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Learning retardation in adult rats applied arsenic
trioxide from birth to weaning

Sigehiro KIYONO, Yoshitaka TAMAKI and Misako SEO *

Aichi Prefectural Colony for the Mentally and Physically

Handicapped, Kasugai, Aichi

In the previous reportsD2 we observed
the chronic after-effects of arsenic trioxide
application from birth to weaning upon the
lethalty, body and brain weights, spon-
taneous motility, a battery of unconditioned
reflexes and sleep-wakefulness cycle in
adult rats. In the present paper preliminary
results on a retardation in establishment of
the avoidance learning in those animals are
reported. ' .

Sprague-Dawley rats served as experi-
mental subjects. The treatment of the
animals was the same as in the previous
reportsD?), Briefly summing up, male new-
born litters were divided into two groups.
The experimental animals were applied
arsenic trioxide at the dose of 5.0mg/kg
(per os, once a day) from birth to weaning.
The control animals were applied distilled
water instead of arsenic solution. The
experiment was started when they were
around 90days of age. The following
data on the two-way active avoidance
learning were obtained from three controls
and seven experimental animals. The appa-
ratus used was an automated shuttle-box
(12x60%30cm high) with a 7.5cm barrier.
It was located in a sound-proof room where
the white-noise was. continuously applied
(75dB at the grid floor). The conditioned
stimulus (CS) was a tone of 800 Hz (95 dB)
produced by an oscillator. A 0.29 mA, 60
Hz AC scrambled footshock was used as
the unconditioned stimulus (US), delivered
to the grid floor of either compartment
through a 250kQ resistor connected in
series with the subject. The CS-US interval
was 10sec, and both CS and US turned off
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automatically as soon as the animal crossed
the barrier. In case of no response, both
stimuli were turned off 50sec after the
onset of US. For four days prior to training
the animals were handled for 5min and
habituated to the apparatus for 10 min per
day. Fifteen daily trials were carried out for
consecutive 20days. The mean intertrial
interval was 60sec in average. The mean
number of conditioned avoidance responses
through the 20 sessions were illustrated in
Fig. 1. The control group learned to avoid
the electroshock as previously expected,
reaching above the 609, level of avoidance
at the 8th session. This level was essen-
tially maintained till the end of the 20th
session (Fig. 1, open circles) The mean
avoidance scores in the four sections (ses-
sions 1 ~5, 6 ~10, 11~15 and 16~20) were
18.74+12.8, 48.9+13.2, 56.24-23.1 and 68.9+
28.99;, respectively. In contrast to this, the

‘avoidance score in tne experimental group

remained at very low level even at the last
stage of conditioning, although a poor
tendency of learning could be observed
with the progress of conditioning sessions ;
the corresponding values in the four sec-
tions were 4.9+8.3, 8.6+-10.4, 11.44+14.5 and
14.94:19.0%, respectively. The overall avoid-
ance score through 20 sessions was 50.8+
21.99; in the control and 9.9+4.82; in the
experimental group. The difference between
the groups was statistically significant
(Mann-Whitney U-test; U= 0, p=0.016).
Figure 2 shows that spontaneous intertrial
barrier crossings in the control animals
(open circles) were very few before the
sudden rise in conditioning score from the
8th to the 14th day. The mean number of
intertrial responses (ITRs) was 2.6-+4.5,
15.0417.5 and 7.74-11.0 per 15 trials, each
value being obtained from the sessions
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Fig. 1. Mean number of conditioned avoidance

responses as a function of sessions during acquisi-
tion phase. Values obtained from the control
group were plotted by open circles, and those of
the experimental group were shown by filled
circles.

1~7, 8~14 and 15~20, respectively. In
remarkable contrast to this, the experi-
mental animals scarcely showed the ITRs
(Fig. 2, filled circles); the overall mean
number of ITRs was 0.3+0.3 per 15 trials.
The difference between the two groups was
highly significant (CR=2.01 for tie correc-
tion, p<.05). As for the unconditioned escape
response latency, one could not see a signifi-
cant difference between the groups : 3.05+
2.98 sec in the control and 4.71+5.84 sec in
the experimental group. The escape latency
tended to decrease through the experiment
in both groups. In the control animals the
latency was 4.3+3.1sec for the sessions
1 ~5 and 1.2+0.4 sec for last five sessions ;
the corresponding values in the experi-
mental animals were 7.3+0.6sec and 3.9
+2.0sec. Conditioned avoidance latencies
through 20 sessions were 5.7+0.6 sec in the
control and 7.2+1.0 sec in the experimental
group. They were not affected essentially
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Fig. 2. Mean number of intertrial responses ]

as a function of reinforcing sessions. Control
values were presented by open circles and the
experimental ones by filled circles.

with the conditioning procedure. Our find-
ings stand on the same line as those obta-
ined by Kunitake et al.®), who began to
treat the animals after weaning with the
daily dose of 2 mg/kg of arsenic trioxide for
40days. The present results suggest the
long-lasting after-effects of arsenic trioxide
application resulting in a retardation in
avoidance learning, prolongation of uncon-
ditioned escape latency and almost complete
suppression of the spontaneous ITRs in the
adult animals.

Thanks are due to Dr. Muneyuki Ito for his
kindly reading the manuscript.
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1. AVZIEFOIYVLVRB-a—OVE
[ &+ B 2EMHDHR

BINETF, AF B, FBEFE* (&R, E,
HAEEE - BEAK, %)

AV TUEF=2—rVRSY v (Gly) T
Nat BRHEBAC I 5RIBEEZT OB D
5., L= 2~ rYIOWT, Gly tERORS
WMEEzavE s 2 A Gu) Z{LRIREEL LT,
CORSERERTS= 2— v D receptor B X
% Na-Channel 07T 2L EMAZ A v
FARTz.

1. Receptor 7 F#5% 1) Gly & ACh #[F]
BRICIERT 5 &, Gly It X% Gn HIMIERAIC
Mz bz, X 5ic ACh-receptor DIEERETFO
—>TH 5, serine BH A BRiT % diisopropyl-
fluorophosphate CHMHEL o= =—r ¥ T ik Gly
kb Gn HIMIML Shie, ii) —7F, NHz &
{E85%]Td 5 trinitrobenzene sulfonate XX
D e-NH, 3% &8 + % pyridoxal-5-phos-
phate THIL7z= =—r V' TlX, Eb5DOHE
% Gly wk5 Gan HEIMIMz Shi.

zhib, Gly Kis#5| &R 3729 D recep-
tor ¥, = = — v VEEBRAIHD serine I &
lysine BH D e-NH, 5755 L E 2 b 5.

