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Body Sway Stabilization Induced during Periodic Saccades Masanori
HASHIMOTO (Department of Physiology, Kyoto Prefectural University of Medicine, Kyoto
602, Japan) .

Periodic saccadic eye movement has been known to cause a reduction of the body
sway while standing upright in man. Then, it was studied that under what experi-
mental conditions such a well-balanced posture could be obtained ; with special ref-
erences to antigravity muscle activity of the lower leg, saccades in the dark, and
saccade size and frequency. Body sway was measured as the antero-posterior deviation
of the center of gravity. EOG (electro-oculogram) and EMG of soleus, gastrocnemius
and tibialis anterior muscles were simultaneously recorded. The results were as follows :

1) The sway reduction was observed during periodic saccades performed in fre-
quency higher than 0.2 Hz at 30°, in amplitude greater than 5° at 0.5 Hz and in dura-
tion longer than a few seconds without direction specificity.

2) The effect of saccades on the body sway was classified into three types, each
of which was specific to the subject. In type I and II the reduction of the body sway
occurred for the component of 0.2—0.4 Hz. The sway reduction was accompanied with
the increase in activity of soleus and gastrocnemius. The sway reduction was also
accompanied with a forward shift of the body position in type I, but not in type II.
Type III showed active discharges in soleus and gastrocnemius before saccades, suggest-
ing that the body was being already inclined during fixation of eyes. In this type no
sway reduction and no continuous shift of the body position were observed.

3) The sway reduction was observed also during periodic, voluntary rapid eye
movement in complete darkness,

4) Continuous eye rotation in either direction did not affect the body sway.

These results suggest that some neural activity related to the saccade may flow in
the extrapyramidal system, raised the activity of triceps surae muscle directly or
indirectly and stabilize the standing posture,

(J. Physiol. Soc. Japan (1981) 43, 73-83)

Key words : body sway, saccade, antigravity muscle, upright standing
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Fig. 1. The body sway during fixation of the eyes, periodic horizontal saccades and
again fixation of the eyes, shown with the target position (Target) and horizontal
electro-oculogram (H-EOG). Periodic saccades of 30° were performed at 0.1 Hz (upper)
and 05 Hz (lower). Sway (Y) and (X) indicate the antero-posterior and right-left
body sway, respectively. r, right ; 1, left ; a, anterior ; p, posterior.

fixation s&%ﬁf_?ﬁf fixation 5‘]‘553235
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v-eos i e sy JOUOE L donnin | 02477

sway AV a2
(Y)
0.3 Hz LP ,\,_MN Wl 2.0cm

30 sec
Fig. 2. Effects of 2.5° (right) and 5° (left) saccades of the visual angle on the body
sway. Reduction of the body sway was observed during 5° saccades, but not during
ones of 2.5°. Spiky deflections on the vertical electro-oculogram (V-EOG) show blinkings

of the eyes.
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(¥)

Fig. 3.
from each other,

fixation

Target

vertical saccades
(0.5 Hz, 30°)

TSI ——————1 >

Sway WMWWW ’ 3 cm

30 sec

The body sway during twin series of periodic saccades separated 10 sec

fixation

V-EOG Mmuwwn " Im l \ u‘ | ‘ m"m m Wu\“ "m‘ \ 'N‘mﬂnﬂm““ ““ I 1 , 0.4 av

(Y)

Sway m' 2o e

oss:uMlzocm

TA

4
1 o1 av

Fig. 4.

30 sec

The body sway during fixation of the eyes and periodic vertical saccades,

shown with the original and low-passed sway (0.3 Hz LP), V-EOG and electromyo-
grams of tibialis anterior (TA), medial gastrocnemius (MG) and soleus (Sol) muscles.
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fixation vertical saccades
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fixation

77

Sway e I Y i A e e | 2.0 cm
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|0.2 nv

M6 e e ]
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e

Sol e ——

g | 0.2 ov
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Fig. 5. An example of lack of the sway reduction during saccades. The body sway
was very small even during fixation, probably owing to the preexisting, forward

inclination of the body.
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Fig. 6. Frequency distribution of the ratio
(%) of the mean amplitude of the sway (1 min)
during fixation (A), vertical saccades (B) and
horizontal saccades (C) to that during respec-
tive preceding fixations ( 1 min).
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Fig. 7. Effect of periodic rapid eye movements on the body sway in complete
darkness. Eye movements were guided by 1.0 Hz click sounds.
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Fig. 8. The body sway during continuous upward (left) and downward (right) eye
rotations. No decrement of the body sway was induced both by upward and downward

rotations.



R LY v i~ FIC X 2EBOREL 79

HuFhph—F B, T oMEXHER
TR L EOEBE RSN L. ik, Ol
SEOER, QOREEREE (307) &zoffR 1S
B, @lAEoBEATHSL. KEIEDHERD
2 Gl% R+, V-EOG o ~0d i, H
ERORERC X %30T, BRI 30°D [
LTS, K8 DT, EHIEOHE
BiE o IEIE I 3.0+ 1.8 mm, [RER RHERRICIL 37
+22mm TH-fo. BEHE 3T 5 RO
SEHIRIE DL 123 % L R & S Ta o TV B,

BoOEITE. Ti, £HBRE 106 (64)
st s o ok, 94~131 % (FHH{E 1069+
11.7%) Thot-.

M 84 © HEITEERDO FiEEEo 0T, 03
Hz &R0 R4 oFEiEE 45+2.5 mm CEGRK
OIEIE (48+24mm) L3k A EEHLIRL
BB 3T 5 TER O FHIRIEQ Hi294% T
Hote. 10fI0 kI, 93~138% (F#fE 108.9
+1349%) THEEZITIc\.

HENLE, RER o LE, TEREDL, TA,
MG DARBIE e HE, Sol. DFHEATIRE S 4 b
h, EEEEERETHS.

REOERL, BROAE, FERCLED
nic.

Z %®

1. BEEEIOYy 7 — FIROEENE
BEIEBOMBCIEAER, WER, AHER
HARANNMDETHS. ETTHRERADEL
Tix, PRI vBEATEHoL, 05Hz
HBORG OBIEIHEINTD L\ OHENR DD
(Dichgans et al.¥). ¥ZEEDLIX, ZOHRE
X b HEW 02Hz g0 RS OIRIEOEME
Z7- (Uchida et al.®). zhbnb, HWER
ADRBET BRSE 02~05Hz LE2 bh
%. Fi, BIERMAEETIRGE2WTL,
Kapteyn and De Wit!® 11, BIEERREDEEME L
7ov b OB, BEACRERRNR Y5
2 7k ¥ OEBIEYRE LT, 0.2Hz DR
S ETH T ERRL, BERAI02Hz
HMBORSEBEETH EMEL TS, HED

BRXY, AERCTHIELL03Hz & o 5
DIIEEREFERANC L 2 88H% K LT
WBHEEZD.

Thiext U AERERATLR, 10Hz Lk
DEFEETS. i, LEHEOE
b, TREES»SO la A% E RN E
Wi+ &, 1L.OHz 8% 0 KIRIEDEEIE »
B35 (Dietz®). Rk, Efsexor
ROEBEIEI L, BREZERH50 Ia KE
BRAZRDH L, FERIIAELRD, FOE
Eix1.0Hz X v ${E<L % (Kapteyn and De
Wit®). Ua L, Dichgans 7-5% 13, iR
ERAT © BET5H# T Hbh b5,
1.0Hz P ERFTIRA, EBRELTWS. T
hb, RERERANC X 5HE, BER
RUHERANC LA DX W BB D L, *
NENDO AT BEET 5 EEEOB LA T
BoiEl, 1L.0Hz IFT 0o A4k Ts. Zoff
BbARERCET S 06Hz &L o 54
1, RERERATC X 5HHAER - T
BREBR LG THD EELS.

