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F requenmes of appearance of .trains of impulses in the sensory neurones of

American cockroach after injection of DDT suspended Ringer’s solution through the
‘leg. Concentrations of DDT mjected are L7x10-8M and 1X10-7M at 16°C and 30°C

respectively.
S 16°C - s ' 30°C.
. Frequencies of appearance of trains Frequencies of appearance of trains
No. per minute after injection. No. ‘per minute after injection.
30 min, 60 min. 90 min. 30 min. 60 min. 90 min.
1 0 0 ) L0 11 60 0 40
2 0 9 0 12 "0 0 0
3 6 10. 11 . 13 0 -0 0
4 3 4 8 14 0 ) 60 60
H - 0 0 0 15 _0. : 0 0
6 0 0 0 16 0 0 0
7 0 1 9 17 20 15 8
8 0 9 5 18 0 ~ 0 0
] 3 17 27 19 0- 15 150
10 0 0 0 2 0 60 0
so} . e y
70 16C 11O M 1x10'M
£ W
£ w
«— 40
°
[ .
g Ig : ’
g 20 40 60 80 IQO 120 - 20 40 .60 80 100 120 40 160
Y . ) .
St ’
) . ‘
'~ 80 ’ . e 4 o o -7
N 30°C 5.5x1I0M ol 30C 3x10'M
Y ‘ 60 : ‘
2 50 50
a‘
40 40
§ 30 - : . 0]
o] 20 . 20
: B :
20 40 _‘60 80 iE)O 120 20 40 60 80 100 120 - MO 160
o Freq. of train per min, . .
Fig. 1. Hlstognms on the frequencies of appearance of trains of impulses in the
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sensory. neurones of American cockroach after injection of DDT suspended Ringer’s
solution through the leg, as ln(lxcated by occurrence (25) of each frequency of train.
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DDT & 16°C- Jeu* 30°Cicisit 2 train %
R & opIR GUT-HIUE train SEYEORIIY
TR EDRUR) (X Fig. 2 W2aHii 0 G, MR
Fis 6022 oK train 2YYE XY
(Dosage for the initiation of trains in 50 per-
cent, TDJ0) 2R % & 16°C T 0.9542x10-8 M,
30°C Tk 10.41x108M r7ep, 30°C oo
DDT @ train HFANE 16°C OHAD 0.00166{
Tholee Quo i+ & 0.1813 L7 h (Table
3, Wbz negative temperature coefficient *

e~ 30c

Appearance (25) of train

Mol. conc. of DDT

Fig. 2. Appearance (2) of - trains
of impulses in the sensory neurones
of American cockroach after injection
of DDT suspended Ringer’s solution
through the leg, at low and high
. temperatures. ~ Ordinate indicates
appearance (24) of trains, abscissa
concentration of DDT injected.
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(& DT DR, » '
Kioh 28ED DDT % 1IN i) Lictt,

TERIELT train [HEFEDNOMICIED 8

2 1f% Fig. 3 1257, & DM OiER 3x 10-5M
‘G, 16°C FU° 30°C i\ vC L FL 72,428 BU
10. 122 ORI train 2REYE XA LU CH D T
LTI Y train 2YELAN D, EiiThidn it

CHIETH DA%, PRI MM LMAL, WU

TAIS LR E R8P LT, S0k 5 Rl ibET
= epilisths, Wb DDT 124 LCHFE oY
DUETHEATI LD D e, DDT O train 2558
ENMII R LCRMTh 22 22 LTV 2,
Table 2 12 1%L, - =& 7 Vi)
WREREZEE 0% DDT O3y, RIE: DT
T LA B O, & OHER TR INIRIR DR

BNty ie O Nk DT, FEFGOUNER

OUTIERE G A% 7% & &l as, 16°C &
30°C THUNLAKY 6~20 {500 F 238 0, ROV
AU D DI AT 0t Quo T D &
0.3167~0.1177 :7:% (Table3), Table2 DELI
CHEAHE OGN OFERG & s MM s L <5
DA DDT ARIEINB B TH Y, 30°C T
0y/g 2B LISGOE 16°C © 1y/g *rEgbL
PN Tk, TURR YN DT,

0 20 30 40 50 6 70 8

Fig. 3.

