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Résumé

In this paper, we analized several ecological
and tcchnical problems in biological ‘assay of
insccticide, used third instar larvae of common

housz fly,’ Musca domestzca vicina Macq. For

“this purpose, ‘the- larvae of {ly are dipped in
" lindane 10

during 30, 60, 120, 180, 240 minutes respectively.
Then number of dead and pupated larvae are

counted 24, 48 and 96 hours after treatment.
Additionally,
period from egg to emergence of adult, and sex

rate of emergence, developmental

_ratio of ‘adult are observed. The results are as'

follows :
Mortality and concentratidn-mortality regression

25 emulsion of various concentrations,

equations of -larvae due to dipping in lindane
M. L. C.
(medxan lethal concentratlon) decreases gradually

emulsxon are shown Table I and II

with “time after dxppxng “and with the elongation
of dipping ‘time (see F1g 1).

We observed abnormal pupation of some larvae,
-treated - with the

which  were insecticide.

Morphologiéally, their mouth parts remain at
larval stage, but all other parts are successful
pupae (metathetely) Frequency distribution of
these abnormal pupae to logarithm of concentration
of lindane emulsion fitted with normal distribution
curve (Table IV). Comparing with normal pupae
treated with lindane emulsnon, the rate of
emergence of these abnormal pupae is extremely
fow (Table V). But between the . normal pupae
treated with lindane emulsion and with water,
difference of thevr:-ite of'emérgence is insignificant.

The rate of emergence, devclopmental period
from egg to emergence of adult,” and scx ratios

of fly emerged from normal and abnormal pupac

_are not affected with any dipping time.

Effects of Some Insecticides 611 the Respiration of Insect Organs, with Special Reference

to the Effects of 'Rotenone.

Jun-ichi Fukamr (Laboratory of Applied Entomology, Factlty

of Agriculture, Umversxty of Tokyo) Received Oct. 29, 1956. Botyu- Kagaku, 21 122 1956
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danica L. Q2T Do '

$#REN SRV WRAE: o F 2 ~ 2 (mp
162°C), x Fn3F4 v (HUIK, 99.523), p, ¢ -
DDT (mp 108°C) #3X2f ¢ kY > (100ce O
x4 —pizer by I BEEI & 6g Ot
bD) TdH Do WAL TTHW » iU TEf
D r:0)5"-6:!L"cﬂ@ﬂl{ﬁﬂ@ﬁ?@\idﬂb\hi"‘%li
TN TRAELBEBLEDHDI

#E, ﬁmb;wﬁ{te&ﬁm TTC 26FER : 7
ey I% T Y RHANTIRY, -in vivo DI BT TT
W LR LTH:{%%X}H bT_o BORGCHM Ulciid
Rz 1/16M B (pH7.4) 2. 5ml 2x10-3
MTTC (2,3, 5-triphenyltetrazolium chlonde) 1 ml,
HHK1ml T, In vitro DI, WBLIEHIR
PhEER (MBS 3~BLBES 6 ARER) BAHII L, BEAT
0.5ml ZHMAT: 4.5ml D * 7Y Y o LRH™
(212U pH 1 7.4 i) WBI LD, 1
TTC 7J<r~x3{"(pH 6), 126 TTC Y > 5 VKK (pH
7.4) Fiok 12 TTC PEEARIEE (pPH 7.4) 1ml
OB L, BEOETHAI, BTN LDREBRNT
N 31x£2°C B2 4D Thde

KM homogenate Wmfs:ﬁ()‘ﬂ%*%ﬁﬁfﬁﬂ@ﬁu
£ 7~V T vy RIEIHR A, 33°C OIRIAT
fiDlze ¢y 2R LEIDENZ OO/, @, W
BXOTB LR E Ur 7 2D 122 ZONRO I
1£0.1g 445D 1/15M BERRIEK (pH7.4)
BN, WEEUI b ORRERKE Ulze AIPIIRNUR
i, FERDASETEE 1/15M PRI 1.2 ml, 2400
7k 1.4 ml 33 ¢ homogenate 1ml Tdb, M?k}g
BERNETI - 1/15M  WRRRMEIIK 1.2 ml,  ZKHIK
0.4ml, 1/100M x 7V Fiv— 0. 5ml, 1/10M % -
F#Y 0.5ml 351X homogenate 0.5ml TH %,
A Giey vy % § DF LRI RRESTIER
(ARMEIC31) B TTC FE7E % IE UTBUKEREFE
NE U BIAFRIRECIY B TTC R ) 2 10
EUTEDUI