DL ~ickgie, FEE DO AERRS b
M ERICB ST A BRI A OBE R HET
BT ENTES.

Wy 7 — FREORBIE L B R E OB
DI D, Fy 7 — FEBOKEIRCE IIE
THEL IR SE L. &2 0 zEFERI
BWTh, BENGEERE TROMGEE YR
Lic. T7ebb, [HeE+sHBEOERR
DEEIECIX 03Hz HIR © gy nELE LTA
bh, T hix, #HER HERATCESH
MR ERETHBE EETRT. ¥k, MGoE
BB TH - ol L, RESC IS TIR
OFENZEH T\ L RT (Portnoy and
Morin'?, Smith'). [ ZC 3 BEREOEEE
DELHES L 03Hz BT Hove. Shid,
18 LAk, BER BIERAIC X 2HE:
BHTHHE EHTT. MGoEET [ HER
D, HHEHTH- T, KEREECHIEL
FEEOHEBA L bR, i, BEORIE
RS TnBHE Exrd. MECIRERROF



80 BELY v 7 — FizZ X 588 0%E(L

Bpfgir, 03Hz BBoORS N EZ T, 0.6
Hz HRoBa»nEE LT bht. MG nif
BIEmEATh D, BONERYT-TwWa &
AT IoOMogRE T, TREEHO LI
MIhICAR—Y = vl iEl abh, BE
ZBEMEATNIC X 5 ASEERED LhIEE,
BRI RO LT BRI G TE
5C ERET 5. RA— o R, Dichgans
f=%* * Kapteyn and De Wit!® 43R~ Ty
A.

Fo = FEED | 3301 H OBBE DOEE)
1z, 0.3Hz #& o o ERE /b, 0.6
Hz %308 09 Hz &% 0 o1 ZEHir b
foo TET, %y 7 — FEAHE, RELDOR
FRALH A BRIz, MG 12BN ik
B DFFEAICHRECE D, Sol. (2 HEHEHINE
BEEGICH, FOEEIRHE L. Lichis T
y 7 — VIEOEMEORIARMIZ, £&LLTE
BIEDEERIC X » T U TWB Z & &FT. [
B, [#HERLY, RUBORMBRAIIA
bhithot. Lil, MGoEEhzEER &
h —BRRABRE YD, Sol. DIEEHL 8N L
oo Liedi- T, [ CREESOERER X b
TROFIMEIZA UBA, TR X h Lo
BHcEE, TROMEYHEE T o, &
MEOHIARMAZORILDEE 2 b R
5. MIBOGHEIERKELIIZLAEEH S
3, 0.6Hz # 0 41T LTabhi.
SHORHEEIOELD 12 LA u . L
BT, ¥y r—FRIBEHRLZIZ A S R
T, ERROMELBAER LT3 L 2R
3.

PEotgiz, %y 7 — Fiz X b FEEORIEN
Abhb L&, REREOES It iS5 1z, 03
Hz %55 0.6 Hz #iRicEH 5. #ifiz v »
TV TIEGOBLLELOR, ZhuT
dynamic posture (Howorth'?) #4435 4
DEEZBRBM, FOREITE ST,
¥z, WIHREORE LEFEORL Lo
13, EENBERARD SR UL,
. RESOREL X - Th b a3 EMBORM

FReLiet L, BB X b BfioBEREEC X
LHEPFEANBECE > TW5BZ L& RET
5L0THAS.

I. vy 7r— VX VAEBROBINTEE
ShaPRER

BE LYy & — VEBRCAER, BT
BFLLTRDOLDOBELLRS. AV v ¥ —
FROBEPRBICHHEHETTHR CHA L
T, EEDD\VIIHEEMNT, BEofFcES
HHOESH A%, OFEREROED
DOEI. O% v & — FEEOBEBEANOLEL, %
L, OYy 7 — FEEONBRFOMEREZER
HDATIDER, BHEHRCIERTS.
@ Jor—rF

SEEE LIRBES S, TROGEH Y
EhbEx %z Lz, Thoden 7%k » T
HEIRTWA. bk, F =2 cfEZERIEY
BlEfRLict %, vy r— FLEMTHLIEE
DEFEAHCE T, FTREES OB,/ T
BZERRVHEL, Yy r—FRAZKhLDOME
HOEE) = = —r vICH LT, EENETHK
EEULUTCAATAEZNTDHEEXHA LR L
fo. KERTELRIYy 7 — FEEOHKEIED
B, 20X 5 BB TREATS LT,
GEROB I E LTy r— FOBEE, KX
&I, ERBEECTRE NEET S &idkoD
BIZHBEINSG. ¥y r— FESIANEE,
LOFRSIS L 3%, BEFEMEESE (PPRF)
i fEREfE (MRF) TfEbh, Yo 7 — FD
BE, REI, B SOEH0 =2
—r VOREKBFERCIVHEEIRS. D=2
—RYRIL, Yo r—FORZIWCHALTE
KTH==y b, HAgEEL L DO==, b,
Yy r— FREECHFA L TRKTS= =, A
%% (Luschei and Fuchs™, Sparks and
Travis®). L7235 T, BEHE O W% D 7z
L, TOX5hkY e r—F=a—mrvoD
BERKAE, RBROFEREERS—E i
MTBENURBETHB I EemTIDLEL
BB, EFi, Fyr— FOFRCERRCE
BENEAT5 Z L, KEFHE T PPRF,



R LYy 7 — FIZ X 2EBOREL 81

FEEHMETIEIMRF 0=, —r vEBHEEL
(Biittner et al.’, Cohen and Henn?, Cohen
and Komatsuzaki®, Luschei and Fuchs®’,
Sparks and Travis?®'), \wShDOEEHT R\ T
bR CHRETIERTZEEF®RTEOTHA
5.
Py 7 — FROEEBWAT 2 L OMOBHT
LT, RG22 Exbhd. Mori
b, F 2 ORBREERBTIZ &1L
TREEGOBENERTIZ ExHLMTL
oo TR TREEGES 2 OHToE MK =
a—RrVYERL, BEK= 2 —r vOEENH
HRC/ERT210THD. WAL T,
Iy ¥ — FEG WG LTREREZ A LUK
DHREELHD LD, FEELHLI IR
FREELELZOLRS. L, KEFEORL T
FlEBTYVy r— FORESICEVR BB Z &,
bRV r—FIbdXIauEEESY
WE LT 5 BB (smooth pursuit) K
(Rashbass'™) i 1%, s LAKZ BN H
B35 (Tokumasu et al.?®), Dz &b,
BREYED, BEYHEHTS ENEEIEO
W3 S ETER TRV EEX Dhb.

¥, BELIBEOKE G5ml o=
T =LY B BELY Y & — NEE
DOBEL W e ERAR DR IBITE, KEED
WA LREL B EXBELNE L (1B
2& rQlO)) .

PDEXy, BEORIIIYy 7 — FROD
EBENES T EEL DR, TOPRERFIL,
oy = PO = o —r VGBS, REGED)
i T LR, BNRORARE CHR TR
A LT, FTRMBHHD a X0 ¢ EBHHE
CIEA L, BEDEED 5 L RFCHBEEZE
BORELFRE L, BHAREREEIT VW In b,
FHRALC X D LS BRE S B8 %, X<
YD ENTCRBETHLDEELZD.

