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(#1088 %7 Yo r-BHC *%Eﬂié#fﬁ |

ERHEAE SN « EJRER (UKL IRAHT SmZADIAE) 20. S, 0. &

BHC o#iMiBRBOB-HRLLT,
FESHERLMC LR

TRCENH DI ERERE L SE T 2 e bizik, ¥
T—E e LCEERic X a liorhi
L, Thlenl 28Ol bic X - CHiE S
I D TH AR SRR Sy, HER
{%. DDT @ik & iR oBes b oitar d:
AT Lo b 52 (Gdk « 1ky, 1953, 1954;
(L5 - Ti9f, 1952 2,b, 1953, 1954 a,b,¢), y-BHC
122V C b 2 EHER o FEBIER % # <5 & s,
" DDT MR R0 T 5,
EERM B R EE

‘ R R v eyax 7Y ‘I‘eriplanela‘ ‘
americzna L. [RIVT 30°CICBWCiBF LL DT

5o a

rpmimoawcxauﬁ% (Ues - T3k, 1953) arm@
7 topical application (fli¥f#/s y-BHC o 0. 12
acetone FATK) 1 X o THIZE R HIZOLTHITF - 72,

FII P ARERIR D neurone o3, MRAFEEHE

B QLes - 3k, 19520, 1954a, ) DEHTHb.
THIEHEREIS topical application I X - CHhEEEE
ffd oV e 2 i, lERERC -
BHC Ringer KpF (y-BHC @ M/20 ethanol ¥
%% Ringer K¢ (LS - TigF, 1954a) iTiEAL
CHEAE DM E L b ) 2RI LTH~

T L BRSO TEAHHEME D FITEMEURRIARE, .

45 6 BRSMEEIIN @ o+ 7 AR RUEERASIC 13

=, EOWRETIOMEIER R Lol HISRKU%E |

O TERFR O HTIH Tili~ 2, H—jshic

WFFERHORITE (Mg 0.25 ¢ VB B, B

89S inductorium M7z, HBE LALBRHEER
PO LN OIIEEE (NER 0.2 B EIIE) I
-’lofgmL.V&m*J/P?77Ethﬁﬁ%
U‘ki‘ﬁ%?ﬁo 2o
E B &R
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y-BHC Lpafs, BRIIR IR C R BITMATS &
> TL Do BLHId AR, SIS, St
" 106, C ’

HEREFEmCE

‘F"‘i % (Table 2),

%ﬂl‘:ﬁ«‘ﬁé%l’ EDk>ic ﬁﬂhf*%ﬁ‘bﬁ 25

IR B BRI BUS L i % i 0%, FhA KNS
RN X 5 72T & 2 b IR SRAE 0 § OISR
ST T D, Ui LTS < BT Flb e
<% (RBRUERRAMD, RoMELTiBY L
X 51l b LI REEE S (RED.  #
HHIRIRTIIE 0, POTIZINBHIERC X > T T
B35 X 510 B, ELCIEH MR+ 5 & BBy
b GFAED, FECBTT 524 FORSUINIEETA,
*m&ﬁmﬁH#ﬁﬁalmmiaMelkmLt,
11 whiEMiE o BRHEER

MikR3i% 10-° M y-BHC Ringer }I“I?Z‘C!L"
15 &, FREREM O T RIFRERIED B FEMATERUE S
OO e LTE
M Blbivadl, Fig. 1A W Lis & 5 1 BBk
o 1% 56 BESMGHoE QR , MIEROIY

n 1] v A\ vl

- Fig. 1. Diagrams of arrangement of
stimulating and recording electrodes. '

A @ For recording the spontaneous giant . -
fibre discharges and slow potential of 6th
abdominal ganglxon' Shadow indicates the
crushed reglon. Fine silver-silver chlonde
electrodes. :

B: For recording the glant ﬁbre responses
induced by the cercal nerve (presynaptic
fibres) stimulation. Fine silver electrodes.
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Dcvclopmént of po‘leomn'g symptoms after injection of y~-BHC water

suspension in the abdomen of male American cockroach (20~41 days old cultured
at 30°C hefore treatment). Room temperature (14~19°C).