BRAGTROAE : o 3& 1 D) OJEEE”’XJJ%}HL\‘CUII
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ﬁ&b&&ﬁﬁD:U/Iz?E—ﬁEﬁme
o ) B 2T NENO IR (IR 3~
6N ER) 2 AR T PLL T 4.82 homogenate
LIV D, B2 liﬁ'ﬂ?ﬂidib\'ﬁiﬂﬂm}f&mim"zr'rﬂ VY
2025 homogenate & L7z § DRREIK & LTV,
PRI AN A 1 L iz 0. 15M NaCl, 0.04M MgCl,
0.025M NaHCO, r.«z;, pH 8.0 IR Liz & DT
Hhe

Hesterin™ 33 X OVH 51 O ds-S X777

oo eI
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12 o
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1. In vico |o$513 58
A. 2, 3 RED TTC 2B
B
a. REREMICHTRERES

I RIET D

ﬁﬁ’iCF’é’) 7.

'é@mm&oxmrmmﬂﬁw&wbrﬁFurun_

SOy BF/ — RIS FF NI TH D, X

TEERO 3 5 TRISDEFHREMICBD oI O
IR KO T,

MERERDPPENTRENE
biric (Table 1); C o
. Table 1. TTC staining of some ofgans of

.the  American cockroach paralyzed by the
injection of insecticides.

Time in minute after m)ecuon

oo %’D of insecticides
Insecticide | 231" 39 180 240" 1440
Q A e, —m Py DNy
|NMD NMD NMD NMD
Rotenone |11 | ——4 ———
Methyl ’
parathion 8| ++t ———
DDT 100 +++
Pyrethrin 8- R

: The same degree of staining as control.
: Decreased degree of stammg

: Nerve cord.

: Muscle.

: Digestive organ,

gzz|+

2o T 30 FORIIITI %2R MRS
DETIHES VDI, v 52— O30
AT TICHE S R R ORISOIE FAEY 51T

VBDT, I 6eAERTE & 20 b REKISOM

QBRI L, 05 s — RO R
IR RNz,

b. 07/ - HBOEHEORE XU HAD
LK MIZIHO MEORORISHBTIR LD b &
XTI F TS (Table 2), w5/ —viilid & 7Y D
FiiE2s LUK D BUHEL AT L D THRD &,

- HURRINED BT ST L OMRIRIHESIE T U,

RS BT T 2 LTHDOHERDEF A6
Ah (BR - BIERRE), COPRE Table2 Of
RERI—BULTO 3, Ti0b 5 3 THRDRIT
WRDSEIH] SUTHELL, HUME L, SR T DA
mwasmﬂznrvwﬁwmanzsnaama%
AbNbo .

U,L Table 1 38 ¢ Table 2. Zej:l:ﬂ;’é Litg e 7
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/= HHT X BHIEE, MRO TTC BEBRIGOLE
T EERER & ST UTE S, 5 FF T

SEEFRE, BRI D TEID TROSIED
Bo Ty . - .
Table 2.  Degree of TTC staining of the
mérys ..cord.. and muscle: of the. American
cockroach, just after knockdown by the’
lnjectxon of rotenone. . L : '

mrvm'

o " Time.in minute after
Exp. |” = injection . : :
.| Knockdown Observation | Control Rotenone
S BT N+ -
L A Mt s
o AN 4+ +
20 4 M
o | e IN A
S R | ST
. i A . N - + . o
40 -8 0 2o Imal 4y
S D IM e
' SN 4 -
6 8 B Mt s
. ¥ N " + -
7 6 200 M 4+ A+
8 5 N ++ ++4
L2 M +++ 4+
. N +4.. —
? S : o M+ A+t
+++ : Deep red. ++ : Light red.

+ : Pink. - - —: No staining. "~

B. OF /=y s&URSFA Y RBREHICHT -

P ROX ﬂﬁ@&ﬂ%mm honlogenaie B‘F'&&m*
 RBORGER

Chml A 1Tl A %@@%Eﬂ@mﬁmtmﬁv

*bmummmm«anwu.njaﬁm%&mu
TRDMARBR T .
aF = ENRSFL /@Ff‘ﬂilﬁﬂlﬂﬁ homogenate

RER NS A |mwz>mfarmaﬂz FUTEFLT

W5 (Fig'l, 2),

mb&%%ﬂ#ﬂDMar/ /&Av*i/a
TR T L, NI TR LAHMLTV 20K
BH TRIIAED bhvis, /%5 74 S HETIR, H
2530 L OGRS D = % 7 U ARES L UMD Yo =
AF 5 —EENIEIOHH INTO D L EHBAL N
TWAND, KERCALNIZ AT FA i LD
homiogenate %23 & O BIKHEBEEBE DI T, =
Yy xR7 I~ € BEADETHES 2 Kiyisd O,
SV ILXRAIE SN 0P REI»TEN, I
WBF I~k in vitro TIZ3 ) Y2 AT I—¥%
B2 LI T EDBRBNTNSD 19 OT-in' vive T
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3343 DI OATIR RN T 5 12D IR DI R FT D12,

2{

100

60 : . RN

20k 7

-20*-.