2. Ion-channel : Na* #& k322 Xb, &
PE7#%E channel & LT COO~ % & 25 % %
Bha., COO- #HAEMGF|T » % para-nitrothio-
phenol ¥ = =~ wr iz Gly Z/EF X ¥ 5 LH
55T Gm BEIMIEA LTz,

DEOFEE 5 5, Gly @ a-NH,, a-COO~ 3
X, #hFh receptor @ serine 7F L lysine
BRECHEAL, &HEFE channel © COO™ &%
Nat 2330, BoMHE G BNz s 7257 L%
zBh5. ’

2. #BHRFEPICEET IGEFHRAK
FRHMNER, kIl ¥ FHS2E (ERE
K, H—EH)
& 5 = L OFEE IR B IR (A-a) DB—

7 v ¥ =l TR M A A B SR E
BED EOBETH 5. ZHIEERICIIEET
JEOBHRRIT X 5B O 7 BRI /Mg s
RAET B, ZO/MNEEIEEEIEED» ST
B THRCEEINS., Lind- TBES
BRI 1 DIRER VX & /N EE SR 2N s R &
LTRFICER IR TwBZ Lt d. FORE
LR W2 32 T hIERE T 5 iRy, RiRE
PHOWBE LFERIT, T OREL L » Ol E% %
T, BEZREETIDLITHS. ‘

EFOLBMRERFOLTD A-a fEHECHIF
HIBMmEANEE L LOB Rk T 5 LK
—DEEIC X B EHEEIND L LR FEDARE
HEA T B WTHRE Lz,

SENE Y ¥ # = N B MR RO X D RERE
DBVRG 2V T b BT L Hi s A-a
WL RITL, MHEORITBD TRET L &
ZEDTc. 24C T B 1T BT ORS DIREEEET
25m/sec T A-p HiE:Ebh b,

PEImBIM AT 2 R T 5 AR T, A-a B3
BERET L1700, A3 T OWTIRENCTE LD

7z,

3. MRRBHOBATEHE ik © W% : KRE
xylocaine 5 TF® < Y& LEgIC L3 HEFOE
1t

WIS (BX, B, $48)

iR xylocaine (1075, 106 Eqekg/l) ® AT
i5¥k (Hogben iA¥k pH="174, ¥&kig 18°C, O;:
CO.=95: 5@ # AHER) I & AH = A DUF
BEEL, <DELAEPRIC, <DELFK
KTHOBERHENZTRK L. TOEEED
ER ORI OZ LD pattern X b, ffROREEL
FTWIER R A HER L /2.

1) A fibre EE (R & E 4.4V, IR 50 o
sec, J& Ik i 50Hz) ¢ Alst;47m/s, A2nd;
25m/s, A3rd;17m/s, C fiber E& (FiXEE
20V, #AR] 500 psec, FEyk# 5 Hz) C1st ; 2.3 m/s,
C2nd; 04m/s MEEFRIhi. 2) A fiber KB
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@ xylocaine (1075 T < V& LFKIC X 5ERED
VA ABROLEER VS LB L {AkEL{k-
7z 3) < DR LFE#E T HoRERBROHER
xylocaine (107%) %514 8 BEMIRREL C DHED
TR B SR -Tz. 4) < VERLFEFOE
REDHE AR & 10451 < b & LI TR OREE
BOE—Fl T X B R TIBROBRA 2 F
Yy, FdEE B0 SR M 1 xylocaine
(1075) Thk & < ¥ L7 (Alst; 500 sec— 5 sec).
5) xDZE(kiE A3rd FERAP—FREL, £
LT Alst, A2nd DFET » - 7=. 6) C fibre
PEBOEMIZZEL L. T) HROBEROS
{ELEATL VIR LS Alst X b diffe-
rential block 234 U % #§#843% » 7243, xylocaine
(10-5) gz gAZIc 4 U 7=, %53 : xylocaine ¥ X
5T, {DERLFEFOBEEMLIZBITIEL LD
EEXT.

4, HINGHERROERKEOEHEHS
Lt

FETHE (BR¥kA ® £3)

H USSR L. T ORI
RS MR KEOBMELZRRR LML,
FouNEREZ (Frr F 32V 1x104g/ml) f§
HEEEMOYTHIONAIOBMEEL, ’5L.
Ii&HE L VL ADEFER B W iH %, abortive
spike OLBEbh 5. D spike DIRIEX, EHE
BOFnX b LM KEV. ZOEER, E
HREIZi: abortive spike ASEBIEAIS O IATEH:
A VASAARRADF|ELELLTRIL> TS E
V3, bhvbhoEH2IIFT 5.

WEO 1 AEKRE,» SHIRANENZ L& T 5
L, EitET VUL REEY 100 msec ik X &
BEEMIS|ERBATVWS, ZOHMKED
L% abortive spike DIRIBIXh DA THESh
53D DEICKED oFc. EREmEA VoL
A% 10/sec LLEOFETE2BE, K1 V3L
AT EHEREEESBIRBIR L - TR,
Z 2 CIIIRIBD K %\ abortive spike THEF L,
HBREES VAL RBRDIZL LS.

T} %z, abortive spike & BB DL
B OERZEEN R ES RS, EEE
A VSN ABHBLDEELZ NG, ET bR
F } % 3 v/ C abortive spike DL - TV BIR

W &

BB CEACR R T 5 & abortive spike D EIHETE
Fedtic, —BHOEBMA VAL RAORKEES
5. ChIXPIRF Y oS HEIEShicboL
Bxhs.

5 #EHIC LD b FOSHEE—F DS
HRE O

MIEFRRE, EAREIA WFERE @K B’
FE)

b b OGHEE R OERECRFESZEE
MNEREAVTEIT L. EE0—AZETR
BB FR2EEFHFE L, BEMLTHER? S =
RE¥ VBB THE L L0 HEL5~10p it
50~100kQ @ % v/ AT VEREEMERET TR
BRI R E R E IR O MR RN ~EE
SR FES IR L 2.

COFEBEC LV HEREFCELVWERES25E
L A OROEMBRASTEH SN, ZD
5 LEBMEHPRITSE L, ZENRHEHET
X 0 ER Il S h B BRHEFE S A R B iR
516{E, BEE MR 4{ERGShic. ZOER
HEFESHIE dynamic 7 f5 fi 9K BF 21X velocity-
dependent 7tFEHIAE DMK Z R TITH, ZEAG
DREOIIFTRIREIAMRC D EEEORNE L
7o, Z OHRHEFEANT TR T R DR R INGE
ZEFH LB ORAEE BRI, 5
STRE LIRS & OB A SR o7 B

LRSS T DBERRHERESNI A 1 KRR
o la o b0 L fEEIhi. Ta Bl S
HEShIBREOREEE Y ZRE 2R TS
KHEMROBRFEC L koo e, EEEESR
BE U2 R B D 9 R0 B RO FI5 R EE
FEVY 68.53+8.57 m/sec, BEFEHR D 3 KD Fhit
55.40+5.83m/sec TH - 7.

