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Distributions and interregional relationships of the écalp alpha rhy- -
thm H1r0ya Suzuk1 (Labomtory of Physiology, Faculty of Education, Tokyo Umverszty

of Education)

By means of cross-spectral analysis, distributions and interrelationships of scalp EEGs,
especially of alpha rhythm, were examined. Subjects were 12 normal adults and 9 blinds
in whom visual acuity was totally lost or with light perception only. A coherence func-
tion at each frequency was used as a main index to express linearity of correlation bet-
ween EEGs from different locations. Two kinds of alpha frequency components in the
spectra of EEG were discriminated in the relationships between regions in the normal group.
One of them, seen most generally in the normal, was distributed in wider ranges on the
scalp and showed a notably higher coherence value between the occipital and the frontal
regions than between the former and central or centro-parietal areas. The other component,
which was also detected in many cases in the normal, was more localized to certain
regions. Coherence values of the latter decreased as the interval between electrodes was
more distant, and the area where it was generated was different among subjects. In the
blind, though somewhat conspicuous peaks of power spectra were seen in the alpha-fre-
quency band in several cases, alpha rhythm was very poor and limited mostly to the
centro-parietal areas, that seemed to show similarity in its distribution and ‘relationship:
rather to those of the localized componeént in the normal: Temporal variations of these: !
two components were also compared statistically. Some different aspects between these N
components were discussed in relation to the generating and propagating mechanisms and © |
their dependency upon the cerebral functions. o !
C {J. Physiol. Soc. Japan 0974)36,203—2171“ '
key words : alpha rhythm, scalp EEG, spectrum analysis, coherence. Lo
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Fig. 1. Method of a matrix contour represen-
tation of the coherence function. Values in the
intermediate points, from which the EEG was
not recording sites interporated. Numbers denote
the electrode placements, and pairs of them, such
as 1-2, 1-3, etc. mean combinations of the records
subjected to the cross-spectral analysis.
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Frequency-spatial contour maps of power spectra (A) of, and coherence (B) bet-

ween EEGs from three normal cases. Levels of a contour line of power spectra  are:
logarithmic. Coherence functions were obtained between records from the occipital and
other regions. Main components in the alpha frequency are shown by triangles, open one’
representing those shared by wider regions on the scalp and filled one being those more -

localized to some regions.
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of the EEG in relation to the occipital records.
Estimates from nine cases are plotted. Frequency
in each case ranged within the alpha frequency.
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* (B) and matrix representation of the coherence at two frequencies (C). A generalized component
was seen at 11 Hz and the localized one was at 9 Hz, the latter appearing around the

central area.
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Contour maps of power spectra (A} and coherence in relation to three records B)

and a matrix representation of the coherence at the dominant frequency (C). The blind with
light perception. Note the different relationships among regions from those in normal

cases (Fig. 4).
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Time-frequency contour maps of power spectra (A) of, and coherence (B) bet-

ween EEGs from normal subjects. A generalized component is indicated by an open triangle.
Another component shown by a filled triangle was localized to the posterior parts, where
much higher values of coherence were observed (electrode pairing 6-3), whereas a little
close and stable relationships in the generalized componerit were seen between farther

distafit areas (combination of 6-1).
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Fig. 8. A contour map of power spectra (A)
and their coefficients of variation (B) of the nor-
mal EEGs. Numbers of samples for estimation of
variation were 51 epochs of successive 10 seconds.
Frequency of the generalized component is shown
by an open triangle and that of the localized one
is by filled triangle. Larger variations were seen
for the localized rhythm.
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Fig. 9. Dispersion of coherence for two major

components in a normal case. Larger circles show
the estimated values for total 120 seconds. Open
circle : the most dominant and generalized com-
ponent of 10 Hz. Filled circle: a localized com-
ponent of 9 Hz showing subordinate peaks in the
spectra. Small dots represent estimates for succes-
sive 10 seconds within the same records.
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Fig. 10. Temporal variation of coherence matrix. Estimates of coherence at 10 Hz are
illustrated for each successive 10 seconds. Arrows indicate the time course. On the right
side is presented a matrix during total 120 seconds. The relations between regions reveal

upheaval at intervals of several tens of second.
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al. 197250, 197440) % & x hi¥, HEHE CEH
BRYVXLBEDLREL R B0IRYREEDN
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Contractility of bovine facial artery strips in sucrose solution Hideyo
YaBu and Eisaku MI1YAZAKI (Department of Physiology, Sapporo Medical College Sapporo,
Hokkaido, Japan)

" The investigations were made to determine the source of calcium ions which were essen-
tial for the contractility of bovine facial artery strips. For this purpose, after repetitive
washing out of calcium ion from the extracellular space with Ca** (0)-Tyrode solution,
the strip was equilibrated in Na (0)-Ca (0)-isotonic sucrose solution in which contamination
with calcium jon was minimized to under 101 M. Then, the strip in Ca (0)-Na (0)-isotonic
sucrose solution was stimulated pharmacologically and electrically. Following results were
obtained ; -

1. The strip contracts when stimulated electrically with rectangular pulse wave. After
the addition of 20 mM NaCl, electrical stimulation failed to evoke any change in tension.

Then the contractility is usually restored if the NaCl was removed from Ca (0)-Na (0)-
isotonic sucrose solution. Repeated stimulation caused a gradual decline in the amplitude
of contraction. After the repetitive stimulation more than 6 ~ 7 times, they failed to evoke
ahy contraction.

2. In the lower temperature (19°C), 5mM caffeine induced a spontaneous and small
contracture. The caffeine contracture was also inhibited by an addition of 20 mM NaCl.

3. In Na (0)-Ca (0)-isotonic sucrose solution, 5 x 1075 M noradrenaline evoked a signifi-
cant increase in tension.

Addition of 20 mM NaCl to the contracted strip failed to sustaine the contracted state.

The rate of contraction and the inhibitory effect of NaCl for it depend on the con-
centration of EGTA which was added to Ca (0)-Tyrode solution. With increase of EGTA
concentration, the rate was reduced and the inhibitory effect of NaCl was diminished.

Twenty mM Tris-Cl and KCl instead of NaCl does not relaxed the noradrenaline con-
traction of the strip.

Polyvalent cation, Lanthanum and Manganese, were ineffective for the noradrenahne
contraction sustained in Na (0)-Ca (0)-isotonic sucrose solution.

4. Noradrenaline contraction in Na (0)-Ca (0)-isotonic sucrose solution was inhibited by
an minute amount of ATP, while not by an addition of caffeine.

5. Residual 4Ca content of facial artery strip which was previously loaded in Tyrode
solution contracted by noradrenaline was equal to roughly that of strip relaxed by an
addition of NaCl.

Based on these results above described, the mechanism of Contraction-Relaxation Cycle
in facial artery strip was discussed referred to the role of calcium and sodium ion.