—F, ¥ r— FEX W FEBEOWMIDOHRDL
nieds o BBRE T, B &3 Il
EgESY L b, BMCRE AT\ e h b
BEOBENME TV RbDEEZBRD.

B) RS

Yo — PRI DBEFEOWIN L b h B
[, DB o#HRETIE, TROWEL % b h
fo. BHE X 0 TREHEMHIMEIh, Zof
OFFE MBI LRELHET. fifHci s
EHZAEMEOATNC LY, WRREHEB)H B0
LIcfER, BE2RBATHHEELH5. L
7L, Gurfinkel 7=%% 13, ERCTR=E
womBrTlERTALE S L L E, GKE
BT AL b b7 v ARKE (T
) OB, N5 58MEEbbLRWC
EHRBLB LI T ki, MEEREAT
(LRBAMERRIC & » CHEM e ZEEZ L - Tk b
+, WERSHESIFR 7 » 75 A X ) FEE
BhTWBZ ExFHTS. FBEEFLLY
1%, BT F VARCRBRIB YL, =
MR IR AT X R L L HERE
fbixo vt FiHESE L EbRHZLRRL Y,
EZW LGB OEINEY Ble. OB F 1D W
T, HHEEED DD ATIN, BIERL EDMDR
BANE—HKLIEE, AR e N3 5 M5E
MEHEBNIEEMT A L ME LTS, 2hbo
MRX Y, AEROYV » 7 — FIRFOKBEIRE DR,
ik, B - T, PRECHIE S iR
REHEBOWMIC X » (FlEFREhsdD LY
Exbhb.

MEoHEBREOBEIT, Vv — FRTLD
HEEEY & » T B 7, RERSEENLT
TRBIMLT WS, Lo T, oy —FFE
ToTh, ZhHUEDEBOHINEE LBy
=, KREHEORAN A LRI E D EEZ D
ns.

© WEISOBEEAT

HEEOWA R, TEBRRTTheE
RREGEBENC X » ThFEEBIhD. BEREBD
LORIRFRERNY, BTOREDOBRC LDV
yr—FERD, EEITEL, REL—ETK
Mote. LL, ZOSKBRER Ly ¥ —
FYEBTHD, Vv — FERIC X - THFR
% (Sparks and Travis?). Lini-7T, &
BEEOWA K L, HEAINIREBER LN



82 BELY » o — i X DRBORE(L

BELRTF TRV ERSRTES.

O SHBEHOHREZERNLDODOAT
Gantchev 7-%7 2fRER O _LEIC & b KB
DIREAEEMT S, LHELTHD, Zhik*x
2 DHMRG QMR X b LW O HiEE A I
#Hahs o84 (Easton®) mbHBTE
5. L LAERTIE, BRoL, TEHW
A, BRI X AR RSER e fRE Nz
THEREEDOIRIBIIELLEhoT. Lichs
T, vy r— VEBYERTI LY, SR
HOMREZEBIMPEI R, TOANNEEG
HeRshcE i LizE L bhiny. Lhl,
HRGZ AR D OROEHECITFEMAEC
WU THEIEIGHED A VAL ARFETSH O
LBHBHOT, BELY» ¥ — FOBEHFTIX, &
DEIFGHEZEBATIOBE S Y L RBETS
Z LI TEIR.

& i

BREEBADO—QERBR X0V y ¥ — Vi
DB, BXERE, TRHGHOHERYE
#LC UToERYEL.

1) %y r— FEXHBEEORMT, HE
02Hz DL E, K& X5 LLE, Fifksf 3 B E
DEELY » ¥ — FRIDFIEBIRL.

2) ¥y r— FOREE~OFBEIRIARN
RKAlghiz. 1, T®TR, FEEORE I D
B, TRR=EMOIES) D & 4EED 0.3 Hz
HBRS ORBOER L N AR, [H
TR BRABERAD IEELME O FHAYAT
RS2, [Tz oRENEDLR
Tehotc. AT, BT CIREL
BREYHERL TR Y, TREEHOERLKE
RaSh, KEBEORIBL NEh ot ZoH
T, Yy ¥ — FRXBEEBEORAIIALH
T, ELMEBEOBT LS e e

3) BLBEPERTH 7Y, 7 FRLIBA
HckR LIRBRERIC L - T, GRBIEOER
DR HBh T

4) BRIROFRFRN BRI, KBECE
bz 7eh» o

DEDHERI YD, ELYy ¥ — FEEOGKE)
WBOBE, %y 7y — VRO = — v ViEE)
PEED LREENCTROMGREOES %
EOB RO ERBINICLDEELSD.

MEkdedicd, EFELSCIKE VR
ESELAHEEERE, BAEEEASVELL
NH HFEEFCEHOREZELET.

(&% © E5hx, MR544E 6 H18H % 6 [al[ER
HERFABCIWTRERELR)

References

1) Biittner, U., Biittner-Ennever, J. A. & Henn,
V. (1977) Vertical eye movement related unit
activity in the rostral mesencephalic reticular
formation of the monkey. Brain Res. 130, 239-
252

2) Cohen, B. & Henn, V. (1972) Unit activity in
the pontine reticular formation associated with
eye movements. Brain Res. 46, 403-410

3) Cohen, B. & Komatsuzaki, A. (1972) Eye
movements induced by stimulation of the
pontine reticular formation : Evidence for in-
tegration in oculomotor pathways. Exp. Neurol
36, 101-117

4) Dichgans, J. Mauritz, K. -H,, Allum, J. -H. -J.
& Brandt, Th. (1976) Postural sway in normals
and atactic patients . Analysis of the stbiliz-
ing and destabilizing effects of vision. Agres-
sologie 17, 15-24

5) Dietz, V. (1978) Analysis of the electrical
muscle activity during maximal contraction
and the influence of ischemia. J. Neurol. Sci.
37, 187-197

6) Easton, T. A. (1971) Inhibition from cat eye.
muscle stretch. Brain Res. 25, 633-637

7) Gantchev, G., Dunev, S. & Draganova, N. (1973)
On the spontaneous and induced body oscilla-
tion. In ; Gydikov, A. A, Tankov, N. T. &
Kosarov, D. S. Motor Control, Plenum Press,
New York, 179-194

8) Gurfinkel, V. S., Lipshits, M. L, Mori, S. &
Popov, K. E. (1976) The state of stretch reflex
during quiet standing in man. In : Homma, S.
Understanding the Stretch Reflex, Prog. Brain
Res., vol. 44, Elsevier, Amsterdam, 473-486

9) BAEME, Tk # HREA AE #, A
FE(1979) G BB O IREGES) & BOBME, N
FEGER 1, 178-185

10) BAEME, L & WARBEA7)EEHLES



11)

12)

13)

14

-~

15

=

16)

17)

18)

BRLY » 7 — Fiz X 5 EB0REL 83

HEAeSTo7ra—rOBE Tra-LABR
14, 293-294

AECEFRE—, /NEFMSERE, HibiREE, BMES,
AL IR ER (1980) ALK w1 2 ThR =AM
RESHEE) w BT 2 —%%, K & HEN 8,
181-187

Howorth, B. (1946) Dynamic posture. J. Am.
Med. Assoc. 131, 1398-1404

Iwase, Y., Uchida, T., Hashimoto, M., Suzuki,
N., Takegami, T. & Yamamoto, Y. (1979) The
effect of eye movements on the upright stand-
ing in man. Agressologie 20, 193-194
Kapteyn, T. S. & De Wit, G. (1972) Posturog-
raphy as an auxiliary in vestibular investiga-
tion. Acta Otolaryngol. 73, 104-111