90 100 10 {20 130 M0 IS0 160 170
Time in min. after injection

Reversibility of appearance of trains of impulses in changing the

temperature after a single injection of DDT suspended Ringer's solution through
the leg, in American cockroach. DDT" was injected at zero time scale,
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- Development of the initial poisoning symptoms,- locomotor instability, v ¢

Table 2.

B—I1

by the injection of DDT. water suspensmn in the abdomen of Amerlc:m cockroach. | ..

at high and low temperatures.

'l;emvpgzmture Dosage | No. of No. .of roaches which showed initial poisoning .
. o symptoms after_injecti‘orvx. _ ) ‘
o (°0) (r/g) | roaches 1hr. 1.5hr. Ohrs. 3 hrs. Thrs.
' 5 ] 10 0 1 I | .0
30 s ; . . : . ' . -
0| 1. | 10 8 . B 0 0
. 0.5 10 |- 0 1 0. 00
16 : ST I
C 1 0 | 10 10 8 G 3
" Table'3." Qu \%alues of v:ﬁ‘ioll_s actions of DDT in American cockroach.
. b o Temperature : Source of data
: Achn of DDT, (°C) Quo for calculation:
Penctrability through the cuticle | 18~35 | L4l4~1081 | Vinson & Kearps (1932)
I)cloxiﬁcmtlon Dose of. 4y . 15~35 - 1. 024 ' .l - =
12 hrs. - after injection Dose of 8y 156~35 1.113 . } Vinson %‘,ﬁizri‘g (1952)
..Dose of 12y 15~35 1. 500
18 hrs. after injéction Dose of 20y - 16~35 1.457 \ } Vmson & I\cn‘ns (1952)
30 hrs, after injection Dose of 20y | = 15~35 L9006 - © UTable Y- .
LD 50 by injection 15~35. 0. 37’t:~0.277 } Vinsdn”&'Ké:lrns (1952
by topical application - 15~35 0, 365~0,223 . . S - X :
Lffectiveness for the dcvclopment 15~35 <0.258 Vmson & Kc'u ns (19a )
of initial polsoning symptoms 16~30, | 0.3167>Q10>0. 17| This paper-
Nerve susceptibility ©16~30 - 0.1813 This paper
o i&l'l’JElF"‘BfiJ ‘.it(iﬂ.gl'l,tiﬁ PSR Tii%)
% = Thdivbhtuvs (I‘_an, Chang & Richards,
DDT (REOIAIHTH DS LRECHMORT  1048), LaLPi & 7oy =57 YTk, 1B
7 (Dustan, 1947; Fullmer & Hoskins, ~1931; “YEIZ X 2T ¥4 topical application l:):O‘C LI

Guthric, 1950; Hafliger, 19;1'8; Hoffman & Lindquist, -

1949; Hoffman, Roth &;Li'ndquist,
(L85, 1953; Kaeser, 1948; Lindquist, Madden &
Schroeder, 1946; Lindq{list, Wilson, 'Schroeder
& Madden, 1945; Potter & Gillham, 1946; Pradhan,
1949; Rhoades & Brett, 1943; Richards & Cutkomp,
1946; Tahori & Hoskins, 1953; Tomaszewski &
Gruner, 1951; Vinson & Kearns, 1952 [Lj§ « Bk,
" 1953 b; Yates,1950), L L

1949; [k -

T negative temperature coefficient % 75725,
10~22°C DJGEIATIY positive coefficient G b-
(Woodruff, 1950),.
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L Zhdh=, 0T
SL5AL%, Milkweed bug TiRiEfiUY 22~29°C ™