A B At Bt .-
Fi.g. 1.~Innibi_tion of endogenous respiration

and dehydrogenase. activity of the ' muscle
homogenate of the locust paralyzed by the

- injection ' of rotenone as mdxcated by - the '
percentage of contrel experiment. 30 minutes’
after injectio'n‘ Dosage of rotenone, liy/g,

- body wexght e

- A Endogenous homogenate respiration }
B : Endogenous dehydrogenase -

Warburg method

At : Endogenous homogenate respiration }
Bt : Endogenous dehydrogenase

Thunberg method.

. " : h L .
C.ui/~v¢§ﬁﬁmE$U5j#7um&$
FUHRDIAY Y TRAFS5—HEN .
ay)— JME&1~3%ﬂﬁﬂb Ci%WbT
b, ’)/1XT 7-'2 ?373 li{gﬂ‘b"Cb‘U#OL

~(Table 3),

2. In vitro (uklj’é%ﬁ

A BREEMERICRITTRANDEE

RHETIIE 5105 M Tt VTR LIZHS, s,
BYohiorey/ —0sTHDN (Fig. 3,
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Fig.2. Inhibition of endogenous respxratmn
"and dehydrogenase activity of the muscle
< homogenate of the locust para]yzed by the
“injection of methyl parathion as indicated by
the percentage of the control experiment. 15,
60 and 180 minutes after injection. Dosage '

. of methyl parathion, 8y/g, body weight.

A : Endogenous homogenate respiration } S

B : Endogenous dehydrogenase
Warburg method.
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Fig. 3. In vitro .effects of rotenone and

X DDT on the Oz uptake of intact muscle of the

' American cockroach. Final concentration:
5x10~M, pH 7.4, 33°C.

. ——Q-—0—— " Control
....... Aoy, N DDT
----@-----@----  Rotenone

B: #0 TTC EERGICRETIRRONE

1B IAFICRITIE F 2 b 726 LicdiRe 77 —
v DHT DI (TableSa), uw 5/ —2 ik 15 3#ic

LT TIRIETBED b1, PWEEDOBOR: %42
AThH, UIDIIETHED birvic (Table5b), BLE,

in vitro T in vivo O & Kk b'f}ﬂ]ﬂﬂ]bi,w
BNIDW, BT/ — DA THDI, o

21 %=1V

Table 3. Cholinesterase activity of the
nerve cord and muscle of the American
cockroach paralyzed by the injection of
rotenone. 30~-180 minutes after injection,
Dosage of rotenone, 1ly/g.

#M of ACh hydrolyzed per 30 minutes
Exp. Nerve cord Muscle
Control Rotenone  Control - Rotenone
1 | 0.150 - 0.255 - 0.100  0.080
2 0.285 0. 300 0.120 0.180
3 | 018 - 0.180 0.050 - 0.025
4" 0.200 0.220 - 0.060 0.090
“Tabled. In vitro effect of insecticides on

the Oz uptake of intact muscle of the American
cockroach. . :

L ~ mm?® of O
Insecticide {Concentration &Zﬁi‘fﬁ%'h‘;ﬂ
) , Control Insecticide

Rotenone . 5x 10 M 1079 " 763
Methyl -5 C

parathion 5x10° M 1021 ' 1145
DDT 5X10-*M 1369 1349
Pyrethrin' | 6.6x10-°M 1006 1006

Table 5a. In vitro effect of insecticides on
the degree of TTC staining of the nerve cord
of the American cockroach.

: . Incubat_ion time
Insecticide [Concentration (minute)
o ' 15 60
Rotenone 5x10-M| . — -
Methyl sar | . :

parathion | - SX10°M |- ; +
DDT | 5x10°M| : . &
Pyrethrin 6.6x10° M - v 4

+4 : The same degree of staining as control.
— : Decreased degree of staining.

Table5b. In vitro effect of rotenone on
the degree of TTC staining of the nerve cord
of the American cockroach under various
.environmental conditions. Incubzmon time: 15
minutes,

Concentration of
rotenone (M)-

104 10-5 10-6 10-7
12 TTC phosphate buffer )
. (pH 7.4) L
124 TTC Ringer oo

. (PH 7.4) o
124 TTC. distilled water .
.(pH 6)

+ : The same degree of staining as control.
— : Decreased degree of staining.
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Summary of the results obtained to date on the mode
. of action of rotenone, especially respiratory metabolism.

