for com-
parison with human synteny of epileptic families. The above-mentioned findings suggest that some herbal prescriptions
will become promising drugs for the therapy against intractable nervous diseases which can not be ameliorated by pure
chemical drugs in the future.

Key words——seizure; pentylenetetrazol; bursting activity; intracellular calcium; SEZ genes; Saikokeishito-ka-
Shakuyaku
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Fig. 1. Bursting Activity Induced by PTZ Application in Mammalia and Snail Neurons

A) PTZ-induced intracellular potential of the cerebral cortical neuron of a cat. B) Effect of extracellularly applied PTZ on the PTZ-sensitive neuron of the

snail, Euhadra, and effect of SK on PTZ-induced bursting activity.4544
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Table 1. Crude Drug Components of SK and TJ-960

SK (g/day) TJ-960 (g/day)
Bupleuri Radix 5.0 7.0
Paeoniae Radix 6.0 6.0
Pinelliae Tuber 5.0 5.0
Cinnamomi Cortex 2.0 4.0
Zizyphi Fructus 4.0 4.0
Scutellariae Radix 3.0 3.0
Ginseng Radix 3.0 3.0
Glycyrrhizae Radix 1.5 2.0
Zingiberis Rhizoma 2.0 1.0
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Effect of SK on General Pharmacologic Screening Tests for Antiepileptic Agents

A) Effect of SK on hexobarbital-induced sleep in mice. Each dose of SK was administered p.o 1h before hexobarbital (100 mg/kg i.p.) injection. B) Effect of
SK on maximal electroshock convulsions. Each dose SK was administered p.o. 1 h before maximal electroshock (90 V, 200 m sec) . 30 mice were used in each group.
C) Effect of SK on audiogenic seizure in DBA strain mice. 30 mice were used in each group.?
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Fig. 3. SK Effect on PTZ Induced Intracellular Calcium Shift
on PTZ-Sensitive Neuron of Euhadra Using the Mapping
Technique of Single Neuron by a Computer Controlled X-
Ray Microanalyser

A) Intracellular calcium distribution of normal neuron. B) Calcium
shift toward the cell membrane area after PTZ application. C ) After appli-
cation of SK. D) After application of SK and PTZ, showing complete inhibi-
tion of intracellular calcium shift. Left photographs are secondary electron
images of each examined neuron. Measured counts of CaKa X-ray were clas-
sified in twelve steps as shown at the bottom; the numbers in the maps cor-
respond to these levels. Densely shaded spots show the most dense calcium
distribution.22:34
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Fig. 4. Electron Micrograph of Intracellular Granules in the
Euhadra Neuron

A) Normal neuron. B) Neuron after 15 min incubation in PTZ-contain-

ing Ringer (bar, 0.5 um). C) Percentage of lamella type granules (L) in

dark normal, light normal, and dark. PTZ-incubated neurons. Values are the

mean + standard deviation of seven experiments on each type of neuron.!?
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PTZ-Sensitive Neuron of Euhadra Examined by a Computer-Controlled Electron Probe X-Ray Microanalyzer
A) An example of CaKa X-ray intensity drawing by stepwise (10 um) analyzing crystal position movement (total of 67 steps ) of metallic calcium (O) and
normal neuron (+). The symbol X indicates the superimposed position of the symbols O and +. B) Same graph but with metallic calcium (O) and PTZ-treated
neuron (+). C) Same graph but with metallic calcium (O) and SK (+). D) Same graph but with metallic calcium (O) and combined treatment with SK and PTZ
(4). Abscissa, CaKa X-ray detector position. Ordinate, relative X-ray intensity when the peak strength is 10.3¥ E) Summary of calcium binding state changes of
normal, PTZ-treated, SK-treated and SK-PTZ-treated neurons. Values are mean = SD. Numbers of experimental specimens are in parentheses.¥

SK Effect on Calcium Binding State Change during PTZ-Induced Bursting Activity near the Cell Membrane of a Freeze-Dried
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Fig. 6. SK Effects on Intracellular Protein Changes and Cal-
cium Incorporation into Ca. 15k and Ca. 5 k Dalton Pro-
teins (—@—) with Densitmetry Patterns (Thin Lines) dur-
ing PTZ-Induced Bursting Activity

A) Normal neurons. B) PTZ-treated neurons. C) Neurons treated with

SK without PTZ. D) Neurons with combined treatment of SK and PTZ. Ar-

rows indicate ca. 15 K and 5 K dalton proteins.3¥
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Zif AU CEMEZHIET 2 O3 THL .
ZFZTHWS N % DN patch clamp £V TH %
(Figs. 7, 8).