Luschei, E. S. & Fuchs, A. F. (1972) Activity
of brain stem neurons during eye movements
of alert monkeys. J. Neurophysiol. 35, 445-461
Mori, S., Nishimura, H., Kurakami, C., Yama-
mura, T. & Aoki, M. (1978) Controlled locomo-
tion in the mesencephalic cat : Distribution
of facilitatory and inhibitory regions within
pontine tegmentum. J. Neurophysiol. 41, 1580~
1591

Portnoy, H. & Morin, F. (1956) Electromyo-
graphic study of postural muscles in various
positions and movements., Am. J. Physiol. 186,
122-126

Rashbass, C. (1961) The relationship between

19

20

21

22

23

24

=

=

)

)

)

~

saccadic and smooth tracking eye movements.
J. Physiol. 159, 326-338

Smith, J. W. (1957) The forces operating at
the human ankle joint during standing. J.
Anat. 91, 545-564

Sparks, D. L. & Travis Jr. R. P. (1971) Firing
pattern of reticular formation neurons during
horizontal eye movements. Brain Res. 33, 477-
481

Thoden, U., Dichgans, J. & Savidis, Th. (1977)
Direction-specific optokinetic modulation of
monosynaptic hind limb reflexes in cats. Exp.

‘Brain Res. 30, 155-160

Tokumasu, K., Kawano, R., Tashiro, N. &
Suzuki, T. (1979) The role of vision to body
stability during standing. In : Ushio, N., Kita-
mura, H. & Matsunaga, T. Postural Reflex and
Body Equilibrium, Society of Nara Otoneuro-
logical Research, Nara, 94-102

Uchida, T., Hashimoto, M., Takegami, T,
Suzuki, N. & Iwase, Y. (1979) Sway-stabiliz-
ing effect caused by saccadic eye movement
during standing in human beings. J. Physiol.
Soc. Japan 41, 93-95

Uchida, T., Hashimoto, M., Suzuki, N., Take-
gami, T. & Iwase, Y. (1979) Effects of periodic
saccades on the body sway in human subjects.
Neurosci. Lett. 13, 253-258



84

Levels of glycolytic enzymes in the process of lactate
production in contracting rabbit aorta

Sumio MASUMURA, Michio HASHIMOTO, Yoko HASHIMOTO and
Toshiko SATO

Department of Physiology, Shimane Medical University, Izumo 693, Japan

In the arterial wall, the degree of oxygen consumption is considerably lessas compared
with other tissues! and most carbohydrates are broken down to lactate?. This finding is
a particular feature of the arterial wall and indicates that the major metabolic pathway of
carbohydrates is glycolysis, not the Krebs cycle. Since carbohydrates in the arterial wall
are mainly utilized as substrates for energy output, lactate production in contracting
arteries has been given much attention®*>®,

Regarding lactate production in the contracting arteries, adrenaline is a potent stim-
ulator, under either aerobic or anaerobic conditions. However, little is known of the effect
of this catecholamine on the levels of glycolytic enzymes. Thus, in different areas of the
rabbit aorta, we determined the levels of glycolytic enzymes during the lactate production
following adrenaline stimulation.

Healthy, adult rabbits of both sexes fed a laboratory chow diet ad libitum before the
experiments were given pentobarbital sodium (30mg/kg i. p.) and then sacrificed by bleeding
from a carotid artery. The aortic arch (A,), the proximal (A,;) and distal (A,) areas of the
thoracic aorta and those (A;, A.) of the abdominal aorta were immediately excised.
Subsequently, the aortic materials were cut into spiral shaped strips. These strips were
bisected longitudinally. Using the method of Karaki and Urakawa?, the adventitia of all
the materials was removed from the intima-media layers. One of each pair of the strips
served as the control and the other was brought into contact with adrenaline.

The aortic strips were mounted in 20ml! of a bath medium aerated with 5% CO, and
95% O, at 37°C. In this case, a resting tension of 1 gm was applied to each strip. Under
such conditions, all strips were equilibrated with the bath medium of Krebs-Henseleit
solution (pH 7.3~7.4) for 3 hours before the addition of adrenaline.

When adrenaline was added to the bath medium, the tension produced was recorded
by means of a force-displacement transducer (TD-111 S, JD-111 S, Nihon Koden Kogyo
Co., Tokyo) connected to the RM-251 multipurpose polygraph. Aortic muscle was contracted
for 10 minutes by a dose of 5x107°M of this catecholamine. Within the time, the tension
development attained the maximum. These strips were then frozen using dry ice-acetone.

The lactate production (gmole/g) was calculated from increase in lactate content of a
frozen strip and of the bath medium. To measure the lactate level® the bath medium was
previously concentrated by a method of freeze drying.

PHRTREA, FEASED, WA, R T BIRERA Y AR
[Received for publication September 1, 1980]



85

To estimate the activity of phosphofructokinase (one of glycolytic enzymes), the
frozen strips, measuring on the average 30 mg., were suspended in 20 volumes of 1~4T
solution containing in final concentration 30 mM potassium phosphate buffer, 1mM EDTA
and 30mM KF at pH6.8'2. On the other hand, for assay of other enzymatic levels, such
suspensions were made in other chilled media containing 50 mM Tris-HCl buffer, 100 mM
KCl, 5mM MgSO, and 1mM EDTA at pH7.4°%. These suspensions were homogenized in a
Polytron homogenizer and then centrifuged for 40 minutes 10,000xg at 2°C. Using the
supernatants thus obtained, we carried out the following assays ;

The activity of hexokinase (HK) was determined by the method of Joshi and Jagan-
nathan!® and that of phosphoglucose isomerase (PGI) was estimated according to the
method of Bodansky!?. The activity of phosphofructokinase (PFK) was assayed by the
method of Ling et al'®, The level of pyruvate kinase (PK) was measured according to the
method of Gutmann and Bernt'® and that of lactate dehydrogenase (LDH) was determined
by the method of Bergmeyer and Bernt'*. Throughout the studies, one unit of each enzyme
was defined as the amount of enzyme that catalyzes the formation of 1 pmole of product
per minute. ‘

Fig. 1 shows the amounts of lactate in different areas of the resting or contracting
aorta in the bath medium. During the time of this experiment (3hr. and 10 min.), higher

50 T T T T T

30 a) p

pmole/ FW(g)

20t e

LACTATE

0 i i 1 i 1
Ay Ayp A4 A3z Agg

Fig. 1. The levels of lactate produced for 3 hr and 10 min. a : the levels in
the resting aorta (the controls). b : the levels in the contracting aorta. FW :
fresh weight frozen in dry ice-acetone. Average of 26~30 tests. Vertical bars
+standard error.
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levels of lactate were found in the aortic arch than in the thoracic and abdominal aorta.
In the contracting aorta, the levels of this metabolite were augmented over those of the
controls. On the different areas, the increasing percentages were 33% in the aortic arch,
36~462% in the thoracic aorta (A,, A,) and 28~34% in the abdominal aorta (Ag, Aj).
All of the values were statistically significant (p<{0.05).