6. O $ARDOKFHBRIC I 1T DEEAAT

R, MR B OH— Bk B,
FiEE)

= { FEOHATEMIE, S X OhEIAT
MO 2BTHDL T L RETHERLEMNY, Zh
SHEAACFHIE & 3 Bk & DEMRICOW T
EMEECIV R BERALNBZDT, Th
ZRALPICT B, 46, L= 1 W
% v ERG %588k, 10 mM/1 sodium aspar-
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rate i X D SEEL /- distal Pl 2f5iEr LTl
NEFS iz X 2 &R ARORBIRVIEEORE 2 ATE
L2 OHERD SEALOEKRIEM OB LE i
BEL.

%3 23 pw/em? OFEETICHFRELEL,
Z DIkt 2 sk © %, 3.0 pw/cm? D 460
nm, 561 nm, 620 nm QEEIED V FThrILiRE
THIG0S ENEIS 21T - 7o, FHEIGIC X % distal
Pl otk Dz b5, distal PJ[ic imax
460~480nm ¢ blue ff 4%, ZAmax 520nm @
green 4% X imax 600nm @ red 45D
MThoT L2HEWRLL. —FLASEMNORE
SRR -G TMERE Sh T, imax &
600nm DEETH - . ELOHFERFOME
13, distal Pl @ red gk Dt —& L.

BlE X v AERmianz, 4 < & BRI,
Amax 600nm @ red cone 7 DANZFTS
LEmEhTe., PRKEEEO CEITIE, 2/Md
BV S BOHERA N 2 EHER L /2.

1) Mitarai, G., Asano, T. & Miyake, Y. (1974)
Jap. J. Ophthalmol., 18, 161-176

1. a4 OHEEBEIC & (T B spreading de-
pression

RS, #FERRE (B R

Spreading depression (SD) DR & MEREHHE
B R o By, KCl BT o tikimia
DOEEERHE L. ERAEREETO SD O
ek i\, 59% KCL, 521 OREAEE A~
WTCRBERBIA N 72 Po-1. BlIC X 0,
20~30F->-3  F mV DHEL IS 5 FIREDOHIRE
T2, 3KML V2 LAELEOBHEShE.
HMR DA VAL ARABMNAHE 2 &
7o. TOREE, T4 TO SD &L
LCkD, AHEMET SD BAabhbZ & 2iER
L.

SD i, A voUL RIHKE T ORMREETHE
JanRaE IR RAT, off BlfmizTix, 1) on i
oSk, 2) KBRS, EIBHRFO 1 voUL K
DEm,  3) A3 ZIHKREID on [SEOHBEE
Zx7z. on Eifmia Tk, 1) GEEHGDOR A
78, 2) RERHEBORDES. TOTER
SD DEAIC X - THMREMIZDOZEEEBICE
(EREUCHREREEL DL ISHEETED. i

BEMHRENEEASISEHE KL, 2hhrs
SD ORHPIRBRIRGZ 2 bh, HRTEAZEA
RELOBABER I B,

8. J/MBE7 Y VIEROREE (FH)

TR, REED, EAEREX B,
)

WEO T <7 Y VBl RS it 5+
HLIh Tw iR, EEFEF 21 BEoRMmE
iz, sustained RIGEHDO DD LD, T
BEMEERTIOORHZLEREL, Zhb
DEREBIHEREBRT L.

TR vF vEREE 2 1 EEERCA, [E
LizflaZd» b FoER2 27, 1) 2158
DHC, on, off DEFEHIGEZ T T transient &
BHNE, ETBREROZME, BEILIIRS R
o7z 2) ZOIT sustained [SEDEL oD
DL, BEZGODDIIF 182 T, BEEPL
DR TSR, FETESEERL, ZMxt
ZRL7e. 3) BEABRPLE O EHFE X 0.5~15
mm ‘T, BHRERDOKRL b # 50~250 pm L
N, RHEHDOATIOWEE R L. 4) 182 ik
1260k, ZoHhLHOISERE, EmikETEE
Zhx, +R (FR)-GER) », EFREF£0W B
XU +Y (#)-B(F) ofbEihiasz shiz,
zhiextl, A TRAeRRCASBISE %
<L, achromatic DR 7.

BAE# 5, color coded ©7 <2 Y vHIADRE
R, SHREEREOTh L D B2l
BTiEdoett, 2L EHZoMaD v,
FRBICE T 5%LM, AANILOBEBIERELT
WHZEREZ bR

9. YL ORFOSREEHELILUEDHF
REAEERIC DL T :

KRIF#E, REEH, BEFH BP8E= B
Bk, BASEYGHETA, [E, $.
=K, EREUY ' :

THAFYNLIME, H=r4¥L2Erl4AR/,
10 1830 38°C HiRgd0% i KIEHIERE L
fo. BEPE XORFEHIL%E35H £ CEIR (38°C)
RE R ORIEFIEICBIRT 2 s IE L chs
£, BICRTEECEIBERMELS R D b h
foo FTinbb, FFS T v -Pikkr B T E
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B, BBOBEER, LOCKEETHE LR
TR YR D EREBEOERTIR R VWHERE
BEDE I ON'T, ERREMLECT 254V
DHEETRIEVELLIBROR LR -T2, ZOFET
BIREE L E DB 1 y AREBY L. BRR
Fh LR Loob 5 RBRETORRARC—HL
TEEMIEAPFEREHE TR LEWERR Y </
THESNACEMIBRLAESLRA X5
5. FERFREERCRAL TEBLETOD
EFEEHAE LN D, T Na BEERITHEE L FT
Wir (LT BARTESESHCHENT 5ic2h
T Na iBEREA L. DALY, EiED
FLOFEHBTRIER L  ORTEFARCEE
GERR CHBEECHBESLEL > BENRE
L, »2oZoRFERCH LAS L 5 KIEHRED
MEEPETHIORBZEVREDLIE. -

