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Résumé

Under the constant environmental condition
of 25° and 8925
the “ Noheji” race of the gypsy moth, Lyman-

relative .humidity, the larvae of

tria dispar L., were reared separately omn leaves
Zelkova serrata Makino.

The females ‘of the « Noheji”
moth moulted 5, 6 or 7 times in their larval stage
and the males moulted 5 or 6 times. In all these
cases mentioned above, -
width of exuviae of hecad capsule to instar num-

ber were found to be represented generally by

two straight lines intersecting at a point of the

We shall be able to determine the
instar to which a larva belongs by measuring
width of exuviae of head capsule in the larvae
ranging from the Ist to the 3rd instars, but we
shall fail to tell the instar number by this method
in the.larvae ranging from the 4th to the last
instars.
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The mode of toxic action of DDT has been

* 'Former name, Toshio Ismir

** 2Lk, @Ik

studied by many mvestxgators along either of the
e., the effects of DDT on va-
nous physxo]ogxcal functions in insects and the
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effects on the metabolism of insects. 1t has
been clarified that DDT avgments the repetitive
- excitability = of the - nerve resu]ting in hyper-
excitation of the rxerve and muscle, that ‘it strongly
stimulates the respiration ofvinseets, th?.t it in-
duces the exhaustion of metabolites in insects,
-that it does not affect the cholinesterase activity
either in vivo or in vitro, that-it may affect the
activities of some oxidases in vitro, and so on.

It has been -concluded in our previous papers
that an augmentatmn of the repetitive excita-
bility of the nerve, mc]udmg both the soma and
the axon, is a primary action of DDT. But the
knowledge obtained  up- to date either by bio-
chemical studies or by other ones cannot be used
for the explanation of the cause of such a func-

tional change in the nerve. In.a series of ex-

" periments we attempted to find the cause of the -

" functional changes in the DDT poisoned nerve.
As the first step in these’ ﬁuvestigations, the ef-
_f‘ec‘ts of DDT on the resting potential of the

. nerve fibres of the cockroach were studied in
comparison with those of oxygen lack, metabolic
1nh1b1tors, and potassium ions on the resting poten-
tial, for the maintenance of the’ restmg potential
was known to “depend on the metabolic energy

in the nerve.
Malenals and Methods

. The abdominal nerve' cords of adults of both
the American cockroach, Périplaneta americana
T L. and the smoky brown roach, P. suliginosa
S. were emp]oyed. Since the values of the -res-

, “ting potentials and the reactions to the drugs

used in this experiment were similar in both
.species, the datz_l .obtained will loe. discussed to-
gether. S

The experiments were performed during August

and September at room temperature.

The- central nerve cord of the cockroach has

six glant axons with dxameters ranging from .20
" to 45 microns and ten to twelve’ axons with
diameters ranging from 5 to 20 microns per each
conneetrve*”. The giant axons originate in

the sixth abdominal ganglion and either connect

synaptically with the motoneurones in the meta-,

meso-, or pro-thoracic ganglion or _ connect
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directly to the brain. They have no - synaptic

contacts with other axons on the way from
the sixth abdominal gang]io’n‘vto the brain or to
the thoracic ganglia.  As these giant axons aré
very large’ in diameter When comoared with
the other axons in the nervé cord -a potent1a1
difference measured from any point on the nerve
cord is largely caused by the potential dxfferences
in the giant axons. T :

The. potential differences . between a central
uninjured region of the nerve cord and-a cut
peripheral end dipped into Ringer-isotonic-KCi
' These potential - dif-
undoubt:edly, do mnot indicate the ab-

solution ‘were- measured.

ferences,

) ’so]ute values of the resting - potentidl, howevexi',

it is sufficient to compare the relative changes
in the restiﬁg potential under various environ-
mental conditions.  With this easy method of .-
resting .potential measurement it:is very conve-
nient to perform many experiments, and one can
measure several preparations successively.

It may be possible to measure the potential
difference by another arrangement of external

electrodes. - When both ‘electrodes are located

" in uninjured regions of a nerve, and the drug to

be tested is applied to one region, the potential
differences produced by the action of the drug
.can easily be measured. - One advantage of this

. method is that the control-value can be taken

" from the same nerve, but, a disadvantage is that

the original resting pgtential cannot be measured
since only potential differences are measured by
this method.
the electrodes to be wxdely separated,

However since, it is necessary for
‘the cock-
roach nerve is too short for this. method .to be
" utilized. v ‘ v
After excision of an, abdominal nerve’ cord krom
a roach, adhermg tissues were removed as com-
pletely as possible in order to minimize ‘the short
circuit ‘effect in the measurement of the restmg
potentlal
The actual method of resting potential measure-
ment used in- this study was similar to that de-
scrii)ed by Shanes & Brown (1942).

nerve cord preparatxons were soaked in Ringer’s -

Several .

so]utxon successively, and all preparations, usually
six to ten nerve cords, for one course of the

\
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Fig.1. The nerve chamber and the arrange-
ment of the electrodes. Explanation see text.

experiment,! were mounted at the same time on
the electrodes in a bakelite “mnerve” chamber
(Fig. 1). The central uninjured region of each
nerve was in contact with Ringer, with or - with-
out drugs, in one end of a U-shaped glass
tube, a, having an inner diameter of about 3.5
,mm. The other end of each glass tube lay out-
side the chamber and was in contact electrically
with the Ringer-isotonic KCl solution, ¢, by
means of a U-shaped glass tube, b, containing
Ringer-agar. The isotonic KCl solution, ¢, had
electrical - contact with saturated KCl solution,
e, by means of a U-shaped glass-tube, d, con-
taining saturated KCl-agar, and the latter solu-
tion in turn was connected to a saturated KCI
type Calomel electrode, f. The cut peripheral
ends of all nerves were dipped into a long com-
mon trdugh, g, filled with the Ringer-isotonic
KCI solution, ]eading to a smallA trough, i, by a U-
‘:svhaped glass tube, h. A U-'shabed glass tube con-
" taining saturated KCl-agar, j, provided e]ec;ricél
_ contact between this trough, i,and the saturated
KCIl solution, k, which in turn was connected tc;
the other saturated KCl type Calomel electrode,

oM B ¥ oM 2 21

1. Successive measurements of the resting poten-
tial could be perfomied_ by successive transfers of
the U-shaped glass tube, b. .