BEET A ETIERLIZF v EZ Y —DkuzE N
DY 1.5—2.0 um ([T EVUBETHALD 7o)\ F B2
A, INzMEficR<HL LT TRIITSE
giga ohm seal &\ D FWHIFIRENED HE 5.
ZOEZEMOHFITA S B —F v )LD
$rTZ % (cell-attached patch clamp %) (Figs. 7A
-C,8B), &S ICHRMMICKEIZ#H< T2 &AL

LA

INSIDE-OUT PATCH

T

Fgi. 7. PTZ-Induced Changes of the Single Potassium Channel

7 MEREAE A3 A CTHRIERIN & BN 2YE U, MiAaiE 2
KERNDAF > ERELHETHIENTES
(whole cell patch current clamp 3:) (Fig. 8A),
whole cell patch current clamp £ TlX, H& VAU
ORI B Z A L TH SNz &[RRI EE LA
{bEERTX 5. F/- giga ohm seal L7218, W
U 7= iR D Wi O & 2 flifiel 24k 7y 5 51 E B L Cacsk
9 % Jji% (inside-out patch i) (Figs. 7D, E) 72 &
MH 0, BHEIZIRC THEWG Tz, 242528

Cell-attached patch clamp T, H. — @ potassium
channel D B %2 & % &, 1E% T L8 1 open
time 7355 < T close time 23 EW T >4 AT BHEIREE
ZRLTWS, ZHIZPTZZHANS 52 % EHH
BEEE D ANS % & R IC open time 7V E< /2D, D

WIZIE burst R IZ open-close 2§ DR T X DT85
(Fig. 7B) .29 Cell-attached patch clamp Thburst K iZ
755 JREIC PTZ Z e LU, [F UMfd % inside-out
patch 1295 &, HIZPTZ #¥H51L TH burst JRD
BB Z 5721 (Figs. 7D, E). Db, ZDZ
EIXBAMNEZ 57201213, TR DRIEOH
THEIZ—HOZEPHEFITHETH S I EERT
ERTHS.

Whole cell patch current clamp Tidékd % &, 1FE
" 75 IR BE T regular spike 23 B 53, PTZ #4mn 5
G A% & BAMHBT % (Figs. 8Aa-b). ZDIKAE
ICSK %25 2% &BAIZXKREICHE D L, regular

2pA |

200msec

A) Cell-attached configuration. B) PTZ-induced frequent and burst-type open-close state. C) After rinsing. D) After switching to the inside-out configuration.
E) PTZ application from inside the cell membrane. No change was observed. Primary cultured neuron from the cerebral cortex of the mouse. 3-day-old culture.*>
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2pA

400msec

Fig. 8. Normalizing Effects of SK on PTZ-Induced BA and Burst-Type Open-Close State in Primary Cultured Neuron

A) Whole-cell patch recording. a) PTZ-induced BA. b, ¢) Normalization of BA by extracellular application of SK (75 ug/ml). B) Cell-attached patch configu-
ration. a) Random open-close state in a normal neuron. b) PTZ-induced frequent burst type open-close state. ¢) After rinsing with normal medium. d) SK (75 ug/
ml) added medium. ¢) PTZ and SK added medium. No PTZ effect was observed. Primary cultured neuron from the cerebral cortex of the mouse.*9

spike IZ 7% % ( Figs. 8Ab-c) . ¥ /= cell-attached
patch T PTZ T # % L /= burst 4R @ open-close &
SKIZ&L D IEE LT/ (Fig. 8Bc). Dk Sic
X7 A KK R B AR B A e i & B W C patceh
clamp £ Cai#k L 7z BA XU burst ;RO F v R IV D
FEAIZDNWTH, SKIZX > TIEHERIRREIZ/AZR D
filEh R ZERL .

2. MERRASIILT ) LBEZE(E455

RS MHRAIIIC DV T H I Y AU O s
fiil & AR D XMA T X BN 7))L > L HIE &
fioTHDBE, PTZIZE S THIN T LM
IZ/FED, TR E2HANBERINZ. ¥
WEEE L > A F 2 DA ORMBL NI E S ik &
LTHWSNS X DIZ/ > /= calcium sensitive #
4 3% fura 2AM 7Z #il iid N 1T incubate U T [E {4 f# Afr
TPTZ DIERZEHA% &, PTZIZ&> THIREN AL
SOULMWBHSMNITHEMLERICL>TIRIZHES
(Fig. 9E) .45 SK X Z D L D72 PTZ I X B HlllaN
T LD Bz MG /= (Figs. 9B, C). %7z,
BA KUHMIBEA A > LD EFIZ, PTZ T &
BN TV > LRSS E D S TV D L % G
8% IP; ORI D < caffeine O sk

5 D i M O BN Z S IRED IV T A F >
BRE L THIBNICHEATS E, PTZEFLU LD
75 BA MBS 1, 52 mR RN CHMRN LD
LD EANEHERIND. D ZDOXSRPTZUND
HiETH U BA KUHIIAN A1)V > LD EFITD
WTIX, SK ORERRAESET v 777 TH 2T H I
L7=.%2