MDGITIE LRI IRIED
DDT $FETAZ S SRR O 2 Eh55,

BOJAUIHITHS S EHAFER L (Vinson &
Kearns, 1952 {L§  FiJF, 1953b) (Table3),
DDT (R X OTERAI R Sz B0 b TR
<, EHERARENC B LCHRNT %0 IR
M RA ST, R TERIBILC
PR TSRS B L, HOMRIcIEt e ¥
FiERA bV, DX 5 RIEROWAMLE =D
T HHRRR LT ll)ﬁméil. (Hurst, 1949; Lindquist,
Wilson, Schroedcr & Madden, 1945 Roth,
Lindquist & Terriere, 1953; Tahori & Hoskins,
1953), vEv = %7 Y CHHERS TS mr
'lum'f, 1903 Vinson & Kearns, 1032; mw'f rjr,
: 1J03 b)o. ! .
" o) DDT OBk HJ(D negative tempera.-



Bt Rt 5

ture coeflicient OPHHIZOVCIET:, TIOHINAER
CRBIUT RS, RS o TER Ny, TR ORY
(BT S 2ERTe S D EXTIAF, A% DDT 122f
T LRI DT D & & A BB
NTha s AL (il 11ws, 1053; ey 7§
b 1953 D), ARUEADES AN M Z D BIDTZ
MPERAD) LTV Do 4 PRI Dy T 4
FELTHL Do e
DDT @ negative temperature meﬂi'cient D
Wie LTy, KoEsgeWmnii s L I,k
TOMEMR TN & LA IRiess, ORI Hl
o DDT AR BRI ARIESSEEN A S %o
+-F Fan, Chang & Richards (1948) {2, D%

TR DDT 2 IR O A 0, - M

ot At & O CEIIWYE CR IR O
TS 0, HoER DDT (2JEdioR I my;
XiL7ds (Lord, 1948; Richards & Cutkomp,- 1946),
WRERIAEROL AR I T 2, DDT A
UG L O e DRRILITBRT S I DAL D
T % LB Lt Richards & Cutkomp(1946) 4
FIRRTRSURZ T Do LLY By =% 7 U TUX,
BRi~fe k 512 topical application DAL HF
{EEhz XoCh DDT (MERONATIENTS DT
bTie<, DDT DRIFEEEINE 15°C X & 35°C
DIFHIAF T E ARSI E LTV BT
(Vinson & Kearns, 1952), HTBITRE TRV,
").21\. ﬁ’;lof[f‘z_ﬁ”fﬂiﬁmff-ltiﬁﬂljj @ temperature

coefficient % positive QIR MDA TVWLRT

3%, Pic Vinson & Kearns (1932) ofiAtnnil
SLA: DDT o WINEEEND Qo (% 1.414~1.581
Liots (Tabled)o- 4 = 4= RHIGH DDT D)%
IBEEEINETROTASKE Y (Tahori ’ & Hoskins,
1953), _ '

L RIzHUEPIO DD TR TRILIE LD TR B b
HTHH V5B, A 5 (Roth, Lindquist
. & Terriere,. 1953), DDT oMi{kPycoffi IRz
DTS DY B D, DDT (AP clisime s
UC DDE, DDA Fh Ao i1

2bILHE 2GS ILTVv3 (Ferguson & Kearns, -

1949; Fullmer & Hoskins, 1951; Hoffman &
Lindquist, 1952; Lindquist, Roth, Yates, Hoffman

& Butts, 1951;"Ofner & Calvery, 1045; Perry & ‘
Hoskins, 1950, 1951; Sternburg & Rearns, 1950,

1952; Sternburg, Kearns & Bruce, 1950; Stern-
burg, Vingon & Kearns, 10353; Tahori & Hoskins,
1053; Vinson & Kearns, 1952), = ONEINisli]
12X % 30 LB LTV DA% (Sternburg, Vinson -
& Kearns, 1053), SR HIXTIIADT A ENAMN 2