10, B REEC & 3BT REEF O
NN, BILEE (BREX, HIT4H)
B E/NRRL OIS IREEORTHREELZ DD
TEFCOW T, WR-IFEERCETDRE
g oM (McIntyre & 1968) &, {Z%
WHIzT BIROBZH O (Ogawa, 1970,
Qgawa & Bullard, 1970). & 2 EHSHF Hh T
w5, NI (1971) B EBI, FRAEROD S
b, BEVELRERETHZ LEED. S50
1, RFTNEDRETRESRICEAE « FTHIZEN
HV5BTERFETHRRELOT, F—@E
A, A—Ff (B) kownt, LEAEROKE
DREIRILRFEL..
2ZDOBREBEITHOWT, KEIRE T EEHER
Try X ARMRERECETSERrALYE
VEREHIC X RT3 BATMRDOFE
FHRESE L, HRARTRNT 5 ZhE%, R
BEHC X D EGERTLHC L - THERLE. ”/
FiR 1'C RN b ORTHMERERRTENS
WIEEREWA, TOEER, Erble vRBIT
KHBIFBEAETYHRRTEBI 556505
LA KEDP ST, TOETMR-IRESR B
FAEEWEOMBRERT :EX N5, L
L, ZOEEWEOHMER T L THROKRRZ
AL TV Z L2 BEThIEENENER
I X IS RIS B AW E BB RET,
EEWBE I IS O Z OB IR R O

A

#w 5%

EEHREELSNS.

11. 5+ bo thermal limits & JHKEEIRICD
T

HINELTR, REERT, REZH, NOLB
(BEEMA E, H4AH)

20°C T XIS v 1% 385C » 5 48.5C
b bEIBCRETBH L, 425C L ETRE
BAEEIZ LR L, ThUTTR—EERRERTE
OHERLERTEMZ BT 55, »wWihicE
X limits 13— T 44.824+0.61°C Th TR E
L7z, ULaL, SHHICRA] YA hyperthermia
IR RET HDRTFEEET LD, &
BREFCIBHMERZRSN L. 7y, F
DERPHE 2{RE, RERMPITTRIES
WOT, BRI LERERDERL, - THAKRER
DEPEE Lz,

40C DITRRE TS L HERSRCIER 28 &
D, Fhix, 1246% fHETdH - . HERDE
REERMERLTCT e y b ¥ 5 &, 40C DIk
T, Y=—0047x—219 (Y : hER H =, x:
AR, HREFAETS O’ E HRHK (RR)=
0.6474 + 7t ¥, evaporation & heat strage O
XDETHEERESRE S h 5 FRHEAELD
7z. A0CCLATFTR—EDRPR LY (12.46%),
iR BB AR 2 E L TV 2F 2R L
Bic. HLEHIREME K 7 B {Eik % Wister 3k cho-
sed colony 7 BBIkL T, 425C KBEBLIE
&, BAE Y=—0.063x—0.25 RR=06165 & 7
v, Wister/MK TR ShinvERRHEIOERLY
TEERE .

12, 55508 0 9 £ OFHREFIHIC LB HER
RS

INMERE, BTIHE, BEHE EHRR (B
HEHA, B, #HT4H) '
HIRRE T 5 PIRIBERZHEIIHER TERI
IR S bl kb, i, FHE 2 IR C%H
T5&, EHE i BFHEOVWThOV~</LT3h
MERERRIENFRINSG. ERRCCELT
BRSNS, FREIBC X 2 ERIS
CrRhiE, FHEWCHEN 5. Thbb, &
5 5 T3 real thermal panting D HE
THBH. ZOEI, WERGHBEICIRKRTRO
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NHBRBETHHEERLTWS, 46, AT
WMo, LER, Wk HEROBERT Tt
Y ¥ OFHIBERRC X 5B RIS 2 #
Bl RETFELLCRCBRINEE, &80
BEZEHRLL. HR 1) EXvHXOBERHE
HE X 9.0ml/kg/min (VsTeo) TH D, FFEammia
Kivx 9.2~10.0 ml/kg/min & £/ DREANAEED 5
Nin. FERAEENT 13.0 ml/kg/min TEEFREIT
HL30% D LA S » 72, 2) FhiniEdhic
succin 0.5mg 2% 5.7 % & BEHERIT 4.6
ml/kg/min EZFHLKAEZEL, RO TEHEHE
Tk 6.7ml/kg/min & RMOFLENRE D &
nic. 3) HIFRE, ERIE LEXETOLH
¥, MHEX, MEEL EEBRIETREREY 7
Z 7 EHFSN B EOREREMEC X 54
RIS & BB bhi, BED
EER»D, FHHRERRC X 2EKRISE, &I
FHOBLELTHERERETCOIBLESELM - .

13. AFI—-A73IVREYYEOKR TN
B O R RERIC DT

KIREF (Bk, B, EIEM)

4FED Yy 3 ¥ (R : 22°C T 3 » AL LETH,
CA#E: 0C ©v3~4% A M &4, NEZE: 300
r/kg DA =E¥x7 Y v (NE) &, INEE : 200
r/kg D4V T w5/~ (INE) &4 Y~ 7
ML, FhEhl B 1E3 5 AMETFEAL
7oBE) % 22°C T CHRER L B REBHRE TIEN %
BHL, Th~DOXBRRO A5 L Cho/NiE
RIRTRERL, BHA~OBIROMEE, m)E,
Tt %R O MmAE FFA OB bxlE Lis.

4782 h, BOHTHIE L 7o NE (3r/kg.
min, 205-ffl) COE, mikEkiciihn, RYLE
HEELEVER A L7z, INE (2 ¢/kgemin, 20-R5)
TUE, mEEREAD Uedd, KEEPUE R
52 ENBE\V. MmiEEE CA BTRA, XBET
BT D o To. KWMERPUER CA BT
T, WRETHEA, NE, INE HClHSERHED
B B bW, CA BELFR, <DELY
Fa—/T I VREBIL X » T ETIEFBLE DO
3, M NE @xit 2 0e15ME ORZEOBA R
EnH DT ESHEEIT &7z, INE#ER3E TS
A ILfR A 2o 53 M8 FFA W33l
. YHETCOHTFa—NT I VICX HHEETT

23 37

H#IE, #Fa—AT7 3 vickd FFA R
n& g ImC e S $8 FFA Bofmo X 5k
SOBENEET 5 b0 LHEAENh G,

14, MERBNEFIC &(T 3 _LIBHMEIESIRDENAE

MAF, B O BN B, A

{EBRFB D overall integrity %284 5 —EXEE
EUT, FSHEEEIREIB O E B 2 M2
7o,

U X ORI TR 1 ADBEBRD & T HAL X
¥, ChitfllEZMzAKiEZEE»SRDEV
B CREEIRCE 2, FRpICMERB bEESE
7o, MERDOHESEEL 7o RSB % 72138
ROWIRICH = = — VEIFAL, ERF V7T
XLMERRELEEE ORI L TRF L.
IS REEIIRE R E v 6 ERRE, RS RAIRERIRIENT
JEVI S EXFED R » InE/KEC T FhFE - o &
EXOEDRERP AL