(J. Physiol. Soc. Japan (1974) 38, 218-232)

key words : facial artery strip, contractility, Na (0)-Ca (0) isotonic sucrose solution,
residual #°Ca content.
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NP Cart kT 52 Lick VihkT 3
(Blilbring & Kuriyamal®),  Holman®)), 2) [f
Bicsgh o Cart 2E+5 &, BRHMIC
X2|ARE, K- iz Uy, SEEEY
X BRI 23 8 %: 3 3 (Edman & Schildld,
Evans et al1®), ppE60, Yukisada & Ebashi
™), 3) &z tetrodotoxine (TTX) wHLEE L
T HIEBNEWII L L s v (Kuriyama et al.3®),
Nonomura et al#), 7, 4) Ca** ¥ A ©
specific blockade ¢&% % Mn*+ iz X - Tl &
N3 (Fatt & Ginsborgl®), Hagiwara & Naka-
jima®), ppEpen), 7z » pEE X vkiEEsh
oo M5, FEEES, ko B TEGL
ERMET 2 EA, Biclgc X B IS S
Bh, SMNEXVHEATS Catt iwhnd 5ich o
MU DITE PO CHMAICHES b T v i
Ca** PR ShIUER RIS h 2 RS
SR &R TV 5 (Andersson®, Godfraind et al.20),
Hinke et al.?, Peiper et al4n, Somlyo &
Somlyos), ¥ & v& /NEHIRTEIE A58 o ITkEN:
DA, 3 X UOSEREREIRR extracellular space
(E.C.S) ic Car* BNEfE+ 5 L iZBbhin i
BEFHETT, o2 LRI Ty 34K
A Ca' R+ RO D 5 2 & & L8R
TCRTZERTERDTHETS.

I.% & % %

A. U VEEBIRD b OFEBEA OER
TEBRCTERS Wie 7 20, HEBR
(#MZ 2.0~5.5 mm, FEEE 1.0~20mm) % F
HAPOAOAETH & #7~8cm Y, car-
bogen (95% O.+ 5 9% CO,) #aFii7'4°C, Tyrode
EPICETE L. ERICh Tk, &K
B AREAME L RIS AT RAIBREL, X
LIZAEZKEE L7z o b, SRGoETIE
WHETT5 MKl ~2mm, EX 1nim, §X
10mm O % SRy HUERE Lz,
BBRFEFEHEOBE RS oHEREL
LT, BT EARETT28HBER » b i
D, MEEHIIEBEEC LIRDS it d -

7z :

B. ¥ AERCHEH LR OMAR I,

1) Tyrode # ; 139.3 mM NaCl, 2.68 mM K-
Cl, 0.5 mM MgCl,, 8 mM glucose, 11.8 mM
NaHCO,, 0.32 mM NaH,PO,, 1.36 mM CaCl,.

2) Ca(0) Tyrode ; Tyrode ¥4 CaCl, # &
WOER L. 2% 1), 2) BIRIERE, sIO
fEHic & v LT carbogen (95% O,+ 5 9, CO,)
BRI LCPpH % 7.2~73 & L. 3) Na(0)}-
Ca (0) FEfEH 5 BiA 4 v 7kic Tyrode ¥k & 478
EBBIOMENE BIUOTF—EEBMEL, (4
A VAR THELEE U, BE Nat B X
O Catt & TvhviciE L. s Catt
BEO Na* ofEE R TR RERC &
DREL, BYV=FLUBE L CRBELE. -
DEHROBEHIT S v LTk 100% O; Z@&K.L

Tz

C. B : LaCly « TH,0 (—@3t2E, Fn
K, MnCl, (Refk, Fudesisg), Hegs (DGD-
21, ¥H MW IK), EGTA (ethylene glycol di-
amine tetraacetic acid, [F]{=3&{t,), caffeine '(4%
A, Foesligk), ©°Ca (+CaCl,, International
Chemical and Nﬁqleaf Corp, U.S, A.), Scin-
tillator fj # 3£ ; Dioxane., methanol, ethy-
lenglycol, naphthalene, 2, 4-diphenyloxazole
(PPO), 1, 4-Bis-{ 2 5-phenyloxazolyl)}-ben-
zene (POPOP) 13 vt d -4kt 3K 2
L7z, ‘ ’

NA (I-noradrenaline bitartrate), (4#%&, Fn
JeHiZK), ATP (adenosine—triphosbhate) & 3,
5'—cyclic AMP % Sigma ¥ X 8 Bohringer
BREREEFER L.

D. RAWEFE ; 37°C ofE B (RE10
ml D% T 2 ¥51E) N TH 52 L carbogen
R L7 Tyrode JRicliEfig& A 2 B L, &
DT Y& EOBER 2 B £, k¥4 mechano-
electronic transducer, SB-1HT, (force-dis-
placement transducer ; BALE) O 7 — Al
BfLic. COFRRR~=Car—%—icEHE
ShTRY, Zho L TEBICX VIRHENE
EERET LN TES. 05~1.0g OER
DY L, —EMD basic tone ZHEREL, BRI
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AR X B ESHIC U (%), BRI
BER—TBIT 5 - T B R CHTE DA TRVANR & 2 HL
UCEBR% s Liz. Transducer 2» 5 o H
FHEFv 77 RP-3), B R AL T V7
(ADH-2) iz X v#amL, A v 7 E&F VRS
57 (W1-180 U, »¥h b AARNER) kicid
&Lz, IRIESMcB T 5 ERBRIERIEL
Y-tz 7 Y v s (TE-18, v ¥ —7) 2@
UCCREBEHRAGT A Lick v fTho Tz,

E. E&KHE ; 0.7cm g Tty bShic

W

. e s 6 e e e R
- normat cal0) —
~ Tyrode sol. ?yrode iso. sucrcse

l Na L&) Mn*

EGTA' NA es saffeine

Fig. 1. Experimental plan for the observa-
tion of tension development. At the first step,
the helical strip was- equilibrated in a normal
“Tyrode solution of organ bath under the load of
about 0.5g during 60 min. At the second step,
the exchange of normal Tyrode solution for Ca(0)
Tyrode solution was made. Then the strip was
_washed and equilibrated with this solution for
120 min. At this process, EGTA of appropriate
" concentration was added. Through 1st and 2nd
steps, the pH of solution was adjusted by the
_bubbling with Carbogen. At third, Ca (0) Tyrode
solution was substituted for Na (0) Ca (0) isotonic
" $ucrose solution. The sucrose solution was bubbled-
with 100% O,. The strip was equilibrated for 30
. min. After the equilibration, the strip was stimu-
lated by d.c. electrical rectangular pulse wave,
noradrenaline and caffeine. Through all process,
‘bathing solution was maintained at 37°C.

