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Studies on mechanism of xanthine oxidase action by spectro-

and fluorophotometric methods

Kameo Kinoshita (Department of Physico-chemical Physiology, Medical School, Osaka

Universit y)

Mechanism of action of xanthine oxidase from cow’s milk was studied spectro-and
fluorophotometrically and the effects of several chelating agents on the enzyme action were

investigated.

1. After the addition of the substrate, hypoxanthine, the absorbance of the enzyme at
450 myt decreased diphasically, while the flavin fluorescence intensity due to flavin contained
in the enzyme was decreased monotonously. The discrepancy in the spectrophotometric
changes was observed in both aerobic and anaerobic conditions.

2. In aerobic condition, difference spectra were constructed from the absorption spectrum
of the enzyme at varrious reaction stage. None of the spectra agreed with absorption
spectrum of FAD, although they show a maximum at 450 my.

3. Subtraction of the absorption spectrum of FAD contained in the enzyme from that
of enzyme yielded a difference spectrum with peaks at 420 and 470 my.

4. Some chelating agents, o-phenanthroline, aa’-dipyridyl and EDTA, inhibited the
oxygen consumption and methylene blue reduction by the enzyme.

5. From these results, it is conceivable that a chromophore giving an absorption spectrum
similar to the difference spectrum mentioned in 3, probably non-heme iron, is involved in
the enzyme reaction. The chromophore may be a component of a electron transfer system of

the enzyme.
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Fig. 1. Aerobic reduction of xanthine oxidase.
To 3.0ml of xanthine oxidase solution (E450mpu=
0.478), 0.05 ml of 1072M hypoxanthine was added
in 0.1 M pyrophosphate buffer pH 8.3 at 12.0°C.
Enzyme final concentration was 6.82x 1076 M, hy-
poxanthine 1.64 x 1074 M. (A) : the change of absor-
bance at 450 my (B) : flavin fluorescence intensity.
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Fig. 2. Anaerobic reduction of xanthine oxi-
dase. To 3.5ml of the enzyme solution (E450mp=
1.480), 0.5 ml of 1072 M hypoxanthine was added
in 0.1 M pyrophosphate buffer pH 8.3 at 23.0°C.
Enzyme final concentration was 2.11x107°M,
hypoxanthine 8.75x 107 M. The reaction was car-
ried out in a Thunberg type cuvette. (A) and (B)
are as for Fig. 1.
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Fig. 3. Difference spectra of the xanthine oxidase during

the aerobic reaction. The reaction was started by addition of
0.05ml of 1072M hypoxanthine to 2.45ml of the enzyme
solution (E450my=0.186). Enzyme final concentration was
2.66 x 1078 M, hypoxanthine 1.67 x 107 M. O-R : initial minus
final state, O-S : initial minus intermediate state, SR : inter-
mediate minus final state. Initial state refers to the absorbance
before substrate addition and intermediate, and final state
correspond to the ahsorbance at 5sec. and 20 min. after
substrate addition respectively.
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_Fig. 4. Absorption spectrum of xanthine oxidase. X :
Absorption spectrum of xanthine oxidase (6.96x107¢ M) in
0.1IM pyrophosphate buffer pH 8.3 F : Spectrum of supernatant
obtained from the enzyme solution boiled for 5minutes by
centrifugation. D : Difference spectrum ; X minus F.

ELbEDLOTHD LS

2. RUIRA Y LB
HREMeR VT, 450mp OWENE O 2 18

AR 5 2 BRI STIREOME
Bk S HICIERT 5 72 D ERER
BRAR 7 sV OB ET Ey
ReZxXy v = v FJETHEE
L, Z2AXRYT bLERDEZ, &
FISBREIC BT AT bV
% Fig. 3 izdiFixoiz, *
NFEN 450mpy IR K B T
2, it FAD omgly =z~
7PV ER—F LA,

T OFEFEL KRBTSR OB D
450 mp ORFEERLN T 7 E
VORIIRFBEND L OTHEY

RETBHLDOTH 5.

Wiz, AR L BAEMEIZ
B, Ol s g/ FAD Lo
FEART MVERD T E A
Fig. 4 127”4 X 91z 420 & 470
my [CHEKE bOEANY MV
Nz bhie., &2 CAREESE O]
BRI A7 bV EEZ B3
BELLT7Z7IE LMD
EAALY M EELUVRIT AR
7 MRS ORERIPEET S
LEZONS.

3. FL— pRIGIE
ABRFGRIC =, =0 F
L — &l (o-phenanthroline,
aa’-dipyrdyl 38 X 8 EDTA)

%mu@%%%x;w4

FETCBIETHES &*
L7z Fig. 5 3L U6 Dk
BETh 5.

I b b X DI
EDTA @ # 5 v o FETICH
THEUMRPA LN CEERE
T _XT O Fv— T EEETE



- 372 AF—% Vv 7 VERIEERR O4E L CELEREERIT X % BUSEIFOHT

%
bk
< oo}
.
[=3
(=]
£ oo} —_——
£
=
u
. g ’
S 8o Qo -dipyridyl
=
LY
2
3 70 O-phenanthroline
60
: . L ; o .
0 20 40 €60 80 100
moles of chelating ogent per mole of enzyme
Fig. 5. Effect of chelating agents on the oxy-

gen consumption by xanthine oxidase. Oxygen
consumtion rates expresséd as percentages of
the rate with chelating agents to the agents are
plotted against the moles of the chelating agent
added per mole of enzyme. Enzyme final con-
centration was 5.1 x 1076 M, hypoxanthine 1.74 x
10¢M, 0.1M pyrophosphate buffer pH 8.3
30.0°C.
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6. Effect of chelating agents on the reduction

of methylene blue by xanthine oxidase. Ordinate :

percentage of a methylene blue reduction velocity with

chelating agent to the rate without agents. Abscissa :

concentration of chelating agent added. The reaction

was

carried out in a Thumberg type cuvette and

started by the addition of hypoxanthine from side arm.
Enzyme final concentration was 2.85x 1077 M, methy-

lene
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o-Phenanthroline
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(8) o- phenanthroline

10
x107*m

blue 1.43 x 1075 M, hypoxanthine 1.43 x 1075 M.

Fig. 7.
oxygen consumption and methylene blue re-

Effect of o-phenanthroline on the

duction by xanthine oxidase. The reciprocals
of the oxygen consumption rate (A) or of the
methylene blue reduction rate (B) were plotted
against the concentration of o—phenanthroline
at two different concentrations of oxygen (A)
or of methylene blue (B). Enzyme final con-
centration was 5.10x 1078 M (A), and 1.53x
10-7M (B), hypoxanthine 2.00x107¢M (A),
1.43%x103M (B), molecular oxygen 2.14 or
2.98%x107*M (A), methylene blue 1.10 or
1.80x 105 M (B).
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Fig. 8. Effect of EDTA on the oxygen consumption

by xanthine oxidase. The reciprocals of the oxygen
consumption rate were plotted against the concentration
of o-phenanthroline at two different concentrations of
oxygen. Enzyme final concentration was 2.86 x 1076 M,
hypoxanthine 1.78 x 1078 M, molecular oxygen 2.33 or

2.62x107¢ M.
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Fig. 9.

Lineweaver-Burk’s plot of xanthine oxidase

activity in the presence and, in the absence of aa’-
dipyridyl. The oxygen consumption rate (V) was me-
asured at 30.0°C. Enzyme final concentration was 7.90 x
107" M, hypoxanthine 3.58x10°M to 1.78x107¢ M,
molecular oxygen 2.32x107*M, «a’~dipyridyl 0 or

1.06 x 107* M.
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A study on reflex mechanism controlling hypoglossal motoneuron
activity

Toshifumi Morimoto (Department of Oral Physiology, Dental School, Osaka University)

The effect of the lingual nerve volley upon the excitability of hypoglossal motoneurons
was analysed in decerebrated and decerebellated cats. ‘

1. The hypoglossal nerve can be broadly divided into two subdivisions : one is the nerve
trunk which innervates the tongue protrusive muscle and the other is for the tongue
retractive muscles. An evoked potential was recorded from the medial and ventrolateral part
of the hypoglossal nucleus when antidromic stimulation was applied to the tongue protrusive
nerve. However, the dorsolateral part of the nucleus responded by antidromic stimulation of
the tongue retractive nerve.

2. The antidromic response of the tongue protrusive neurons in the hypoglossal nucleus
was inhibited by electrical stimulation of the lingual nerve, but that of the tongue retractive
neurons was initially facilitated and later inhibited. Furthermore, lingual nerve stimulation
evoked the IPSP in the tongue protrusive neuron, but in the tongue retractive neuron the
EPSP-IPSP or the EPSP was evoked.