1) _NERIEEIIR Ch3 R EAS 60~100mmHg
DR, BDREVERECHMAE L bhi. R
JEAS 35 mmHg O, EREOHEINIR/NE 755
7o Zhuickt U LIS 8 Ik < 1%, ERES
2~ 6mmHg O RAOEREOHE Il 5 2 &
7o, 2) _LHERAREEINR T3 E2$35~60 mmHg
O, BROBRER 2 & h, HERE 200
mmHg DR, BRBILER/NE R -7 LB
EEFR CVLERER 2 ~ 6 mmHg OFf, 5k ©
RN S h e, 3) _RIEEESIIRI tonic
TR REBNZE (b2 Ak L U, phasic nZENI KEE
PTH ot L U _EBHEEIRO KIS phasic
TLrSREREEWE( LB EEKE LTz,

15. MEREEHC &1 SHIREREIC DT,
0 1. EREAEROF O
HINER, B B SHE=* G, R,
HiR e BAK, B, HAmE)

MERE OIERBEBANT O—% & U CHIRE
Rk DWW a3 5 C v 5. Transducer 5 5
BT~ FAREGRAERORHERF DI K &
{EEYTHDTESENI A A 7 FFORNILE & AT
BIZBERAL T v 5 AIEROBFEORTZTR -
7o, BROESTOMUEEEA - — X DRI RT
WERH T — T NEEEMTF THD L DR
K& b5, FRLZD T —FAERNE08s~
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200 ETOEBEHUMFICEI=F LY F =
~ 7 C¥%%. Transducer {IEED LPU-05 & X
F~% 50D P-37 T » 7. $ k13 transient
test ¥ X CIEsLiEMERE TRz, Transducer
DRYTFA4TVAIAET LHOERD -T2,
BHIE T 5 74 7 %X ORI O BB B S 12EE
50Hz BELEZ2BF L. #VFLVvhi—
FATERBREZAL, EI2E» < ThHRRBE
BeBEl T ENTEBRPF— =Y a— B8
BHEAINBOTHRABEEFEOEER 2 LEToE
FIZ13 454k D damping factor (h) % 0.6~0.7 Iz§
%X 5 7@l damper BULEL LS. £EES
HCRFV=FLVIREL P 2~3FRELXD
NAEBRICH I BRI R 3 X BB ES
z2bhi. PM YV ¥FORETHVEEERS %
&1L EZ SN BRBIRS N TOEMRKEIETH
£1.0~20¢, £X10~20cm BOLERSH # T
+H5TH 5.

18, BXIMFEHAOMEATFEFOTFRES), T
Pk 3 '

SRABERK,
E )

4 i T RE ~ DI FE A R I R T 5 UERBIFE
CEEES I b AMEE LR ET A2 LR, R
LEMShTWw3

AERTIE, ZOREEHOE(LE, 1[EFR
', SEERY, SETREE L CERNTEE
L, MELEEXETEEL, BRLFEROBK
FREMCH. E—HOBTEREMNREZY]
BiL, TOEECOSWTHE.

vy XEEy, FREEA~y F2RAEI =2
— VRO E, ZEF X VEREEE, Eizxth
RSB ES L THREEZHK L.
fIFAHcXsmMED LR E L diT, 1EFR
BAHEL, FREIIED L FRIERESEML
7-. BIUEZBEMXE, OFEXX Y ER UREZR
T LRI F O LR TEIEELEZRL, -
PO TITHMTHEEYSEL L. ThiiblT
BBE, FRELR D L, SEREFEREIRASL
fz. SHCAIEREMT 5L, WERHTHER
L, EENL L, R RIS 2R
L.

CREIVMEDCERITE SRVSEERERLD

£ B B @BHX B

& ¥ &

BB E TN 503, ThIRI, ﬁ&bo
WIZIE 01278 B & &3k o Te.

AR OTIMNE, ﬁ@maﬁﬁW&gEﬁh
¥, AEEESHEZRLIC LK. :

11, REEHOREICH > BRREOET

WRER (8K, £HLE)

IEREE I X AIEESROGIEZ B & U TRk
BRI RE S BRARNIE & % 7 LIS TR L
7-. W% rate & depth D 2ZEHTRL, &
k% 3 EBRPEIC & 5% 5E (rete : Fast, Normal,
Slow depth : Deep, Medium, Shallow) L, £®
HMAETHSB IEY OFFR%E 5 L0 B FH LT
th¥, TOBOLERIEZHET L.

1. rate izftL depth BEEHELARIEEH
FE+5. Tibb Deep tuLdEHEN, Shallow X
LERADEZ D67

2. [f— depth FTiZ rate & LHZE(LDIED
linear BRI EIZE I hiz.

3. HFFRIZ X HUOHZE L% — ik sec by
sec DHHFIC LD, MBRAJN % pulse &%z ik
tonic Rk & phasic RS ICK B T
&z,

WiZ 2 DEZPAEICT 5 7o depth —F kAR
T rate ZEERFD 25~200% D 8 XFSICELE
FEOLERIGEER 4 A/ W b7 DRETL
Fo. BREEREE LERSIC linear ZnBHfRVE R W HY
Ihigh - 7ds, EHREORIS & —Vvi4H
H&zo25 C—E@mEZmR L.

18. 3 9 2B OMEAERE LI
PEREE (AKX, E, $H4EH)
3ETFTATy 7OBIE, 4 ZnRLDO=2~7Y
v F2eid ";"SU’%?‘j? yTve L“C:

Te=a+ (- 5 A) (AP (—A)3+

2H2
th(&%,T4H>0)ﬁém&&Lrowv
A%

=(1/(2=t) 2 2 Jexp (—ix2/2 t)
@Eﬁ%i&&é.bbb&#&%@%%ﬁu#
HRbh b o T, t(>0) 2EETHLE
ti>t & LT Gf(f1X G, f BEHETEHLS X
B ETB) B T OFHFIRCABZ EE, £E
DOHEERB T« DEBERICA D Z LTI THS



2

2, TOEEBNECETHENRLEMIATOLE
ARATE B, EEOFERC WL T Te(t>
0) G iz —ET 5D OIEAEOENKD i
BO—2Th5. ZHNDESET{T)-w<+<
o LS TWA.

t(>0) BEHIPEVEET  ZTF1 T 7
DRIELZ 77T vD (t/2) 5L DETIRLLE
h, tRKEVEEFCRZOZOMETELSH
5. F4Ty rOBELS TS YT VORKEE
DEIBIFIEI D2 — v 2 ERT 5B ORER
ELTKRbLINEDT, FPRE T« (t>0) &M
FMENE BB CEROS L DO L L THEBEX
h5.