BEREImmo—go ) v OREESE/BO Y v
FROEEE L TRAEARARBEL, 13V /cm,
10 msec DHEEIKRER % 3 Hz ¢ transmural
wh %t ERRERITESHEER (MSE-
SR; HANER) kv Bk, nEiEERPT
DEE LA 7A Y v—%— (MSE-JM ; A&
,%%)L;DTwwe&@%nkﬂ~tn5l
5%%Lt

‘P lkossH, meow%%mﬁm,Fﬁw
ﬁﬁM%ﬁ?%Lﬁéﬁmn%%MLr%&%

BB L, ThEBSHLcobHlicEREBER LT
B B FTIE O FTREVANE & VA8 Lo X 0 B iciEA
FTBZLICE VTR ol SROWEIEL ¥ OM
BREARERy Mo X VEBEA L. EAZ
N7EYNIER ST A OBBPHRC LV THO»
CRAENhE. EBAEROBRHLE L 0%
4 Fig. 1 oJFicft > Tz wbhic. Tyrode
KR cEE LEEfc b ) PESEeBiRh &
Wiz Ca(0) Tyrode ¥ CHEELEHE LTz, T O
e CHE R C BRI L, ThicHd S
BEOWH LT LBETFEEELE. ZOME
i€ 5 4y[HFE < Ca(0) Tyrode i &z (203x[5)),
LBV /MG, BLXOECS o Catt &k
Weks: L7z (Nayler & Wright'9). = DEE
1~3mM EGTA 3@E#HKH iz Catt o
BREr L VERKT X580 5. BRHIRIC
T BRENREET HETIRIT, BEF1~2F
BiZSEL L. RiCHEKEZ Na(0) Ca(0) %k
FERIRIC R T % &, BERA B0k
A%, RT—ED basic tone FRT L HIC
5. BEIREHEISBIC—EOERERIAEL
Tc.

rmﬁﬁﬁ4maa§OME ﬁﬁﬁfo
BIRILE & VIBER 10~20mg O bHIRER
ZHERR L, =B (1 20°C) © carbogen @K D
Tyrode ¥z EAFOWRIETEALH 1 R
L, #o# Fig. 2 kRTFhEcz TR
HL%. +hbb, U *Caxgt Tyrode
¥ © 2 KRS incubate Uicd & 4 syveii: (FF
A52) ik y *Ca-space #FE L. 20
%, BMEOEBME CRERZEED X VIRE
L, ARk CGEPEEFM No. 5) kT blot L, K&y
EBRELTH LS P TERKL (B
K4F, 500~600°C, 10~1285f) L 7=. JK 1k
#%, 5oERELBH LLDL, 01N.HCI 2
ml ZzKibdnk vafg & &, Zolml 2§
v Fr—3 3 VO T ARAL TAIZA
hiz. Zhic10ml o Bray #% (PPO 4 g, PO-
POP 0.2 g, methylalcohol 100 ml, ethylengly-
col 20 ml, dioxane 880 ml, naphthalene 60g,
/1000 ml) 0%, Wk Fr—vahy



ANBORSE 5 D U 221

— (LS-500, HITACHI-HORIBA) # v
T *Ca-activity % count L, 7% 7 *Ca &
& ; Residual Ca content, (cpm/Bf7HEE
&h) TR L. /% *Ca-space i,
*Ca-space

__cpm in strip/100 mg wet wet.
cpm in incubation solution/ml

RNk VEHLfETH 5.

H. Cang& i ; #RMEHoRAE Ca 2 lE+
B 7o ¥ I it KFREESF (Perkin-Elmer,
303) A/, WIBITH - T Ca KPR AE

Isolated artery strip
Incubated in
Tyrode solution, thr, 18-2200,
Tyrode solution, 1hr.
Tyrode solution containing 0.5 pCi/m14SCa,2hr,

Ca(0)Tyrode solution, 4min.

Q—LQ—Q-—'—Q—

ca(0)Tyrode solution,56min.

L

Na(0)Ca(0) isotonic solution,30min.

L

To this bathing solution, 5 107 M NA

was added, 10 min. CONTRACTION

|
Further addition of 20 mM NaCl, 1@ min.

RELAXATION

Fig. 2. = Experimental procedure to measure
the residual *°Ca content of bovine facial artery
strip under various conditions «<—- ; at arrows
the 45Ca contents of each strips were determined.
Sucrose solution were bubbled with oxygen. Tyrode
solution was bubbled with Carbogen (95% O,+
5 % COz). Excepting the first step, all processes
were made isothermally at 37°C.

Tyrode lol.—H‘Ca(O) Tyrode sol—>t“—Ca(0) isetomic—
+EGTA

Fig. 3.
in Tyrode, Ca{0) Tyrode and Na{0) Ca(

R (v F{e%) v T RIE-ppm AR
o & 1ERR L, _né’{)&kﬁ%“ébtjﬂlﬁﬁl
Y CangBEPEH L.
M. = 8 # %

A. BHEL

Fig. 11oR Ure SEBREHENIC IR - 1B R 0
SR e —FR&HI % Fig. 3 icR/ L. Tyrode
Brh T —EREOBSHABICE L, EE ORI
BEDLN BT -FEET, e Calo)
Tyrode JKic&Ha Liz. = ofkg, Fig. 3 o5
T K, RMEHRIC3 ~ 4 SEET 5 —8
HOBBIBIEAREN L BN, ZOBREHZL
EWIIETFL, B T—ED basic tone i3
T3z, ZoRET, MxoheBRRHRC X
VEGENERET 50, 20 VELICE
DIGRERIEBIRIET L T &, SRTHEL
fe. Zo@ENC EGTA 2% 32, -0

R X 2EARETELICEEL, Sbic

HRARIBLEL D BRCRIBMEMZ T b,
BIERER TG LR, 51 HEY Na(0)
Ca(0) SRFEIRICR B T 5 &, TWMERIC
S~643D5 biz—BEDENFENEY,
T—E D basic tone IZEBH Lz, = D—F
HORERIOKE &ix, Ca(0) Tyrode g
T 5 Svicinz 72 EGTA EEEEZL,
BEZHEMT 5 LBEIHIRELY, 3mM
EGTA TUET2ZLIckDige A Eis%kL
7z (Fig. 7). Zo#I2F105EIME T 3 EILE %
F L\ Na(0) Ca(0) S cLElEEZ < V& L

sucrose Thin.

Contractile response of bovine facial arterial helical strip to electrical stimulation
0) isotonic sucrose solution. In this experiment,

1mM of EGTA was added before the exchange of Tyrode solution for sucrose solution.
Another experimental conditions were described in the legend of Fig. 1.
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7o. 2 DB & TERHIE R L Z 5 Tyrode
WHhTOREREN LRER VLI 1LEL 5 v
DRESOBENBERADND. 722 UHRIC
B4 5T Tyrode fko zhic li~#E 5 L <
SBHEL T\ e, HIBO < VIR Lic X D FsAES)
REREE L, 6 ~7[EECEROIERIZ L
MERLNT, P, TORATHEELEZ L

a,
.b.
R 0.25¢"
Tyrode Ca(0) Tyrode Ca(0)iso.sucrese|
sol. sol. - e
—— - . wie
+EGTA 20mM NaCl Imin..
Fig. 4.  The inhibitory effect of sodium ions

on the contraction induced by electrical stimula-

~"tion in Na (0) Ca{(0) isotonic sucrose solution. a.
The recordings were served as a “control” for the
‘experimental recording appeared in b. b. Twenty
mM NaCl was added in sucrose solution immedia-
tery preceding 2nd electrical stimulation. Condi-
tions of electrical stimulation was described in the
legend of Fig. 1.