The potential difference was measured with a
potentiometer employing a reflection type galvano-
meter, having a sensitivity of 6.6 x 10? A, as a
null point instrument. At maximum sensitivity,
the potential could be determined within 0. ImV.
A Ringer-soaked cotton thread was employed for
the measurement ‘of the potential difference not
derived from nerve but from electrical circuits,
the value of which was subtracted from the ap-
An inlet,

m, and an outlet, n, of ga'ses: were attached to

parent resting potentials of the nerves.

the chamber.” In order to faci]itate'thé diffusion
of gas to the nérves, the central uninjured region
of each nerve was put on a Ringer-soaked filter
strip, 1~2mm wide, one end of which was.
dipped into the ‘end of the U-shaped glass tube,
a, while the other end of which was put on a
The chamber
was covered with a glass plate, in order to pre-

pillow made by the glass rod, o.

vent desiccation of t’he nerves and to permit the
admission of gases. ‘

Two methods of drug application were em-
ployed. . One was the local application of the
drug containing Ringer solution to the central
uninjured region of the nerve after a withdrawal
of noh-drug containing Ringer from the outer
cut end of the U-shaped glass tube, a, the other
method was the soaking of the whole nerve cord
for some time in drug céntaining Ringer before
mounting the. nerve cord on the electrodes.
The former method will be called the “local
application method”, the latter, the “soaking
method”. -

Commercial nitrogen was led through alkali-
pyrogarol ‘solutions in order to eliminate the
small amount of oxygen contained, and in turn
was led through a 70cm column of water in or-
der to saturate it with moisture. Commercial
oxygen was directly led through another column

of water.  After being saturated with water the
oxygen and nitrogen were both attached to the
inlet of the chamber. . A

Cathodal curreht was applied to tHe nerve
through silver-silver chloride non-polarizable
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‘electrodes, one of which was dipped into the
common isotonic KCI solution, ¢, as a cathode,
and the other in the small trough, i, as an anode,

The ‘Ringer’s solution used is the same as that
described in -our previous paper?, 153. 9mM NaCl
2.6mM KCl, and 1.8mM CaCl-_; per liter were
added ‘to 50cc .of a mixture of buffer. solution
containing M/15" Na:HPOy4 and M/15 KH.PO,,
which resulted in a final pH of 7.2. The
concentrations of cétions were therefore as fol-
lows :+ 159.6mM Na+, 3 ImM K+, and 1.8mM

" Catt per liter.

‘'p,p’-DDT, methoxy analogue of DDT or me-
thoxychlor, ethoxy analogue of DDT,
BHC were tested

ticide made by an injection of the drug  acetone

and y-

"The suspension of insec-

solution into Ringer was applied.
experiments proved , that acetone Ringer had no
The

metabolic inhibitors tested were sodium monoiodo-

effect on the resting .potential of the nerve.

acetate, sodium fluoride and potassium cyanide.
The
" substrates which are known to be utxlxzed in gly-

These were dxsolved m Ringer solution.

'colysxs or respiration were -also tested, i. e.,
glucose, sucrose, sodium pyruvate and sodium
lactate. =~ These were also disolved in’ Ringer

solution.

Results

Restmg Potentxal

The restmg potential of the normal nerve

v

which was mounted after soaking - in 'Ringer’s

MV
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- Fig.2. Anoxic® depolarization of the normal
-nerves. A solid line with closed circles
shows no overshoot after a readmission of
oxygen (Sep.2,28.5°),” while a broken one
with open circles shows an overshoot (Sep. 3,
129, 59).
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"possxble reason for the decrease in the potential '

#—-T1
solution for a few hours, rose gradually and at-
tained the maximum value, this was followed by

a gradual decline after maintenance of a plateau .

for some time (Fig.2). ‘The maximum resting

ﬁotentials obtained are summarized in Table 1.

'The_, maximum resting potentials had a tendency

to decrease - from the beginning of September

) ‘even at temperatures as high as 30° during the

experiments. The temperatures dropped’at night
during September although iemperatures were as
high as 30° during. the dabytim.e when the ex-
Pperiments were , performed. Hence ‘the only

is a lowermg of the rearing temperature at night.
Effects of Oxygen Lack

An anoxic depolarization was induced by a con-
tinuous .passage of nitrogen th;ough the nerve
chamber (Fig. 2).
durmg the mmal phase which was - followed by
a slow secondary phase, and usually attained the
maximum value within 30 to 60 minutes thh-
drawal of oxygen, amounting about 50 per cent
of the resting potential (Table 1).
potential remaininé after the anoxic depolarization
will be called” “minimum resting potential ?,

Since the restiﬁg potential declined gradually for

. a long period of time even with presence of -oxy- .

gen, the percentages of the minimum resting

potential to both the resting potential imme-

diately before the admission of nitrogen and the

resting potential determined: by an extrapolation
of- several potential values' measured at 30 to
60 minutes before the admission of nitrogen or

“ standard resting potent1a1 » were calculated.

A readmxssxon of oxygen or air at -any time
brought about a ‘rapid return of the resting po-
tential to the normal level, or a repolarization,

frequently showing an overshoot of the potentlal
(Fig. 2).

When nitrogen was mtroduced into the chamber'

soon after an attaining of the maximum resting
potential, the minimum resting potential during
anoxia, in terms of the percentage to the stand-

ard resting potential, showed a nearly constant

.

The 'debolarization ‘was rapid .

The minimum -

value of from 40 to 60 per cent in all experiments. °

After progression of the natural decline of the

resting potential; a second admission of nitrogen
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Table 1. Anoxic depolarization of thé nerve fibres.

Mean values (mV). :

: 30 min. after N2 (I) 60 min. after N (I) 30 min. after N» (II)
. - Date I\(I)of' ) M%,:,l) Stan- Min.® Stan- |y e 5 Stan- Min.®
(Temp. ) ot |ardd (Ml @y/5) | 3701 dardd M| /)| 51/ dara> Min-) s | )
€xp. (1) p0t~ o, o, pOt‘ I 2, pOt' o/ e/
” pot. 3) % 2% | pot. |. G) |- % 2% | pot. %)) 2% 2
(2) . 1) (6)
8.4 3 |48.0(41.3|23.0|55.5|47.9]39.5]119.3|49.0 40.3 S -
(31 5°C) : : :
8.5 4 144.8141.9124.2(57.8]54.0 . 30.9 | 23.8| 81.6 | 52.8
(29 5°C) ‘ . : ’ -
8.6 4 (41.9140.5|19.9|49.5}147.640.1|18.9 {47.6 {45.1}20.6| 19.8 {95.7 | 47.3
(30 5°C) . :
3 (38.6(38.7119.8(50.8511 ,
(28 0°C) .
8.25 2 144.0(44.9)20.2|44.7 | 45.4 33.4121.0-62.3| 47.6
(32.0°C) '
8.26 2 143.8139.8 17.9| 45.1 | 42.0 22.5]16.7 | 74.4 1 39.0
(32.5°C) |’ : :
8.27 2 |34.4136.7121.2]57.0]62.5 27.6 [ 20.9}73.3} 61.6
(33.0°C) ) :
8.28 2 [48.5|455(27.8|61.2|57.5 138.1129.0{75.3( 59.7.
(33.0°C) ) . . .\
9.2 3 }41.1/38.4124.7}164.4]60.4|38.0])23.4)61.8;57.3 i
(28.5°C) - .
9.3 3 |36.7(33.5[20.7]61.8|56.2|32.7]|19.1]59.0]|52.0
(29.5°C) )
. 4 2 |136.8[37.9124.2|63.865.638.7]16.9(43.8]45.9
(31.0°C) : L :
9.7 6 |37.2(34.8|22.8132.4[61.4(34.4]120.9(61.1156.3
(27.0°C) i . . ’
9.16 3 (40.1(36.5(22.3(61.6]55.9|35.2]19.9157.1)49.6 /
(23.0°C) : o
9.19 3 [35.3]126.2]15.058.6)42.7]24.9114.7[60.6| 41.4}20.0)16.4 | 84.6| 46.7
(30.0°C) . Co !