19. Gunn 5 b (ZEES v ) OFTERIER
g8 .
BHEE, #EEs, HEEFE HERETF.
BAMT (BHRLEEEEIr=—)

BERCEERT () 235, BEYAEY VML
EAEEELZRET L EBHSNTWS Gunn
F v FOHEZRAVT, TEREZHA. RHRE
EER (J+) OS5, ERFIEEYAC VM
FERE (§ ) 10T, ERE THROMFHRE Y LY
VBV, SHPREE 0.40-£0.20 mg/kg, FEEREE 6.99+
0.92 mg/dl. ERBOKEINIBIEL D &V (p<L
.01).

THE YA, HEE TR E12B0 RSN
o, EREO 4 2B EORESRHD
Nfc. Animex EEIC X 24O REHRK
3ENE L, BEOZIZRM TS 2R R 72 U
2 LUEES Z & 2R 10RO B R EmL
7= (p<L.005). ¥+ FASATHEERBEESFRIEZ
LoRD EERBINBEESRV 6L, ¥
MBOEV AT bphi. ThiZREShik
BE—Ev 5. ik, HEX, IREGED)O24RERH
D, MER-EEY A 7 Ve B 5L, %SS (&
WHER) OBABEIICHONDDHT, KER
B, %PS (siREIR), PS ORI & Ptk
B DT S 205750 » To. R & 1/ O 1285
TonThEFBE IRV, 2K, PS Ot
oS HE L b5 L, KRS RIGHDOE
B D PS 3 2 T 5B T & Aok - 7z (p<.025).

20. fiTADARONFHREREEDISHA

& W 8 39

FEARRS, HEHT (FRMRzr=—, FEE
EH)

HHE L3 TAPABKET 58, BYkS
X > TRIFE—SHH ST B, LALIT
A ABROBRWERZBIR LA s, 1AFEE1T%5
i, BE5EWomPIRENEHLETHD, K
KTHAF B ED SR TW5, BIEICIEF A
re< V)7 7RI L Bl HRE L.

SENIEAEE (234) TonT, KEEDE
#E3Td % diphenylhydantoin (DPH), phenobar-
bital (P.B.) ¥ X ¢® primidone o fn i E % i
L.

HEBE—FETDH, HlxXDPH T2 1 A 150mg
BE T AR 1.9~10.7 #g/ml & ZHHL{E
ANZ#7T. P.B. THF#R. 7x¥ primidone i
3 xh, k¥R P.B. oZ{k1 54, DPH 4t
HAXh<Tws&, primidone 55 P.B. ~D#z{L
PEEXH, FHL EoMmA P.B. HZRT.

B R IARSh RO L h AR FT Lk
V. RUTHEER O YIRE L BITER & oMt
OhHENRRH IS, ARG LD
HBER-EDTIEAZE»DD, Lr3EHO
BHCX - THEDHLENAP I h 22 H
5. : .
PEo X5 hEDomAPIRECEAZEL, FiR
AL E LRENORMEEORAZECENHEL
MoOFih MEECEEEKLES ORTHHEHM
KEELTWwE e L #llah s, SHIBNE
BRLBALT, ThOMERORKHILRENT 21T
S NERDHAS.

21, BEPHov Y M UERHESIEREC
BLEFTHR

PREREL, KMETF, BEfMT, REKEXR
BB, AR (BERan=—)

A DR ERF I O X BBAIIF R X I Do
HEREMPEBAZOKREERED, O, NEO
BEXMEHET 5. —F5, ERBHcodikSp
HERRSOT X 5 R EAMEHE OB EMOME
HEsaEl VBTl sRERERZERTS
LEINTWS, XHR> » TR OB E
RLDOPEMEL, RBEITBCREAEZLEBLT
200R ZZEI/ofR X IRAE EEEE»D
FREMEEHKL oD, HREHZ, RSB,
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A EMRE, KpECERESREmL . £, &
Bk nhgiT T s KRR () OB%E
BT L.

- BREHEECIIRUMAIA B R L CEEE
fEOEDE»SIMLOEEDRbhl 7
2, BEEAKORSREERLENLVEPDS
HEED FITRBICIAERRE IRV EE2D
n-. SEKEREREC T AEEORISE, IE
ERCIRBHE-RREETH D O, BHEHETIEE
g oBRohiz. RN T
BrieEosRL, BEEREMECISH
BREEICAER S, -7, T3, KRG
F 5 FHEEEME, BHETIIEELEV
o ERB COBE - OREFEN X ViRV
HTRShUSNER AT P - T,

22. HHat4 A substantia gelatinosa ©=
— 0 viER & ROHERNE

BIEFH (&K, [E, 4. UNC 4H)

7 H OB, BRFARMOEIICEAL
= #5 AERE (10~25MQ ; 1,000 Hz) iz X h 1R
o CBHERET 3 X CRELEESRE TR h
Baz=y PBERVEETEEHRLINL TER
substantia gelatinosa &% A 0 & B (La-
mina | ~1) 25Kl ZhbD=a—"r
viz, KHEEEZERORE, BROTSOHE
wiest+ 5REHS, 1) Polymodal nociceptor
type (24%), 2) Sensitive C-mechanoreceptor
type (11%47), 3) Thermoreceptor type (10%),

4) High threshold mechanoreceptor type (8
7) OABHEORE LA THFEAShz, wTh
DEATIHETHAHZRBLED THEBL 2
REBRRE2R L. BFERLNE»DOEREA
& DD DR RS L B R 2 1 7 L ORI
BEHLDTIE- Eh L-BERBRAHShA. EiE
D 3) BXUK4A) OBELATD= v MEIFIH
BLEIBLTOCLEFHC O ZRHE h e,
Substantia gelatinosa IZFE T 523 =9y DK
HHRCHgE input 2 4 b £ ORHHIT 1) O
polymodal nociceptor type T3 Y, it 2) T
& ol MASERERIHIREZESERL, Zhbo
2=y MCHTBHTHIGEDOREEZI S ITOV
THNEZ BTERICBERIN T rD=2=y
FRVWTRAE [ BREEL, TORERLA T

A
=

4%

3) /i3 4) RSN/ Bl kS5 substantia
gelatinosa @ = = — v v ITVX, BAFE/HERERIER
BHdEELLN5.