3. The impulses through the lingual nerve are estimated to transmit to the hypoglossal
neuron via 3 synapses in the shortest reflex arc of the linguo-hypoglossal reflex system.
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Fig. 1. Schematic diagram of experimental pro-

cedures for analysis of the effect of lingual nerve
volley upon the excitability of the hypoglossal
motoneurons. Conditioning stimulus was applied to
the lingual nerve, followed by a test stimulus to
the hypoglossal nerve. Response was recorded in
the hypoglossal nucleus. Temporal sequence of
lingual nerve effects was analysed by varying time
intervals between conditioning stimulus and test
stimulus. Abbreviations : N. Ling. ; lingual nerve,
N. V. sp;spinal trigeminal nucleus, Nucl. X[ ;
hypoglossal nucleus, R ; recording electrode, S ;
stimulating electrodes, T. Pro. N.; the nerve in-
nervating tongue protrusive muscle, T. Ret. N.;
the nerve innervating tongue retractive muscle. 1 ;
genioglossal muscle, 2 ; hyoglossal muscle, 3 ; stylo-
glossal muscle.
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Fig. 2. Potentials evoked by antidromic sti-
mulation of the hypoglossal nerve. Arabic numerals
in the figure indicate depth from the bulbar
surface of the medulla. - Maximum response was
usually recorded in the hypoglossal nucleus at the
depth of about 1.00 mm and 1.25mm from the
bulbar surface. Negativity is upwards in this figure.
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Fig. 3. Influence of lingual nerve volley upon

the antidromic potential of tongue protrusive moto-
neurons in the hypoglossal nucleus. 1. A : Ortho-
dromic response evoked by conditioning lingual
nerve stimulation. B : Antidromic response evoked
by test stimulus to tongue protrusive nerve. C-L:
Response pattern when the time interval between
conditioning stimulus and test stimulus was changed.
2. The graph indicates relation between potential
height of tongue protrusive motoneurons and inter-
vals of the conditioning test stimulus. Ordinate
represents the height of the conditioned antidromic
evoked potential of tongue protrusive motoneurons
as a percent of the unconditioned test response
which was given a value of 100%. Abscissa
represents intervals between conditioning lingual
nerve stimulus and subsequent stimulus to the
hypoglossal nerve.
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Fig. 4. Effect of three different intensities of conditioning lingual nerve stimulation on

antidromic response of tongue protrusive motoneurons. A : 1.4 volt stimulus, B : 1.5 volt
stimulus, C:2.1 volt stimulus. Strong lingual nerve stimulation often causes temporal
reduction of the conditioning effect as indicated by an arrow in C.
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antidromic potential of tongue retractive motoneurons.
1. A : Orthodromic response evoked by conditioning
lingual nerve stimulation. B : Antidromic response
evoked by test stimulus to tongue retractive nerve.
C-L : Response pattern when time interval between
conditioning stimulus and test stimulus was changed.
2 : The graph indicates relation between potential
height of tongue retractive motoneurons and intervals
of the conditioning test stimulus. Ordinate represents
st amplitude of the conditioned antidromic evoked po-
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D a value of 100%. Abscissa represents interval bet-
ween a conditioning lingual nerve stimulus and

subsequent stimulus to the hypoglossal nerve.
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stimulus, C : 1.07 volt stimulus.
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Effect of strychnine injection on activity of tongue

retractive motoneurons. Initial increasing effect of the condi-

tioning

stimulus on antidromic response of tongue retractive

motoneuron became prominent, and subsequent decreasing
effect was suppressed after strychnine injection. Open circle :

Before

strychnine injection. Solid circle : 5 minutes after

strychnine injection.
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Fig. 8. Intracellularly recorded antidromic spike
potentials of hypoglossal motoneurons. A : Spike
potential with an after hyperpolarization and
without any interposed dip. B : Spike potential with
a posttive dip on the falling phase. C : Spike poten-
tial with delayed depolarization. D : Faster sweep
record of C.
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Fig. 9. Synaptic potentials of tongue protrusive
motoneurons evoked by lingual nerve stimulation.
A : Hyperpolarization by modelate lingual nerve
stimulation. B : Strong lingual nerve stimulation
sometimes produced spike potential in the course
of hyperpolarization.
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Fig. 10. Synaptic potentials of tongue retractive
motoneuron evoked by lingual nerve stimulation.
A : Small depolarization and subsequent hyper-
polarization by moderate lingual nerve stimulation.
B : Depolarization developed into spike potential
by strong lingual nerve stimulation.
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Fig. 11. Effect of IPSP on antidromic spike
potentials of tongue protrusive motoneuron. A :
Antidromic spike potential of the tongue protrusive
motoneuron. B : The IPSP evoked by lingual nerve
stimulation. C : A series of records illustrating the
change of antidromic spike potential height at
varjous intervals of lingual nerve stimulation and
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Effects of vaginal distension upon the respiratory activities
Takashi Mori (Second Department of Physiology, Okavama University Medical School)

The effects of vaginal distension upon the respiratory activities were electromyographically
studied in dogs anesthetized with chloralose. The results are summarized as follows.

1. Vaginal distension produces the three different kinds of effects upon the respiratory
activities, namely with weak distension (30~50 mmHg) the acceleration of breathings as well
as continuous contractions of the abdominal muscles and with the strong one (60~140 mmHg)
simultaneous contractions of the diaphragm and the abdominal muscles, the period of which
is independent from that of breathings, resulting in the increase of intra-abdominal pressure.

2. The afferent impulses elicited in the vagina which produces the former two effects
enter the spinal cord through the pelvic, hypogastric and pudendal nerves, whereas the
afferent impulses which produces the latter one pass solely through the pelvic nerves.

3. The decerebration has no essential influence upon the effects described above. In
animals whose spinal cord has been transected at the level of the 3rd cervical through the
5th thoracic segment, the acceleration of breathings and simultaneous contractions of the
diaphragm and abdominal muscles are completely abolished, whereas continuous contractions

of abdominal muscles can still be elicited.
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Fig. 1. Experimental arrangements for recording
electromyograms of the diaphragm (D) as well as of
abdominal muscles (M), thoracic movements (R) and
abdominal pressure (Ap). Amp ; Strain-amplifier, P ;
Pneumograph, Pres. tr.; Strain gauge pressure trans-

ducers, Osc ; Ink writing oscillograph, W ; Water
manometer.
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Fig. 2. ~ Effects of vaginal distension upon the res-
piratory movements and the intra-abdominal pressure.
Tracings from above downwards indicate intra-abdo-
minal pressure change (Ap), movements of the thorax
(R) (inspiration upwards), spike discharges of the
diaphragm (D) as well as m. oblig. ext. abdom. (M),
time (T) in sec. and signal showing the duration of
vaginal distension. A ; normal breathings (before vaginal
distension) B ; Vaginal distension at the pressure of 30
mmHg increases the frequency and depth of breathings
and makes the abdominal muscles discharge not only
during the expiratory phase but also during the inspira-
tory one.
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Fig. 3. Effects of vaginal distension upon respiratory
movements and intra-abdominal pressure. Vaginal dis-
tension at the pressure of 80 mmHg produces the
rhythmic, simultaneous discharges of diaphragm and
abdominal muscle, which begins at the various points of
the inspiratory phase (B) and results in the increase of
intra-abdominal pressure (A). Horizontal bars indicate
the duration of simultaneous discharges.
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Frg. 4. Experiments for ascertaining the pathways of
afferent impulses elicited in the vagina. The severance
of hypogastic nerves has no effect upon the simultaneous
discharges of diaphragm and m. oblig. ext. abd. elicited
by vaginal distension (A). These discharges are then
abolished after the subsequent severance of bilateral
pelvic nerves, quicking of breathings and continuous
discharges of m. oblig. ext. abd. being left as before (B).
Lastly the severance of bilateral pudendal nerves com-
pletely abolishes the phenomena described above (C).
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Fig. 5. Effects of vaginal distension on spike
discharge of external oblique abdominal muscle
after the spinal transection. Dog with the spinal
cord transected at the level of C3. The spike
discharged from the muscle are increased in their
frequency, when the upper and middle part of the
vagina are distended (A), whereas they are inhibited
by the vaginal distension including the lower part
of the vagina which is innervated by the pudendal
nerves (B).
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Fig. 6. Diagram showing the mechanism under-
lying the effect of vaginal distension upon the
respiratory activities. R. C : Respiratory center A~
C ; Transection of mid-colliculus and spinal cord
at levels indicated in parentheses.
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The oxidative phosphorylation of liver mitochondria from the

obese-hyperglycemic mice

Kazunori Ogura (Department of Physiology, Wakayama Medical College)

1. P : O ratios for three substrates, i. e. succinate, a-ketoglutarate and glutamate, were
measured polarographically in mitochondria isolated from livers of normal and four hereditary
diabetic mouse stocks ; AO, NZO, KK and yellow mouse. No defect was observed in the

efficiency of oxidative phosphorylation.

2. The mitochondria from the livers of alloxan treated diabetic mice and goldthioglucose-
induced obese mice compared to normal also showed no metabolic defect in the efficiency

of oxidative phosphorylation.
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MiEA v 2 ) CRRIEER LY, Aoz vE
DIENNE 2R3 2B R fRE B & ORI iR
ThB. EEASEIE AO <~ A CRIEE~Y
ZXVETF LT3, NZO Tific, &Ewv
ZENHLBN TS (Sneyd?).

KK =7 2 i3 hEEDBH - SiELZ =L,
BEA A CBBI, MEA A Y HEEEE

* UKL R R BT 2
CRARMS4: 11202 4)

(J. Physiol. Soc. Japan (1968) 30, 393-398)

DR, BIREDERE, AO < v x LY
L7FTR &8+ %5 (Nakamura®, +4H9).

Yellow =7 2220 TREL b, £ D
WEECL VIR EN T & . Yellow gene
EMEmE R L, homozygote (AY AY) 1% lethal
T 5H, heterozygote (A¥ a) TIIEIIHE L
750 B « B % 3 (Carpenter and Mayer
9).

5, BERBFOKEDO—>L LT, Kikkk
DHEDFIAREEREL LR, ZhitOE, £
 OWREVPFERFIY ORI > v T, %
DI b 5 v B bRy EER e Bl L
(Parks et al.l®, Vester and StadielD, Hall et
al1®, Beyer and Chamoian!®, Beyer et al.l®).