!

in vitro

in vivo Reference

Insect respiration

- Fukami(1954)
Harvey & Brown (1951)
Tischler(1936)

Nerve cord ]
TTC staining

- Fukami(1954)
’ Present work

Muscle

O: uptake of intact muscle
O: uptake of muscla homogenate

_‘Oxidative phosphorylation
Respiration

Phosphorylation
TTC staining-;

No substrate
(Endogenous)

— | Fukami(1955)
- Fukami(1955)

'—-_. To_mizéwa & ‘Fukami(1956) »

- Tomizawa & Fukami(1956)

- Fukami(1954) ’
Present work

Succinic dehydrogenase

Succinoxidase
Cytochrome ¢ oxidase

- Fukami(1954) o : ‘

| Ninomiya(1952, 1953)

- Fukami(1954)

—% Fukami, Suko & Kusano(1932) -
Morrison & Brown(1954)

Whole brei
Dehydrogenase
(in the presence of substrate)
Succinate

Citrate
Malate

Lactate )
Glycerophosphate

Glutamate

Kanehisa(1953)
Suzuki, Yamasaki & Ishii(1951)
Kanehisa(1953)
Suzuki, Yamasaki & Ishu(1951)
Kanchisa(1953)
Suzuki, Yamasaki & Ishii(1951)
Kanehisa(1953)
Matsumoto' & Hayakawa(1952)
Matsumoto & Hayakawa(1952)

O : No effect. = — : Inhibition.

= %

1. 2,3 3l (857 -2, XFLRTFH,
$.0'-DDT BIT VYY) RADT L=+
D HRIlRRN D RIE, A 38 J0¢ MikE D TTC
(2,3,5-triphenyltetrazolium chloride) "B fIIL%
LTHHIAI, RSO FBEY oNlcDiza 7
—ERSFA DA THDI, fHen 577~
oHfiTE, MMETHT TR R OSIEHET
Uiz,

2. UT/~VMinJ?¢/mmWWM®54
t 3w 2 WMOISFUERIN homogenate 1P,
DIl N Tz, U LISTURIR Ik BEH
G2, RO F4 VMFITRIE LT W, a5y

=+ : Slight inhibition.

¥t Unpublished data.

— W Tzt UARUIASED 6411z,
8. wF/ UMDY £ e S Y MRS

S 4431 [ R IPES X tznmww*nruu

M1 .
4. U xS YMHNEIER XMkt
TTC RARUSITHTS 2,3 Byl (5x10°M =n
7/ =~y BX1I0M A F TG+t 2, 5x10°M-
2,0 -DDT 3327 6.6x10M L hY>) @ in -
vitro DYHRIIKI, WHOBED s NIDiEe
77 = DHT, (bOBRBFNIIN S BEIZIL DD,
5 wi/—riEoL \Tﬂi}lﬁ:*"a)%;ﬁ%ﬁﬁ'f
‘2% Table6 DL 5icis b, BF /=it
Uﬁﬁwﬂﬁﬁﬁlﬁéﬂlﬂxlbf"cﬂB'Pﬁﬁﬂiéﬁ, :: 8
WIEIRD é@&%ﬂ%ﬂa :
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Résumé
- It has been reported in my previous papers that
the primary action of rotenone is the inhibition
of the respiratory metabolism of the insect. In
the effects of rotenone, methyl’
P’ -DDT,

respiratory metabolism of the nerve cord and

" this report,
parathion, and pyrethrins, on the

muscle = were investigated using Periplaneta
americana L. and Locusta migratoria danica L.
1. The degree of TTC staining of the nerve
/cofd and the muscle was depressed in the paralyzed
roach treated with rotenone or metyl parathion,
but not depressed with DDT or pyrethrins. In
rotenone _ intoxication, depression . of staining
was recogn:zed in the roach just after knockdown.
2. The change in oxygen uptake of the muscle
homogenate, and dehydrogenase activity in the
locust were determined during: paralysis after '
treatment with rotenone or 'methyl parathion,
It was recognized that the oxygen uptake of the
inhibited by treatment with
either rotenone or parathion. The dehydrogenase
activity was depressed by parathion, but was
increased by rotenone. T

#3. The cholinesterase activity of the nerve cord
“treated with

and the muscle of the roach

" rotenone was not inhibited during paralysis.

4. The oxygen uptake of the m_uscle and the
degree of TTC - staining of the nerve cord of
the roach was depressed' by in wvitro treatment
with 5x10-5M rotenone, but not influenced by
5X10°M methyl parathion, 5><10“’M 2. -
DDT, and 6. 6><10“’M pyreihrin,

- From the accumlated data (Table 6) concerning -
the mode of action of rotenone, ‘it has been
concluded that the primary action of rotcnonc is
the inhibition of respu‘atory metabohsm of the

nerve and muscle of msects