w1 BR-IT 0 -

BTN D LSS TH Do UM Vinson &
Kearns (I52) @ ¥ Ty 2870 0 Fo5lmieses
JMERIZ X2, BHUINE 16°C X0 35°C o
FHE S EAEN ST L, Fhe £ =R RIT
AT OLAMRAINLAZ (Tahori & Hoskins,
1953) 0 MENTHEINT X DCUR S 2%, Vinson &Fokk
WM BATEND Qo %52 E Table3 1z
Ttk AT Do Ui LIS SEdCALI L =
7Y OIRPICENT 2R & uieys DDT - otk
W2 E LC, 35°C oFIN LML GHATE S
by 35°C I ivie U REER A R I v ol
- 16°C. o o pIHER LBl LT 2, #EHIUX
TR oM KRIZEED TV BIRE IR DDT it
3, RN ERTh LR TEH B, &
DI IIRTIIR CIIER O Mt % (ORI B A
bit, FTOERMLTNETE DR, i o
M Vinson #:{, DDT oOIH{F12% negative °
temperature cocfficient %57 i%, T LoT
*the intrinsic susceptibility of some physiological
system to DDT” HMUEZ M 5°CH7 § & AT
Do ERINEEEICNENIATClE DDT idvh
@ negative temperature cocflicient e i)kt
WLk, Tahori & Hoskins (1953) 12X
THEIFZILC 2o '
IRISIDX:DHAT negative coefficient DINT
Ariv RS S, RO TRPES S ST A W)
5NCTEH D, MHH LIILTE DDT 2% o0&k
BTN D TH L T2 &, fiRo MR
W2 2o I RIS R L M T 3y D C E DI
TARIEIC X2 CFhd BB LT IUE e B iawal, -
DDT Ot T % DDE % DDA R Huzyhg)
LT3 DDT SR 2y (Sternburg & Kearns,
1950) = 2inbATH, TIMIGURUSTS S & (1
2 HIR, BOSKEIIoXrTirRHR O Ul % B
F 5o U, :
Plioz o0k DDT 2z 2485244 0
I ko TR D70 Ch L L 5 B B 285,
FROITIIMNZ & DIETPHE & (T TH 20 Bl & 72
DTH: Do WTTIUE, DDT DN (dction point)
BESTHLNEVA T L, RICFOIEIND
DDT ARSI DCE O X AR s h e -
52 Thdo : '
DDT Ofpfiriizov-ciz, BRCRi (L - ik,
1933 D, 1954) 123\ CREMICIA U b, RIS
neurone soma "G b, —FAfEH] (primary action)
(2 Z DR BMTEPEORIAT S5 2 2 AW S ZILT
\*7, Neurone soma OIUMAPEAUMA Lok
¥ > T ABROMMIAEL L, DISIHERTH B2
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B B # & & 10 B-II

. ST BT Th o, Ll:ff&'ﬁ < KR
BEPUIAIRED RIS deterioration %3 LAcfigL
LWL, JERT DM REREE LD D EN UKD,

DDT cifiifi Lz 7"y VJHHJF-‘Z neurone 1§,

"BiLZ train 4, DDT. O—Kl’l’lf’Fm@—‘OVJ:&lﬁé )

Wehoy, dyzﬁ%ﬂ!ﬁf%&%&ﬂc&%ﬁ HHoT (1
I Tk, 19331, b, 1954),
JHWNEI L oThs D 2\ 5 ARSEROREINE, U5
22 DDT {510 nggatlxe temperature coefficient .
1250 SR ORTLOERPTHTH L 2 2RL
T\ %, $i Fig. 3 ISR LA: train FEEOTPE
A%, EEROTLEC 195 WA AT BT LAY
HHDTH D, . , .
fRJEIc & 24hfg D> DDT ”ﬁxﬁt@ka_\n(i PzruRip]
ek dpolidciel, "‘”l’l’JL baple hBIR LIz
fliZa LT\ %, Table2 OFEH®REH, DDT ot
IEIEEIRTEEL IO Quo (1 0.3167 & 0.1177 ofi]
ThHY, train BRI Qu=0.1813 Liiz hiEN
o2, Fh PUIHERTEBINL Vinson &
he‘lrm(l‘)o D) DA LI LT A E IR S
“ILdo LD Table6 )k o, topicalapplication