LaL, Zh b ORITHEHERER D, £
LT, R = 20X —R@toBbskic z
DIERTHBHFET 20ED, 2 L TERIERRE
DABHRFRETH 508, % O E 7
26T,

FZT, EHFRE BRSO - BiulE 2 B
CHRFEHE T2 AO, NZO, KK X 1 yellow
v ADRFI b= v R Y T BRIz
WTRRETE AT, 2L TE 7, alloxan A%
ICk 2EMgE~ Y 2B L, goldthioglucose &
FHC X BB~ ¥ 21220 T R ORE & 1T
o7 DT, fETHRETS S,
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I. REMBELSEIUHE

A. EREW |
EBICHER LI « i~y 205 b,
AO ~wv = (C57BL/6J-0b) i The Jackson
laboratory (U. S. A.) X v#AL, NZO =7 =
i3 Otago k&% (=.—TY5 0 F) XV@AL
7. KK = 28 L, vellow = w7 234 HE

REBELIE VFEY 5 7.
BN KK =7 %, yellow = 212k OA-2
7 vy ERIREL L SR 1 B L Ot
v, FoflcstLTidA ) = v NME [E3
e Rl e,
Alloxan EE[RJE < 7 2 X £%F4 0 Ho

IS < A BIFS b2y F Y 7 ORISR LIz oV T

Swiss albino <= 7 2z 5 % alloxan &¥#g% 170
mg/kg FMBZETHENL, 5~THHEK®
mfE, FEEZHRL, ERICELE.
Goldthioglucose A DR~ ¥ A 1LEH% 4 H
B ® ddO < v =iz Solganol B oleosum (3=
Voo s (FE) 1.0mg/g MHLEEFHAES
L, #9150 A%, B mLEERL, EEO
ELvyorERICH L.
EERICIITRT, 4A~5 W ADBEE<T YRR
By, e LT, AO = o 2B XY yellow
~ v A RFABEEE <Y 2%, KK w7 28Xk
O NZO = v 2izix@As» ddO = v 2 & H
“wiz.
F1EERICHER Lz~ v 2 OKE & fpEE

Tabel 1. Body weight and blood sugar of normal, diabetic and obese mice
Body weight Blood sugar
(2) ~ (mg/dl)
AO  obese @) 51.6 286
lean (1) 23.2 138
NZO 9) 41.0 163
KK 5) 36.5 197
ddo (6) 30.0 136
Yellow mouse 3) 37.0 220
Black  mouse 3) 26.0 140
Swiss  alloxan treatment - (6) 30.0 188
no treatment () 24.0 145
ddO goldthioglucose treat.  (6) 35.0 143
no treatment (6) 30.0 136

Numbers in parentheses indicate the numbers of employed mice.

‘Table 2.

liver + cold 0.25 M. sucrose
homogeniza (10% homogenate)
centrifuge

centrifuge

centrifuge

wash

Preparation of liver mitochondria

1,000 r. p. m. 30 sec
600 g 10 min
3,700 g 10 min
15,000 g 10 min
3 times

suspended with cold suspention medium (liver 1 g/ml)
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ERT.

B. T b FUT oo

VAR —RHAEL, WEERES I & BRIR
L, K& L7z 025 M sucrose BTREIL, ¥
% %%, teflon homogenizer I12C 10% homo-
genate » L, Hogeboom-Schneider #:19 |z #
L, S hav R ToO0METE T (R2).

C. BEFREDHRIE

THE THE Sh - ER T3~ TWarburg
REERHCLRI.. LE L, ZOFETIEK
SIZLTEABSEETI Par FYTIRED
TR OMER OEEN ZPET 5 2 &L BAATRET
b3, TZT, T TIRBEEEREERAL

Table 3. Oxygen consumption (#MO;/mg N of mitochondria/min) of normal, diabetic

and obese mice

EE <Y ATBFAF I b2 v Y 7 OB LAY ILT oW

395

7. EFAWOER L RLEEE & EE
BB, BEME LTHEY 0EERFLE
REBFCEELZ LD E vz

H/E L LT, 7mM succinate, 3mM a-keto-
glutarate, 7mM glutamate % i\, Rl
0.25 M sucrose iz 0.01mM EDTA %#jEC,
FIEE®K L LT, 0.25 M sucrose-1 mM EDTA-
5mM K-phosphate buffer-0.1 M KCl % Hv»

7.

I hoy FY7EE 150mg Eq &% 2ml

DRIGIECEEE DL 9 Ic Lz, RERT T
PH 7.4 %L, Kix 1 4 gk & &
DICTHFABKICTHEARZL 2 b o 2V,
sucrose EIKILEA A b L7z,

Succinate a-Ketoglutarate Glutamate
AO obese 280.4 83.9 89.3
lean 196.6 71.9 714
NZO 273.0 76.8 76.3
KK 152.5 66.5 68.7
ddO 186.5 100.2 92.5
Yellow mouse 179.1 102.3 125.2
Black mouse 224.5 120.0 130.7
Swiss  alloxan treatment 163.9 141.0 128.7
no treatment 140.1 — 77.9
ddo goldthioglucose treat. 185.5 101.8 76.6
no treatment 186.5 100.2 925
Table 4. P : O ratios of normal, diabetic and obese mice
Succinate a-Ketoglutarate Glutamate
AO obese 2.04 3.03 3.05
lean 2.01 3.03 3.05
NZO 2.01 2.99 3.01
KK 2.09 2.94 3.08
ddO 1.91 2.87 2.90
Yellow mouse 2.16 3.18 3.12
Black mouse 2.24 3.23 3.23
Swiss  alloxan treatment 2.22 3.23 3.25
no treatment 2.14 — 3.05
ddo goldthioglucose treat 1.89 2.82 2.78
no treatment 1.91 2.87 2.90
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D. MmEEEDOHE

EEEESIC X D EE L.

E. Z#HOWE
Micro-Kjeldahl #:19% Fv 7z,

0.2 & & R

#3, £4, TI b= FU7 mgN HoH
RN OBRERER LV, P:0 XRbT.

A. AO = =

_%ﬁﬁﬁm@ﬁﬂﬁ L7efBER &L O, IfpEE s
B~ A Cii¥EH 23.2g, 138mg/dl; AO <
v AT FhFh 5l6g, 286mg/dl TdH -
Jo. EBROSE, P:O HEAEELPELY
fE#R Lz, T bbb, HE succinate Tk AO
=W % 2.04, W~ % 2.01 ; a-ketoglutarate
Ti% 3.03, 3.03; glutamate TiZZhZh 3.05
3.05 Tho7c. MFHRIZI b= F) 7 mgN
Wy EATEERIN T, Ry Rickl, AO <
7R TROREMA R L.

B. NZO X, KK w7 =

BN E 1L NZO = v = TH/E % succinate &
L7eBBERCT, NZO, KK & bxfe L
BHA4D ddO <7 2 L VEfEEZR L.

P:0 iz REKEMECTH »7z. THDOLEE
succinate T NZO 2.01, KK 2.09, ddO 1.91;
a-ketoglutarate T FhFh, 2.99, 2.94, 2.87;
glutamate <X 3.01, 3.08, 2.90 TH 7z,

C. Yellow =7 %

FERLE yellow < v 2 (A'+) ZEEFRY
37 g, HipEfE 220 mg/dl, HHEELE L7z [EIfE black
<A (++) X 26g, 140mg/dl Th -7z

RIS C OWE CH A~ 7 % & DI
fEzRL, P:O Hik & b ICkERMEERL
7.

D. Alloxan $#fRJE Swiss < 7 %

SHE L L7z Swiss =7 RII{KE 24g, MLpE
- {& 145 mg/dl, alloxan 5.5~ 7 B D<= 7 A
DRERE, 30g fupEfEE 188mg/dl Tdh 5
7.

ERRICL Y, BEHEER aloxan #E~ 7 2
TROXEEERLEDY, P: O X XKERET

LS R BB b2y F ) 7 OBLESER (LTS T

% 2 7z.
E. Goldthioglucose #E i ddO <7 2
S~ 7 AR ESEY 30 g, i fE{E 136 mg/dl,
goldthioglucose #%Hiz X v, {KE 35g, MmEEE

143mg/dl L7, P:O b, BEBELD
TR R OB 7.
V. & ®

i~ 7cn <, FERFORE D — > L L
T, RIBHEICR T BHEOFIHAEB IO, IF
W 2 F—-REOBBH T o 5.

194442, Kaplan and Greenberg?®ji 1 > 2V
VONE T ROV X — BRSO ERKICERE L T
B7 L B, 19544E Lee 3k 8 Willlams?D
A AY VAT by B TS EALT, 2
Fay R 7 OBEZFRESIL Ty e R
L7, Lo L, *O®BERREYOHFIROM
Wk XU, BLRSER bR L T h b i 5
A A v OEBIEL T RS RES
62}17‘: FThbt, ERFESHHWOFI ba v F

*“ié@k%%@kvx;&#4/z)

248 84 % Parks et all® ¢ in vitro @

%%ﬁ'mi% A Y /&i@mﬁ‘]%@m;ﬁrbxﬁ%
ERODIENRTERL ST

Vester and Stadie et al.ll), Beyer et al.l¥ g,

Parks et al. L RIFORBREEZ TV 5.

nizxtL, Hall et all2 Za1 2y oo
in vitro FRANCERLAYBERRL OLhRHEEEEEI
TR EREL TS, EHFIAERCEE
b, AO =9 2O b KU T &V, in
vitro T4 YA Y V&ML T, Parks et al. &
R OFER TN DT 5.

— A YA Y v RZIREBIC B T B R LRY B
fbiz >k, Parks et all® % alloxan ¥R
B AOHI bavy Ry Tics T, P:O
e ARZE S L 2B L, WVC19574F Veste and
Stadie!D X L2 Ay, PO HoOKT
TEHZLERLL

X510z, Hall et al.1® 4, alloxan $ERIKE T v
PR XU L oG b2y R T
OP:OWBMETT Az EHONIT LI
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Beyer and Shamoian!®1® 3196148, P
LZzREACT, P:O B LR T2/EL 2
eh, SLICHE D, BEICIIER L
ERCT, PO OXRE ThH 5 EEHEEL
7z.