TR L bRl FERTTOE
SHPC X 2 REENT, 6P U 20mM
NaCl #pEgiRicinz <R, BEERem
Bl 22 LT 5 (Fig. 4-E,). 727 NaCl
% Na (0) Ca (0) fEpEwRIc & v el ET 52 &
kv, BRAEIC X 5 EAROIEX IS ETE
i Lz (Fig. 4-E,).

AZfix Na(0) Ca(0) fEgE® B7C) th T
caffeine i X D EREFICUNET 525, & DULHE
caffeine JEEICH 2RRERFA L TRELS Lo
(Fig. 5). 7z72 L 37°C iz 8\~ ¢ caffeine Uik
AR LEEL, DLAKET (19C) cHIlELE
bo THRICBIER T3z et e Fig. 6-T
). z o caffeine Wb BERH W 0 H & &
kg, FEERICH 55 U 20mM NaCl #Jn
ZTHL LEEERICIHT 2L BT &
(Fig. 6- LX), AmBEEZ RS Lok, &

=G4 f % Na(0) Cal(0) FEEERIC D ¥4 Lic

1Y, NEETS 2 E caffeine Il & 48+
TENTE je. :

Na (0) Ca (0) pEEEM P IC T8 U rc S A X
i NA (5 x107%) e X v &34 1L, NA
BEET A, zoRAERIERFR T 5 Fig
7). 72721, Ca(0)Tyrode ¥ T OPEHERE T
nx 7= EGTA @EZ#Ems¥ 5 &, NA- I
DHEFEXWHRIET LTz, L LEHAFE
A OEGTARE L H % VR T i21E
—EBTholk. EEERT o NA- IUHEX
Tyrode & R R—EED NA i X 3 R4&

sol.
2mM q;ffeile

Fig. 5.

v

ca(0) Tyro&e)"—-ca(o) isetonic suerose sol.

SmM o?f.fei;e 5min.

Caffeine contracture of bovine facial artery strip in Na(0) Ca(0) isotonic sucrose

solutiorl at 37°C. Experimental conditions were described in the legend of Fig. 1 and in

text.
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B Fig. 7T 0B TFTERORE D12 1/4 Th -
oo - Z ONAULHEIL Z o IHEREE Iz 35 T NaCl
EMz 5L, bABEMET 2, 0RO
#Eb Ca(0) Tyrode ¥Eichnz 7z EGTA icfk
H¥%5. +ibb, EGTA EfMoHE4E, NA
IHE: NaCl iimc & v13iE 1/2 g+ 543 1
mM GiZ1/4 2749, 2mM iz NaCl #3%
MLTH Dk e OMIRIER Iz 2 b iz 7z -
Jo. 7o NA- Ifgicst3 % NaCl oifgief
3d 2BE NaCl 0BEDCIKRETS. Tihbb
20mM % ik NaCl B L ficiiiEo
BELKE 32, 20mMPL LTl ik,
ZOWBRDEIEHR IR B2 2 L ix A d -2
(Fig. 7-b).

3mM Ca(0)iso.
nTS. Cafrsee EGTA sucrose 5mM Caffeine

0.25g

1 min.
Fig. 6. Inhibitory effect of sodium ions of the
caffeine contracture of bovine facial artery strip
in Na (0) Ca(0) isotonic sucrose solution at 19°C.
a. ; Experimental recordings, in this recording,
20 mM NaCl was dissolved in sucrose solution
before an addition of caffeine. b. ; Recordings of
“control”, « ; at this points, strips were stimulated
electrically, the conditions of electrical stimula-
tion was described in the legend of Fig. 1.

Fig. 4 BV 6 IR LALBSHM, B L O
caffeine Ig#Eic 72 v+ % NaCl op&fE R IR
wTh, NaCl #EFic > O SR IR0
bivic. Z o NaCl oIuiEmE], v Likiiie
TERIXRBED Tris-Cl ¢t 417 L 2 ¥ (Fig.
7-C), FeBic R LTV, KCL yaAb

E?TA lsuc'r&sev 2 rnM‘NuCl

sucrose

® sucrose Na

40 mNPNaCl:
‘-- 10mMLa™

4.

Fig. 7. Iihibitory effect of sodium ions on
the noradrenaline contraction in Na(0) Ca (0)
isotonic sucrose solution. EGTA was added-in the
final concentration of 0mM (a.), 1 mM (b.), 2mM
(c.) and 3mM (d.) on the process of washing the
strip with Ca (0) Tyrode solution. In the lowest
figure, noradrenaline contraction in normal Ty-
rode solution was showed. At arrow, noradre-
naliine was removed from Tyrode solution. After
washing the strip was allowed fo return to its
original base line. Another experimental condi-
tions were described in the legend of Fig. 1.

Table 1. Composition of electrolyte solutions used (mM)

Solution NaCl  KCL  CaCl, NaHCO, NaH,P0, MgCl, Gl;lcdse -Sucrose TrisCl aeration pH
) 58
modified-Tyrode | 139.3 2.68 1.36  11.8  0.32 8.0 95% 0, + 5% cog 7.3

ca £ dified
iyrode TN 139.3 2068 1.8 0.3 8.0 95% 0, + 5% C03 7.3
Sucrose

8.0 310.0 1.0 100% 0, 7.1
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EREFRS vz b Nat ofsiniElL
Zxbh5. ¥ NA- IUEORBHRMS h
7z La***, 3 X0 Mn** i 7s A b siE R 271
Shdhoiz (Flg- 7-C, d)'

#ET (37°C) o caffeine {ERIXEIRECit
—RRIIH T D DGR, BE, &),

2mM caffeine 1g

| .

wk\k\L' \ e

—_— 9

I

'ca(051 cg(d)g 5l

EGTA sucrose _ 10min.

Fig. 8. Effects of caffeine on the noradrenaline
contractions in the Tyrode and Na(0) Ca(0) isoto-
nic sucrose solution. Upper figure; in normal
Tyrode solution, lower figure; in Na(0) Ca(0)
isotonic sucrose solution, » ;at this points, strips
were stimulated electrically. The condition of
electrical stimulation was described in the legend
of Fig. 1.

. |

531‘2_5" 2mMATP
\\ N I
\—X.
1 P71

0a(0); ca(0)pS S 10 min.

Fig. 9. Inhibitory effect of adenosine-triphos-
phate on the noradrenaline contraction in the
Na(0) Ca(0) isotonic sucrose solution and in Tyrode
solution. Upper figure;in Tyrode solution, lower
figure in Na (0) Ca(0) istonic sucrose solution «;
at these points, the strips were stimulated electri-
cally, (S1, Sz). The condition of electrical stimula-
tion was described in text and in the legende of
Fig. 1.

\A\LM e

B¢ 1 Tyrode #&rh o NA lgfgas caffeine
X vimflsh 5 2 L 2#E Lk Fig 8-k
&) UL Na(0) Ca(0) jepEs o NA I
iCiz v LT i caffeine 133 % 0 2B A kIfEA
Ein& o7 (Fig. 8-TFX).