. Symptoms after injection
Dosage N .
No. | £ i o ie) =) o o = = = = = S
/) Eg &8 5 = &5 & & 8 8 8 8§ & =
}_-: = ~ 4 ~ o - -8 ] ﬁ i3 g o =
1 0 I B SN RO B I 17 1" 1 I’ W
2 0 I | CON SR R SR SN S SR\
6 3 0 I I* ¥ ¥ 1 1 I” W
4 I 1 S AR A A A S AR DA REG |
5 I I I’ X I 1’ 1’ H v
6 B DA | 1 I I ¥ 1r I m
7 I 1’ 1 r ¥ 1 1’ 1’ I”W
25 8 I r 1 ¥ ¥ 1 1 ¥ I”WN
29 b I 1’ 1 I I 1 "1 1 1 v
10 | A | 1 I I I 1 I’ X v
O : No symptoms I : Slight excitation 1’ : Excitation and ataxia I : Severe
convulsion 1’’ : Median convulsion 1° : Weak convulsion T : Slight

movement by external stimuli

Table 2. Frequencies of spontaneous
giant fibre discharges before and after
treatment of 10-* M y-BHC. suspended
Ringer. Average values calculated from
the 11 or 12 seconds continuous records.
Isolated nerve cord preparations of female

American cockroaches, 15°C.
Before . |

No. treatment 1hr. 2hr. 3hr. 4hr.
1 0. 16 3.25 .58 6.0 5.00
2 0.09 1.41 0.23 0 0.
3 0 1.27 - 150 1.53 0

4 0.28 - 0.83 15.20 0.50 2 36
b 0.60 0.08 0 0. 10 9.54
6 0 6. 54 1.92 4.00 0

eS8 LTI o B EES L, LoRizions
THEANE LT (18) 8iFTs e, HEUR
BIAPERAZETIO B spike M- T D E At
bdn (Fig. 2), ‘
s I b NIRRT E > T B
853~ 1 F 224 ~ N SRR HIARITM D connective
L b insitu CIHIPREL L, spike HIEER R~
#21{% Table 3157 Lz IR USETN:S
Mz s\ ClEC spike JIEIFULLISE-THD,
e U L CsRo D Pm
BV, T LRS- T spike FIEEZEN 25,
L Lo oBHEIRTBENC X - THII» i o b+

¥ : Paralysis

> TLHMRLETHE -

IV : Death

Table 3. Frequenciés of. - spontaneous

. giant fibre discharges in normal and 7-BHC

poisoned roaches. Average values calculated

from the 10~13 seconds continuous records.

In situ recordings. Male American cock-
roaches. 23y/g topical application. . 15°C.

Time . | Before| After
No.| after Symptoms [severing|severing
treatment. |- . [the cercithe cerci
U pefore 3.50 | 170
-2 3.80 8.45
3 |treatment 10.27| 2.00
4 | hr. min. " Excitation 13.08 | 11.08
- 5| L4 | and 17.91| 12.00
6 ataxia 03.30 | 44.08
7 : Severe 14.33 2.33
8] .4.40 23.35 | 12,81
9 convalsion 49.16] 7.93
10 Slight move- 0.83 0.53
11| 20.00 |ment by exter-'| 3.75| 3.36
12 " |nal stimuli 54.60 | 18.00
13 0.50 0.18
14| 22.00 Paralysis 0.50 0.46
15 ' 43.25 | 13.21

%o BEENIORINC 7 - AT {110 LSS L
78 IE 2 7elbyTh & DRBERRIILT 588, Sedelz
107
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Spontaneous giant fibre discharges.

Kig. 2.
A~C : Isolated nerve cord preparations of female American cockroaches. Arrangement
of electrodes is as shown in Fig. 1 A. 15°C, time marker 50 c. p. s.

A : Before treatment.

B, C: After treatment of 10 M y-BHC suspended Ringer. Another
Note the spike discharges superimposed on the slow negative potentials. Large spikes
protruded from the screen of Braun tube.

D~H : In situ diphasic recordings from the nerve cords of normal and poisoned male

preparation.