D The maximum resting potential obtained in oxygen or air after mounting the nerve on the electrodes.

% The resting potential determined by an extrapolation of ‘several potentia1 values measured 30 to

60 minutes before the onset of depolarization.

% The minimum resting potential remaining after depolarization:

My
0

40

Wt

0 1 —_ i A 1

Fig. 3.- Anoxic depolarizations of the normal
nerve, showing a decreased degree of depo-
larization after a natural decline of the resting
potential. Aug. 6, 30.5°. ;

brought about a smaller depolarization than did

the first, maintaining a constant non-depolarized
' potential.  As a result of this the percentage of
the ratio between the minimum resting potential
during the second anoxia and the standard resting
potential ‘was higher than that of the first anoxia

(Fig. 3, Table 1). These results indicate that

the natural decline of the resting potgntiai oc-
curring in oxygen or air is largely due to the
depréssion of an anoxia sensitive fraction of the
resting potential. »

The anoxia sensitive fraction of the resting
“potential will be called “aerobic resting potential”’,
and the other or anoxic insensitive fraction “an-
The aerobic and the
anaerobic resting potentials each composed ébouy:

aerobic resting potential ”.

half of the total resting potential. ’

Effects of Substrates .

Since it has been clarified by the above men- "
tioned experiments that metabolic energy is re- -
quired for the maintenance of the resting poten- .

“tial, several different substrates were applied to
the nerve.  After soaking the nerves in either
0.1M - glucose, 0.02M sodium
pyruvate, or 0.02M sodium lactate for 60 or 90

0.1M sucrose,

minutes, the resting potentials and its reactions
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Table 2. Effects of substrates on the resting potenua]

For explanations see Table 1.

2 #1I

Mean values’ (niV).

‘ : . 30 min. - after Na
: No. Max. : - R
Date ‘ Substrate - of . - pot Standard | Min. ;
(Temp.) . - (Conc.) ‘exp. D ot | *pot. (3);(2)» (3)02(1)
- ' ' @ | 3 ¢ '
. 812 " Nil 3 38.6 38.7 19.8 50.8 51.1
(28°C) . : '
S Pyruvate ~ | 3..|. 44.6 42.5 2.0 | 49.6 7.2
(0. 02M) : :
Lactate 3 40.7 9.9 | 20.5 51.1 50.1
*(0.02M) : ' :
8.7 Glucose 3 42.7 371.6 24.6 65.3 57.4
(28°C) (0.1M) . '
S . Sucrose 3 40.7 . 39.0 21.3 54.8 52.2
0.1M) - : :

These substxates did
not affect the resting potentlal or the anoxic
depolarization (Table 2).

" Effects of Metabolic Inhjbitors

to anoxia were examined.

Sodium monoiodoacetate (IAA): The resting
potential of the nerve was measured after, soak-

ing it for one hour in 0.0001M, 0.001M, or

0.005M TAA Ringer. 0.000IM TAA had little or . '

no effect,,the resting potential increased to the
maximum value which was followed by a gradual
decline as in the case of the control nerve. 0.001M
TAA had a’ slight depressant’ action; the nerve
treated with 0.001M IAA showed much less in-
crease in potential after mounting it on the elec-
trodes dnd more rapid decline of the potential
after the maximum value was- reached. O. 005M
TAA had a much stronger depressant action than
0. 001M.
nerves treated with IAA for fxve hours are shown
m “Table 3. ’ -

The local apphcatxon of IAA also brought .

Table 3 Effects of monmodoacetate on the -
. resting potential. Soaking - method. Mean
values (mV). Aug. 14, 29°. For explanations

see Ta_ble 1.

Conc. I\(I)(;. - l\}/)[;l:: 5 hrs. after treatment
(M) exp. | .(1) P(%t) (Z)QD

0 2 45.3 40.3 89.5 ..
0.0001 - 2 | 43.0 | 37.8 87.9
0.001 2 43.2 25.0 57.8
0.005 2 34.1] 0.6 1.8
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The Tresting potential values of the

“tions of IAA, 0.000IM and 0.001M,

\\,‘-...-,._.«»‘_:,\\..:ne....‘,%

' ] 2 3 T ¥ 3HR
Fig. 4. Effects of monoiodoacetate  (IAA)
and NaF on the ‘resting potential.  Local '«
application méthod. A solid line with closed
circles shows the control nerve, 'a broken

,one with open circles the nerve treated with .

©0.00IM IAA at the first arrow, and a -
dotted one with triangles the nerve treated
with 0.002M NaF ‘at the first arrow  and
then with 0.003M NaF at the second arrow’

Sep. 27,22.‘5°.

about depo]anzauon of the nerve with long latent
periods (Fig. 4).

The anoxic depo]anzatxon of the nerves soaked
for one hour in TAA Ringer was measured. One
such experiment is illustrated by Fig. 5, and

results are indicated in Table 4. .- The -anoxic

depolarization became much less when the/decrease '
. o :

- of the resting potential was brought about by a

prolonged action of .IAA, but the .anaerobic

resting potential remained' constant unless the -

total resting potential declined markedly as in the

case of the higher concentration of IAA, 0.002M,

These resulis indicate that the lower concentra-
largely
depress the aerobic resting potential, while the

higher concentration of IAA, 0.002M, completely
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Table 4. Anoxic depolarization of the nerve treated with monoiodoacetate (IAA)
Soaking method. Mean values (mV). For explanations see Table 1.

o g _ | 30 min. after No(I) | 30 min. after Ne (II)
~ Date IAA | Substrate Ii;;’_ Matx Stan- |\ e ] Stan- [y v
(Temp.) M) ) | | @y | dard | Dor (@@ G/ Fdard |0 16)/@)E)/ D
. 7 | exp | (D pot. | o pot. [ p
pot. 3) % %6 pot. ) % 2%
- @ (C)) 4
(g.gg) 0 Nil 2 4.0 |44.9 120.2 }4.7 W5.4 [33.6[21.0{62.3|47.6
2 - ,
0. 0001 Nil 2 #45.1 41.8 [19.5 {6.7 [43.2 |40.0|24.7 [ 61.7 | 54.6
10.001 Nil 2 132.5 [27.4 [18.9 9.0 57.8 |22.0(19.6|88.6|60.0
0.002 .Nil 2 125.1 [20.9 {13.2 63.5 [52.7 | 2.5| 2.0 8.0
8.26 0 Nil 2 U3.7 [30.8 [17.9 W51 |a2.0-|22.5|16.7 | 74.4 | 39.0
]
(2.5°C) | 0,001 Nil 2 [37.1 [32.1 [p1.4 §66.5 [57.6 |25.1|20.2|80.5|583
: 0.001 Pyruvate | 2 {39.0 [32.0 [21.9 "68.4 [56.0 -|27.0 |22.1|81.6 | 56.5
: (0.02) S :
0.001 ,| Lactate. | 2 U1.8 [29.4 |21.5 [73.2 52.4 |21.8 |17.7|81.2|43.1
e (0.02) |- r e , ' .
9.12 | o 1 Nl 3 138.4 |33.3% [20.2% [60.5% [52.7*
: .
(25°C) o.00L | Nil 3 [22.3 [16.0% 14.3% [89.3% l65.8%
% 60 min. after No.
" NyOp N 0, \ depresses the ae'robic.resting potential and Part]y
sol 1! ] ool depresses the anaerobic one. -

The presence of 0.02M sodium pyruvate or
0.02M sodium lactate in Ringer did not aher the
depressax.xt effect of IAA (Table 4). )

Sodium fluoride (NaF): The resting potential

' of nerve was measured after soaking it for one

hour in 0.01M, 0.02M, or 0.03M NaF Ringer.