EH134E, alloxan BERBE~YYT AOLRAED
7, BERICHERR & B AR T 5 AO, NZO,
KK BX U yellow =¥ 20fF3 rar Ry 7
DERCHIBERLAE X BB X - THEL
7z. %7z, [AEDERREL goldthioglucose &5
IZ X5 ddO = v Rz o T L4Fh - 77
L L, Z2ofplicivTEbigml e
EET, BERBOONLEL 52, Thbb,
EEOZIFECEIRE, FI b Ky 7o
BRICHIBERRLIZ A v 2 Y ViR E B % 5
3, 7z alloxan B EEWICB T B LR Y v
REZFERICBOCTHRELFL bar I 7o
MR B L OP : O lic b 70 5 7.

LT, SHREEMEmELE~Y 2B X
% goldthioglucose #E B~ v 2 DBIERFE
bAROZNLIEA R LR D D ENTER
Pole. LEERoT, ERHEHRENTERLI L
2V RY T Oz kX —RBREE L IR & 0
@ —SESESh Tl bh v s
3. i, EROPFEDT Tz Warburg #E
B 57 boTHEN, FEHOZTNIIMEE
IR L B LD Th - Tz,

V. & B

B ET « B iLE & B RHE T 5 AO,
NZO, KK X yellow =» 2 & F\v, fF

=2V R T OB MEBRIC L D
BEL, 2B v CBbABRILSER Tb
B L OERE 22

& blz, alloxan ERFE~ 7 2B LY, gold-
thioglucose 5.1z X BB~ I AL <,
SR ORICE L ERBD I 57z,

Wi DS, WIATHEE, Jigdn 5@
B R 5 M T FERIRCHE R ET S &
. RDI /zc“f?—;ﬂ)?:*%_ s mzf#w\
A, MBI BREEREEITEIR, THRETR

H

Oy
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7-Aminobutyric acid (GABA) DR EE(C %4 D & IB ¥Ry

BEZCEYTBME 612.82: 612.014.969

IH. a-Chloro-y-aminobutyric acid («~-CI-GABA) O

A2y

B3 TICET 3 HRE

H & ® A

- i W

The physiological significance of ;-aminobutyric acid (GABA) in

the brain function.

lil. Pharmacological characterization of a-

chloro-r-aminobutyric acid («-CI-GABA)

Takemasa Shiraishi and Kisoi Watanabe (Department of Physiology, Tokyo Medical
College. Japanese Central Laboratory of Pharmacy and Pharmacology)

Using mice, rats, rabbits and cats as experimental animals, the authors investigated
antagonistic or synergistic actions between a—Cl-GABA and some convulsants, morphine,
mescaline, philopon, barbiturate or tranquillizers. In addition, we studied the influences of a-
CI-GABA on the spontaneous activity, decerebrate rigidity and maximal electroshock seizure
pattern. From the experimental results, we have come to the conclusion that a-Cl-GABA
is a regulator or homeostatic substance which shows only a slight influence on the brain
function under the normal conditions, but can normalize it under various neuropharmaco-

logically deviated conditions.

Extrinsic GABA D 3EHZEMIEM 12 > v T
1%, GABA ! blood-brain barrier #i@i@ L%
Vi, ZOHREMIC OV TIEREO 03 %
V. ARESTICBY Tk, GABA o ZKEEAYK
TH L %255 aCl-GABA offEsey &
LT oMk 2 i L, GABA L D/EH DR
iz 2 THRE L7z,

£ B A&

BRI E LT, L LTy A2HH
Liedd, —887 v b, KA, WEbHER LK.
1 f@@ﬁ?ﬁﬁ
. REBZREIEYPE L LTI, metrazol, nico-
tine, strychmne FERA LK.

Metrazol 12~ 7 2 DAt 85 mg/kg #&F
BT 2%, 05%EHE 01ml/10g FEER
ARPIZ S Le. RROFHEITIE T S THRARE
ok 5 TH B L 7z. Nicotine 1 2 %Rk %
0.1ml/10g B.W. = v x D R%RNICES L

* ﬂf‘??‘i‘ AP AT SR, R e DEZEA
n421

127 ]22R %4

(J. Physiol. Soc. Japan (1968) 30, 399-410)

7-. Strychnine % 0.56 mg/kg, 1.25 mg/kg %

<7 AR FES L.

b. BRIC L ZRBOKREICE, BROE
EFANEEE £ F v /2. Spiegel) @ corneal
electrodes #[REkIZE Vv T, S0mA DOERK%
0.2FVf5@ U C, —~ ¥ A maximal electroshock
seizure pattern %L L7-29.

2. Morphine antagonism {Z {3 morphine »
BANESRICE > TET S < 7 20 Straub-Herr-
man tail reaction (%3 % a-CI-GABA (i. p.)
DOEB R WE L. BRI morphine i
#% 5 4yRkRE <5043 (10[E]) HIE L7z, ZEED
AR Juudd O EE V.. Tb b,

KEHEERBOMBEEI L v, 1=45, 1.5=45~
90°, 2 =90°, 2.5=900~180°, 3 =180°, » L
7=.

3. Mescaline antagonism |Z /3, mescaline ¢
FHARNEFNC X o TAT 5 %Ik 0 BB RIES)
o EE (EH#%305 LTI 0ES) % index
L L7

4, < A ¢ spontaneous activity F7-iX
exploratory activity Dl EIC X, BEEOER
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L7z Actometer % fv 7z. Actometer |3JgifEE
ORENZ LY, MKEEL LTHTEBOALD
BB S, WK, IRELSLOB SO &S E T
PIETEL L OTDH 5.

Actometer {Z 2\ CRE B CEMEZ T B
FETH 5.

5 MMEEE I E IR REA, =7
NHEET CEE LM E L L T R CNERic
EEICUW L CER S, Uficiéigkog
B~ EA, E, FHCRED nE 0BG
TEBRPPLTBEOCEE L. FiiLiz
B RERICRE ORIMEEOE L b D DK
ERBICHE Le. BHE OB O ZBREH
EEhc T 2T & o 7.

6. Reserpine iz Xk % ptosis o ZF ffi IZ 1
Rubin et al.® g EEFHV 2. Tbb, B
BOBROEEICLY, #H=522/7xH #H=
3/4, H=1/2, +=1/4, ExEEEZLLL, 10
o<y 2 C20EGAE L D, TOXHERD
7z,

R B K &

1. B&lFEHC 2T
a-Cl-GABA nfEfifk L hEgE 2T 57
W, vUALTy Mt s a-Cl-GABA @
AMEEE R Lic. M#AS5~10TL Vx5
D<A, 5 Mz a-Cl-GABA %FY
YT R B REARE, BEENES, RTES,
HIRNES ©#5 L, Litchfield ¢ Wilcoxon®

Tabel 1. LDsy of a—chlor-GABA in rats, mice
and rabbits .

é%r;:linei.l adr%iorgg%ra(t)tfion LDso (g/kg)
Peroral 11.7 (13.8~9.9)
Rat { Intraperitoneal 7.1 ( 8.1~6.2)
Intravenous >2.0
Peroral 7.1 ( 8.2~6.1)
Mouse { Intraperitoneal 7.2 ( 8.3~6.3)
Subcutaneous 6.3 ( 7.1~5.5)

Rabbit Intravenous >1.0

GABA oligRE ¥ pamyEE (1)

DFHEIC X D128 D LDs 2HE L7z (&
1). ‘

a-Cl-GABA o 23 M B 588 o afi &
hFigiEg L, Lird LDy BB TKT
% -7z,

Ty MBI AHIRNES T 1g/kg Bk
U 2g/kg DIEIC X o T bR 10T 1
Bl 5, PEERLEDL i » o
o, BB OBREROEAICE 2g/ke &5
THHEN 1.6ml/200g 127 50T ERE LD
HARICOVWTHRAD Z L BHEELR.

¥/, BEEOME MDY, K&D «Cl-
GABA #5734, 7 sedation 734
U, BHOEN, KR EHROEEZENY 5
Y L7BHERET, N THRRERENIA
L7z, Z OREBIIAEAGHICHEE O tonic con-
vulsion 32 HICE L, R T ZNICEERHD

clonic convulsion PWhnb 5. PLEORERIZ O

Tik, MlimRLz, 2L T, ZOREORESE
I Biife LT, righting reflex 2332k L, &8
MEVELE U 28 BUREREOBETL
7.

—%F, HEiozwkED GABA ##51L,
B EBIE L. 10g/kg, 13g/kg <~ 25
RN T, BT » o722, 15g/kg @
JEREP TS T i % 1 sedation 23E T, DV TR
HOEAMNFROUE O tonic convulsion 5 & U
clonic convulsion 34 U 7223, «-Cl-GABA &
TEH TR > 5Tz

Pl ko a-Cl-GABA oM PIEMHREE D
ERT, HEREOMTEMDY, LrbiEE
RETHAET S = ik, a-Cl-GABA ORI
W E <, M, blood-brain barrier 7% neck
ThdI i LTS,

W, fkE 2ke D5 LIz a-C-GABA 1
g/kg DEARAEES AT & o hEER bR &
T, DR THBELRD» 5.

2. Anti-metrazol {Ef
a-Cl-GABA m#% M54 2 Befl], HRIEpP#
Ep 1R T, metrazol 85mg/kg &< A
DOF TS L <, anti-metrazol {Ef &t

.



it - #0——GABA O lklEE

U7z, pRAEIEER 2 1 5o L.

Thab s, BELNLEORSL, BERESO

a1, a-Cl-GABA o anti-metrazol {EH %
iz,

Wi 6§D~ 7 2 &4l L, a-Cl-GABA »
anti-metrazol {EF OB E 2B L 7z, ~
T AFAL TEIOE & A E Licds, 2 IRFTHE
15PG, 4 BEIBEIR20ICTHh » 72, Z OakiEIEK

Fig. 1. Neurotoxicity of a-Cl-GABA in a
mouse (20 g, male, 10g/kg 1. P.). Atypical con-
vulsion which consisted of alternative tonic clamps
of the ipsilateral limbs.