American cockroaches after severing the cerci.

marker 50 c. p. s.
D : Untreated preparation.

Dose of 25y/g y-BHC. 15°C, time

E : 1 hour and 50 minutes after treatment. Excitation and ataxia.

IF : 4 hours and 46 minutes after treatment.

Severe convulsion.

G : 20 hours after treatment. Slight movement by external stimuli.

H : 22 hours after treatment. Paralysis.

BBk -5 & spike HiBE(3% < DA LB
LT BE O TEREMHIRLL F ok 78 %,

IIT. 26 MBI Y F7 2 {EiE

Fig. 1B R & 5 Ik ClRAEifEA ik UEH
FRARHEC B % BB MRHE D BUfE 2 i~ % &, Jigng
D IEFHEEAR C ik Ak X - Td
discharge (X{#iAs LaHlbiview2s, 10-°M y-BHC
AT 5 & BE—l#c3E L\ after discharge %
F 5 X5 ie s (Fig. 3), G Li-l8i% in situ
CIHEAIALER LR 1T > T, EhhIH AR
ARCHEREHESESAONS, @ L[ Table 4
ITm LT,

HhiEfRcsvTd after-discharge ORAILE
FEOH %, TablediomLiz X iz, HFERUET
KIIClE after-discharge ({55 Rl EE
RLABETSHS2, EEMRIM L kb, F
HIMCA 2 L8P LTHIciE ¥ 7 7 A BRI E S,

After-discharge 233 L 7 - =G d, B
Hilc ¥ 7+ 7' A @A ok LA v T d, RE
TR D K CE AR U S B D TER 0 & @
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Table 4. Examples of the durations of
giant fibre after-discharges induced by a
single supramaximum stimulus to the cercal
nerve (presynaptic fibres) before and after
treatment of 10°°M ;-BHC suspended
Ringer. In situ recordings. Male American

6. 10 2480 <

2350

cockroaches. 17°C.
Time after
treatment A B
lefore ;
treatment ' 70 msec. 100 msec.
hr. min. !
0.35 ; 350
1.25 1 450 350
21 ‘ 760 400
3.20 650< 520
4. 10 [ 1080 < 949
5.20 2120
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Table 5. Durations of giant fibre after
-discharges induced by a single supramax-
imum stimulus to the cercal nerve (presynapitc
fibres) in normal and y-BIHC poisoned
roaches. In situ recordings. Male American
cockroaches 23y/g topical application. 13°C.

i
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V. BERTHE ORI .
H’Qﬂ‘t-m > etz DU TRl 2 A ‘7)‘?*1?‘11:33,
v+ 7 ABBRUTIROTEEC X 2 MER AN,
JRTHRE, TOARMREMSHER U BRBIHRE (Pringle(1939)
# Nerve No. §) 1E§RU§“6L“’TWE§QP3®/+