Fig. 2 summarizes the levels of glycolytic enzymes in the resting or contracting
aorta. Each of the control activities declined from the aortic arch to the distal area of
thoracic aorta. Within the limits of the experiments, however, only the level of lactate
dehydrogenase in the distal area of abdominal aorta (A;q) significantly increased by about
10% in comparison with that in the proximal area (A,,)(p<0.05). '

During the elevation of tone, the level of hexokinase in the proximal area of abdom-
inal aorta was much the same as in the control, whereas the other levels in the different
areas increased by 10~45%. Fig. 2 (c)shows these percentages. The levels of phospho-
fructokinase, pyruvate Kinase and lactate dehydrogenase were significantly stimulated
during lactate production in all areas of the contracting aorta (p<{0.05).

At present stage, changes in the levels of glycolytic enzymes in contracting arteries
are poorly understood. According to a report of Meisel and Fermum'®, the ratio of
fructose diphosphate to fructose 6-phosphate (FDP/F6-P) increased during shortening of
bovine carotid arteries. This is indirect evidence for the activation of phosphofructokinase.
In connection with the observation, we found that the increasing percentages of this
enzyme in contracting rabbit aorta were the most remarkable.
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Fig. 2. The levels of the glycolytic enzymes. a ; the levels in the resting
aorta (the controls). b : the levels in the contracting aorta. c : the increasing
percentages during the elevation of tone. * : statistical significance (p<<0.05).
FW : fresh weight frozen in dry ice-acetone. Average of 24~34 tests. Vertical
bars ; +standard error.
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Little is known about the mechanism involved in the activation of glycolytic enzymes.
Phosphofructokinase (a possible rate-limiting enzyme) in different biological systems is
stimulated by metabolic products such as cyclic AMP, 5-AMP and inorganic phosphate!®’.
This observation, together with the finding that Ca** in rabbit aorta could serve as a
common effector of the muscle contraction and the activation of glycogenolytic enzyme!?,
gave rise to the question whether the glycolytic activity stimulated by adrenalin may be
mediated by metabolic products and by Ca**.

Since glycogenolytic activity® and glucose uptake!® are stimulated by adrenaline
during contraction of mammalian aorta, we can not rule out the contribution of the
glycogen phosphorylase activity and/or the membrane transport of glucose on the lactate
production. However, in the present study, we found that the levels of hexokinase in the
contracting aorta were less than those of phosphofructokinase. Therefore, it seems most
likely that the lactate production observed after addition of this drug rather depend on
the levels of glycogen phosphorylase and phosphofructokinase. Further studies are needed
to evaluate which of these actions predominate.
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Z OHERE O BN BRI OB D b 02 HIEE)
BAEECHHECED T, BERMNCEELE
STRE LT Z ERELBRS.

18. In vitro BRIRDO 7 Mds L CUIFEHERIC
F&LIFT tyramine DEF

DREERNEE, FREE(FER, &TFEM, VL E
(WK, B, £=4H)

Sy VETEX7 Vv VEEIEMRE O
HEGTCNDZ &, HREENHENLGLHL
THDB. Lil, in viro ETFBR TR EEED
HrLIEHTAZ LXRETH . S EHEZE
i, MEEY T2 AT I VORBERYE TS
tyramine(Tyr) 0, FHFETIRER D K #% (5
WHRREEE) 3 X ORTY (L BAife B 3k) w3
BIERDD, ZOEBOT Fura ) VB MR
HROFEXKE L.

Tyr (6x107"~6x10~*M) 11, i f- SHEE
AT HREBA~O—BD KT Ih ZhE{EL
7z. L L, propranclolff7E F Ciddb " Tiid
B0, a- ZEEENTH K KHEAL»ET
ZERERE L. chBOfERE, 3x100M o
NA Dty 5. AEE» T2 -1 T 1V
wEEE LD B ERMEIE 3 %5 6-hydroxydopa-
mine (6-OHDA) % SEAHI B EREAIR G Uil
ki, NA /T3 RIGHER LiREEL T
Droteht, Tyr @ K e 3 2 fEREEr
WM&k L. #1-8Tyr 12 6-OHDA. oRiflEk X
o> THET HBEMROBEIRESVR L. HEo
HEAGEELY, HEAMI T 2 —AT 1V, BEBSL
7 Fuo ) EEME RS TR AT
ZEETRBTALOLELRS.
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19, Bh, ##ARID CO. BEXLMME, SHRM
CO. 5% & DR

FBIA—, AHF—, NEEE BR i £
BEF (UEA, B, F—4£8)

FEMEN CHRORIEEE L S h 5 B, Ha
Idane R X b FRluBRA Peo, 12 EF L, CI- &
DA T HCOy™ nAHRE OBE % 4 71-HT5,
fifRS. Pcoy (Pacos) 23EENRIM Pcop (Pveos) L b
L EV A, Haldane #8ic X »T CO, @
PIa & DikEk, Lidi-> T HCO,~ o mEksft ~ o
BE A IR 50, mifdho HCO, g
OBNREECELRER LS. Lich - T
CI- shift o reversal 734 U7c\ R D, Paco, (18
BRI Pcoy (Pacop) X W FHEL B EE X B A
fo.

=

#

&

4 % % M \» T hypercapnia C normoxia &
hyperoxia & Clififa%k &8y, #IRM Pco, %AIE
Lic. TR Pveop X D H{EV Pacop T, £
FU Pacog & L —FK L7ch, Pveoy LDEL T
B & Pacos 1 Pacop X DELBE A AR B R
1o BRic #OfEAEE hyperoxia L b 4, normoxia
ZEBH Abh, hyperoxia CIIEEFELEEHE
{feBicd, FIFRASSTO HCOy~ DI EE
MESEN TR W23 b T ENRTFER S hi.
B BIR A R T Preoy ¥ RO BBARCL R
bhaeELr, EFE HBESAKT Collier 5T
Peq DJIE AL, TOER, bTHrTEH5
PHETRWCREE R Ltorr BEDEN R H b h
fo.
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m W

TRBRAETF BT 5 REOH LI H %D 5
EBRDLNDELDDONC O EUTRBANTS. s
F0LER O ME R O—BAEEEET5 b
DERGHN & Ui,

ARIROBITFMEONRL D S AEL, Rl
NSRS Y TB T2 LW LOoSTI Rz X 5 il
LinB Lz X {Hbh T, Born (London)
i i X b RilnER & EHE RO R OBk
HESAEL D, FATBMEE SRS, ¥
INY v RERNY Vo BR O BEME IR b
Hin & Xk s Y v BRoRic T,
AFEbhbhTw3 X5 ThHoHD, ToREiTbd
> T 7gbs,

B OEBRFC M AT 5 B o\
TIEERL LS Tnic\ D ThHHH, Honig
% (Rochester) (3.1 « D#HRILFAI I X - T
Z ORBECEHA TV 5. BRI IR
5 BRI B I BHIR O I8 15 % A S 5 ATRE
A, EHANCERE LB b B s, MR
7 PV ) VEEIER XOBET Fuv oy VIR
PHRMNE L oBIEIC BT LW A 2 Ll
Beflid 5.

Korner (Melbourne) iz XAUSHHED 2 A7 F
v VEEE OREIIREL OB Tl A Etk
ThHy, EM—BFHECRBE®RTHS. Flknr
b VIEEIMORBEEE TS L r =0 v O
EShENMEEL, /A7 Frr ) YIEEIEDRKE
DEEECIL 7 » = 2 v OBRIRDEI LT 5. =
Rk 6-OHDA 3 k005, 6-DHT % i g ic i
$LTELNICEREED ¥ 4 F oo\ CTOBET
H5.