0 ) ) ) ) ‘;-‘P‘“ _______ o The maximum resting potential was hardly af-
A ] 2 3 4 5 6 HR  fected by 0.01M NaF, was slightly depressed by
Fig." 5. Anoxic depolarization of the nerves 0.02M NaF, and was depressed to about 50 per
treated with IAA. Soaking method.. A solid cent by 0.03M. NaF ‘(Table 5. ~ The local

line with closed circles shows the éontrol

" application of 0.02M NaF also brought about
nerve, a broken one with open circles the : ) .

nerve soaked for 1 hour in 0.000IM IAA, 2 | the depolarization of the nerve. But the me-
dotted one with triangles the nerve soaked chanism of NaF depolarization must™ be different
in 0.001M IAA,and a broken one with squares . - ' from that of IAA, because no latent period was
the nerve soaked in 0.002M TAA. Aug. 25,32°, observed with NaF (Fig.4).

The anoxic depolarization of the nerve soaked

Table 5. Anoxic. depolarization of the nerve treated with sodium fluoride.
Soaking ‘method. Mean values (mV). Aug. 28, 33°. For explanations see Table

1- -
g | Moo | Max ~ Omin. after Nz (1) 30 min. after N (II)
a ) S = - -
f t. Standard , B 7 : -
oD | | R S| Y (@@ | @y | Stendard | T Ky |6y
_exp. pot. pot. o) % pot. pot. o %
~ @ | @ |’ @ | %
0 2 48.5 | 45.5 27.8 61.2 | "57.5 38.5 29.0 75.3 59.7
0.01 2 42.9 40.2. |} 22.1 56.1 51.8 36.9 25.9 70.4° | 61.8
0.02 2 34.3 . H.1 17.5 52.2 | 51.6 29.2 - | 20.2 68.8 59.1
0..03 2 20.8 o 20.7 12.1 58.0 58.3 12.8 10.5 82.0. | 50.4
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Fig. 6. Anoxic depolarization of the nerves
treated with NaF. Soaking method. A solid
line with closed circles shows the control.
nerve, a broken one with open circles, the
> mnerve soaked for 1 hour in 0.02M NaF, and
. a dotted one with triangles, the nerve soaked
in 0.03M NaF. Aug. 28,33°. a

' 00005M
“2:)’ KCN R

1.1

| 0oy )% :

. / , o
30 L v \ P 6,0000

. 0.00005M

- -~ KCN

. 0 ] 2 3
'Fxg 7. Effect of KCN-on the resting poten-
tial. Local application method. A  solid .

- line with closed circles shows the nerve
treated with 0.0005M KCN and then
returned to Ringer, and a broken one with
open circles the nerve treated with 0.00005M
KCN and then returned to Ringer. Sep. 20,
22°, : .

for one hour in NaF Ringer was different from
that of the nerve treated with IAA Ringer (Fig.
6, Table 5). = This could easily be observed in
- the much more depolarized nerve soaked in the
high concentratxon of NaF, 0. 03M. -

sequence of this the percentage of the ratio of

In con-

the minimum resting potential during anoxia to
the standard resting potential showed about the

same value as that of the control.  Both the
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" often observed.as is shown in Fig.7

aerobic and the anaerobic resting potentials must
be depolarized equally by the action of NaF. ‘
With the higher concentration of NaF, 0.03M,
the repolarization after the readmission of oxygen.
was incomplete. - '
Potassium cyamde (KCN)
application method was employed.

Only the local.
A’ rapid

depolarization was produced by an application of

0. 00905M, 0.0005M, or 0.0025M KCN Ringer, but

there was a tendency to recover in spite of the
presen‘ce of KCN (Fig.7).
resting potential beyond the normal level -was
" In this

An overshoot of the

‘case a decline of the potentiall‘was brought about

after an attainment of the maximum value.
Like NaF,”KCN showéd no latent period. The
percentage of the ratio of the minimum ‘resting
potential to the standard resting pbtential showed
a relatively high value, about 80 per cent (Table -
6).

Effects of Insecticides .
p,p’-DDT: The local application of 5X 10'5M'
Table 6. Effects of potassxum cyamde on the

- resting potential (mV). Sep. 20, 22° For ’
explanations see Table 1. "

) After treatment.
KCN|KCN |Max. fg—r—

Nervejtreat- | (M) | Pot- ldard | Vi | @y/(2)

o pot. ('3)'. %

2) ~

A | I, |0.0005|28.7|22.0|18.0| 81.8
| 1 [0.0005 27.3 {22.6 | 82.7
_ III |0. 0005 24.7 | 21.0 | 85.0
B | 1 [0.0005]42.5|39.7335] 843
' I {0.0005 32.0 | 87.7 [ 117.8
III |0. 0005 . |32.5(31.0]| 953
C | 1. [0.0005|29.8(380.0|23.0]| 76.6
II [0.0005 32.5|27.1| 3.3
I {0. 0005 3.2 | 28.1| 90.0
D I [0.00005 34.7 [ 22.0 | 17.5 |- 79.5
I [0.0025 19.0 | 16.7 | 87.8
| i jo.oozs 18.7 | 16.6 | 88.7
E | I 1[0.00005 48.4 | 35.7 | 38.8 | 108.6
IL [0.0005 30.8 ] 24.1| 78.2
11T 0. 0025 31.8 | 26.3{ 82.7
"F_| T |o.0000527.8]27.4|21.9| 79.9
I |0.0005 21.8 [ 16.4 | 75.2
11 (0. 0025 14.8 | 13.0| 87.8
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DDT Ringer for several hours.had no effect on
the resting potential or on the anoxic depolariza-
tion (Fig. 8, Table 7). i

Mv]. DDT N2. Oz
sor ! 1l

50 ’ '
40}

30

20

L]

o ) 2 3 4 5 6 {HR

Fig. 8. Effect of p,p’-DDT on the resting
potential and the anoxic dspolarization.
Local application method. A solid line
with closed circles shows thé control nerve,
and a broken one with open circles the
nerve treated with'5x10-M DDT. Sep. 1,
28°, . :
N

The effects of soaking the nerve for 3 to 4
hours in 5xX10°M DDT Ringer on the resting
[;otential and the a'noxicldepolarization were ex-
amimed. The resting potential of the ‘nerve
just mounted on the electrodes. after soaking it
in DDT Ringer was smaller than that of}’the
control. The rate of increase in the resting
potehtial and the maximum resting .potential
reached were also sma]ller. The percentage of

the ratio of the minimum resting potential .dur-

ing anoxia to the standard resting potentiél was -

MY NZ 02

so{ | |

sof

30F

0 ; - - . .

i 2 3 4 5 6HR

Fig. 9. Anoxic depolarization of the nerves -
‘treated with p,p’-DDT and y-BHC. Soaking
method.. A solid line with closed circles
shows the control nerve, a broken one with

- open circles the nerve soaked .for 3 hours .
in 5%x10~"M DDT, and a.dotted one with
triangles the nerve soaked in 5x10-°*M BHC.