1 : Responses of right and left side

. o7 BB & B — — RIS X B TIRIEE)
~No. 'I;;?:ﬁm'lg;ir Symptoms | after-discharge _;EEE’K E‘E’L. LT Licas, ¥R fﬂiﬁ{ﬁﬂﬁ‘k e
» (msec.) X AU IHY HESC L, Table 6127 LAY,
1 70 BB OY 77 2R bR BRMEECRG Y,
2 Before 80 S VR . oy
3 |treatment 90 R Tﬂiﬁﬂﬁj’fﬁi ET"D/ F 7 AGEIEEC, IRE
4 100 ﬁl’cb‘ﬁ*f"]fbﬂ%ﬁﬁxﬁéémbuhhéo ‘
hr. min. Co : )
5 0.5 240 5 g :
§ | L0y ) Excitation L2 EFL EORBET D y-BHC MEERO TS
8 | T20 | ataxia 100 WA LT H D, RMDRERUEBRRIC 35
lg }.:433 : ' %8(} 6 mwmggﬁpgo)/%7 A3l 5 after-discharge
— FE§ nT"f"]UJ;’@E(i‘ita‘oﬂf YERET (if;wz):up LB
| 25 Severe s BUCTLTL o, & ORI MRS R
3 | 350 | convulsion 2260 DTS ¥ FTADE DX 5 (facilitation) -
1| a7 o< wXBborEbi, ERANRIEAES &b HAD
5] 4.49 Median 2400< RFIEYoTr rf:mmm‘@a%&mwﬁ&o@jcasa
ﬁga g 8; . | convulsion 2§§8< HAih5 V)'ch_z) ‘3 ﬁk&—zﬁ}jkﬂ % L.after-
17 5.00 R 560 " discharge . |33 L{_?;éii, < DXEIRSFIAD
P E— om0 3 LTS & - CEBRRAET A  Kobil, fEEt
101 20018L gpiane  Block 2B S DL HL DI D. & ORI IR RO
51| 3030 | movement - WIS, RAEGITANSAE DB 2 S URRES
zoA T | extidal Block SIS R > 7 A R IR BRI
91 | srapk | stimuli Dok X DT OB AMHBEUSEHIRE 2 52D THS 5 o
% | oL 3011: Block FET TS OISO, EAMEE O neurone
26 21.41 tParalysis 300 .
27 21517 Block soma VJU?%filé‘ilﬂ:i)@le&Uﬁiyﬁ)Wﬁ M E~ELE
Ui 2 &R PREDT Do Kic HREEEMOBGED %%
Table 6. Examples of the detenoratlon of nerve and muscle in paralyzed male
American cockroaches. Topical application of 25y/g y-BHC. 15°C.
Function Locus A -  Response
. 1 2 3 4 i) [{ 7 8 9 10
. 6th abd. gang. + H# H# it +7 H# - - - -
S}t,:;s:fc }\’rothor. gang. + + - I + i +
Py Tethothor. gang. + + + "
misslon Metathor. gang. + —+1- —++ - -
. Cercal nerve : L
.Fibred Siant fibres ) i _T_ I ) I i i 1‘ I . I l-
conduction | Motor nerve : . - -
. of metaleg + + + + + + )
. Proleg + o+ o+ o+ + -
Muscle : +
. Mesoleg + + + -+ 4 ——p + + ~ +
contraction | et jer £+ 4+ o+ ox -2l x - - &
Spontaneous activity of o o C _ _ _ _
giant fibres Tk ot . * +
¥ H : Synaptic facilitation + : Positive response 4 ¢ Weak response. — : Block
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Fig. 3. After-discharges of the
stimulus to the cercal nerve
v-BHC suspended Ringer.
American cockroach.
marker 50 c. p. s.

A : Before treatment.

Arrangement of

Very prolonged after-discharge

L2 72 % & RAEE R RRITNE 2 9% LT
T e D, :%zz:ﬂutf“: l'.t:\ad'nvtz OB ETES

BB I T, BT 6
BB 2L ONT A
oo LIRRIND,
= WA OB — R

i< yoTho,

fathRE i o 7 7* AR 8

primary action) (¥ neurone

-BHC ®—RIfEH (

soma Df

IKE TR v+ 7 A EE

Dt Hithe
o X35ic »~-BHC 23 iRicii LW blEr &
Z2HEWVH T E, HOPREDMEEL d—FH LT\
7 (Dill[l‘lnfl!{nv & Fritsch,
1952; Roka, 1951; Vidal-Sivilla & Larralde,
1949). "7“;'5"‘“:%%‘5:», BHC i iz ik
iz b, JkfilERc 5 3
T\ %2 (Schwarz, 1952, 1953),

Philippot, 194S;

~ > L o tad e

&V
5 )zv SN

2h
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giant
presynaptic

In situ diphasic

fibres induced by a single supramaximum

fibres) before and after treatment of 10°° M
recording taken from one and the same male
electrodes is as shown in Fig. 1B. 17°C, time

Very short after-discharge (100 msec. ).
B : 1 hour and 25 minutes after treatment.
C : 4 hours and 10 minutes after treatment.
D: 6 hours and 10 minutes after treatment.
(2380msec.

Slight after-discharge (3S0msec. ).
Prolonged after-discharge (940msec. ).

Three lines are the continuous ones.