IV. FORAETLEEL v X(C K DEER

1. (FONAFBRD PTZ &40

EL ¥ 7 214 Imaizumi 59 12L 0D ddY Y7 XA D
ERERELU TR SNZTVNAETINYT R
TH5. FOLCHBETIOmFEDEHSIT20[H
FEEHKD BB Z £12 XD tonic clonic DI WA
MBTEI->TL 2, HFHOYT R, #lZIF ddy
P CSTBI 2 EDORY T ATIE, HiTWhAtERZR
LEBOZY -2 TIE, iv. T70mg/kg &
FFHITREDPTZZRETD2HENH S, Ll
EL ¥ X TlZ 18 mg/kg T 100% \F Wh Ahi =
%, DFD PTZ D WNAMENIER KN D
ATHD., TOXTAICSK Z2g/kg k%5 L
721, 30 0 RRICPTZ 2H% 595 &, WL AN
IH6B5, SKIZZEIBITVWNAETILR
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Fig. 9. Normalizing Effect of SK on the PTZ-Induced Intracellular Calcium Increase

A) Normal state. B) Treatment of SK and PTZ (10 mm). C) 10 min after rinsing with normal medium. D) 20 min after rinsing with normal medium. E) PTZ
without SK, intracellular calcium increased markedly. F) Phase contrast photograph of the observed neuron. Observation using ARGUS-50 (Hamamats Photon-
ics) with calcium sensitive dye fura 2. Primary cultured neuron from the cerebral cortex of the mouse.*>

DAL THENTHD I ENGho .

2. EL ¥ XD HFEEH

EL X7 ZI3TENCR AN H D, HIEEE)Z X
% & ddY O XD RO R X 23R ITE) & B
WBEEAEENENENIT—HNT 172U XLN
HBHM, EL T ZIIBED XN < 8 & EHB) &
MIEWITZ N, ZOXDICRERITHZFHEDEL Y
T AT SK2¢g/kg & 1 H 1 [EIEK#HE OGS 2 &,
REIZAAY ERICKDRITEBNZ /R T XDITARD R
WRTE B IEFHLI N5, 3

3. EL v R OEE MR MMAD

1) MR DRk - FEERE®  EL v A3
PTZ MMEMMEN > 720, fTEINEE TH2IND
Tha<, ddY 7 X &R U & 512 KK B R
faziE® L THhKdT 5 &, ddY TIdE#3HA<

5WETIEAT 0.5% ORI RGN R 5N 5708,

ELXYJATRES REZR LD ZENTERN.

DED, WBAEMOMNRD RO B R THETE D J8#E )
IELTLES EBDbNS. £z, THSHWEEL
7= ddY @ ##EAIIE Tid & 712 78 neuron @ network
ZAES MY, EL XU A OB G ISR I Rt e o
neurite 73ZE N T & T, neurite DFBERITM S M DR
famdodo Ll Ehnrkang (Fig. 10027, 5
# 10 H H @ ddY O &l il 13 neurite Z 1L L T
W3 DIZx LT EL X 7 A Tl neurite O & 3%
IELUTUEW, MildiXEEAERBKLTLED.

EL <7 X @ K i B2 & € #l i Z medium H11Z SK
T5ug/ml ZEHRML THET 2 &, MERITH L TH 2
2N 5. %7z 100 um LL_EIZ R L /= neurite
ERADE, FRITH2MHEITHEMLTHED dY i
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Fig. 10. Immunoperoxidase Stainning for Neurofilaments in 3-Day-Old (A and B) and 7-Day-Old (C and D) Primary Cultures of

Embryonic Control ddY (A and C) and Mutant EL Mouse (B and D) Brain
Note NF-positive cell divide in vitro at the early telophase (arrowhead) in the ddY mouse brain. Bars=10 um.2"49

SEVIREEIC /D 5. 39 ODEZHIELTHDE, GDy, GD;, GT;p, KX

pary

EL ¥ AR ML D IREEN 5, FfESSE O R GQup EAYEL Y7 2 O #HEMIIL THI 5 IR N Z

pfany

oA O 1T B /s % B 2 £5 D ganglioside EMGrino7z. EL X7 A DEEMBEMEE SK Z
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WU 7= medium THET 2 &, EFEETIENV
INTRWDMEIR N D & DI 2 £i% £ T ganglioside 7%
Whnd s8R N E SN/ (Fig. 11) 3739

DX D IRHERD B Fe RINITFHEERE D D 5 iRk
MA@ medium 12 SK ZiRIL TH#ET 2 &, 1FF
EHEFRURHEERTIOCRDIEND ZENE X
2.