Tyrode #dh o NA- IThER, *ofkEP
iw2mM ATP 2+ 2 & Lic &k Vibigiciz
U7 (Fig. 9- k&), %7-[FiEE ATP i3 Na(0)
Ca(0) prgEdkh o NA- Itz v L T b
Tyrode ¥ & R O MR IER & %# L 7= (Fig.
9-T ).

Tyrode #, ¥ X Na(0) Ca(0) feEykh <
o NA- @iz 72z v+ 5144, kb
MOERE, ERBESHTEIMEE L bic
Table 2 BB L7z, Zhicks s, NaCl o
THWERE Na(0) Ca(0) sl oA 4 b
f, Wiz 10mM KCI 1 Tyrode #%& ¥ < i
active tone (Konold et al3h), #E63)) X
Ot NA In#E (Gebert et al.l8), HEE63)) jz 7z
Lo X CEHEWERZRY © ik 72 v L, Na(0)
Ca(0) FEIERT CIRE -7 EY T b - 7.
La*** 3 X 8 Mn** 1% Tyrode ¢ NA
g L TR cd 5 (B3rD) 2%, Na(0)
Ca(0) fEFEHF T EHTH 572, R/, Na()
Ca(0) fRpEiRrh o NA- ITHEIC 72 v LTIy ic
VERT 30 EYEED NaCl, B X 8 ATP

Table 2. Comparison of the inhibitory effect
of various agents on the noradrenaline contrac-
tion in normal Tyrode and Na(0) Ca(0) isotonic
sucrose solution. Experimental conditions are
described in the legend of Fig. 2

MA Contraction

Inhibitors in normal Tyrode sol.  in isotonjc sucrose sol.
NaCl 20-40mM - Feem

KCI 10 mM +++ 34,63) -

TrisCl 10 mM - -

MnCl, ~10mM +4+ 1) _

LaCly  ~10mM + 1) -

Cafteine 2mM + + + —ora

ATP 2mM ++ 18) ++ 4

CAMP  ~1mM + 4+ 18) ? T

~ ; Muscle tone was not changed with each
reagent. ++ ; The degree of relaxation of norad-
renaline contraction with each reagent.
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Effects of sodium ions on the residual #Ca content of bovine facial artery

strip during nor-adrenaline contraction in Na(0) Ca(0) isotonic sucrose solution. Experi-
mental procedures and methods were already described in the legend of figure and in the

text.
catdcontent MECHANICAL
CONDITIONS cpl/c.v.w X107 RESPONSE -
No.1t No.2 Ne.3
. Ca4510m1 Tyrede sel.
fer 120 min. 3.77 4.18 3.50 g
Ca4sspue *
(nl/g.w.w.) 1.04 1.15 0.99 -
Cm(e.) Tyrede sel.
fer €0 min, 1.02 0.85 1.30 -
Cm (o) isetonie
sucrese sol. for 30 mim. '@.54 Q.53 1.00 -
Ca(0) isctonie lgorou
sel. + NA 5 10
f.or 10 min. . 56 0.55 0.47 CONTRAGTION
Ca(0) fsetenie guerese
sel. +N& 5 107°M
*1* act 2o 0.57 0.57 0.47 RELAXATION.
* 0.5 ¢Ci/ml 3.9 x 10° cpm.
** total cpm/g. w. w/cpm/ml of radloactwe solution.
DHTH iz, EAERE, 1HlicBwT 1/2*%5@3&’)75*%\

B. ##r “Ca &

Tyrode #&w < 2 il “Ca 2 A LD B,
4 Sk X 5 MgrrE ©Ca &3 Table 3
iR+ 2 & &, #Ca-space % 0.99~1.15ml/
gwet wet. Th Y, ENEy MNEBROELISE
#TFizk i 5 “*Ca-space 0.4 ml/g wet wet.
(EAFP) it 2 ~3fFk&v. Z 0 HF A
isotopic activity & 3.5~4.18x107°cpm/g
wet wet. ThH Y, Fig. 2 TR LA X 5 n 4L
HEMZ BT 32 o0 2 HLE L,
Table 3 ;R L7z, Zhick s, *CaAfrs
Nk % Ca(0) Tyrode %< EGTA %z
P iE 1R 5 &, “Ca Bix 099~
1.15x 10" 5cpm/g wet wet. L AHERICHES
1/3F KT L . &bikcdh % Na(0) Ca(0)
Tyrode Wrhic s E 5L “Ca BiZ s b i
125 KT L7z, ZoRETNA-[UEEE S
e, MsRE ©Ca B 2flick v

ol TEhr 7.

7~ NA- ¥ #; B o 0.56 X 10°cpm/g wet
wet. iz L, NaCl i X v apig & ¥ T
+Ca & #1% 0.68 X 10° cpm/g wet wet. L3 &
NERETHY, Zhidfho 2B TR
BRThol.

V. & #

HEVRHOMMEERERL, FRHGOBA
LR, ZOME © 7o » ORME pCa 1347
(Matsumoto et al.3, Yabu et al.™®) &% b,
oz ehn Catt RFMSRT L 52 OUHE
DEFRFCEERBGOTH LZERCL D LE
2ohTws. —F, FRHETRIEESER
B\ CHREMIC/ER+ 5 Cat* 11 sarcoplas-
mic reticulum (S. R.) 75 ERERRCHHEREL
7z (Ebashi & Endo'®) 4D ThH 2 D iz &= v
L, FEG I, =0 S R cxtisd 2 # &
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2, BEREE b T v % (Devinel®) v

%, BHBHCHARTEERRBE LS LELDL

nazbhbd, 7o E+%Cattpsource
TpEv5 2 L BEIRZ > T 5.

SERBRIRIC >\ T OREOBALTEL

ﬁ%me%@@éﬁ%iﬁéﬁﬁ%%mik
Cat* iz ko T H 5 (Ca-spikef (AHEF0)
£, LpbZoWALRE Catt BPRERET
Mt 5 e F 4y Bk TH 5 (Lillman & Moh-
med), PE) Zr Rbhr by, zo Car-
source {Z oW CIRERBHITEHRG & » 7
VERZLOLHEBENTER. =%, KBIRE
5 EMEVRE TR 5 K- HiEe NA-
WHED S Cart BRI B RIS R B =
L SHIED Catt FIH T s BIcEE
Md % (Graham & Keatinge??), Hinke et ali2®)
T L, &by X IS MapETE Ca
BT 5 RO &5 Z L bR (Hinke et
al®) Shic. BRI RS HEOIES)
EifiH Na-spike © & % Atk (Graham et
al.22), Keatinge3132) 4 R&h, ZOEDOIE
15 CIIEBEAL O R4 2SI ER Catt il
BEERL, BRMCIEEREREIE L+
%, & v 5 R BRI REE O -
BEEB#ELZL O T3,