Sep. 2, 28.5°,

.

about the same value as'that of the control (Fig.
9, Table 8). These results .indicate that both
the aerobic and the anaerobic resting potentials

are equally depolarized by ‘the sbaking in DDT

- Ringer.

In order to examine by another way whether

" or not.DDT acts upon the depolarization and

- the repolarization’ processes, a cathodal current

was applied to the nerve treated with DDT Rin-

ger (Fig. 10, Table 9). Both the magnitude

«— ON
8T
—OFF

MV

0

o | 2 3 4

M
o

7HR

. Fig. 10. Effect of a cathodal current on the
resting potential. A solid line with closed
circles shows the control nerve, and a broken

-one with open circles the. nerve locally
treated with 5x10-°M p,p’-DDT. Scp. 24,
24°. :

and rate of the depolarization caused by the cath~

odal current and the maximum repolarization
potential after removal of the current’ were not
altered in the presence of DDT. However, th_e rate
of repolarization after the removal of the current
was much decreased under the influeﬁce of DDT,
DDT amlogues:\ The effects of 5%10-°M me-

 thoxychlor and ethoxy analogue of p,p’-DDT on

the resting potential were the same as those of
DDT (Table 8).

y-BHC: Soaking the nerve for 3 to 4 hours
in 5x10-M y-BHC Ringer-had no effect -on the
resting potential of the nerve, on the rate of in;§
crease in the resting potential afterv mounting,
on the maximum resting potential attaiﬁed, or

on the anoxic depolarization (Fig.9, Table 8).
Effects of Potassium Ions

It has long been known that potassium ions
induce a depolarization of nerve and muscle!®.45,6»,

Potassium depolarization is not caused by meta-~

_bolic disturbances. in- the nerve as in the case
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Table 7. Anoxic depolarization of the nerve treated with DDT. Local apphcatlon
method Mean values (mV). For explanations see Table 1.

Pot. .
Date bDT Nc;. Max. iimme_ — 31(3/1mm. after No .
o pot. iately | Standar in.. : .
(Temp.) ) exp. (1) | before pot. pot. '(3)4(2) (3);(.1 ).
: N (2) 3) b z
9. 1C) -0 5 40.9 29.6 28.1 20.2 71.7 | ' 49.3
(28° - , : '
. 5x10-5 5 43.6 29.6 28.0 19.4 69.8 42.7
(9. 1(():) 0 3 47.3 36.5 "32.8 1 25.6 77.9 54.2
25° Lo .
. 5x 10~ 4 47.3 39.3 35.9 27.7 76.7 . 583 -

Table 8. Anoxic dei)elarizatiqn of the nerve treated with DDT, DDT analogues,

and BHC. Soaking method. Mean values (mV). . For explanations see Table 1. . .

. P°t'_ ’ . 30 min. after Ni 60 min. after N.
Date: Insecti- No. gg:‘ee]y Max. 3 - - = N
(Temp.) cide’ of after | POt SFandard Min. ®/@|eyw Standard | Min. - /@] 6)/1)
. M) exp.| - oun- (1) pot. - | pot. o .| % pot. pot. % o
' ting @ |3 @ | ®
8.27 Nil 2 | 30.7 |344| 367 |21.2]57.0]62.5
(33°C) . - '
DDT 2 19.9 | 25.5 22.0 |10.8|50.0{42.4
(5x%10-5) i :
CH;0-DDT | 2 20.1 |25.6( 23.9 |12.3}150.8148.2
(5x10-5) : - o :
C:H;O-DDT| 2 22.8 |24.2 23.6 11.3 | 49.6 | 46.4
(56x105) . - i
BHC 2 31.2 {33.7| -30.5 [19.7|64.7|58.4
(5x10-%) ‘ \
9.2 Nil 3 33.0 |41.1 38.4 | 24.7)|64.4(60.4) 38.0 23.4161.8.| 57.3.
(28.5°C) . . v
: : DDT 21.6 | 26.5 25.8 {15.8[61.1(58.8} 26.2 12.0 { 44.5 1 43.7
(5x10-5) j ‘
BHC 3 27.4 | 41.5 40.1 | 24.5)60.9[59.2 | 40.9 |22.3']|54.7]54.0
(5x1075) | . ' _ ,
9.3 Nil 3 25.9 [36.7 33.5 |{20.7|61.8|56.2] 32.7 19.1 | 59.0 | 52.0°
(29.5°C)l . S o o :
s . DDT | 4’| 14.2 |23.1 19.1 | 10.9 |58.1]|46.0| 18.7 9.7 154.3]|41.2
(56x10-%) ; ' 1 - . ‘ Y
BHC 3 19.8 ‘| 31.8 31.6 - 123.0[72.8172.3( 32.0 21.1]166.0 | 66.6
(5x10-5) . R I ’ : :
Table 9. Depolarization-by a cathodal current of the nerve treated with DDT.
Local app]xcauon method. Mean- “values (mV). For, explanations see Table 1.
Pot. . : ’
. During current After current
Date ppr | No- [Max | g | — | Max
(Temp.) | D | 2 | PS5 | before | M | @y/m| @)/ | repol. |@y/m|@y@| @@ Resore
. €Xp. current p(3) % | 2 | pot. | 2%-| % | % (;:‘: )
(2) . @ :
9.24 0 -5 |3%.0| 36.8 |18.1{48.6{50.6| 25.8 168.3)|71.0|141.8 26
24°C) . c . ) '
5x10-5 | 5 |43.7| 41.5 |20.1|45.2|49.4| 28.6 |63.9|64.7|148.2 49 .
9.29 0 5 |42.8( 41.2 |28.9|68.4(70.6 | 33.7 |80.4 82.9 ( 117.9 18 .
 (22.5°C) ‘ . - , :
. 5x10-5 .5 46.4 | 43.7 | 28.761.6|65.0) 33.2 | 71.8 | 75.7 |'116.9] . 37
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. -Table 10. Anoxic depolarization of the nerve treated with K-rich Ringer. Soaking
method. Mean values(mV). Sep. 4, 31°. For explanations see Table 1.