2) EL XU A0 o B2 & MR A7)
UL D EL YU A QREEMET, ddY 08
& & [AARIT patch clamp ik TEAME(LZLERT S
L, 2L QMBS PTZ 25275 < THHKEN
ICBAZRLTWS, ZOEE, MlENAIL DL
BEZHELTHSE, H LA TH oscillation
ROREZLNA SN, BERT B[RRI HIEWNS T
W LADOHERENAS NS, DX DR RINITH
% EL~XTADBA bl Dins SK 25 % %
ZEICEDEFEISINSD. F7z cell attached patch
TSRS 5 &, HIFEMITHE D W open-close YR
BBZ/RL, bust ROBPANHE 5N, UKD
SKZEH5ZBHZIEICEI>TEELIN, WA
channel OB EIRREIZ72 5. 3 EL ¥ X DS KR
a7 BA T LU THIT Wil AF phenytoin 2 5
LTH%E, ELYTZDBAIFIRRAZERICMA
51, single channel Tid EL < 7 Z ##% i o 52
# /2 channel BAEA S phenytoin Tl Z > TEA(LT
5HbDIADHH.®

3) ELXTADZ U Yl 1 Astrocyte Z X
HBET D ERIEREOWDY S 1 Blglia /T2

GQib GD1p GD3

100 4

 pe0.0s
* 0002
e po0.01

nmoles NANA/g wet weight
g
Fl

Uy

ddy El &
+

SK

Fig. 11. Lower Contents of Gangliosides in the EL mouse
cultured neurons and their Amelioration by SK
White column: normal mice. Shaded column: EL mice. Black column:
EL mice with SK containing medium. 3-day-old culture neurons from 18
day-old embryo.3®

GHIROEEZ Y. Z O XD 7 astrocyte D
75 ug/ml @ SK Z iR AN L T 48 I ] £ &
T5&, IXRTOTY TR FIEEREZ /RS I
B glialcZ&bH %, ELX T ZADOS Y 7 Hilfaz
BELT, I8glia DREDDH D% SK #HM medi-
um T 48 /2 E L, ZD SKidk>TL %>
7z astrocyte D 12 EL X ™7 A D neuron % £ W\ TE;
%Té L, SKIFT Ttk THRELTLES D

THbmmb 5T, SKALE L /= glia @ | IZ neuron
f)\%ﬁ L&A Z2TL % (Fig. 12).3®

ZDORERIL, B - FEE - MBI RAITEE D
HBHELYTADglialZxf L TH neuroniZxf L T
b, SKiFENENZEFLT 2EANDZEFEA
%. —7Jj phenytoin ZBHICIRIML TH&ET S &,
ddY O THRHETHH <SS WiKiET 5 &
neurite D EDMFILL, EFEAE @fﬂﬂﬂ'ﬂ] e R
TLES. L7ZA> T phenytoin IZI3E&EICEH L T
#ENHDHEEZ NS,

V. PTZFRBAICHT DAL TL&FEMN
BKc, Channel D52

BA ORBIRICHIAN L > D LD ER, & 2%
JEDOER - BENAENEND T EAHBIL TNS
7, ZDOEFD ion channel D EEHIZ D W TIZHRH M
sy, BA BHUTHRIN A1)V >0 LR E ER AW
RTHBIEMNS Calt activated K™ channel @ B
GalEELk., WL ULIKOERIEENS K
channel IZDWTIX, & ® conductance D& WV IT X
) BKc, channel & SKc¢, channel IZ KH]EN TNV 5D
(Table 2) .5 BK, channel i 100—400 pS @ k& W
conductance A L, voltage sensitive T, &\ af-
ter-hyperpolarization (AHP) O 4 I1CB 5L, 1
mM A~ @ TEA, ¥V U FH D iberiotoxin (IbTX)
% OX charybdotoxin (ChTX) 2 EICLDEEIN
%. ChTX & IbTX I3 68% D&M & D7,
ChTX Id#i#12 BKe, channel DA T <, BAK
D KT channel @ BT 2 Z ENH 5N
TWw3, —J, SKc, channel I 5—20 pS & D/
& W) conductance 2 f L, voltage insensitive T,
slow after-hyperpolarization MFEAICEH 535 Z &,
20mM L E D EWIEBE O TEA, /\F 7 @ apamin
K T) d-tubocurarine IC L DHEIND. £z, 2D
H [ @ conductance % A 9 % SKc, channel @ 77 71
HIWEIN TS, Z O channel 1M IZ )L

medium {2
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Fig. 12. Increased Proliferation of the EL Mouse Neurons on the SK Pretreated EL Astrocytes
The EL mouse neurons were placed on the subcultured astrocytes pretreated with SK for 48 hr and then washed out with normal medium.3®

Table 2. Properties of Ca2*-Activated K* Channels in Neurons’#

Property

Channel type

BKc, SKca Other
Comdactance (pS) 100~400 5~20 3~7
Voltage sensitivity Yes No No
Blockers TEA (<1 mMm) TEA (>20 mM) TEA (>20 mMm)
Charybdotoxin Iberiotoxin Apamin d-Tubocurarine Ryanodine
Macroscopic current Ic JINT SIaup
Action-potential repolarization AHP AHP

Proposed role

PULTOy A—ZEEALEEEDOAHEEINS.
PTZ T BA-like ® B f % 7x § single K™ channel ®
conductance W 150pS D RKRESITHBH I M5
BKc, channel Th 5 Z & &aH#iE L 7.