401

21ZR Lz, #ihid «-Cl-GABA 2g/kg 0%
F52 ORGEBRER, #iElE metrazol KD
s (EH) BXORLER A Tb 5.
Thhbb, FOEEO4 1213 anti-metrazol
TERE 2 BRI i R T 5.

~ 7 2T metrazol # BREAICHIRIES L7
A1k a-Cl-GABA 600 mg/kg o304 #illE
JEPESIC & o TS E 5 i - 7.

FRIZH 43‘ %4 a-CI-GABA o anti-metrazol
TEM 2 W9+ 5aic, £ metrazol o FiHRk
EEIZ & BE LRt L7z, Metrazol 13 1 ~
3sec OMWETHMN Lz, FORGEIIE 3 IR
L.

&\ © ED expected 97.5 Th % 14 mg/kg %
T, a-Cl-GABA ¢ anti-metrazol {Ef %
BT L7z, «-Cl-GABA Z#RA:4 L1551

W U7 O BRI SR 4 1R
FOpkEE X v Litchfield and Wilcoxon

metrazol %
L7,

Table 2. Anti-metrazol action of a—chlor-GA-
BA in mice (Metrazol 85 mg/kg S. C.)

No. Seizures

Dose Mortality
Route (mg/lkg) No.’l/‘ested (%)
e Control 10/10 100
P. O { 1000 8/10 20
- 2000 10/15 0
Lp { 200 8/10 30

o 400 7/10 30

% %

100 x =100 2
ol g
c O / 1 g
2 50l o/ /d/ 450 3
5 S
H S
- Ny ™~

o= 1 2 4 PETINRT 2, -0
rs

Anti-metrazol action of a~chlor~-GABA

&2}
ga
o



402 B - i0——GABA DRECEE 3 % ErrpyER (1)

DFET EDs REEF 5 L 174 (22.1~13.7)
mg/kg TH 5.

Fl4#kc LT, trimethadione ¢ anti-metrazol
VEF % ek ¥ % &, trimethadione 20 mg/kg @
B TR IBISBIEEE DA T le b 01k 5 filic
TEUP 5T Lo T, a-Cl-GABA L&
FREE ® anti-metrazol {Ef# -+ LD L&
z29%.

3. Anti-nicotine {Ef

600 mg/kg (i. p.) ®» a-Cl-GABA Giinicotine

DEEIC L » TET SRR ERD 50 -

Table 3.
rabbits

Convulsive dose of metrazol (i. v) in

No. Seizures Effective

Dose (mg/kg) percentage

No. Tested
12 0/5 0
13 4/5 80
14 9/10 90
15 5/5 100

Table 6.
morphine (Morphine HCl, 20 mg/kg)

Time of injection Number

Table 4. Anti-metrazol action of a—chlor-GA-
BA (i. v.) in rabbits. Metrazol 14 mg/kg (i. v.)

No. Seizures

Inhibition
Pose elke) y Teted
15 3/5 40
20 5/14 64
25 1/5 80
30 3/10 70
40 0/5 100
50 0/5 100

EDs =174 (22.1~13.7) mg/kg.

Table 5. Anti-strychnine action of a-chlor-
GABA in mice. Strychnine nitrate 0.56 mg/kg

(s. ¢

Latency of Survival time
Dose (mg/ke) convulsion (min) (min)
Control 1.8 2.0
600 2.5 3.9
1200 34 5.0

The influence of a—chlor-GABA on Straub-Herrman mouse tail reaction to

Tail reaction

Dose (mg/kg) before morphine :
L P. : of mice - s
(min) Mean-+S. D.  Diff. (from control) P
Control e 20 1.82+0.55
30 15 10 1.864+0.35 + 0.04
60 15 19 1.53+0.23 —0.29 <0.05
120 15 20 1.34+0.63 — 0.48 <0.02
Table 7. The influence of a-chlor—-GABA on mescaline-induced scratches in mice.
(Mescaline 50 mg/kg 1. M.)
Time of injection Scratches
DoseI (H}‘,g/ kg) after mescaline g;lc?ber of
s (min) Mean=+S. D. Diff. “p”
Control e 8 48.94+41.9
6.25 15 3 39.1+40.1 9.8 <0.05
125 15 8 1454179 344 <0.05
25.0 15 3 5.1+ 55 43.8 <0.02
50.0 15 8 21+ 25 46.8 <0.01



FIfa « Ji—GABA OEREIC BT % 4 msimasss (D)

4. Anti-strychnine {EH

1#S o~ 2 &M L T, a-CI-GABA
@ anti-strychnine {Ef 25t L7-.

Strychnine nitrate 1.25mg/kg (5. c.) 2k
HREE B X O L T, a-Cl-GABA 600
mg/kg (. p) IZMTEDOREL G2 50 57, ff
L, strychnine nitrate 0.56 mg/kg (s. ¢) I &
HREERIC W LTk, a-Cl-GABA (i. p.) 1dggss
FEHOWIRFZIER L, BT E TOHMELEE L
7. ¥ b, strychnine nitrate 0.56 mg/kg
B O IR T RSB TR RS 2 5 0 b o,
a-Cl-GABA 600 mg/kg ¥ X O 1200 mg/kg #&
5% 2T, Zh e 4 533 X V5 Sy ICHE
El (%5)

5.

-

Anti-electroshock
Maximal electroshock seizure (=3t LT, #%
JE o> tonic convulsion D%k %A L LCOHE
+5&, 2g/kg (p. 0) » a-CL-GABA ]
RERE h o 1.
6. Anti-morphine {f: [
a-Cl-GABA % 15 4y BN IR L,
morphine 20mg/kg DFEIC L - TAHETS
Straub-Herrman %% index & LT, anti-
morphine B it L7z, & 0EBREAILE
6 ITHRRE L7z,
a-Cl-GABA 60 mg/kg TH & 7p 1 anti-mor-
phine {EH 7R L7z,
7. Anti-mescaline {EH
a-Cl-GABA #1543 #% I JEIE NS L, mes
caline 50 mg/kg DFHHEIC X » THF 5 scratch
% index » LT, anti-mescaline {ER # &5 L
T RRARIE R TICHR 4 L 7z, a-Cl-GABA 136

Table 9.
2mg/kg 1. M)

403

mg/kg DH 71 Y o/F T anti-mescaline {EfH
o L.
8. Exploratory activity (%3 3 B2
FRRICT TS Lo < 7 % 2128 A L

72. T 7 b b, a-Cl-GABA 25mg/kg, 50
mg/kg, 100 mg/kg o I FEPNESE 1R L

T1545[] @ exploratory activity %, Actometer
DIREE ZHGIMET BT X 5 X 2 HHE LTl
E L, Ringer #h o Rf R & i Lc (%8).

a-Cl-GABA ¢ exploratory activity 1Z3%}4 %
BAL L ZOMETERRDS ik b 5

E o
-2

7z.
9. Philopon antagonism

Actometer O 3L L CHIRERR L O
AT 2 WET 2L, 185 Ko<
v A0 EIEHE A 1 IFRIBE L.

Rniger [ N5 0 56 REET 13 BB EE0E
WA OISFRNC R T, > CEI553 [ o
BEEHEIROT BT 2 M &R Lz,

—73, philopon LT IX 41555 [ o JE B
[ EIF—E TEH L T« 7=. Philopon 2
mg/kg O APTEG% 1 IR o B0
TREED 2 RIS LTz,

KT, a-Cl-GABA 50mg/kg X O 100

Table 8. The influence of a-chlor-GABA on
the exploratory activity of mice

The exploratory activity

(n?ose No. groups (average for 5 mice

2/kg) +S. D)

Control 7 5446.1--1250.8
25 3 5675.7+1181.0
50 3 5484.3+1638.7
100 3 6856.7-~ 982.7

The influence of a-chlor-GABA on philopon-induced activity of mice (Philopon

Treatment Dose of «-Cl- No. Activity % lef in % Inhjbition o
GABA (mg/kg) groups score activity on philopon
Control 0 3 9496.0+1679.3
Philopon 0 4 21413.04-1852.9  +125.0
Philopon+ 50 3 14395.74-2525.0 + 51.6 51.1 <0.01
a-CI-GABA 100 3 9078.0-42209.7 0 100 <£0.001
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Table 10. The influence of a—chlor-GABA on the decerebrate rigidity

Animal Body(kx;eight Dose (mg/kg) Effect Duration
Cat 2.6 20 -
Complete inhibition 4 hrs. obs.
5 +
Cat 24 10 -+ 10 min. obs.
20 e+
Complete inhibition 4 hrs. obs.
Cat 2.5 5 o+ 1 hr. obs.
1 + 10 min. obs.
Rabbi 4.4 5
abbit t } - 30min. obs.
10 ek
Complete inhibition 2 hrs. obs.

2 4

Fig. 3. The effect of a~CI-GABA on the decerebrate rigidity (cat 2.5 kg). 1. Control.
2. 5min after the intravenous injection of 5mg/kg a-Cl-GABA. 3. 15min after. 4. 30
min after.
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mg/kg JEEANHE.» philopon 2 mg/kg (i. m.)

IC X BIERIEANC K 5 I o v TRETL
7z. a-Cl-GABA 50 mg/kg ®#¢ 5.z I v philo-
pon 2 X % H FEEIEIMIEEAER L, 100
mg/kg DIEIZ X 5 TR SR,
Z O&GAEITE, HFID15~305r 7 philopon |z
X SEHEFEOBEMOMBIPFFE H T H -
7o DA EORKEITR 9 ITBRE L.

10. BRAMEEIE 1 x4 B B

FHHICAR L, SR RIMEE ORI LR
SILKRE L L2 EBRICft Lz, 1 ~20mg/kg
O a-C-GABA OB lRN 1S 0 4813 101
WIS L7z, M 31k «Cl-GABA o &:MEmE I
FWER OB 2B ER LI DTH 5.