K+ I;Io Max 30 min. after N2 60 min. after N:
‘conc. - | - of pot. | Standard} Min. @)@ | @)/ Standard | Min. ®/@]| Gy
(mM) exp. | (1) pot. pot. . 4 pot. | pot. o o
@ | @ | # | = @w e | % | *
3.1 2 36.8, 37.9 24.2 63.8 65. 6 38.7 16.9 |- 43.8 45.9
(Normal) . .
Ringer) .
15.0 3 25.6 24.5 14-4 59.0 56.6 24.4 11.6 47.2 45.3

of IAA and NaF but is caused by a change in
_the concentration - gradient outside and inside of
the nerve fibres.
nerve soaked for 3 hours in potassium-rich
Ringer (15mM K+ ) was depressed (Fig. 11,
Table 10); but the percentage of the ratio of

MV o
s0p - : N, O

0 2 3 4 5HR
Fig. 11. Anoxic depolarization of the nerve

treated with K-rich Ringer. Soaking method.
A solid line with closed circles shows the
nerve soaked for 3 hours in normal Ringer
(3. 1mM K), and a broken one with opcn
circles the nerve soaked in 15mM K Ringer.
Sep. 4, 31°. ’
the minimum resting potential during anoxia
to the standard resting potential was about equal
to that of the control nerve.- These results in-
_dicate that potassium ions equally depress the
aerobic and anaerobic fractions” of the resting
potential. ’ '

Discussion

The mode of production of bioelectric poten-

tials in nerve and muscle has long been studied by -

many investigators since an jonic hypothesis was
first proposed by Bernstein (1902). At present,
the sodium theory proposed by Hodgkin (1951)

is the n_10§t valuable one and is widely accepted. -

The resting potential of the

~ spectively, R,
"temperature, and F, Faraday.

The resting potential can be explained by this
sodium theory. The resting membrane is readily _
permeable to both - potassium and chloride ions,
but is sparingly permeable to sodium jons. Since
an active sodium pump mechanism removes so-
dium jons from the interior as fast as they dif-
fuse in, the concentration of sodium ions inside
the nerve fibre is much lower than that of so-.
dium ions outside the nerve fibre. As a con-

sequence of this sodium distribution and of a

‘high internal concentration of impermeable ani-

ons, such as are provided -by glatamic and as-
partic acids, the potassium and chloride_ions are
distributed very unequally under the condition of
Donnan equilibrium. The internal potassium
content is much greater than the external, while
the chloride ion content is greater outside the
nerve than inside. The resting ’pogential, E,

being the potential obtaining in a Donnan equi-
librium, is related to the relative concentration
of potassium or chloride ions by the equation:

o RT (K)i _ _RT, (Chlo
E=—f—loge (Klo = F CCi

\
(KJi and (K)o being internal and external potas-
sium concentration respectively, (CIJi and (ClJo

loge

internal and external chloride concentration re-
the gas constant, T, absolute
Because the ex-
cised nerves are no longer in a steady state, the-
above mentioned equations cannot be applied to

them.  Hodgkin & Xatz (1949) proposed a .

slightly modified equation for nerves which are .

in a non-steady state, and their observed resting
potentials were in good agreerﬁent with that of
their calculated values.

- Thus, resting potentials can be explained de-
finitely in terms of jonic concentration gra-

dients.  Furthermore, many studies proved the.
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‘importance of metabolic energy in .the mainte-

nance of the resting potential. ~For example,

nerve and muscle can be depolarized by anoxia

and metabolic inhibitors such as cyanide, mono-

iodoacetate, sodium fluoride, or sodium azide 16,17,
23,39,42,45,70,72) -

. in insect nerve by lack of oxygen and metabolic

inhibitors as is shown in the present experi- -

ments. But as to how metabolism. relates to
the maintenance of the resting potential is not
clear. The sodium pump mechanism and the
potassium retention force, which retains the po-
tassium _ions'inside “the nerve fibre against a
concentration gradient,

metabolic energy29,67,69,71),

The relatxonshlp between the resting potential
and the metabolism in the nerve will first™ be
discussed in the light of -the present experimenis.
The mean vilue of the resting potentials of the
roach nerves is 40.8mV (range, 29.7~51.4mV)
Although this value

) undoubtedly does not show an absolute value of

as is shown in Table 1.
the restirig potential, this may be relatively close
to the absolute va]uel,\ because the absolute rest-
ing potentials of the nerves determined in other
animals show the following values: the giant
axon of squid (Loligo), 61mV10) or 62mV28), that
of another squid (Sepia), 62mV8Y), that of crab
(Homarus), 62mV21); and' the myelinated nerve
fibre of frc;g (Ranq).7lmV31’32).The reason that
relatively high values of the resting potential
could be obtained in the roach by external elect-
rodes may be as follows: the giant axons are
much larger than the other axons in the nerve
cord, ‘and the larger the diameter of the axon
or the smaller the short circuit, the larger the
potentxa] which can be recorded. .
" The resting potent1al of the roach nerve cord
: declmes rapidly when nitrogen is introduced into
the, nerve chamber, 'and 'at\tains a minimum value
_ within 30 to 60 minutes.
. potential in the cockroach is more rapid than
that in the frog nerve#5,12), The difference in the
diameter of the nerve trunk, or of the thickness
and property of the nerve sheath may determine
differences in diffusion rates of gases through

the nerve membrane.

270

Depolarization can also be caused

- of time in the same conditions.

_anoxic depolarization remains unknown.

both may operate with -

This decline of the - - other animals produced by, KCN#5587).

‘actions of KCN. cannot be attributed to the

The resting’ potentxal can be divided into two .
fractions: an aerobic resting potentxal which is

depolarized by anoxia declines “gradually for" a

" long period of time in oxygen or air, and an

anacrobic resting potential which is not depol-
arizedl by anoxia is sustained for a long period
Each composes
about half the total resting potential.

The reason for the ineffectiveness of several
substrates on both the resting potential and the
Two
alternative explanations may be applied: either
the nerve membrane agé impermeable to the sub-

strates or the substrates cannot be utilized as

_" sources of energy. -

The mode of the depo]anzmg action of TAA

,/and NaF may be different in some aspects. The
lower concentrations of IAA, 0.0001M and 0. 001}, .

largely depolarize the aerobic resting potential,
0.002M, com-
pletely depolarizes' the aerobic and partly ' depo-

while the higher concentration,

larizes the anaerobic fraction of the resting po-
The threshold concentration of NaF that
produces depolarization is higher than that of
IAA,

tential.

" NaF depolarizes both the aerobic and the an-

aerobic resting potentials equally even at the
threshold concentration. These differences can
be expected és the mode of inhibition of enzymes
by these two inhibitors is different. - However,
further explanations of these phenomena cannot
be proposed at the present time.

Depolarization by the KCN treatment occurs
very rapidly,- but to a lesser \degree than' that
caused by oxygen lack. - Furthermore, . a'ﬁartial
recovery of the restmg potential is frequently

observed in spxte of the presence of KCN in

Ringer; showmg a difference from either the »

IAA and NaF induced depolarization of the

insect nerve or the depolarization of the nerve of

effect of K+, because the concentrations of .

KCN used are very low.

As is expected’ from the former reports on ’

other animals 4,9,10,14,32,43,45,63,73,74), the nerve of

the cockroach is also

showing a_value of 0.02M. Furthe'rmore,”

These - /

depolarized by the'.