1. BKc, Channel Blocker, IbTX @ BA (CX{$ %
fp

FBRIZIBTX T X DHEFZEREELT, PTZT
#5795 BA & BKc, channel O B#% 2t L 72,

FOREE, PTZ 12L& % BA U PTZ LISV D FER,

caffeine DHIAISL N 5 DEH, P O EIEE L
7 L ORBNTEATR EDFB THIRN LS D L%
FRHEETHERELEZBAOWTNS, HEEME LT
5T ERLIITIX TRAe G SNk (Fig.
13A) .28 F /= cell-attached patch clamp Tioér = 41
% PTZ iz & % single potassium channel @ burst IR
DB IbTX TiH % L (Fig. 13B), BAFHH T
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Fig. 13. Inhibition of PTZ-Induced Bursting Activity by IbTX

A. Whole-cell patch recording. a) Spontaneous spike discharge. b) 5 min after application of PTZ (10 mm) . ¢) I min after IbTX (50 nm) and PTZ application.
d) 1 min after rinsing with external solution. The broken line indicates zero level and horizontal arrows indicate initial normal level of the membrane potential.2® B.
Cell-attached patch configuration. a) Spontaneous open-close state of potassium channel (150 pS conductance) . b) 4 min after extracellular application of PTZ (10

mM) . ¢) 5 min after IbTX (50 nm) and PTZ (10 mm) application. d) After rinsing with external solution . €) PTZ application 10 min after rinsing with external
solution.?®
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BKc, channel N EHEE 5 T5 2 & ZBH5MICL
/2. B7RAIT apamin 1 BA 24 <HIEI Lo 7z
BKc, channel (3 T—F)VIC KD EZ2EDE S HHE
RO a Y a NI THAINEEBMKENE
K* channel ® mutant ThH D, TOKRIE, BHELE
WM ZBNEIESD TE WA, TADATN
NAIZHED BANDBGZH SN L D3RS
NPIDTTH 5.

X 5T PTZ B MERME MK <, BFERY -
TeMRN A1V 2D L D i B VA & S % EL
R U ADFEKRMIE BA B IbTX 2L > THIHI S N,
PTZ #% K PASt @ S K72 BA H BKc, channel 73
SEHHLBZZEZHONILE D ZORENS
BK¢, channel % [ NIX BARNMIHI TES &S
ZEITiRD, 58, HiERESBBRFATREHRE
13H 50, ITXZFHTVWNAFE L TORRESED
i TcEs.

2. BKc, Channel (Z%}9 % SK D{EF®

FHIEDORRW IbTX 120 U T BKe, 21 2 28 &
LTEALGNDDMNSK THS. SKITKEW con-
ductance D AU T A F ¥ R aHHIT5L, D
HERAEREKD L v 7 v 712 DOWTHRBEBIERND -
7. SK RS v 7Y EZD/MME, WTNHHE
IZ BKc, channel ® #ifil 721 T/2 <, BADHFRK &
INDMBANAIN ST LA EREBMHET S, £z
whole-cell voltage clamp £ THlET 5 & F iy AHP

D H 7259 apamin THIH S N5 AHP  HIl
THZENGND.® Lo T, IbTXITHN
TSK®T ¥ 7Y 7 OHTWnAERIIENTYS
L#EZZ 5015, BKg, channel [HZE 2 X % BA O #]
#l1%, K* current |Z & % F Uy hyperpolarization %
KT 2D EEALSN, BAMKTEE KT channel
72 EFT X TOKT channel Z [F® TL £ 5 TEA /2
ELRRLEST, BoMzERT I E7m< BA 2110
L5ZEHZOREESTAD. U EOKRIZ, #AR
HREMEHEIN TVDH TANAEIIED- T,
H-BEBHFEOZ oMTERET 2D EEZ 2.

VI #EHRE D (RFE(E FR55-56,5062.63.64)

1. ¥4 HhF72 2 BICLDMIRRE - K - 52
{tl}ﬁ%SS*Sﬂ

ddY <7 A D KW Bz E R D medium 1T ac-
tin O &5 & & T dH % cytochalasin B % 5 ug/ml
WL TH#%9 % &, neurite ® ff /& 1T looping
phenomenon & WO HENH 51 % (Fig. 14B).
F /- B8 I R AIE Tl neurite MR $ % & &,
TI<hz@HLIZBEDOGNEZEDSEELFFDLEE
Z 535 growth cone & WD KEEATZ DR ICH 1
573, cytochalasin B Z i L 7z medium T2 L
TR C O EN R S 72 <72 %. Looping
phenomenon {3ZDHERE L THNDDTHAD.
& 51T cytochalasin B Z R0 L 7z medium TH#E L
7RI, K23 10 H H 21T neurite D ENS I F