SEIRREIC IS BINEED 72 » @ Catt-source

ERET 3 ER LoOFH &I, FRENES
DDFENRFREL BEbhb. 20— DR KRE
K, &2\ IxEIE AR A T+ 5
Ca*t 4K, BLUMIMER E.C.S. X vk
HLTHRBIMENRES 2 & 5 2, 202k
Ca** A B L~V CRERMITIHIE LT b 75
BROWMENIEENE S0 E, FARBZLTH
3. L LUEEICE, Mk ehehibiic
FJH LT Cat*-source’ FIET 5 DIF, FEHE
R BbhD. 20X, BEIDOWT
B BRI RN 1 3 X U2 i 4 v
i\ LCERERE - & SATEY, st
o Cart 2 &P UL BET B2 Lk, MEALE
BCatr 2 LR ERTLESRANELOR
3. BEFREHOVTIEZOBR © % iz Mot

(RpEFe0)), Lat++ (E5zD, Goodman & Weiss?D),
Hagiwara & Takahashi?), Mayer et al.®,
Sanborn & LangersD, Shibatas), Takata et
albh), k64, Van Breeman®®, Van Breeman
& McNaughton66), Van Breeman et al.fh,
Weiss & Goodman?, Weiss?); Chlorpro-
mazine (Kwént & Seemans3®), Shibata et al.5?),
SKF-525 (Kansler et al.®), D- 600 (Mayer et
al.3%), Von Fleckenstein & Grun70)), phenoxy-
bezamine (Shibata et al 5_3'}) dibenamine
(Shibata et al®). 7z & BSHCHRTY 5 2,
FWfE FRFIC 132 12 U SREEY 2 IRBDR 255
TLLRICET, éﬁgfb%@ﬂﬁ%lﬂ%ﬁh
Tws. FliE Mot gEgE L Cat* off
A site icfEE L, BA I:‘Kjk Ca** o A& HIE
THEERT32, LEHBANCHEAT SR
At (Imai & Takeda) & & 5.

FWETE, TRHFOFEEHCT, I
BEEsh% Ca*t o source 2PERFAL L
7e. BEMROEBERPELNCEN T 5 &,

1) Ca(0) Tyrode ¥ THiF) &< DVELEE
WX BRAMIC X 5 IHERTHEKRT 228, B
#pic EGTA #hzsziicky, ZoHER
X vseeicins. 2) Ca(0) Tyrode ¥ T
UTHEE AL LTc gl & 4 & v AH IR ALEE L
7= Na (0) Ca (0) fesikhicE L, ZhicBERM
M,NAiﬁxﬁw%me&mzékﬁUW%
+2X5ikcks. 3) Zo Na(0) Ca(0) s

«¢T®WMﬁmNdH%MKiDﬁ&mékm

HlEhs, nEThs.

ZZTER 1), 2) oBBEEE L, %
THUEANkER Catt ofFER, £ 3) kb
SEEOWEERT A LICT S ENMEY b
FEBAI > VT ORSEDOBMEIC X 5 &, BRA
B, BIO K- #ERERT 220 0 EF O
Ca** RERE IATE T B> T107°M (RHEFSD),

HBEF BV TIRIIFEL"M (Imai & Takeda?n). 4
ERnTwa. A&z vz Ca(0) Tyrode %

DERFE Cart FEFIRIESIELLIC X 5HIE
TIX 1M UTE &h, &bizzhic EGTA
BMzsz% 2 X v 100°M (Imai & Take-
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da?d) PIF ek 3. =@ Ca(0) Tyrode iz X
ZTEHBR TESHY (BREAHH) vt
BDIVEPHE LTcZ L, MRS I I HEE
LEDRED Catt 2RERSBI L2 L
ZErxbhd. PEORRRET ©4& A & Na(0)
Ca(0) FEIRICB LIz 25, = OBWIEH A
A Fig. 2 WR3Ze L, BRMlEc L)Y
BOBHET 5 X 5icik o7, Na(0) Ca(0) fegk
PR Cart ik, RIEEWKICOEBIRL
Nayler (Nayler & Emery®®) & offi&ic X 5 &
107" M DITe &h, LkRoTZZ Tk
Wz oA Catt i TE ¥, FlMEE
& “EBRAE” w72 2k K Tyrode o
ZTHEFEL 25 X 58 Uic o THIESGD
BT RT3 L BbRAE V. LiehoTo
DOREOILREE, MR Catt BgEdo Z &
<RI X b R, BRI ERICFIA S h
TRERLELSB R 2RV, ‘
Ca** DRFEREAL L L I MMBENE (519)
pinocytotic vesicle, sarcoplasmic reticulum
$ X " mitochondria (Somlyo et alsD) 7z ¥
BFRENDBPBBRATHS. LHLTED
(Batra & Daniel6), Carsten et al.ll), hFid),
[ (Miyazaki et al4D) Js X OBIRILE F-iE
#% (Shibata & Hollander’, Somlyo et al.5D)
2B OHfiH microsome |z o T OBERE D
5, RIS @ Catt o, B X OHEkE
BRI, BRGS. R.ozhichiz 0L
bDTHBH LY.
2B, o Na(0) Ca(0) FEfEHEF < » I
P (BRRBICH T 20E) OB X%
2, 3bTFCHBL, 1) ZoRAEmMT Ty-
rode HTOZNIZH~FE, v Ui 1.56%
{BwkE v, 2) i@ s Tyrode fkho
Fhic~BBRTHB. 3) Hio < VIE L
2k BRERTIWHRETL TW . 20mM
NaCl % & 52 Uiz T < L UHED Bk 2
25, n¥dbs.
 ZOEREEE b L HiKpETE Catt o
BWEIZSEUTHTES, 2Z2Th b LD
Na (0) Ca (0) FEFEVAHE P CHME fRic v ha s

DEPE > T BRI DWT2, 3EBLELT
HB. T2 LARER T, IEMER X o 5Ca
EBUAOBER L STy vo T, G
Tk &Nt (Arorad, Bozlerd), Nayler
& Emery®), Nayler & Wrighti), Van der
Kloott®69)), Syg#5 (Bozler®) iz owv~T o Eis
POFEHELTHB L, Na(0) Ca(0) fepEEh o
X, 1) BHkao Nat, K+ 233%ER (Boz-
ler®, Kolodny & Van der Kloot®) iz % 1,
iz Na* o zhh#E3 Ly (Kolodny & Van
der Kloot3®), 2) # Ca** X3+ % 2358
#epk Cat+ ; exchangeable Ca** (3 Vi L
72\~ (Arora®, Van der Kloot & Rubint®)),
3) MR Y LERHIA “abnormal” AjREE
(Van der Kloot®) 17z » T3, 72 ¥ DL
BEEFC LB -T2 L EbR 3.

ThoDZLeFHTELET 5 L, Na(0)
Ca (0) IR ICEBAR L P S EIciER, ik
A Na* REOEZHRKTHES (727ZL KT,
exchangeable Ca 1Zig & A FZES 72 ) 25,
R IR EE L T30 5, Catt By
BWALic 31 3 CafsBoiasEs, Miap Nat 2
FHLTVSFRER D X v, 20z i,
Na (0) Ca (0) prisue b <EE LIRS, #hn
Natwkvilehsz e hbXEshs. ¥
7o Z ONRIER R RMER S OBHREET 5 2
b, ¥FH< Na* IHRANICTEA L THREO
Na* BENEGZVEREL LT CafEaeHmb
e tBbhs. BECEELLZS R 2FT
BEHEG TR, FERET ThA L IREEE R
&7\ WEEE (Bozler”) 3% 50T, R “Rrg”
EVvoTh, ZOMERBEHICRWTRESZON
bauise.