11. Barbiturate antagonism

«-C-GABA #JIEpsidt U, 7% 1o 1 s
NS L7z pentobarbital iz & 3 spontaneous
activity (righting reflex {2k X V4 L < EV)

Table 11.

Traetment and dose

GABA D iigaE IR+ % AmevEss (1)

The influence of a-chlor-GABA on pentobarbital-induced sleep in mice

Number of mice

405

DIELTHIIERH (sleeping time) D & HIE
L7z,

%3 pentobarbital 45 mg/kg DOIEENEH
o sleeping time {3 25 mg/kg » a-CI-GABA
(i.p) TEMESH 7 (p<0.02). &5z 50 mg/kg
(i p) PAETI 1 %LLT OEMRE o &2 EkE
L7z (31D, |

Wi, S0E~ v 2 2 3F 2 b 1F, AT
pentobarbital 60 mg/kg (. p.) O HF L LI
Ba L a-Cl-GABA *#ix GABA ozh 2
NOBEZMM LGS & B FREAEIZ O T ik
L7z, SEBRIIREEICIT R, EEE B &y
randomize U7z. % DRAEIZRI2ICIKEEE L.
a-CI-GABA o 50 mg/kg 1380 & 2502 - pento-
barbital |z & % sleeping time % 4G#E Lk (p<
0.001). L, GABA [ kEHEL LT b HEs
B2 b o7 §

(X4 ¢ pentobarbital 45mg/kg I X 1860

i

Sleeping time (Mean=S. D.) min '

(mg/kg, L P)
Pentobarbital 45 14 67.8--19.2
Pentobarbital 45
r 20 5204112 (p<0.02)
a—Cl-GABA 25
Pentobarbital 45
+ 14 44.2+145 (p<0.01)
a—Cl-GABA 50
Pentobarbital 45
i 20 424 6.7 (p<0.01)
a-Cl-GABA 200
Table 12. The influence of a—chlor-GABA and GABA on pentobarbital-induced sleep
in mice
Sleeping time (min) Mean-S. D.
Dose of a—chlor-GABA added
Pentobarbital  (mg/kg) Dose of GABA added (mg/kg)
60 mg/kg
50 100 150 200 500 800
A group 88,7+289 615+ 3.7 59.8+ 5.3 98.0:-17.6
B group 100.84:23.3  73.4+14.8 549+ 5.3 97.0+10.6
C group 92.3+27.3 51.8+10.5 44.2+ 8.6 102.0+20.7

Mean  93.9+27.1

67.5+12.0 558+ 9.1 49.6--10.1
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mg/kg #EIZ Xk % sleeping time IZXT 3 a-
CI-GABA D&% /5 7R L b ® Tdh
3.
12, Meprobamate antagonism
Meprobamate % propyleneglycol (g L
T~ U ACIEBENEREESIC LS Lo B3
PEES) 2 3057 [ Actometer THIE Liz. —75,
meprobamate ¢ a-Cl-GABA %#&E L=y
2 D305y 0 BFEEES) 2 HIE LT, WEEOH
EEZE®RLEL.

© min o - Pentobarbital 45 MY 4

x - ” 60 mg/kg

100}~
Vertical bar - Standard error

—x—

\_ \3\
™

+—0—

50

F[H
=1}

oL L 1 1]

] 1 1.
100 150 200 mg,
Doses of (X~Chlor-GABA
Fig. 4. Anti-hypnotic of a-chlor-GABA

2000 _
x «meprobamate 25 mg/Kg iv.

o ~meprobamate 25 mg/Kg iv. °
+ #-Cl~-GABA 100mg/Kg iy.

8

Spontaneous activity
S
o
o
o
;\\\o
*

(82

Q
o
T

oL A !
5 15 30 min

Fig. 5.  Antagonism between «-Cl-GABA (100
mg/kg) and meprobamate (25 mg/kg) on the spon-
taneous activity of mice.

Meprobamate 50 mg/kg D#E T iX BHEHM%
SEENIBE I 2 b h, ECEFRREBICHE-
7. ZOX 5 IREBICHK LTk a-CL-GABA
D S h 7. PEL, meprobamate
25 mg/kg TR Y EFINBICIEDHE 1T,
a-Cl-GABA 100 mg/kg (i. p.) O#REIZEE
N ERMEEESORELEC. T Db b,
meprobamate 25 mg/kg @ & DIFEFED BFEME
EHNE 1046.0£1476 Tdh - 7z DICHL a-
Cl-GABA %dtic # 5 U =80 BFEMETX
1722742968 T, EDER5 %UT O BHR
RTCHEE T -T2,

Meprobamate 25 mg/kg D544 D HHEME
B 5 SRS PRD B, T ORI T
Li»@Epohnivd, a-Cl-GABA #3tic#
LA ZSamo HREEES L L%
{, ZF0#%OBRMESOBAEN D B0
/2% (K5)

%, meprobamate |z J % hypothermia (Z 5t
LTl «Cl-GABA oFEBIF D LML, -
7c. Meprobamate 25 mg/kg (i. p.) i X 2EE
BOTFHE 7.9£1.2°C (¥— 3 2 #KiRFC &
3HE) ¢, a-CI-GABA 100 mg/kg (i. p.) Fff
MoHERT1£25C TH e,

13. Chlorpromazine (CP) {zxt+ 21ER -

CP-HCl #EoFHENEEIC XL > TET 27 Y
¢ tranquillization % «-Cl-GABA i X 5T
S HICERERN DR L. RI31T 0.5mg/kg
CP-HCl » a-Cl-GABA 100mg/kg #JEIEM
B LicBa O ER &3 T EROBIE T,
BRI ERN I HEH% 0305y, 18 5 LoRlE
ETxRLTH 5.

M, v hEERLT CP & «Cl-GABA
DEGEEBE L. 7y FORAITERIEES

EAEEICOCTHIE L, Fofofkeix

<7 2ADEES LFEETH 7. CP (0.5mg/kg
ip) OEFIETy Mz Th aC-GABA
100 mg/kg (i. p.) 1T ko> THB MR S
(F14).
14. Reserpine Zx%t3 51/EH
a . Reserpine iz X - T4 5 ptosis |2}

-4
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T HRE

Reserpine 4 mg/kg %~ 7 AICHEEAREH L
T 3R prosis ZMIE L7c (D, —
75, reserpine 4 mg/kg DIEIRPNEST 2 FEH]
H12 «-Cl-GABA # RS L T reserpine
TES % 3 WEH T ptosis ZJE Lie. ZOEBRK
FBIERIBIZIARE L7z, «-Cl-GABA 100 mg/kg,
200 mg/kg D13 reserpine OIEFIC AL D
FELE 2 5T

b. Reserpine |z X % tranquillization |z 5
ERRg-7

B oFEE L RRIC LT, reserpine {5

¥t L reserpine+a-Cl-GABA #EE#/ED,
135 R~ v 20 BAFHEE) % 1557 (reser-
pine ¥ 54 3R » & 1543f8) Actometer
THIE L.

Reserpine 4 mg/kg I X 5 THEFT 25 A ¥
55475 tranquillization (2% LT «-Cl-GABA
100 mg/kg OFHIIAEOFBE LH 2 b -
Jz. E7-, reserpine 2mg/kg 12k - THT S
tranquillization |ZEER OBHER 22 2N K T, a-
CL-GABA #jiiz 85 U BECHE, 21 ni—J8
Kemolo, Tinbb, HEOSHRE O HIE

GABA DI ¥ % A:Tmpmsse () 107

MEENIT 5289.8+996.9, reserpine 5T
808.3+-367.0, «-CL-GABA FHi 5 B < 13
355.04:411.2 Th -72. t HREIC X ¥ reserpine
#hEE L o« Cl-GABA Fiin#5HICIFE
ERRD LN 5Tz

T 30L& R L TRIBOEREZTE -
Feo L, T FOBARE LLIEOVTH
RUSEBRRIE L. L, Z DAL reser-
pine 55, o-Cl-GABA [fn#5# Tl A
HREOREENELSART, MERCAEZER
O HNTEN 5Tz,

Table 13. The influence of a-chlor-GABA on
the chlorpromazine-induced tranquillization of mice
(5/dose) (Chlorpromazine HCl 0.5 mg/kg 1. P.)

- No. of Spontaneous
Treatment groups activity for 30 min
Control 4 13194.8-:819.0
Chlorpromazine 3 3786.32:759.5

Chlorpromazine }
1

+
a-CI-GABA
1. P. (100 mg/kg)

* The difference from the chlorpromazine-treated
groups is statistically significant (p~0.02).

69

Table 14. The influence of a-chlor-GABA on the chlorpromazine-induced tranquillization
of rats )
. A PP ..
Treatment and dose 11;{?5 of aZteir\z%; fsg;)rgtgrllsﬁllls Diff. in activity P
Chlorpromazine (I. P) : N
0.5 mg/kg 4 5117.84:1087.3
Chlorpromazine (I. P)
0.5 mg/kg
+ 1 2165.8+ 784.9 —2952.0 <£0.01
a-CI-GABA (I P)
100 mg/kg

Table 15.
4mg/kg 1. P)

Time of injection after

The influence of a—chlor-GABA on reserpine-induced ptosis in mice (Reserpine

Dose (mg/kg) L. P. reserpine (min) Number of mice Ptosis
Control — 10 3.6
100 150 10 3.7
200 150 10 3.6
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Table 16. Pharmacological characterization of a-chlor-GABA

Screening éxl_\(]:i/-\ Barbiturate rﬁ?gzrli(c::ha(.)éxe.nts %Elhalg?rﬁlsl' Meprobamate Cllgll;zrig?' Reserpine

Nicotin 0 — — — — 0
 Strychnine +

Metrazol - - — — 0 0
Morphine —— — — — _
Philopon

or —_— -+ or — — —_— ———
Amphetamine
Mescaline - Oor + - _—— 0 — 0
Barbiturate ——— ERREE RIS
Meprobamate -
Chlorpromazine + B
Reserpine ? + 4+ 4+

% = #L a-Cl-GABA, &5iziz GABA

HITRIC GE#E U ic EBRARAE & R 161THRTS L.
i, RIGCIIEHEST 298 ORE bFEE L.
o DOpEIXEE LT Chen & Bohner®

OHEFVERALZLOTH S, EFREXE

ORI O TORBHREEZTT DT, &
BREIOEFBREORE L TRTboTEARVZ L
CEEShEY.