K S B9 LT, Angell-James (London)
EEEMROEIS = 2 — 2 VAR R =2 —r v
¥ L O OMBEZREN SO LB S,
LEZRBL LREOFZRUENLDO AT X b B
LR leb o ERIERH L.

Baez (New York) 13ffkEx b T\ X b
LR OWNNLE E CHEZEAB LA TWS
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2 O B 2

mEk EAm AP E b B

ExE L.

MER DEESZARORBIMET 5% LESE
BREOBEN ERT S, TEHOME, WES
IUEROBINC L b, AETEESHAHRLEE
ZRBOHEEREZMIE LS 5 (Bevegard b,
Stockholm). % E DR MERE TILOHAKE,
DS ER, BREES LB ERC S B HVET
B o MEEIUT TR D b, EEZTERRE
LREZBHRRBOMEFANELR TH 5. Bk
OFEMEZT O, BIRE @& oFtkcls
DIAHBERLHIBMEOEBIEAKEL o » T
5.

Thorén (Gote borg) [LIEREDEZAROBEHE
COWTHRIE L. Zhb it RS v
AEBHEZERIBEIEL, 505 0MET
FHRE LV, ChLAEVERC L - CTRET
LE, A VAL ADRERA L, FHFESRHN-T
BB LHLZOBOERBFRIBMED & &Y
ty P IR VOT, ZOBROERAMNCER
EEHYRTCTHA I EELDRS.

Vanhoutte (Antwerp) 1 X /g &R
ER X 6 Sh 3 & ZRMRBER M Lo
DA T a7 I VERTHREE S EH T
3. ChfBBORFOLDTERLCEIEL Bb
ha.

REEY L A2 EBRAKRBCEG LY,
SRR & R BHEIREA T ebh 3 X5
7oz, 7= & 21¥ Rochester @ Donald 5314
WA R ieR O TEZBRREOER LT,
% 7= Gellai & (Hanover, U. S. A) x5y b
& oty B TR RRER T Tix110 mmHg Bk
DMEFEATRWERbh\v0re, ERBTIR
80mmHg ¥ CTHLID Z ExHkE L.

Cardiovascular Commission | Linden, Korner,
Mellander % JOCAPIE 2 I LCB»h, Th
¥ T L FARES LS o, Commission DF
FTHv Ry AR Z &, BrrRAKZET
LEMEDTIRME LRGN T 5 2 L ENFEE bR
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TEX B A2 & H = K

BEDOAY OFRETFEE, 74RAPTLAE
BXHABTRIMEShc. BAEBEFLROER
FEHEOELI L ABN EBHEEFOLDOD
ST TREET A Lo, LTS
o5 — O HFR L.

1. Mechanical Activity of the Heart-Evert-
ed Sinus-Atrium Preparation, H. Hayashi et
al (Saitama Med. Sch.)

2. Experiments on Isolated Ventricular and
Sinoatrial Preparations of Frog, Part I. Ven-
tricular Preparation, I. Hatakeyama (Kitasato
Univ. Sch. Med.)

3. Respiration and Circulation Control Sys-
tem (Rabbit), T. Sakai et al (The Jikei Univ.
Sch. Med.)

4, Tendon Reflex, S. Homma (Chiba Univ,
Sch. Med.)

5. Cortical Evoked Potential in Cat, Y.
Oomura (Kyushu Univ. Fac. Med.)

£ZF—T DO\ T, £ ® Aim, Procedure,
Questions /¢ FINAEDBALL 2L »te. FOH
ARBAEAC L D ERELRE LTuiin
7o, bRERKEEXHTLELY, €547 -7
REBL LT3 2 L &2, Hutter 3%
% Broockharat #i& H1X 5 KOBLEEFEOR
Tuie. SEHRH LcHdkoB ko LT, B
£THRD L) It bhie. ABEZEEN
BHEEAEDLZ L, RREEEICTAKET
LANRBZ ENTERVEREHLZ & Th»
o ABFETERUETYBACEBRM LA
BEHE LT ZLRAFRREETRBEVHA
BELTCHS. T LARKRRAT LV IAREER
BALO K »hOIERBLINBRET, ZO—
DOBRbhNREFHT — 7O THS. RES
R LTRE T X B REROLE LT
AWEETREOBRE(, BEoREL, @MKo
Kb EXBIEL, ThbOBU % &) Thh
ESNEERNE T L5 E TINS5 D
bAETH Arin X5 R RHEE L E
BILTWwa LM L, Eh¥ied ) cEREAE

OB HTHo> Tt bisnEBS. L H4H
FHEBERBLO S OEREGER DI Bba
CENRTERES LEMRYRE L hiFRSE
T ETHAS LEbhb.

T HERA P CREBERAOMIT Y v RO Y AH
BEoREL R b ichic. BEEAERTHHARNEK
£ Physiology Laboratory Mannual for Medi-
cal Students  AEIht. £ Mannual ©
BB WL OMER LI ET AT~ 7D 5 b
#HEOELNT- Cortical Evoked Potential in
Cat 2B Ih. REFILZOETHORES
CEE LT\ L ATHLY, HEHEANEE
i LABRWEFENE 2 bR T IcD S HIRNTC
Hote. 1008z PAE LY Mannual 3,7 5 &
WO It T LE -, v VHES Y ATIX
FEOABFHEORRIBRE Shic. #HPEXS
EHINTELI EMLEROTARIRE S
o0, BLWH Y F 27 ADENCOEBELE
T ENBSIFLREIN. COBEHREEEY
BEL, brEHCKT 34ABFEEFROR VAR,
EFA T - T L AEREHEEEOHER LT
BEBHTEIEES.

—HBERTROT TR ELFE DT
HEERTH S Forgacs XL VEELHD, ¥
FAEBR ~vH ) e HBRALC L3R LR
W FHREAET IO TYHTEEMFET S L5,
EHCEBLEB- T AL I THEHAR:
ZER—PRe kit b DRKRE, YR
YLD ETFAEBEXERA LT it
0. HERFRCRFTARE Lo T — Fift
BTETULEWTh-T. AV TORLEEVH
BFRRIEERZ DL O, Forgacs HiBoBME D
ed X BHH, Zhn Hutter Higo 3 8 1c 5
h, 0o Forgacs HIFOELLEDITERT
H T,

SEFFIEIE - 7228KD EFH T — S Dl
MOSEKERTLLEE L. ZOEFHT -7
D—D20k A, REELRFRCRMERGT
ET, BFERINEBELDZER I >TETAT
—7HET LT ORI ->Tw 5.
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M 3 % B ®

T#EL B, 248 K H B 1T

MR B U O PR B R IR L. B3
306 ML DIT Y, &HEEO LEES 2L TE
Dz OSBHTOWROBRRLMIES. HIED
LOBEEISLED, ZRIIEFORDOSE T &
Thote. PRICETHEHFOBLIE, vV
oy AE12T, bBAANE, BRZ—DRAD
—e BT ERECET AEE Y B eko e, E
oL AEE S - T B REFIC VTR,
BABOEEN DY, ZOHRI D OhDFEE
BEOAH T, EDELISZ EE LRI,

IR B3 A O AR
(28 EpR AR Bl AE, 1980)