DYy 35°C © LD 49 (T5y) TP LT 24 15l

DIRAIYSHR DDT 1389 15y Bk TH O, 15°C T
LD 80 (10y) AUupiEoziuify 1y fifgth o, ¥
72 Table9 LU p. 488~0 k/r‘éh*CL\Z;!m( 1k

M DDT 28 14.3 7 LT o 35°C, Tkl

HILTUVIL, Table10' X b 15°C T 47 (LDI100)
AL 12 ROt 1S IS kA DDT (3 1.8y
5 Y, I M R b IvTv B
o & XN (GLws - T, 1953D) X O SLTUILHT
- 5%, T 15°C TIMAADIESHE DDT 234y 1y
DIREATEF OFICIERS b, L8y TR~
CoOMKBILILE Elbhy, ¥4 35°C Tk 16y
HEEDHUTHEEBOMRIERS BlbILS § D & 153
&%, S HILT 15°C & 35°C XTIk DDT
DIERTEII NS 15 {1115 1{;0)}_)',{.‘9114 Qo
L e <0.258 Bu S finisied,
ol b—F LTS (Table3), _
- DDT ESHz X % D isIHER %, 16°C X 0 4
30°C iRt HlHNEN LI\ -.03\_?.(:‘*’?.
¥ neurone ku};?ééid‘ train OYPEEIRIFIC XD
<R, MROGGOIAHENEVEV )
Tablel K¢ Fig. 1 ofiJie 45366 35;6 DL
Btz
Kz, TRAOTA DDT 12X % train 335 L
DT E L0 MM 2 2835, BHEORRClLE
PG W v, —2DTFRRH L LTHXL OIS
i, ~ BB AP RAR IR D 5 A MU0 S
44 : ‘ ‘

DDT @ train #F

AT

T OREEEC X

PiEB 58 (HH, 1943; Kurebayashi, 1943;

Qg 1942; Oku, 1943; Suzukl, 1950) &, Fh=¥x

7"y @ neurone soma IZOAT L ZFDE AR
ATV (LS - Tk, RSERD) TH B, K
ROFH MBI BAE L E LAV IREC L 550ch
b, KENEBTEHLS train 2L, D LH#
2 5D, MWD DDT KESRES T negative
temperature coefficient % 7723 hEwi o el
DDT 2\ hie 28K RO U2 A & ¢
B EWS S E & B I LB AR 0T,
WIZPEML S 24 58 h 5,
'iﬁ B

DDT % 7.2y %7y DG % t B DA%
= neurone I train PBFEIND A, =D train if
FENDRIBT L 2TODII R 20 R~ Ehew
%791 DDT %ikfh Lasia o ipiisRses

NSRS REQKETOVT DT L,

Hiz DYUED DDT %7k LABMKD train |l
BUIHER, 16°C oIy 0JiAs 30°C X ‘)/J\‘c’S\. iy
25,

Train ZFEOUHIEE 16°C Ojjz): 30°C X 04
LR, 502% DEHKIZ train EEFEX T LMK
(TD50) (¥ 16°C T 0.9542x10°¢M, 30°C T
10.41x10°M THY, D Qu (% 0.1813 &/eD
f\_o

30 °C iz 1\ f%@ﬁﬂfk%li‘él&ﬁﬂ:&( DPED

.DDT %M LT train %RRA EFR LT IRIA

% 16°C 12Tk, TOUER 16°C ClaRiise x

DIXDHICEI o) D train DYIEIEELLTTE
BA%, TUOBRICREWEE train (3354 EElbILe S
b, SoOX5BEEREETS 22Uk, WY

- DDT @ train .ﬁ?ﬁﬁﬂ](iﬁﬂkﬂ‘JL’C_hM'fC&

tzo

IEEIRZEDL) mm:mamm:xa <, M
MERREUT 0.3167>Q102>0. 1177 T HDts, Vinson &
Kearns (1952) OHEEST SINNLE Q10(<L0.259) Ny
3 SHUSAENNAMET L B,

et {5 "*033’?!-;0(%-“!1?& @ik - hy, 1953;
Hys « Tigk, 1953Db) 1T 5\ CHRE L FH, WH
DDT 2ERICH\T X O AIITH Y, IR S A5 N
PREECE Lok, Ko DDT i3&))
LEC X D DTk, ERKATD
DD JREFNIFROHAGE A 5 BRI TH
WHHskY, #iEo DDT Ioxid HEESEEAYRRIC 25
WTKTH D, DTS DDT oS
ERCB LRt le b Th % &\ 5 2 & SRR
FE & dL7e,
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Résumé