T DFRELHB L a-Cl-GABA | excitant H1
@ convulsants (2% L CIXE W HEFIERA»FEA
CEBERSEVHAT & , deprressant 1o
Vv % hypnotics & %\ % narcotics T3 L
TiEEH T %28, tronquillizers (23 L Tixgg«
B ERBIMER 2R T2 e 3bh 5.

Barbiturate (%4 3 EHfEHAZED» 5 a-Cl-
GABA # tranquillizer 12 #<{ &\ LB
575 Td v, anticonvulsant, hypnotic, narcotic
Th\WZ EbBHL2TH 5. Philopon, mesca-
line lcEHt+2 2L XV EzxED depressant [
FL T B3PI H2 BN, barbiturate, meproba-
mate ZFEHRTBZ0T, THOHMCHET £ &
. I(\‘

a-Cl-GABA o FE#icst+ 5/EH P, mesca-
line [Zxb¥ 2 HEFUER R E DB TH B2 &,
FHBEE TS DEEY 75 JiE T philopon
2 LT B U ER Eon T o LR L
bz B Z AT AR AR RN T catecholamine

RETTRIREM R RE L, BRIE. Z O cate-
cholamine & D #EEHI/EA D@ 212, chlorproma-
zine » O HEARAEL, aCl-GABA Ao
tranquillization |zt 2 HpEIER o7z iz, Z
OWATERBEE L 0 EPHFET 5 L2
% 4L, meprobamate |2 %3 3 FEEH/ERH L FRAE
TE 5. ,

UEDEREERE I v E LK 5> Tik aCl-
GABA [ HURMHER B 7 & O (R
B L72BE 0V TFhIC R Th IER A ICER
S5 K HICVE T 5 regulator & %1% homeo-

static substance or mechanism rIEfESH 5.

PR DBRERIEM O FILS T, 2B
—R, RAERLBEAHEL L 2ICELRED
HBIC OV TRESBOWERILF R Eh &
v,
a-Cl-GABA o -3k o SR H9/Ef 1x GABA
LEDREXBTHENE VO RENEEL
5. ZOHEITO W TiE, BERY oml oCl-
GABA » GABA »{EH 3 blood-brain barrier
BEMOHBDEEOFTE, MO TILLT
VB ERbR LTS, AFEICBCTY,
KED «-Cl-GABA r GABA ##5 L &
BEOPEBEEN I —ET 5 = L NEfish
7o E7z, Z OWEEMEE GABA o EAIHE
EXANMENICEA LSS L I —%L
Twv5. i, GABA ¢ anti-metrazol {ER!
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anti-barbiturate {Ef® 2oV Tk 3 Cloifis
Bdb.

LT, wEn Lo A, a-Cl-GABA L
GABA DEFRNBEZE LV L 258D ¥ 38
BEZ L. ffL, = ORERSBROEICR
CTLE DR LEEERDZTHA .

7 &

a-Cl-GABA o3y & LT oM & B
FRIZT B0, ~U A, Ty b, KR, MEH
W, HT@?ZU%F%’E Bl

. BMEEcoVv L, BEREOMME
%b# FHELL, Lad LDs 3fid TKT
-7z, HIREMIT GABA L [Fl##, sedation,
righting reflex Dk, BRI EBOFETH
7z,

2. Anti-metrazol {ERIX, ~ U A TIIEREE
RBBERNS Y, FETIX trimethadione }
BERBEOIEALRRD bhik.

3. =W R{ZPBIFH nicotine @%H}RV\}?}E%
ZEoTAETIRBICH LT, ZERIBdLH
ol

4, =7 A BT, strychnine nitrate 1.25
mg/kg (5. ¢) I & » TAET HEER I URTIC
XL & DB R 5 2 725> 5 7223, strychnine
nitrate 0.56 mg/kg (s. c.) OB F LTI,
RBFEHLOWRE B X 0T & T ORI 2 IEE
L7z,

5. Maximal electroshock seizure 1z LT
IHIIR E RS I h 5 7z,

6. Morphine 20 mg/kg (i. m.) 12X » T4
+% Straub-Herrman L LT, WS 75>
I INBIEh R 2R L.

7. Mescaline 1z k - T4 ¥ % scratch (%t
L THR < & T anti-mescaline fEH &7~ L7z,

8. Exploratory activity 1%, 100 mg/kg (i. p.)
@ a-Cl-GABA 1z X Y B85 % %3 7> 5 7z

9. HIFEEBNICK LTEH i philopon T
ERA»BRD b,

10. BREMBEEIC S LT
BRSO,

. B B 2 i EIR R

11. By 5 #~7; barbiturte antagonism %755 L
7z. '

12. Meprobamate {Z X % sedation {23 L T
VI S 2 i fERLER 2358 & iz 23, hypother-
mia lZ% L CIREEIR D RN 7.

Xt L T IRBEOm A

13. Chlorpromazine |

ER &R L7z,
14. Reserpine |Z X % ptosis, tranquillization
kLT, DB RS L r 57z,

w—utwwﬁzhtok%%wﬁ%*“ﬁ

L, BRHEICIE o-Cl-GABA [y sisse

BN I AR iR R, BRI R RE D  regulator
% %\ 1X homeostatic substance & LT D{EH

o ﬁ L, Z 7}’b z 3[7’“~catecholamine Ve B A3 ek &

WY 0, R SRS, kBl e - 72
lnl‘fl FHNER BRIz %< I LET.
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Abortive spike of leaf-like receptor in the frog muscle

Fumio Ito *

Department of Physiology, School of Dentistry, Aichi-Gakuin Universily,

Nagoya

Katzl) found discrete ‘steps, (‘pre-potential’,
Arvanitaki®), in the foot and rising phase of
the action potentials from the frog muscle
spindle receptors. When the muscle is almost
slack and its afferent discharge is not frequent,
the prepotentials occur independently in quantal
size and are not subject to continuous grada-
tion. They are termed ‘abortive spike’ and
known to be quite different from the end-
plate potential or the local cathodic response
in nervel. Such an abortive spike, however,
has not been observed for the other kinds of
receptors ; for example, Pacinian corpuscles®?,
crustacean stretch receptors® and cutaneous
sensory nerve ending®. In the present study,
the abortive spikes were observed for the leaf-
like receptors in the frog muscle which were
recognized by Ito, Toyama and Ito” as a kind
of stretch receptors and by Paintal® as the
pressure-pain receptor in mammals.

A single afferent nerve fiber for a leaf-like
receptor was isolated in its intramuscular course
of the frog sartorius muscle ih the vicinity of
the receptor. The receptor was identified by
its functional properties during passive stretches
or contractions of the muscle® with the obser-
vation by microscope or on conduction veloci-
ties of its afferent impulses”’. The muscle
containing the isolated receptor was placed in
a Ringer's pool of a perspex box, and the nerve
was placed in another Ringer’s pool across a

liquid paraffin pool of 1 mm width. The distance

N BRI A R A e
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from the site of the receptor to the liquid
paraffin pool was 1 mm or less. The responses
of the receptor were led with a pair of calomel
electrodes inserted into the pools and displayed
on a dual beam oscilloscope through a high
input-impedance amplifier. The muscle was
stretched by 3mm from the in sifu length of
the muscle (ca 30 mm) by means of a stretcher?
which was driven by triangular currrents of
different angles, and the produced tensions of
the muscle were detecfed by RCA 5734 at the
fixed end. _

Fig. 1 shows representative records from a
leaf-like receptor. When the muscle was stret-
ched at 15 mm/sec (Fig. 1A), the muscle tension
(lower traces of the records) was gradually
accelerated and attained the maximum of 0.5 g
at the ‘completion of the stretch, while the
receptor responded with generator potential,
abortive and propagated spikes (upper traces of
the records). With increase of the stretch
velocity (30 mm/sec in Fig. 1B to 60 mm/sec
in Fig. 1D), the slope of the tension increment
became steeply, and the rising phases of the
generator potential became sharp. The abortive
and propagated spikes did not produced until
the generator potential increased beyond 0.25
mV at different velocities of the muscle stretch.
The abortive spikes occurred in discrete quantal
size and were sometimes superimposed with
successive abortive spikes (Fig. 1B and D), or
appeared as a step for the propagated spike
(Fig. 1C).

The amplitude of the abortive spike decreased
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with increase of the distance between the site
of the receptor and the paraffin pool and
disappeared when increased over 7 mm, but
the propagated spike height remained unchan-
ged. This implies that the abortive spike may

Q 5§ mv
03a
50 msec
Fig. 1. Responses of an isolated leaf-like recep-

tor (upper traces) and tension changes of the
muscle (lower traces) during muscle stretches at
different velocities (A-15, B-30, C-50 and D-60
mm/sec).

be a local response. of the sensory nerve end-
ings and if not, it does not propagate proximally
beyond the branching node of the axon. The
existence of abortive spikes in leaf-like recep-
tors is interesting in relation with the histo-
logical characteristics that the sensory nerve

fiber of leaf-like receptor divides into many

myelinated branches in its terminals as well as

in the muscle spindle (cf. 7).

A part of this work was supported by a Grant-
in-Aid for Fundamental Scientific Research from
the Ministry of Education.