Regulation of respiration 79(9)
Gravitional Physiology 59(2)
Mechanics of breathing 27(3)
Biood gas 26(1)
Pulmonary gas exchange 23(5)
Diving 15
Hypoxia, altitude and

pulmonary circulation 13(2)
Lung metabolism 11(1)
Respiratory muscle 10(1)
Defence reflex from the

respiratory tract 10
Breathing control during

exercise 8
Method 7(1)
Underwater physiology 4
Comparative physiology of

respiration 4

Total 306(25)

P B A2 D 0 B

1) TEER/IME (C.B.) DfLEEZ4AERT > W
- : Acker & Liibbers (324t EB X BT R o
Po, & P DMERFT - 7. C.B. o4 Myt Rk
FrlvEA3h30r, RUTOLE Po e X
0 A S hALERE M & OBHESR B X R
Purves % & v S ORI T C.B. 03 NEHD & EH)
WRif & BT Po, XE Uix @ @, HMARIRAET
D Po, DHEMETTBZ R M L. — 77,
CO, 12 X BRI OBEL, £MmETHEL 3DORE

Il ZE s, = D X 5 C.B.o Po, &
Peogiesf 3 5 BEZ MBI FI O b o TR &
WHHER, BT EEREEANTHE T vF~1
v yRAY g4 v k(o C Lahiri & Mulli-
ganick-THE S hi. ThboEH
Hypoxia % Cyanide iz & 5 C.B. DHEI5EL
M2 23, COp i3 B FBEI R > T 5.
Eyzaguirre i, C. B. offifa S &Ry L, 10~
60mV DIEEAL A % 7o Ach @ X b BisHET 5
LTS, Hoitic—ExiED7. O'Regan b
i3, TR X5 C.B. ofiEckE L, Catt o
#ine K* oRdwBDIc. Semple 1k, Bk
Pco, ® oscillation izfisk$ 5% C.B. oKk
XFETHRELTY, L HRE L.

2) EBRFOMKITHOBF BT % [
KOBMPEMERLZG CTHITEZ 00, B
HER S LB D2, WETHLMRRELSE
3Ol b7ch /s - 7. [Breathing control during
exercise; D> VHEY Y A O H1F T, Kao &
M ER BT % & 5 BIESEEBIRM b 7
Vo EdeSte, L2 ANE2ED Levine 13, B
Bl S T Lic A =T, BB 0B X% B
B ERITHERRD b LH#E L. . [
X OEEEMO A * TR L, RLFEZARO
BRI T->Th, ZORETHEIZRDbRIE
sk-X, extracranial receptor DR KE Lic.
—75, Tibes 1%, 4 2 OBBEOFFET, R
HiE o cold block %175 &AM OEE)
CHSET MRS 7wy 7 TEB E LI K
i, BRI B MR groupll, VBT 52
L, HY, K, BEEEms EnR i sy, —#
polymodal D 4 D 4 % L ghXiz. Purves i,
BB e g > Peo,, PH XEL7/AFHICEL
ewel, FMEEZARE PRI OIE L
Pco,, H* K XL IR TWABRREM SR H D & af X
fo. Lichio T, EB R LTl » /g o
pH, Pco, i3, SREEOMPRAIM & LTl & b biE
CHBE->TWARENNS D & Lie. ¥, Ei)
izt C. B. ¢, B-adrenergic receptor $HEAH B
WU IREIRAR A Y53 % FTREME R b X e
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3) Zoff: West 3, 1978485 B~ A
I LT=NVA MCE T 2 ADZIURD A
FTHREDOWT, FLVWHENET . BARKE
PEiL 700ml/min BRAT H v, KERC X HIE
BCHEBIND. HHIEL, ZOEFDLDD
Expedition %175 F& & \» 5. Tok ihehfRikE
TRENTRFAT e v IWRIBEh B &%
45 U7, Cherniack 3, piRtE LA M O

sleep apnea MFEALEREL, FXBEOREE T
EBOFRERE B Z L ofE L. Basteliz,
Halothane JRE:RFIC R DM D FRIL, REKEDH
NTWRKEMREOR OISR & BRI <,

FRETHA > L~ Zhid, Tlibhbh
DEETCAFOXIFBRE I —FL, HEKEH

- 7.

Symposium on “Physiology and Pharmacology of
Epileptogenic Phenomena” E1g iz

BBMERREEBEEEOY T I b o v VR
TYAD—DL L TELED Y VHET T AN Max
Planck ®F3Efio M. R. Klee, H. D. Lux, E. J.
Speckmann O F{#C Frankfurt JEaf OOz
»HHHTAREBRBAL UTbhi.

TR6RSIMbVvES Y 3 vTbh, By
apéritif DHE A4 F v IHRORE, FLCTE
D& &21 1 30~23 : 00T H A5 D i B
DHHEAZ —BENThRI. BANSGIIER
FPREFMOIFNKE Dr. Klee Oz B0
AEKPHEL T

ALEFZITATEANSIHETT, A7 10
DN ST ZFRE THIADIBERE, 3 2D«
y ¥ a VEbF TED LR, Zof—ix Tonic
conditions of seizure activity ¢ Dr. Lux » &4
¢ D. A. Prince G. Somjen, U. Heinemann, J. R.
Hotson, E. Sugaya, M. J. Gutnick, R. Pumain,
1. Dietzel, F. F. Wright, A. Lehmenkiihler, R.
K. S. Wong, W. Raabe, O. Féher T 9 : 00~
17 2 0023V AW E MRS O 1 4 vierhn &
LIcBEC oW TR fThh . & 2 Cifila
Ho Ca it > TORBEHETA + vEEALE
Thotoh, BIHIMOA 2 L0 E v Bic
LCHlRAD Ca o+ H/ L. B8 A
Changes of synaptic processes during paraoxys-
mal activity ®+t v ¥ 2 v Clhb, 84t Dr.
Speckmann 7234T7\>, P. Anderson, U. Misgeld,
K. Krnjevi¢, C. Nitsch, S. D. Eulkar, U. Sonnhof,
N. Chalazonitis, C. E. Elger, K. Fleischhauer, H.

wElEx 22 F 044 0 0E O —

Petsch ®10AAY9 : 00~13 : 00D EE % L.
Z B E D slice, * L CHGE D
HAE AT R D\ o, $EWT 3D

BD +, > 5 v Effects of convulsants and
anticonvulsants upon the electrically excitable
membrane T Dr. Klee o0& £zt v15:30% b
THDI2 ; 00F T 1. Tasaki, W. E. Crill, G. T.
Bruggencate, W. A. Wilson, G. W. Sypert, P. R.
Adams, O. A. Krishtal, M. Gola, W. Dannicht,
Y. Pichon, A. L. Kleinhaus, J. R. Schwarz, ]
Hoyer 3k « LR AT - 72 MBI VAR
PP CHAFD A H =X 2BREVWI LDz h
L& T seizure discharge = T8, *
T2 E%E B & L T {if A L abnormal
discharge OBERICOWTRANIL D RN % 5 »
7.