Fig. 14. Effect of SK on Cytochalasin B Distorted Neurites of Cultured Neurons from 17-Day-Old Embryonic Rat Cerebral Cortex
A) 24 hr cultured neurons of rat cerebral cortex in normal medium. B) 24 hr culture of cerebral cortical neurons in medium containing cytochalasin B (5 mg/
ml) . The looping phenomenon of neurites is seen. C) 48 hr cultured neurons in SK and cytochalasin B containing medium when SK was added after 24 hr culture in

cytochalasin B containing medium. Note the recovery of distored neurites.’>



310

Vol. 121 (2001)

DI L TL E£D. Cytochalasin &3£1Z SK ZFfN
L 7= medium TH;#% 9 % &, %7 looping pheno-
menon {3 H 5 N7 <70 (Fig. 14C) 5% neurite
S @D growth cone HIHN T B, 565D X 5 [THE %
10 H H T & & M I013 neurite 2B L TEHEL T
W5, ZOXDIT actin H & FH 2 & cytochalasin B
I K2 BRI AL DR E LT X TSKITE > TH
Hl X 5.5 Cytochalasin ZRINL T2 U /= fifif
HiE @ ganglioside ZHE L TH S &, EEICHED
L HTH myelination IZEENH D EEZEZSN TN
5GM NELSHRELTLED., 20K 572 gan-
glioside IZx1 3 285 % SK ZiRML THET S Z
EWEoTCHIEENS, 55757

2. ANLMT#—HATAMATETILO D

TANADETIVEME L TES NSNS KL
1z, focal epilepsy DEF )L EL THES aA/)N)L b7

Ay

F—HNAETINONH S, Ty NOHEBEFEED
dura ® FiZ&E /N k0.5 mg 1T EDHRZH L
5L, ZTOREITHE A AR RE D % W0WidiE
B EITEFITIT LVWITWAAENEI > TL %
(Fig. 15A). U/, L, ALERT1 5 A7/ 5 SK2g/ke/
day Hfe ik 4% 5 2%, 1y ARICINIL T
F—HAEERT B 2TV NAENEZ 50
(Fig. 15B) .59 — 7/ phenytoin {&, /N b 7 + —
AR DOWTIEFESHIHFERZRIZNWL, DA>
THWNAENOEL 8D T EMEN, D

ANV KT A= HATADAETIVDT v KT
X, WS CA, ORI IZE A EHEL TLE
5 (Figs. 16D-F) .60 L/ L, ElRD LS ITUE
1y ARG SK Z#fii 5 L% a/N)L b7+ —
HAEMER L 25813, 5 CA, OO
BT ERICTHTES (Fig. 16G) .5 SK #iL

R R o A

A AL o o N

12
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__,100pv
1 sec

B 4 ety A AP ANt M MU i eyt
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Fig. 15. Typical EEG Changes Induced by Cobalt Application to the Cerebral Cortex and Their Normalization by SK
A) EEG changes in the contralateral cortex with cobalt application. B) Normalization of EEG by one month prior to administration of SK. Numbers on the

left indicate days after cobalt application.5®
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Fig. 16. Hippocampal Neuron Damage Induced by Cobalt Application to the Cerebral Cortex and Protective Effect of SK on Neuron
Damage
A) Intact pyramidal cell layer in the CA, area of the hippocampus. B-D) 2 days after, 4 days after and 8 days after application of cobalt to the cerebral cortes.
E) 20 days after application of cobalt to the cerebral cortex . Pyramidal cells are mostly degenerated. F) 60 days after application of cobalt to the cerebral cortex.
Pyramidal cells are scarce and degenerated cell have partly disappeared. G) Administration of SK (2.0 g/kg/day p.o.) one month prior to cobalt application: 20
days after cobalt application to the cerebral cortex; pyramidal cells are well preserved. H) Administration of phenytoin (100 mg/kg/day, p.o.) one month prior to
cobalt application: 20 days after cobalt application to the cerebral cortex. Marked scale: 10 um for all photographs.3%:69

IO T Y 7V 7I2E > TH RIS R D %. QL& 1 5 A #i7» 5 phenytoin Z 100 mg/kg 5
M EN T TE 5.0 £-MMEMIC K 2R L7zZy FTIEZOMKEHIOEN - HEITH L2
CA, DM S SK I2&> TRk T SEBEMESNZWNIEN 0 D, AN ENT S
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S A RSz 3

3. LAU—BHRZ

LA U —B513 1934 412 Reilly 2342 R L /- B
PR JE (T, B AR O R ST IR
IR W B B W F < TH RISz 5 2 %
&, BUMBRICA(ESEZ D, 250 HimtEZEEs
D, HEME TR TH MO XD 7kt
MRRIZFREAIND > THRIBEOIFAENE Z 5. ¥ &
gz LT, TOHkWEICZ O iH0.3—0.5ml %
HEATZE, 2H0HIMEZEA 100% HITT 2.
TROBMOME, BiEE, Botim, PR
ifi, MRMNAE SN, ZHE=XHRERL U —3H
ZThH5. 7y MILAU—BEDOEZDIZSNE)
MTHDN, =X RERDO L1 U —BHRIIIEEIC
RO ZTZENTES, Ty M2l S
SK2g/kg ZHfGfk OG5 L TH< L1 —B%
WBIFEAERISBRN. Y Fe, LAY —HHRH
I 12 1% 2L 6 T c-fos, HSP D W H B A 51 5
N, INHSKIZX>TxHREeHNHFHINS. @ 20D
EHITSKITIE, BERBRANLANMbo7zEEIC
FEBLT M S OHERE I U TR RS S iz
HBEEDTEMNHEHL =,