References

1) Katz, B. (1950) J. Physiol. 111, 248-260

2) Arvanitaki, A. (1939) Arch. Int. Physiol. 48, 209-
256

3) Gray, J. A. B. and Sato, M. (1953) J. Physiol.
122, 610-636

4) Hunt, C. C. and Takeuchi, A. (1962) J. Physiol.
160, 1-21

5) Kuffler, S. W. (1954) J. Neurophysiol. 17, 558-
574

6) Murray, R. W. (1961) J. Physiol. 159, 546-570

7) Ito, F., Toyama, K. and Ito; R. (1964) Jap. J.
Physiol. 14, 12-33

8) Paintal, A. S. (1960) J. Physiol. 152, 250-270

9) Ito, F. (1968) Jap. J. Physiol. (in the press)

<«



(J. Physiol. Soc. Japan (1968) 30, 413-414)

The active state of frog skeletal muscle determined by
the isotonic quick release method under no load

Hidenobu Mashima *

Department of Physiology, School of Medicine, Juntendo University, Tokyo

Two different methods have been developed
to determine the active state curve of skeletal
muscle ; namely the isometric quick release
method deviced by Ritchie” (1954) and the

isotonic quick release method described by

Jewell and Wilkie® (1960). The active state :

curve determined by the isometric method
represents a course of the capacity of the
muscle to bear a load or to develop tension, but
the curve determined by the isotonic method is
a course of the capacity to shorten during
contractile process. In the previous report
(Mashima®, 1967), it was suggested that the
capacity to develop tension did not attain the
maximum value during a twitch at 10°C. In
this report, the active state curve was deter-
mined by a new isotonic method, in which the
quick releases were made in two steps in order
to measure the shortening velocity of the
contractile element precisely even under no
load, and the result was compared with that
determined by the isometric method.

A small bundle less than 5004 in djameter
dissected from the semitendinosus muscle of
the frog, Rana nigromaculata, was mounted
horizontally in the Ringer bath, and the tem-
perature of Ringer solution was maintained at
10°C by the thermoelectric regulator. One
tendinous end of the muscle was penetrated by
the stainless steel needle attached to the anodal
pin of RCA 5734 tube, and the other end was
penetrated by the tip of an isotonic lever,

*ELESIEAS ¢ NE R R A SR AR RS 2 Al
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which was made of light wood with a tup of
stainless steel needle, 7 cm in a whole length,
400 mg in weight, and the effective weight as
a load for muscle was less than 5 mg. The mo-
vement of the lever was picked up photoelec-
trically and displayed on the oscilloscope through
an amplifier. A pair of platinum foil electrodes
were placed on opposite walls of the bath and
the muscle was stimulated by transverse electri- .
cal current field with the duration of 1 msec.
After a stimulus, the first quick release was
made by pulling a small hook from the lever
with electromagnet. Then, the muscle began to
shorten quickly and the lever collided with the
stop, which was removed by the second quick
release made by another electromagnet at the
instant when the lever collided. The quick
shortening of the series elastic component
after the first release was less than 4 % of the
muscle length. Adjusting the distance and time
interval between two releases, it was possible
to record the shortening curve of the contractile
component after the second release even under
no load at 10°C or higher temperatures. The
velocity curve, which was obtained by differen-
tiating the shortening curve electrically with
the time constant of 3 msec was also displayed
with another beam of the oscilloscope.

The active state curves thus obtained at the
body length are shown in Fig. 1. Under no
load, the active state generated by a single
stimulus reached its full extent immediately
after latency of 10msec in agreement with
Hill’s observation® (1949) and decayed gradually
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‘in 200 msec at 10°C (Fig. 1, A). The

4
falling phase of the active state curve . :m / sec

determined by the isometric quick re-
lease method was plotted in Fig. 1 as
a dotted line. Both curves were almost
coincided at later than 100 msec from

a stimulus. With the increase in load,

STATE

the capacity to shorten was depressed
and decayed sooner (Fig. 1, B, C.)
Under no load the velocity obtained

by a single stimulus attained the real

ACTIVE

maximum which was not increased
when repetitive stimuli were applied,
but under some load the velocity ob-

tained by two stimuli was greater than

.that by a single stimulus, as though a Fig. 1.
muscle during a twitch determined by the isotonic two
releases method. Muscle length, 13 mm ; load, A : no
load, B :50mg, C:200mg; 10°C. Dotted line is the
active state curve determined by Ritchie’s method, when
the maximum tetanic tension is shown as 100% line.

delayed onset of the active state in
heart muscle (Sonnenblick®, 1967).
Jewell and Wilkie® (1960) pointed
out that the active state curve deter-
mined by the isotonic method was decayed
more rapidly than that by the isometric method.
In the present study, however, the active state
curve under no load was determined by the
isotonic two releases method and it was ascer-
tained that the tails of both curves were almost
coincided. The fact that the capacity to shorten
attained the maximum value immediately after
the stimulus, élthough the capacity to develop
tension did not, is explained in a light of
the sliding-filament theory (Huxley®, 1957).
Gordon et al.D® (1966) showed that maxi-
mum velocity of shortening under no load did
not depend on the amount of overlap between
filaments, while the maximum tension did. In
this point of view, the capacity to shorten
would represent the active state of an individual
cross-link between filaments and the capacity
to develop tension would represent the total
active state, which is a product of the active

state of a single cross-link and the number of

of muscle under no load

——— e 100 %

0 100 200
msec

The active state curves of frog skeletal

activ cross-links. _

The two releases method was deviced and
the active state curve was determined under
no load at 10°C. It was concluded that the
capacity to shorten attained its full extent
immediately after a stimulus, and decayed

gradually in 200 msec.
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In-vitro method for the studies on penetration
phenomena through intestinal membrane

Shoichi Nakano, Tsunehisa Sato and Kazuaki Fujii*

Department of Physiology, The Jikei Universiiiv School of Medicine

Many studies on “in-vitro method” of intes-
tinal absorption have been reported during the
past ten yearsD2H6)7),

Improving Jervis et al’s apparatus®, we
devised a circulation apparatus which could
automatically record the penetration phenome-
non through the intestinal wall by determina-
tion of ultra-violet absorbance.

As shown in Fig. 1, A, the everted intesti-
nal canal was tied up to Part a. The solution
on the side of the intestinal serosa was circu-
lated by a bubble lift of 9594 O, and 59, CQ,.
In the circuit a quartz flow cell was set, and
the change of wave length absorbance was
recorded automatically by an ultra-violet pho-
tometer, e.g. the substance of ultra-violet
absorbance was added to the solution on the
mucosal side (b), and when this penetrated into
the intestinal wall and passed to the solution on
the serosal side, the absorbance could be direc-
tly and continuously recorded for each wave
length. Penetration phenomenon could be obser-
ved without any volume change of circulating
solution and physical influence could be avoided
by making the solutions on both sides of serosa
and mucosa so isotonic that there was no osmo-
tic effect, the passage of substances from the
mucosa to the serosa occuring against a const-
ant hydrostatic pressure of 15~20 cm H,O. By
connecting an infrared spectrophotometer to

this apparatus, instead of an ultra-violet spectro-

*OPEPRE— o fERRIE S - TEHRIBE : HEEES
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photometer, infrared absorbance can be de-
termined, and by connecting a rotary dispersion
set, optical rotation and its dispersion can be
measured. Furthermore, by connecting a multi-
purpose recording spectrophotometer to this
apparatus, the wave length curve can be rapidly
scanned. It is also possible to determine the
difference of electrical potential and the change
of pH between the serosal and mucosal surfaces.

On the other hand, this apparatus can be used
for the chemical determination of glucose, so-
dium, potassium and fat by taking a certain
amount of the solution. This apparatus is also
useful for investigation as to the penetration of
such substances of ultra-violet absorbance as -
protein, active polypeptides, amino acid and
nucleotides, in the presence of glucose or such
the mineral electrolytes as sodium and potassi-
um. It can be also used for the analysis of
interaction of carbohydrates, lipids and proteins,
and studies of the influence of various metabo-
lic inhibitors and consequently for elucidation
of the penetrating mechanism in the intestinal
wall |

In our experiment, by use of this apparatus,
intestinal penetration of insulin as active poly-
peptide was observed. Insulin used for our in-
vestigation (Actorapid Novo-Insulin, pH 7.2,
Pig) had 258 my: of absorbance wave length at
its maximum. At the wave length memtioned
above, a linear relation between density and
absorbance existed within the extent of 5~25
#g/ml insulin. On the other hand, a vinyl tube

was connected to part a of this apparatus, Ty-
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Fig. 1. A : The apparatus used for circulation of fluid
through the intestine. a : The everted intestine tied up
here. b : Solution on the mucosal side. c : Solution on
" the serosal side. d : A quartz flow cell. e : A bubble lift
of gases. f: The electrodes. B : Penetration of insulin
through the intestinal membrane. Ordinate : 258 mp ab-
sorbance on the serosal side. Abscissa : Time course
before and after the addition of various concentrations

of insulin.

rode solution was poured into part.c, and
then insulin was gradually added. When
insulin was diluted directly by Tyrode
solution, the absorbance showed a similar

tendency, namely a linear relation was

found between density and absorbance.

This finding suggests that a quantitaive

determination of insulin penetrating thro-
ugh the intestinal wall was possible by
using this apparatus. In the same way, the
everted jejunum of a rat was connected to
Part a and the experiment was carried
out. The sammarized result of it is shown
in Fig. 1, B.

By taking the solution on’ both sides of
the serosa and the mucosa at set intervals
and taking a continuous wave length of
210~350 my, the substance of 258 my
absorbance appeared gradually on the
serosal side. The 258 my absorbance on
the mucosal side which was produced by
addition of insulin, gradually decreased.
Furthermore, by using I'*'-insulin, radio-
electrophoresis and decreasing effect of

blood sugar, the penetration phenomenon

~ through the intestinal wall was observed.

From these results it is suggested that
active insulin can partially penetrate th-
rough the intestinal wall, when there is
a considerably high concentration of in-

sulin in the intestinal canal®¥,
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