—HBD Y vERS Y AT H, Frankfurt ;5
Fiirstenlager ¥ TR T EXFHEOHDON X 7o L
A+ Z v C Dinner & Wine tasting O&hME X
hic. BADY YRS Y ATEELADAR, @
HEBELTOHZDH Y GV THRETHREHMD
FoTWBADES B LANRUID Evnie
ERICOEENERMUTH 1. BREHOZHD
FTOEE T Dr. Tasaki 3 4BE¥0iFkoRY
CONWTESFELFEONIZ Ll K IIMATH -
THPERE > THAIRENLDTH -1, RE
FRRNPLRANEEDBND KA Y D4 DHHD
H7 A Vi D OB Cske RT3 L4 T
T Ieh—RABBRI BB LARALE L 1TE L e
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vv Sy A0 Sir J.C.Eccles 21 L <
X b DMFTEFT o7, Zhic X B ERTEORE
Tegita m 5 FCLGTFERfThhilc Dl L ThH
D, X0k XXEERE > COEBRIFEFREO L
Thoteh L. SEEESTEEIXERTH
Sty FhicA 4 VBB X5 (K, 2 (Ca*),
ORE, FLTogEoHEr LS Ca & Th
BRI Lo E ORI, Milapfo pH JIE OB
T ENFLL BB LDV XS, TAMA
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ORI\ T R OBAS & TR OB
BB EWIHRETH T Hic Ca DEjE D
CTIEDOFE LR L H DAAD B O AR
h, seizure discharge R\ T H@En7s Ca B
EOBERAARBEOF| EHRRIL-THB0
TiXiew & 5 G L% L o Anday
DT EBbh s,

Mooy vEL Y ADONAEY Raven Press I
h Klee, Lux, Speckmann 3 AD#RFET—Ho
AL EELDOLNHRINDFETHS.

BAEEPQMMSSFER I AEERES

A BRRISSAFI12A 13 () F# 1 Bk~ 5 0%

& 8RR

Wi o (SRR IOIRIENS, JRE ), BARS, BAK
%, AMZE, FRES, GRER TR,
B ts, WWAN, B & HBEE AH
B, KEEE, @FEXE B W, b
B, HMEL, BAGH, R RIRE,
BARE, KF H, RS

# R OHEIES

I #® & SR DT A L7,

1. FEBHRES(FEEHRF) KB o XEM
5541 A X 9118 DAL 244 4, B 4534, &
Bia¥ 3,114, (FItER 8354, MFIxRA224)
ThHHI EPNHESh, BEEEK, HLREHT
ZHB DR T HBIROFEIBL R

MEpiRBEERBOTHEE Y 9 4198, K
B9 ATRRIT, H—BREZRBEHE L
LT, £BE—RcAERYT, RE—, WEH
R4 ERE W%, MR B, BRRD, BRE
eEzest B BKE N, FBREERAR
WELLT, AR %, FEFBORFKEYHEL
7.

1L B FRT S B B HE B i D\ U SSSE L I 2
BOBEATH -0 CREX B TEIARK
HEMHE, BREAEE, BASROLERLHE
L. .

BAEMESERHCAHRITR, AEFMIE
PR EBRK LR L.

AAERMEFHBCESERS, MERERCH

HAFHR L D THEROMMEMEE ) JEFER 16mm
TV v LROFREERERALY D D LI

21 AAEFERS ABIIEM8FE4 5 8 5
(£)~108(H) Tho.

2. £ETPERE (BLFHE) | IBASSFEILE
KEBEORFHPHBEN IR T RS

3. EARAEEUERERE(FHFRERE) !
FHHERFOLDPERE L BAE F030)
DEHROCRERAIBE S .

4. 1. ). P. RERG(EEREZRR) ] ]
P. DRARVEBOBRNEE I L.

5, AHEHFERSRE(ANEAER) (48
FEFEORNEYHR O T 4 2Bl LEERAR
BEACHE L 2 L ROERSFEFEOHETC?
W CHBFIS6EE HIEEX BB TATFETCHHZ &
MNIRE S hi. BrABEREREOhEERNF
HesWTHEEhTwbZ Lo T#ESh
fc.

6. +EZAEZRAME(EHARAR) 1 £8
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FEHEEOREICEIT 5P S HBBRGTE 3
BEEREEEL LTWBI ENHRE IR

7. BA4ABREEIREZ R &R E (BPRERR
E) . GREERRED - DEHBE X h5ERO
T DHINEE IRk,

8. EBRABEMEEAR JUABEREHEH
TEHREBRZER) | BARARKFOLDAE
EsE X V11[ 1 AEICAFE S CARFED
VRS Y ARToImz &, IUPS FHHEEOR
ERC=oohEOSINCET 5647 FRESh
f-. #5298 IUPS A£(31983E8 A+ —A L5 U
YO F=—THEIhDN, FEMILTIRY T
SA MY VRSYARBELRVCENHESR
o LT, FERBECEETHIENTR
Thic. F30[E IUPS K& A FFD vy —A
—DFETHSD. iz, BRSGEESHY F=—7T
#20m IUPS k&7 r 75 ARELHEI R,
hie i+ 50T, X&FEcBET3 AR
ERFEILVE, PERFLOHEILL

9. FS8EIAALBEFELERNAHATAIHE (B
A¥E) . IBM6FE4H 1 H~3 A, fEECH#Z
5 AAAEBEZAERSOEMRIIARE i
KEFREDABRI LA Ui & DREM e
Sh, YFRFC—ETHILTTERAIhE.

10, FESEIAAAEBYEASETAHRE B
HEHE)  FHBHEAE © 2DHFESSE X O BIG

K21z %\ CHRFISTAE 3 A30R(K)~4 A 1 B
(R), BREERATCHEINDTETHLZ &
PHRE IR

11, Zofts | RFEH O HIEATE AMLRHER
OEEHRBE L VS IhL. ABEURTEE
X B REMARE S OB EHE®RE X
h#mEIhie.
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1. FIEZRFEHE —BTHFTED LAR Lic.

2. J. ] P. BERERYEIECH | BLRE
X5 TIREEIMThhERE L LT—4Ei
E &, FE— BEE= B ESEE,
2 BX, EHGH, PIRWRICEE 1 AN
#H, tExRfEk, WRAEBCAHRT, ZEAK
7, BEREOKZEIETN, 5641 Biofsa
CXARBELTOIZ L bt

3. BAERFIECH  HAREOHMKEER
ZOWTEZIN, BITO¥£564E1 Fieiisg
CELDRERITI L Lot

4, BEFTHEFEARBOMN | BXRFTHEER
DEENTOI, BERENEL ShL.

5. FE60E A AABEELSKSBEIC ST !
K CHfE S h aAgEE I DL TRET S huie.

6. ABFEFBEOFEZEFHIRCH 5 B4
ERELDREE O XEECESZ IR
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HEH#43% 3B 2R LTV LET. A%
i, RE, SR FbARYSGEATE, HES
FMERERBEIN, WEELTRSIETH
AENARFT 271 —KEATERLS5CBbhE

FTZLESNLVWOTTR, FhRFd ik
DEEGEBLLTHHEM SN S L 5B hEhiE
BORWT EERFR N LET.

BEARTITE, LRATOMICEEIBERGEE
DBEZBEHINTE Y ET. LEOHERE
EHTHFOBEL EFET.

T RE, FUERLORMAENT SIS b (EAEE)
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ZT “Jb?” 2% {Stedman’s Medical Dictionary)
FEMAL L, FOREERTELA
liE» L. BEEREEL L’CE
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*B ?‘Fﬂﬁ BB HES L £,

fEis HF 0 XEfE 13,000M B R S R,
ASH - 2, 1280 - E8IA FERNONE, HELOF FOHHCER L
R P4 P47, FRICHZ ZBER,
lmtm&%mi tr=,

- BEIE %éb\f'90 25738 2 LK.
aziﬁ% 5« DR E R PRE L 7286,0008Ficn

) Hiaht ens of 125 MRS L FIRER R L L TR TS
y 7 (RO ER) 3%
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