23, WEAKIC LD FRECOERICHE S T

PrREssE, [REERS, SRESCHE (B,
W, AREL - O ESE)

ERBMCIBEESRERREFLEELRESR
0. bhvbhii, WFOBEIMBSEREOA
PELTLIRERZFRALT, BRBPOBELTE
R LFREMERE L. T 2 ORETHE
EW/EEZ AR, [FHHO=RAREYMAE X b %
B2 3V, B4 3 YROBRENE L.
HREREMACEMRIBIIE L Lt sk, =X
R FMBEEOESRIKC X » THEF TOW T
BREMOEEERAMC X - C3EEL2T I
2572k, REM FILCRIBEARESNh S
ZEVBH-T2DT, LOIEREFAREMOEBEL
B 5 &, ¥ 7 ARG REM OEFE)T 5
DTV, @ 2 ICHEIR P O W B R DRSS
R B =R MR OB EIT .

W2 e AR A B SRR R oo g P I R e
5, BRHI103 U, #4003 VB OBREM
ZIRE U7z, BRI EER P IRIB AR AT,
WBRERIC A D S {EIL L7, REERERC e
EOiRIET, RERTERBCOIEFERR L FSE
NS otz Tibb, WFERS =
TR X Y _ LA~ ER S OEEN M 05
Xh302, BEERPICEESHEEIERSH
TREEECE 55, HEREREROEHETIC
X BRMOBHENOETORE, BWEPEFHT
5LEx5.

24, BTICHS ZXEEHHOE L

A B (BHEREEEX E, 49

NENOEHREOLALERRM, Thbb®ETD
VWb B REHEIL—F L T TR S5 E 5
O, TOBHRCHEEXMWREIIEDL 5 I
HDTH BN DOWT—EDINT &R B 7z,

1. &ELs—F/UREBEZIEL 27 ¥ CHE)
HHEBLES 2 SRS & A O R EEEAE
K, BBV EREHRESAIR I X - TR
WAk 2 %5 ETHRIMEOAIERT 5, ik
&, FEaEE LA oREORE BT,
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2. Bk LOCHEBHXE 0= X MES) =
2— B VIR OB —E LT, FhERIE
LRERD LIS,

3. == —r V{EHORHZLIE Flaxedil iz
EBIEFLREC X - TREIhAR V.

4, EXEHRPMRERBC X 5B Y+ REAM
HEET 3 X ORI RE 5 b5b & R 7ot e s
tzdbsbbt.

5. HET O 4HEIC—F U< T O fnicE
L, TR OMEE L ERHORGIES
FTHL LWL - TERE SRS, TOBRICIIET
FIRORE, Thiz X3RS XOBNGIED
EXMR= 2 —r VKT AIG & BE, seg-
mental 7 RHHIREE 2N 5 bk & Mkl A &
O T iR C X BRI OTiBES 5.

25, RAKBREOI Y E—4 > RBE

B0 18 RAcERISIR, SRERT (REX,
R, REHAARE « HR8EKR, & 4HE*)
KNEERRET S LI hEEDS vE—
FVRABBELIS EWVWHZZARIE, vHF¥D
KTl X7z Leao & Martins Ferreira (1953)
DEBRLIFESE L OREBREBNS. bhvbhii,
Freygang & Landau (1955) @ 52tk B L7
TERHW. BEOZDOBRIZ, HE l4cm
D 2K DERIR T, FBXFE T BERHVEER « EIkRIT
L X ORI BB T Lz, 1 HRiEE
FHEFF4~5mm OEIRBLhAER LT
HER@MEFTCES, o lMIEERELY
# 10mm O XICEKE & ITEFTICRA L.
FER L ORRITIIER 2 mm OILAHLERIC ST S
NTky, ZOIEESLUTRECHMNEREZF
AL, BEICXBHEENDOEMIEELMAINERIT
XDk T 5. BEREBRICT02~01mA
BCfFo7n. MMz bhi- UL AERIZL - Tab
NEEERBCR > RBMOXE I RZEZEIRT
THRLEER, BEOAKEIOFRICLEEIE
SIEEMERY Db, ZhX ko Sh-EERE
fifitx 100~300 Qcm DHFH T & - 2. T h ik
Freygang HO{ELIFIE—F L7, BELLEBM
O X 0 S MER 2 HEE L. SBER IS
B—oOHRNTEERDLTZENTE, ZThiy
B EABOEITSPVWTHE S

b & 41

26. HEREF~NORERAD

R4 ST, I B, FEmRr (FBX,
R, RAHHAAEE « 5 i)
LEOTMEREIR, B S5 0RE2EE
ATICHIEERR D B D AN D IR - TW BB,
fh, HEEANDELRETELREE ) 25 Tv
LLEZ2LNS. bhbhiiT Tk, *=20%RE
ATREEF CHMAIBRIR AR B % D A A RTRE MR
SMAIZ A & DIE Rz, Clare-Bishop BFaT#Ei% /L
TTFYERIIET T LE2HTWE, 4EH, FBE-
BERDODAND, EALTHETRTH ERLFD
R E S » 2 ELIRMIC X 5 FRIL 2 TEick
B U7z, ERIEREE #5 3 vick hIEEHEL
TR » 2. —fl LR CHEE OffE s 2
BB X5 hERENS, FROREIESTL S
h, WA, RTEEAREEEHCR—TH 7. W
Fe-FE -3k 12 100 Hz D RIEICERE Ui 2%, #% < i
34T 20~30 Hz Tk Lz, MRS, W
R EsElE (MGM) T hERBIZ X b, Fflc
THA R 1 ~1.5 msec DOIGHE, SEITHL,
2, 3msec ORE-BE-IERAEL, T h B b1 100
Hz ORIECERE L 7. BIEMRARE CRR LR
PR X BRIGEA BN, EHEAELSF, MGM
FI T EEDORISE & SN o 7. BTEE MR A
% X OFEHEECELE 1 ~2msec INDOK
&z Bivie, AR B ATRE B R T X % R AR
WRISIZ L, EErSOTHBRRD SR,

2]. Force pulse [C3x4d4 B2 KBGBEFO1= »
FRIERX S LU ZRICHT B/ REIREAHID
7 .