Z ORIREPY Nat e 23 B6R L7 Catr -
EAHEEE, ERLERHEOR 5§, NA
B X W caffeine iz X Y IUHE L7235 B1C b BAHY
CRRICEMET 2 &2 0038, NA s
1, 20M@E»R%S. +ibb, Ca0) Tyrode
RCEREHIET 2L &1z, EGTA %#jnz 3
L OBEECET T NA UHE O IHEEE D
T, BXU Na* oOBEZhFEOMEIME - TL
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3. —R, A Ca** ofEEHE S SR
TH BN, Fobd el L, SEFed S
Ifgic LB Catt BiZ+cikfrESh TS
DT, TOFREMEREV. Lo T, MIEN
TR 5 2EEOREWMLOFEFHEE Sh
B7EBY. Thbb—oRHENE A » L
EGTA ¢ Lk v#psticE S h B v, »»o
Na*-sensitive 72 &0, fO—2IFFEENP 2 X
wWinTd v, EGTA X * Na* iz insen-
sitive D EZ BN S,

—J, caffeine |3 {K R F (19°C) @ Na(0)
Ca (0) fEfERT CEAC—BHEOIMEEE S &
3. ZhiZ BB O%E (Axelson & Theslef?,
D) LA, S.R. 4 Catt oK
~OERE (Weber™) ofERe LCHEBEIIS
phahizv. L L caffeine ofEfIR, Y
#, (Somlyo & Somlyo5®, FbEF®) L
THHED TEHENTH ) W EERERI TR,

NA u#Eix receptor %#4r3 5 pharmaco-
mechanical coupling (Somlyo & Somlyo5)
B KR 5 TREMERD 5. Tk OBED
BRI, T ofARilan Nat iz kb
Shapik Cat* T d 5 5. T, NA
DIz Izt 5 B R (Keatingedh3) 3,
Bk e & v, Na(0) Ca(0) frgikhco NA
Ef, BLUBKSHBIC I wT 308 & /M
bhTwaA4 8 (Ringers®) o H cHEES
0Py EEEEEbNS. .

RIS T o0 (Van der Kloot & Ru-
bin®)), BEEY (Bozler®) B3XUEr Ty b
WM (Katase & Tomita3®) iz 2>\ TOEX
AFRMBIRIC X B L, X O RIFEBREER
T BT ERBERT L RRE, b5\
FbhTrESRIREBICERESh, 5 ICERA
Wiclow LUEREOEBEMAARET D L v
5. Joi LRSS T IR L KT
L (Kolodny & Van der Kloot3) % 7-{EE)E
FiJesA o rate of rise, rate of fall Liz/h&
¢ (Van der Kloot & Rubin®) 7y, —H&
slow wave fEDOBMEBIC I 5. 25544
T?@%ﬁ%ﬁ@%&%ﬁﬁﬁﬁé<fﬁ?%

30, AERTH, BRABICEC TRRLE
MEEEREL, “hd Na* BERKTORD
BAHOET Lz Catt 2 2 0fEAWAMAL Y,
WS, BREICIERNER LS hic b0
LEZOENS.

—75, Fig. 3icsR L2 &< Na(0)Ca(0) fR
BT OESHIMIC L 3RO RE 81X, %
DLVELIZEVEREBIO/NEL RS, THhiEB
F5 L TR NVE—FEDET (Van der Kloott#®)
X VK TR Catt BREA S R EE L o
D, A LUk FRERQRIC Lo THl
Fs R Lice o bz e,

zhenz erb, Na(©) Cal0) fREEES
DOEIIREH OUE-TAR Y A 7 ik, 1) Mk
PRFE Catt BRI, B X UYL 5
- FERE A RIS IS L, %7, 2) MR
Ca** oA OTEFI AN Na*t REC X Y 7
HEhsb0ThHsAr5 LEDLhS.

e, 2o Nat X3S E o T
—OffEI 7 B DX, S (Glitch et
al.19), Reuter & Seitz®), M4 EiE; (Bohr et
al®, Reuter et ald®) & X ¥ squid axon
(BakerD) jz ¥iz o>\ T#4E & h i ko Nat-
Ca** ZRRISOMEET » 5. ZhipfEdic
HEOXEW K carrier ZAEL, Thic X VM
P Na* icf&7E L7z Catt DAL, & 5\ ikl
sk Na* ic kg Lic Cat* offiHAE 3 1 D
TP R T » 5. £ Katase (Katase &
Tomita®) & 1xEA Ty MEBHO Na(0) JE
WP ORAREEMN Nat iz X Y 5ifgic
BET2EEZZOBBICIVBFAY AL L L,
Reuter & (Bohr et al®), Reuter et al49) ¥
MRS = o\ CEEIORE R I BB L
Tv3. ‘

Table 3 itk 3 &, Affshgfo *Ca
BRI NA- e & Na* iihinc X 5 sigeg
LT, BEALFEDRWI LIRENT VS,
b Lk Na* 2k b kxgo> Na* (#A)-Cat
(fEH) ZRMRRSAEBI L, MARAN Catt 23EH
LR L LCHENKE -7z & +hid, Nat i
e & 2R ciR sk *Ca BEFEMET T
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BRTTHS. TOFEHEL F 7, Na(0) Ca(0)
R & v 5 R T CIRABEAR O I~
Ry 7 v 25, MKIPRTER Catt ol
fREicER L, M Nat 2520 Cart 5o
S E PR 2 &+ 2 B0 E o & XK
T3,

V. 5 =

MBS O IR, BRI IUHER 8 %
CHIHEh 3 Ca*t o source #1570, ¥
VEESIREEGERERCAER 21775 o
Jo. Tixbb, Ca(0) Tyrode ¥z kX V5K
L VIR LEEHE, 2voohi Na() Ca(0)fE
BRCBE L, ZoBREPICRT 3 IS 2 815
LTROWERE 2 7.