Trains of afferent impulses from the campani-

form organs are induced in American cockroach,

Periplancta americana L.,

by the injection of

DDT suspended Ringer’s solution through the

leg.

This can be observed in the trural nerve

(No. 5) with amplifier and oscillograph. In this

report, we are concerned with a comparison of

the effective dosages of DDT for the initiation

of trains in the nerve at low and high tempe-
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ratures, and also that of the effectiveness of
DDT injected in the insect body to develop the

initial poisoning symptom or locomotor instability.

Frequencies of thé appearance. of trains of

impulses after injection of DDT of the supra--

threshold concentrations are lower at the tempe-
rature of 16°C than at 30°C. -
The threshold concentrationof DDT. to induce

trains is much lower at the temperature of 16°C .

than at 30°C, as indicated by :the TD3) (dosage

for’ the initiation of trains in 50 per. cent) of

0.9542x10-8 M at the temperature of 16°C and

10. 41X 103 M at 30°C, the resulting Qjo-value

" being 0. 1813. i D
Trains of impulses are rarely initiated at 30°C
when ‘DDT of about the threshold concentration

" at 30°C is injected,  but when the temperature
is- lowered ' from 30°C to 16°C after a single
injection, trains of impulses can be induced. in
) ‘higher frequencies, as the concentration is above
. the threshold value for 16°C.
disappear, :

These trains
however,  when temperature . is
transferred back to 30°C. Thus the initiation of
" trains by the toxic action of 'DDT is reversible.
The effectiveness of DDT to develop the initial
" poisoning symptoms also indicates a:negative
tempemture'coefﬁcient, with Qg as 0.3167>Q
>0.1177. . Calculated value of the temperature
coeflicient based on the experimental data taken
from the paper of Vinson & Kearns(1952) is
also a-comparable one, Q10<0.258.

Thus our hypothesis about the necgative

temperature coefficient of the action of DDT

established in our previous paper has been

clearly demonstrated : DDT acts more cﬂ'ectively‘.
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as insecticide at lower temperature, and ‘the

" poisoning symptoms are reversible upon changing

the temperature when appropriate dose is

vapplied. .Neither. the penetrability of . DDT

through the cuticle nor the detoxification of -
DDT within the insect body can account for
the mechanism of the  negative temperature
coefficient, - for, DDT 'is more penetrable at
higher than
undetoxified . DDT remains within the Dody of
roaches that survived at -higher temperature

lower temperature and . morg

than those died at lower temperature. 'Moreover,
as the reaction of DDT detoxification. in-the
insect body ‘does’ not seem 'to be the reversible
one, reversibility of the poisoning symptoms éan’ ‘
not be éxplaincd by Introducing the.‘factor of
deto_xiﬂcation. Ini-view of these considerations, .

the intrinsic susceptibiliiy of some physiolog'icnl

_ system must play the.most important rdle in
" the negative coefficient of the action,of DD,

and, as is demonstrated in our. present experi-
ments, this intrinsic factor is the susceptibility
of the'ﬁerve'to DDT. - Nervous - system in the
roach is more susceptible to the action of DI_)'I“
at lIower temperatufe than at higher temperature,
in consequence of which DDT actsas insccticide
more effectively in the former case. Reversibility
of appearance. of trains in changing the
temperature presents a satisfactory ‘explanation
for the feversible, poisoning symptoms in the .

change of temperature.

Erratum in Vol. 19, No. I, p. 3, Fig. L. The
entire set of - the photographs in Fig. 1 (not
include the signs) should be turned upside-down.