N
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potasssium-rich Ringer. This depolarization

may not be due to a metabolic disturbance but -

may be due to the change in the potassium ion
concentration gradient inside and outside the
nerve fibres. Therefore, an equal depression of
the resting potential in both the aerobic and the
anaerobic fractions is brought about.

Thus it has been clarified that the nerve fibres
of the cockroach require metabd}ic energy for.
In the
following several paragraphs we will review the’
mode of toxic action of DDT, and then will

the maintenance of the resting potential.

discuss the cause of fhe functional changes in
the nerve under the influence p‘f‘:D_DT.w

The effects ok DDT on, thi;T 'vario-lis functions
of nerve have been studied by méhy investigators
and it was clarified that an augmentation of “the
repetitive excitability of the nerve is a most im-
portant‘ primary action of DDT 13,18,56,57,86,88—93),

The effects of DDT on somelvmetabolic cycles
have alsg +been studied, especially on several
oxidases and dehydrogenz-xses. But the results
obtained are conflicting; some -investigators re-
ported the inhibitory- action of DDT on the
activity of succinoxidase or cytochrome  oxidase
1,35, 47,51, 53,60,61), some reported the accelerating
action of DDT upon ‘oxidase®?, and others re-
ported that DDT had no effect on succinoxidase,
cytochrome oxidase, or dehydrpgenase55-15v35r37:
40,48,75), Careful consideration of the differences
in the experfmental conditions described in
the above mentioned reports suggests that DDT
méy affect the oxidase activity under some in
vitro conditions, i. e., with - higher concen-
trations of DDT or with suitable solvents of
DDT, while DDT cannot affect the oxidase
activity in vivo except that during the later stage
of DDT poisoning the oxidase may be depressed.
In the later stage of poisoning, not only oxidases
but also other enzymes may be secondarily
depressed.  In spite of many accumulated
data concerned with the. enzymatic actions of
DDT on the muscle or on the whole insect
body, no enzymatic experiments to explain the
furictional changes in the nerve caused by DDT
have been undertaken to date upon the. insect
nerve.

The effects of DDT on the carbémic anhydrase
activity 20) and on the phosphate metaholism 3,78,
Mwere also studied, but no conclusions could be
drawn about the cause of the functional changes
in the nerve. Since cholinesterase activity is
not affected by DDT both in vive and in wvitro
5162.77,82,83), the hyperexcitability of the nerve
brought about by the action of DDT must be
quite different in nature from that brought about
by the organophosphates, parathion and TEFP.

Both the increase in oxygen consumption of
the DDT poisoned insect 7.824,44,4652) and the
marked metabolic exhaustion in it 11,46,50,58) must
have resulted from violent muscular activity and
must be a manifestation of the secondary action
of DDT.

The above mentioned .reports do not ‘propose
any explanations of the cause of functional
changes in the nerve poisoned with DDT. Any
enzymatic actions of DDT cannot be related to
the changes in the functions of the nerve. ~ The
present experiments indicate that the mode of
action of DDT on the nerve is quite different in
nature from that of both metabolic inhibitors and
potassium ions. . ’

The local application of DDT Ringer on the
roach nerve cord affects neither the. resting
These
results are in good agreement with those of “the
crab (Libinia) nlerve 66), indicating that DDT

potential nor the anoxic dépqlatization.

does not affect the metabolism sustaining: the

resting potential. The soaking of the nerves
for lseveral hours in DDT Ringer, however,

shows some effects: an increase in the rate of
the depolarization occurs during the soaking
period, and a slowing in the rate of the. re-
polarization is brought about - after mounting the
nerve on the electrodes. . The depo]arizatfon of
the normal cockroach nerve brought about by
soaking the nerve in Ringer may be caused by
either the lack of oxygen or the cathodal current
provided by the cut ends of the nerve; .when an

injury current flows inwardly across the cut end

of the nerve and outwardly across the intact re-

" gion of the nerve, the intact region of the nerve

must be slowly depolarized. The possibility that

the cause of depolarization is the lack of oxygen
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‘was exclx;dedl by the experiments in which the
nerves were kept on Ringer-soaked filter paper
for .several hours; they were dex;olarfzed to the
same degree as the controls soaked in Ringer.
Th.e.repo]atization of the nerve after mounting
must be brought about by a removal or a marked
depression of the cathodal curre.nt caused by a
decrease’ in the short circuit outside the nerve.
Whatever the proper explanation may be, it can
be"postlﬂated that DDT also affects the rate of-
depolarization or tepolarization brought about by
". other ways, i. e., artificially applied cathodal

current. As was. descriBgd in the foregoing
‘ section, DDT slows the rate of the repoiérization
alter a removal of the cathodal current, but it
has no effect on the rate of the. depolarization
by the cathodal current.

These observations are very interesting for they
have some similarity to an increase and prolon-
gation of the negative after-potential- caused by
DDT and reported earlier33,34),

discuss the possible events occurring under the

In order to

influence of DDT, a widely accepted excitation
theory, the sodium theory 25), will be cited here
briefly to explain the action potential. The nerve
membrane becomes . highly and selectively - per-
meable to ‘SOdil'lm ions when a stimulus of any
kind is applied to the nerve. Therefore, sodium
fons enter into the nerve according to the con-
centration gradient, establishing an }equi]’ibrium
potential, - .

RT Nai
ENa=—5" loge ENZJ];

This equilibrium potent\ial brings about a - de-

polarization and a reversal of the membrane poten-
tial.

meability to potassium jons occurs soon after,

Since an increase in the membrane per-

the reversed membrane potential is repolarized
rapidly -to the normal level. These processes
can .be recorded as an action potential.  The
sodium ions entered into the nerve fibre during
the e;tci;a.tioﬁ are pumped out by an ‘energy driven
~ sodium pump mechanism, and the potassium ions
flowed out are absorbed by an active metabolic’
force?5,29,69,71), I ,

" Based upon this ‘theory, the increase and - pro-

longation of the negative after-potential may be

- 212
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explained in terms of the changes in the rate of
ifonic movement across the nerve membrane.
The slowing of the repolarization after a re-
" moval of the cathodal current ug;der the influence
of DDT may be éxplained in terms of a depres-
sion of potassium absorption, -because the d;epo-
larization produced by the cathodal current must
be caused by a lea-kage of the'potassium ions
from inside the nerve fibre. These changes in
the rate of ionic movement must be caused either
by the physico-chemical actions of DDT qpon‘
the nerve membrane bringing about the changes
in the ionic permeabilit;lr, or by the actions of
DDT ‘on the metabolism relating strictly to the
excitation- process, for example, the sodium pumpl