1. Ak ik Na (0) Ca 0) fepEnh <, &
KB (13 V/cm, 10 msec, 3 Hz o EHHERIK)
XD BRI ERE L. IWED < ViR
Uiz & 0 BARIERIET LTiTE, 7~38
ElH R EERER L. BERHBz X3
R FEAE T RRIC B 5 2> L»20 mM NaCl %
Mz sz ticky, EFEERCHH . K
%z T, W NaCl 28eibrE+ 3 L BUE
KRB X VEARRBET B IR o1k

2. Na(0) Ca (0) Tyrodeg#, {KET (19°C)
CAFS I caffeine iz X DN & a—iBEOE
FEFE L. ZORHIEEETCLL,»T
» 20mM NaCl 0% 52 Lick VigiFsEse
il h, B NaCl 2gilirET sz L1
v, Ftcaffeine [WEEET X 5 itk -7z,

3. &%H 1k Na(0) Ca(0) fefwk+H < nor-
adrenaline iz X ¥ Bt o infg &+ (NAIY
) 2%, 7 0%4EBE 1k Tyrode & o 2 hic ik
RIZIE /4 Th o7, NA IR = 0Bz
NaCl M0z % & d 5 EEMET 5. NA IUHE
OFEE, BXOFouwin NaCl iz & 35tigok
Eix, Ca(0) Tyrode Jgiz X eiedfe cinx
7z EGTA ok L. bt EGTA
REZWINT 2 & ERHE /& 72 v,
NaCl o NA I#gics+ s fEH I KCl 8
¢ Tris Cl ©RAT LA 5 2. E7 Ty-
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rodefgcozh e Z L v, i lanthanum
(La***) 35 X 1% manganess Mn**) izt Y 12
EAEHER ST ok,

4. Na(0) Ca (0) pefEwErh o NA InE
ATP iz X vEBICHbiE L7- 2%, caffeine w1
HE VIR LI -7z,

5. HorLw “Ca AR LicH O
“Caggfriid, NAIZ X v IuHE L= tkee & NaCl
WINC & DaiR LciREBE L OfflicR v i3 A b
) Bnﬁli])ofc.

ULoBsER® b L G EIR o Ik
F#Cat* » Na* kB LT L.
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Sleep-wakefulness cycle in adult rats applied arsenic
trioxide from birth to weaning

Sigehiro KIYONO, Keiko HASUI, Kazuko TAKASU and Misako SEO*

Department of Physzology, Institute for Developmental Research, Azchz

Prefectural Colony, Kasugai, Aichi

Arsenic has been known as a highly toxic
and lethal substance. A number of clinical

papers have been published concerning the’

effect of accidental arsenic intoxication in
neonatal period99®. Little is known about
the effects of chronic arsenic poisoning in
infants upon the psychophysiological func-
tions in young or adult animals. The present
experiment was aimed to follow up possible
aftereffect of infantile arsenic application.

Sprague-Dawley rats were used. Litters
from ten dams were divided into two groups
matched with the body weight at birth (day
0). Male animals were used to avoid the
influence of estrus cycle in females on the
sleep-wakefulness cycle. From the next day
of birth (day 1) arsenic trioxide solved in
distilled water (1 mg/ml) was applied per
os at a dose of 5.0 mg/kg (E-5.0 group) or
7.5 mg/kg (E-7.5 group) once a day up to
- weaning (day 21). Control animals received
distilled water only instead of arsenic solu-
tion. The litters were fostered by their
mother in the same cage. After weaning
the food and water were given ad lib. In
total, 15 controls (146+34 days of age), 12
animals in the E-5.0 group (132+21 days)
and 10 in the E-7.5 group (167438 days)
were used. Electrodes were implanted to
record the EEG, EMG of the neck muscle
and ocular movements. Parietal EEGs were
analyzed by a conventional frequency an-
alyzer both during resting arousal and para-
doxical sleep. Polygraphic records, taken
for 24 hours by the method described else-
where?). Were classified into three stages ;
arousal (Ar), slow wave sleep (SS) and para-

* EHXKE, EHETF BEANT, BEERET:
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doxical sleep (PS).

The background EEG showed no abnormal
activity throughout three stages and the
results obtained from frequency analysis
were normal both in the E-5.0 and E-7.5.
Sleep-wakefulness parameters were sum-
marized in Table. 1. In the control group
(n=22) no cases had a mean PS duration of
less than 100.0 sec (mean=114.4 sec, range :
100.5~139.1sec and no cases showed a
deviation of & 3 SD from the mean value
in all items. No statistically significant
difference was found in every items between
control and E-5.0 groups (Mann-Whithey
U-test, one-tailed). In one of 12 experi-
mental animals, however, showed a remar-
kable decrease of more than 3 SD obtained
the from the controls in the mean PS duration
(79.7 sec). In the E-7.5 group no significant
difference was found except in the mean
PS duration (p<.01). Two subjects out of ten
experimental animals had the mean PS
duration of 76.7 and 82.3sec, the values
being beyond 3 SD of the mean in controls.
Fig. 1 illustrates the mean distribution of
PS epochs with various duration. It was
found that the arsenic animals had more
PSs of shorter duration and less PSs of
longer duration than the controls, although
the dose-dependency could not be clearly
observed. It seems that the mean PS dura-
tion is a more sensitive indicator than ¢, PS
or PS/TST (ratio of PS to total sleep time)
to detect the functional disturbance due to
arsenic intoxication during early postnatal
period. Along the same line of evidence, adult
rats having survived a severe neonatal jaun-
dice were found to show a decreased mean PS
duration? and a retarded avoidance learn-
ing?. The results obtained from apart of
the present experiments (E-5.0 group)
showed that the avoidance learning (two-
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Table 1.

Sleep-wakefulness parameters. In the PS duration and the number of PS

epochs (PS-NO), PSs with less than 40 sec of duration were discarded, since they were of
abortive. Values deviated beyond 3 SD of the mean in controls were marked by an asterisk.

Control (n=22) % Ar % ss % PS PS/1S PS duration  PS-NO )
mean+SD 51,0£4,0  50.2%3.7  8.731.6  1h812.h  114429.9 62.311L.3
5.0 (n=12) 46.0 1 5 9.5 17.6 % 104.2 sec 71
42,9 51.1 6.0 10.6 104.0 45
43.8 47.0 9.1 16.3 107.7 70
54,1 47.% 8.6 15.3 108.8 68
45,6 45,0 9.3 18.2 125.9 64
38,7 53.3 8.8 13.0 115.0 56
37.8 52.0 10.2 16.3 109.6 7
k2.5 k3.5 5.8 10.0 98.8 48
, PowA 19.8 5.8 10.5 79.7% 63
# 43,6 51.1 5.3 9.3 103.2 "
12,2 51.8 5.6 9.8 92.9 50
49.3 52.1 7.2 .2 07 Y 11501 51
"mean*SD 15.5£3.0  9.1£3.3  7.621.7 13.4%3.2  105.5%£11.3  58.E£10.1
E-7.5 (n=10) 464 *hhg 8.9 16.5 % 114.8 sec 63
. 42,0 49.6 8.4 14.6 90,9 73
49.2 44,5 6.3 12,4 82.3% 62
52,3, 49.5 8.2 141 76.7% 86
a1 17.5 8.4 15.1 86.1 7%
32.5 59.6 7.9 11.7 97.0 66
38.3 53.3 8.4 13.6 96.7 67
P 47,1 8.4 15.2 91,7 75
43,5 48.9 7.6 13.4 110.7 58
13,9 47.1 9.0 16.0 109.1 70
mean & SD 52.7£4.3  49.2th2  8.2£0.7 1m3t1.h  95.6£12.0  69.5£7.6
30 ) .
than in age- and sex-matched normal
subjectsD® could be correlated with the
20 o present results.
%)
& .
5 » Thanks are due to Dr. M. Ito for his kindly
5 reading the manuscript.
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