WIRFE—, 2V F v F¥, <A Yemr—=<
T o AR (R, BRM, MWEEHE. oL
AX* e Py FULF VKo g 2R VEY XY
S EEE) )

BRI Y LR EVREREER T I, AEIGES
ZET XS RARHEML 2O, KGEHEFDO=
=y MEBOKRR &, Think ST/ usEikez
GHOEE Y BTz,

ATEDH<EFAEAEL, NGO REED
RAEVIRLATRS X5t 5. FEsEmE, /N
RS NS 2, SHIES S Iz~ 1 ~
" F54 7O chamber, KRB &L FCE G
ZREX AL, EZET 5.
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HEEGoRMES S, yA8FH L kv &%
DOFELE v PRI VBRMEL 5. HOFRA
VOEB RIS 5 X 5 7% (load), BBk, ImE
¥ %X 57 (unload) 5 TH 5. T DEEABGHEE)
Bepz=y PRABRBERLENRD, lad
5 %2 Th 520~403 YPIBLIOE~ 7 (early
response) A3, 60~1003 Y AL CHE2DE~7
(late response) %54 U%. Unload #inx 7=Rs,
early response {IMiFIOA & L T Bbh, late
response [3ZE S V. ThIPREACHET S
B RESEBILLOANERRT 5 L Bbh 57,
EEPLOANBEETER V. ERIZEEZ10CIK
B+ 5 &, early response i1iF & A ERLETR
X753, late response ZMHISHB.

- 28, 2-DG 5B HUIC TN A~ ROFIFEREL X
UBAROROHERICH LIETRE

55 M (FEKX B F-4£H)

vy ¥R ERLERT, BELEARELST
CEEE2EH L. EREEANERERE LD
HAD/PNERENADZ A TV 5. WIREAMS
T, =05 b0 1A% KB TONL, PRAIX
DELHAS VoL AREE L. BERICH> T
35 5 AR S SRR TR, PR TT 1 7
AV FERSEL, BOHA VoL AR L.
SRR EREAAOH F—FABFHA L.
2-DG 150 mg/kg ##ET 5 LRIFHEENEI
SHAaFicEEL, XMoo 5 bt ¥-2IinE
L, FTo#BAcBIL, 0BT ED LD
{HIZE - 7. 2-DG 50mg/kg & 100 mg/kg,
*7- T5mg/kg & 150mg/kg H5DRE2H5
LVSHLBOEVWHEI X Y KERMHREHO
HmPEHEL. SLa— % 150mg/kg OFE
HRIBHRESORLPZOERI L. FLa—
ZADBOHVIEE X DV EHREFOKTHHE
Ihi. BHEORLEEEICNL TR 2-DG,

> 5%

Fra—REbRHBRRSEP o7 Mo
VRALTHEB TR L TR &, 2-DG, S a—
REDPREERDIRVATSDL, 2-DG 5 XU
Nz — AR R, 3L 5 RRIKTHIVE
B T T 5ERC XV AIB R OEENICE
HFr52550:EL25N5. CORBITEME
TR ERLTOWAREWVWE S TH 5.

29, J Ko BEEPMIBLITERANVEY
D5y MEARIE = 2 —n s NDOER
EsEsE, A #, h% E (&RK B,
B EH)

. ZEfERE M AR R S (FFA) R L€
v (GH) 2L TWw3. BERRXOHRK TRt
HIFCx, 7Py (Glu) it X » CTREMSES
BLHREEOMHINS GuEZEE=a—r v
ey, FFA KXY RENREShS. £Z
TT v MY LA VBT TR T S 5K
THERAEAOE —= 2 — v T, SEMNE
W&\ Glu, FFA 3 XO'GH 24&5 L7z, Glu
T dose-response PIZ R EEE DO _LH T 5 Glu 32
K= =2—r 20D 5 HLEECEV18(Fx FFA T
MElxh, By oS RERETHY, £hbHD
BEAEBGH KRG UAA o7z, Glu it s L
Tt 5 72353HD = 2 — R VDIEE AL H FFA %
GH kb FIE Lt o 7. fh5 Glu THIHlEh 5
EVWIH IO GluEFEME= - —r VITEEIL
7 {Evx FFA C{RE Sh, BRI L3R5 & RS
AT THEL TV, L s TEARIR TR
Glu &#tiz FFA IRERLICHIST 5. ZERT
WSRO Glu R = = — v 135&< H #] S
N, BEEPEONIEFDGluRZH:= - —» VX
FFA CTEBILERLTWS 2 5, X D3RVZEREK
NHELET S, FFA @ Glu K == —ryviTxtt
ZIMEIE RIS AR & RRRIC, Glu D&
VRLPHRHMEBETHZ LRI BDTHAS.
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J. J. P & B OB OE

TR & R -
1) S R S hiz 2 L DR VWNEAT,
POEUTEPNIZDDET S,
2)miﬁ%umaiaé&3%(v%1%u
FYYrN, 2HEFEFTIV. RELEFETR
EERA 7 X DA VEREN W%ﬂitﬁé % & '§‘ %) %, T
EYTEMNT S :
3) &Effk : T3 HEHLRKH42-4-16
2oy YR —E)L
HLHTTE Vv E—R
TRAHARS 1) P SRERR
T (03) 815-0416

FERER LOERE

1) BRI L T A~ — R TEAER (7RI

247 Lb0ETSE. FRHOELKBEIMKE
LT ETRICRE, EE4 FBWRERESA
(BmE LI T k), BBIETT (BEFES% Tokyo
113, Japan @ X 3 IO H LT AN D) BET
L, wicHxT, B, FEH @k EFRE
2L RET. RBIAL X, EostE
running title (REZEKICL72dD, HEFEER
~— 2T 40 letters DATF) #EL.

2) AL DEEE LT, Part | &5 Report ]
LWV oy Y — ABRET, FRIED M
FT, ZORLEEOREOHR LT S,

3) ALIMECERLEE, TioMEFIC
T 5.

Abstract (250 words DAF, 1E D 511 Biological
Abstracts @ 1 §5i# - T\ % Guide to the
preparation of citations and abstracts for bio-
logical abstracts iz L7243 %), Introduction, Me-
thod (s) and Material(s), Results, Discussion,
Acknowledgement, References, Legends of fi-

gures.

LRI AL D OB, WML RDO DD

2Rk« BEBLCSIMT S, i, EREEL

EHMEBCEBEL CEREL TSR,
Bz, & A Ko THABORRICE 1HE

(REOK) » 52—, ROBEAIIZKD

BFEBICEELZNETERATS.
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5) FMxEE&¥T5%5. FEIRHEHLIOICKE
5. wa—ﬁﬁ@%ﬁ‘m. EEVEEDRBT
5. :

)ﬁiﬁf@&%%ékl-%@@l%ﬁ%
FFTHRT 5.

7) BRI B BITARLCERT 0%
RAIET 555, BERSAEIMERSEOT, T
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