VII. (TOUNAFRMERFE PTZ B2 HELT

1. FUORARMEEEGREF?

FITIR R 72 K D1 BA BT > T, Ml A
V7 LD REEE 7 5 OE#E & ML N DB
By, MAERNAOY >IN ERER - BENICEL
U, ZOIIIV I LERET DI ENASNTN
5919 2 DXy NI EDOEIX, T
BEELTOFEEE, ZNE OB TNV T L
EMENDEED D ZHDITENRNEEZ SN,
ZDE ZITEDWT Kajiwara 53013 C57BL/6 X7
A DK B S B 2 W T, PTZ #%
53 L JER: 5.8 @ differential hybridization 7% 12 X
STIDEIBITVWNABEEBERTERGKD EidH
2. TOMBEPTZHGICE>T2070—-20DE
BFFRED, WNXIEP T2 L2@DINHT
Wi ABEEE (S T % SEZ group genes & & 1T 7=,
YA PTZ 25 L /=1, RNA blotting iZ& 5
T2070—>H09 70— I I AMTOES
MIBFBEAPHERI N, 209 70—-2D55
PTZ %126 70— > ® mRNA (Z#mL, 37
O—>® RNA L X)VFEAT 5. 20D 4 D03

TV LABEEETTH 2 ZENHESMTEIN
72.30 Z @55 SEZ-17 1% Xenopus oocyte IZ{F AT
% & PTZREZMENFEBL, PTZHEIZXD ALY
T LDFADA SN (Figs. 17, 18) .66 F /= SK
Z N U 7= medium H T 15 %y incubate L 7= oocyte
EPTZIZ KB NI T LDRANHASL IR WN
(Fig. 18).

SEZ group genes iZ D W T I&, Herbst, Nicklin
5T KD HEERT HANRERICED 2 HEERT
L TEHEN TWS, fAeblid, k9D
SEZ group genes DX A QAR EDFEZERET B
ZEZEFELE. EF, < OMEENRERINRE
N T AN AER OIS 2170, TADA
B BT ORAER EOMENHSNISNDDDH
5. SEZ group genes DEEHRETH I &1L, B R

no RNA i7F 17 ORF PTZ17 antisense
PTZ-17
50 mM PTZ
— — — — —
_l/[
100 nA I
1 min
wEEsy -1
17 ORF
PTZ-17 RNA
TTX TEA picrotoxin CoClp
U =
U ‘U\/ 50 nA ‘
1 min

Fig. 17. PTZ Responses of Xenopus Oocytes Injected with
Various Length of PTZ-17 RNA

A) PTZ responses of Xenopus oocytes injected with various lengths of
E 3.1 RNA. Lower diagram indicates length of injected RNA fragments.
17F: full length E 3.1 RNA. 17 ORF: RNA containing open reading frame.
PTZ-17: RNA containing 3’UTR of E. 3.1. Horizontal thick bars indicate
period of PTZ (50 mM) application. B) PTZ responses of Xenopus oocyte
injected with PTZ-17 RNA in the medium containing TTX (10 uM), TEA
(10 mM), picrotoxin (1 uM) and Cocl, (10 mM) .69
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Fig. 18. Intracellular Calcium Concentration Changes during PTZ Application and SK Application in a Xenopus oocyte Injected

with PTZ-17 RNA

Control state oocyte (a), 5 min after PTZ application (b), 5 min after PTZ but incubation with SK containing medium for 15 min (c) and 10 min after rinsing
with normal medium (d). Observation near the vegetal pole by a confocal laser microscope with a 488 nm laser source and Fluo 3.69

TOTANVBEEBRT & OHARKREIRHAT 2%
HiZ/e% EE AT

SEZ group genes DX 7 A Jeff{K kT D mapping
T, backcross panel (BC) & radiation hybrid
panel (RH) 7% W T linkage analysis 27> /=. %
DR, BCIZXD 3BT OEZREL (SEZ 6:
Chr.11, SEZ 12: Chr.16, SEZ17: Chr.18), RH iZ X
D 6BIETDEEZEPRE L= (SEZ 2: Chr.15, SEZ 4:
Chr.10, SEZ 7: Chr.2, SEZ 9 and 15: Chr.3, SEZ 10:
Chr.17) (Fig. 19, Table 3) .32 SEZ group 9 genes 9
NRTPPETE= T E12X > T, human synteny 78
5t b TAN VBEEBET & OBRODES) ]
REIC/R >z, ZOD#ER SEZ 4,9, 10 LT 15 @ genes
N, b N THRHAINZTANAUBEEEBRLGFITEWE
BUTAIET 2 Z EMrino/e (Table3). E DT
AN AWBEEBER TR RREZEELIZRETH
D EE7RDDTIRL, SEROILEIRIFIEMATIC
& > T SEZ group genes & D & 5 IZBAfE /20 R PEAS
BonsZEnfifEans.