"These

relations can also be discussed from another point

or the potassium retention mechanism.
of view. Nerve metabolism can be divided into
two categories: an active metabolism- acting di-
rectly and strictly on the excitation ptocéss, and
a resting metabo]i§m acting on the maintenance
of the resting poteritial.‘ This idea is supported
by many experiments which indicate different or
specific actions of various metabolic inhibitors and
narcotics on .each type of metabolism.  For ex-
ample, sodium azide, which does ﬁot block con-~
duction in lower concentrations, has no effect on
the rate of oxygen consumption of the resting
nerve, but it depresses the increase in bthe rate of
oxygen consumption during activity of the ner\"e.
Methyl fluoroacetate has an opposite effect,

depressing the rate of oxygen consumption of the
resting nerve, while keeping that of the active
state unchanged!2). Chloretone inhibits the rate of
oxygen uptake in both the resting and »a:ctiiIe
nerves, but the inhibition is greater in the active
nerve 5). Several narcotics, at lower concentrations
do not affect the rate of respiration of brain slices,
but do inhibit the rate of respiration in brain
slices which were electrically tetanized9). From
the above mentioned x"esultsA and discussions, it
can be concluded that DDT does not affect the

resting metabolism of the nerve. . The energy

for the sodium pump and the potassium retention
mechanism may be supplied by the active mata-
bolism. _ '

Since narcotics, which inhibit the active meta~
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bolism" of nerve as described above, decrcase the
ionic permeabxllty of the nerve membrane 2,19,20,
£2.30,64,65,68), there may be a correlation between
the increase in-the ionic permeability which
occurs during -excitation and the active meta-
bolism of the nerve. Based upon these points
of view, it can be supposed that DDT acts on

the active metabolism of the nerve, and it affects

either the ionic permeability in active state or

the sodium pump and the potassium retention
mechanism. ‘ .

~ The other possibje effect of DDT is a direct
physico-chemical action on the nerve membrane
as mentioned earlier.
permeability of the membrane must be necessarily
induced by such a direct action of DDT. This
idea is supported by.the experiments a]ready re-
ported 92) which clarified that DDT acted more
strong]y on the insect nerve at lower temperature
If DDT had acted
on the enzymatic reactions, its effects would be
stronger at the higher temperature than at-the
lower one. ’

than at higher temperature.

Furthermore, if an adsorption of
DDT on the special structure of the nerve mem-
b\mne were a primary and important event, DDT
wotld be effective at the lower temperature than
at the higher one."

The various theories of the actioﬁ of DDT
and its relation with metabolism and function of
the nerve is illustrated schematically in Fig. 12.

Based on this hypothesis ‘it can be claimed
that DDT acts on the nervous function by even-
tually changmg the mechanism of the jonic trans-

fer across the membrane. It remains to be solved

" whether DDT disturbs the active metabolism or"

it affects the membrane physico-chemically.

Direct determination of 'tile ionic permeability of
nerve membrane poisoned with DDT has not been
Tobias (1948) only reported that the
sodium content of the roach nerve cord poisoned
with DDT increased.
be explained by the present hypothesis.

made.
This result can clearly

"This hypothesis can be demonstrated by the
application of several methods,  for example, the
direct measurements of the resting and the action

- potentials of the nerve fibre26.41), or the direct
measurements of the ionic fluxes acrose the mem-~

The changes in the ionic’

branc by the tracers, Na* and K42 38), Experiments
using the former method are bemg conducted in,
our laboratory.

\

Summary ,

The effects of p,p-DDT, its ethoxy analogue,
methoxychlor, and y-BHC on the resting potential
of the cockroach nerve cord have been studied
and compared with those of oxygen lack, meta-"
bolic inhibitors, and potassium ions. ‘

1. The resting potential, a potential difference
between an uninjured central region of the nerve
and a cut‘ peripheral end soaked in Ringer- -
isotonic KCl solution, attains the mean 'value of
40.8mV. ‘ . _ '

2. The resting potential has a tendency to dec- .
line when the rearing temperature of the roaches
is lowered. ‘

3. The resting potential declines rapidly when
nitrogen is introduced into the nerve chamber,
attaining the maximum value of 50 per cent of
the resting potential within 30 to 60. minutes.
The potential returns to the normal levél very
rapidly on a readmission of oxygen or air, and
often shows an overshoot of the potential. An
anoxia-sensitive fraction of the resting potential
“ aerobic resting potential”’, while an
“ anaerobic resting

‘

was named
anoxia-insensitive fraction,
potential ”. )
, 4. The‘ aerobic resting potential declines grav
dually in oxygen or air over a long period of time,
but the anaerobic one is mamtamed at a constant
1evel _

5. Sodium pyruvate, sodium lactate, glucose
and sucrose have no effect on the resting poten-
tial and the anoxic depolarizatior{.

6. The nerve is depolarized whether the tierve
is soaked in monoiodoacetate solution or the nerve
is lo&]ly treated with it. Lower concentrations
of monoiodoacetate depolarize largely the aerobic
resti.ng potential, while hig‘her concentration com-
pletely depolarizes the aerobic resting ppte'ntial
and partly depolarizes the anaerobic resting poten-
tial.  The presence of sodium pyruvate or so-
dium lactate in the solution does not alter the
effect produced by monoiodoacetate.

7. Sodijum fluoride also depolarizes the nerve

2713
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nerve and the effects of DDT on

the nervous function and metabolism

Resting Active ‘
Metabolism Metabolism in insects obtained to date. A
' . : (Na Pump ° phypothesis was proposed ~which is’
DDT / N K Retennton) shown in Fig.12. It was suggested
. C. .

‘ ) C ¢ that DDT affects the nerve function
Permeability I Permeability by changing the ionic permeability

at at . '
Resting Resting State Active State of the nerve membrane, and that
‘Membrane O such a change in permeability . is
anemial \ . ‘L " . caused by either the action of DDT
L . / Excigability \ on the active metabolism of the
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7

Fig. 12. Suggested relationship between meétabolism and
function in the nerve, and the possxble points of action

of DDT. "

whether' the soaking qf the local application
method is applied.  Above threshold concentra-
tions, it equally dépolarizes both the aerobic and
the anaerobic resting potentials. .
8. “‘A local application of KCN brings about
a depolarization, which is followed frequently by

a partial repolarization.

9. p,p’-DDT has no effect on the resting

potential and the anoxic depolarization when

locally applied.

10. p,p’-DDT shows some effects when the '

nerve is soaked -for several hours in DDT Ringer:
the nérve is- much more depolarized in the
presence of DDT. while it is soaking in- Ringer,
.and the rate of the repolarization brought about
after mounting it on the electrodes decreases.
Such a depolarization in the presence of DDT is
brought about by an ecllualv depression of both
the aerobic and the.anaerobic resting potentials.
11. p,p’-DDT has no effect on the depolari-
v zation prodﬁced by a cathodal current, but slows
" the rate of the. repolarization after removal of the
current
12. Ethoxy analogue of pp- DDT and methoxy-
chlor have the same effect .as that of DDT on
: the resting potential arid the anoxic depo]arizatioh.
. y-BHC has no effect upon them. . )
13. 15mM K+ brings about a depolarization,
It depo_larizeé both the aerobic and the anaerobic
festing potentials equally. ' .
14. These data were discussed in the iight of
the knowledge of metabolism and function of the
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: nerve or the direct physico-chemi-
Recovery : ;
cal action of DDT on the nerve

~ membrane.
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