RohlXHicy F 7 REE
k5o HhEE §D w]x K& it oy
i (P }nllmm( & Dallemagne, 1947, 1943), #&
BoOFHRES X o (x ke d
2" % 7"V CURE KRR & B
DD Y >+ 72D FHS, 561
L b labile T35 3% & ‘_‘i)L’:L‘Z,Zf; (Roeder, 1949),
= OIS BobhkX5ic »-BHC X%
¥ F 7 AREHRCOVWT

i k% b0 LR X

TN >
D EHE XD,

e

il neurone &

)

’.)

DDT OBE 318 o R ESBEMIE F b (Gordon
& Welsh, 1948; Roeder & Weiant, 1946, 1948,
1951; Shanes, 1949a, b, 1951;
1947; L% - 39, 1952a, 1953, 1954a, b, c), *
OFAE FEPERE R (LW - £k, 1952a, b,
1953, 1954a, « 7 AR "_w):')_“_',",L (Dresden,
1948, 1949; ik - s, 1954) 28725, y-BHC
P HLA = 13 A2

LOL T N 'i.’L"'.v'_ﬁf’lﬂffmw

Welsh & Gordon,
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Résumé )

Effects of y-BHC on .the nervous system of
American cockroaéh, Periplane.’a amer.cana L.,
were investigated by oscillographic analysis in
order to clarify the mechanism of de\'elopment
of y-BHC qymptoms.

The course of 7—BHC poisoning ~symptoms k

was as follows : latent period, period of

excitation " and ataxia, convulsive period,
paralytic period, and death.
Frequency of spontaneous giant fibre impulses

of the isolated central nerve cord increased by

the application of y-BHC ‘suspended Ringer's -

solution. These discharges were peribdic,
superimposing on the slow negative potential
of the ganglion. ,

Also in the poisoned roach, the spontaneous
activity of giant

augmentation was most evident in the period of

ﬁbres‘ was augmented :
excitation and ataxja, and the spontancous
activity decreased with advancement of symptoms,
4. €, during convulslon and paralysis, to cease
in the roach paralysed completely.

. Synapses in the sixth abdominal ‘ganglion,

connecting the cercal nerve fibres with giant .
fibres, were also affected by y-BHC application, -

and the giant neurones elicited prolonged after-
discharges by a single presynaptic volley. Under
such conditions as these, however, fibre excitation

of cercal nerve or giant nerve by a single -

stimulus was not repetitive but a single one.
Prolongation of the after-discharge was also

4 19 11

observed in the nerve of poisoned roach. Slight
prolongation was evident in the initial poisoning
symptoms, excitation and ataxia, maximum was
attained in the convulsive period, and after-
discharge - : I

paralysié followed by the synaptic block.

decreased with - advancement of

In the roach at the paralytic period, trans-
mission in synapses in the metathoracic ganglion
that connect the giant fibres with motoneurones
of the leg was blocked at first, .followed by
the synaptic block in the sixth abdominal
ganglion, conduction block of the nerve fibres,
and muscle paralysis. '

Thus the mechanism of development of y-BLIC
symptoms in' the cockroach can be clearly
explained basing upon the present experimental
results. It will be attributable ‘to the slight
synaptic facilitation that makes the roach during
the period of excitation and ataxia hybcrscnsitivc
to external stimuli, and the increased spontancous
activity of the central nerve cord may present
a suitable explanation for the hyperactivity of.
the roach. With advancing synaptic facilitation,
coordinating function of synapse is so disturbed
that the ataxia and even the convulsion may. be
1nduced Further progress of poxsonmg depresses
the spontaneous excitability of the nerve, thus
inducing the immobility of the insect and the
deteriorations of the nervé and the muscle, i.'e.,
synaptic block, conduction block and muscle
para1y51s, and as the result the complete p’xra.lysxs
of the insect. Death may be an inevitable
consequence of such deterlorat;on. It may be
said ‘that the primary action of y~BHC is the
augmentation of the spontaneous nerve excita-
bility and the synaptic facilitation. and that the ’
paralysis of the nerve and the muscle at the.
later stage'o‘f poisoning is a'secondary deterio-
rative nature. ’ . .

Some discussions have been made concerning

the mechanism. of action of. v—BHC ’md DDT

on the nerve,