SEZ group genes D 5 5, SEZ17 & Xenopus oo-
cyte ICHI XY % & Cat current Z5[E I L,
SEZIS 31 A > F ¥ XNV OERICEET 5 &
ENHSNTHOITONAFET & OBENEN,

F38191415153315 8511

SEZ7

SEZ6
SEZI5

SEZ9

Fig. 19. Chromosomal Location of SEZ Group Genes3?

2. PTZ BEZH:EEF D Mapping®

PTZIZ LD T WNAFEBOREIL, RO
™7 Z C57BL/6J & DBA/2] D ZRHEITHH L MIT
R73%. 51275 D5k E BDF,, BDF,, BXD
ZHWTPTZ T WNAFEB ORIEZ#RE L, Map
Manager QTb 17 |2 & U linkage analysis %175 7.
BXD RI & T & W linkage 277 L 72 BDF, I L T
QTL @t 21T > =45, Chr.2 RiIZ2DDIEH T
o E 0L AEPTZEZEER T HENED 5N
(Fig. 20), Z D& IXEEMKFED Ca?t channel
@ 2 subunit 81, (Cacn b2) & p4 subunit (Cacn
b4) IO TGEWNMETH D E52iBD/=. 2 PTZ
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Table 3. Summary of SEZ Genes and Their Chromosomal Location, Human Synteny and Mapping Method3?

Clone  TENALew o, Bumm  Mapping
pie SEZ 2 increase 30 kDa cytosolic phospholipase A, Chr. 15 8pter RH
SEZ 4 increase nonessential DNA polymerase REV3 Chr. 10 6921 RH
O SEZ 6 increase brain-specific membrane protein Chr. 11 17p13 BC
Yo SEZ 7 increase 78 kDa glucose related protein Chr. 2 9q34 RH
SEZ 9 decrease {-crystalline/quinone reductase Chr. 3 1p31 RH
SEZ10 increase CCAAT-box binding protein NF-YA Chr. 17 6p21 RH
O SEZ12 decrease membrane-bound adhesion protein Chr. 16 22ql1 BC
7O SEZ15 increase cellular polyamine antizyme Chr. 3 1p31 RH
7O SEZ17 decrease unknown Chr. 18 5q21-23 BC

¥¢ : genes related to calcium, O : newly discovered genes, BC: backcross panel, RH: radiation hybrid panel.

Chr.2
9.0 N\
D2Mit80 15.0 >
21.0
D2Mit521 26.7
280 <
D2Mit296
31.7
DZMit367
p2Mit237
37.0
D2Mi 4S8
D2Mit61
D2Mit14
D2Mit164 "49.0
710

Significant jevel

Fig. 20. Likelihood Curve of PTZ Susceptible QTL in Chro-

mosome 2
Values in the center indicate centimorgans from the centomere.3?
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J —R)VEFEAEMEE 2% E Lz Kandel 7%, L&
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ZEMN, TWNAANTZXLDOWMFEERIC DN S
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AT O R RITHERA TS EEZEA NS S
A, HERED, 80 SHfcHE, 0 L EREFGE, ™
S INPE 1 HLWE Y B OV DRERRAE I D W TR
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B <R binL Tnd, 077 Zn s OF1EESE
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ATTE] EEONEZENMNPETEDLLD72SK
DEBFERTH 5.

TN AldikEd 51731 E® phenytoin [ZIFFE -
SEEENEHNS L, valproate (2134 7 B AT
HINTWS, EFAND > THRKADBAMN IR
W3 s kn, FRAIEICK S TdHEEOH N 5L
FEEHEID S, EERITHD 2 HRIBE &40
U, BEKOKRAFTZY L A &HIET D ENESD
BETHDHENWDIEBEZZ I SITHIT L FHEERE
Tholz. 21 K DERITIZZ DX D BEAE
MEETHDEEZD, SEHHERGIMATEITHT 5
BERTFLNIVOERBRIIELZMEFT, ZOLDE
BICk->T TRBEIRT ) CWOEHDOROEER
BEENE S RSEHTESL EZZATNS,

BEE TADATVRAITKT BRI D EH
IZDOWT, MO E>MITEEZATRFINE LMK
PR =BT LD S EHE L BT . E/mE
RECHOWTHESAEMBIZHE L WS EROY %
BZTIHW, B RENM 8 E A% BRI
U RWFEd. AWFEIIHELE, K74 e
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W gE R, SRR EE AR R R, SRR
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