S w s B

-

rrel'mon coeff1c1ent is found to be 0.8901 in

o —the male, and 0.8499 1n ‘the” female! and- the_ o
' correlatlon xs slgmﬁcant under the lexel of f1-_.
L ve  percent. From the’ above rCSults, the wri-"

‘ter is mcllned to beheve‘that the x"transfor-‘

25

‘ is.not seen at hlgh tempemturc.

- mation in- constructmg the time mortahty cu-. -

rve whxch is adopted . in the present studv, is
: Jllstlflcd theoret:cally. PSRN

(4) " The difference betWeen the resxstablhty ’

" weevil by Tuchiya and also by Kohno.

of the male “and female -is dxstmctly. The -~

. male is  more susceptlble to heat :than the
female when compared thh thexr median let-

- hal timé. But it is necessary to determine wh~

ether the~ s]mllar result is expected or not

‘ ’ w1th1n the limits of experxment'll and sampl-'
ing error, Acco:dmg to ‘the method of Bliss, -

the d‘iscrepancy between-the' time-mor{ality

) Appllcablhty of the prcscnt mcthod
(the method ‘of X* tramsform:mon) to other

‘jcases has been e\ammed m the case of -the

’ 4results obtamed by some prevmus wnters, i.c.

with the azuh—bf*an .weevil" by lehlkawa,

mosqmto larva by the present wrlter, the rice
The
time mortahty curves of those data differ sl-
ightly accordmg to the 1ntensxty of heat.These
asymmetncal mortahty curvcs can be always .

-transformed inito a straight regressmn line
by adoptmg the writers .method and the corr-

elation between the change of temperatire coef-

- ficients. b and' that-of k in x* transformation -
is high: Y ) :

_ ' curves of the two sexes is tested. It has been fou- - -

. "nd - that the z-—value is sxgmfxcant :for the ran'
ge’ {from 30°C~44°C whlle is not sxgmflcant'

" for 46° and48°
stalnlxtv of male and that of female, therefore,

"The dlfference between the resi

1t is _euggested,theref()re,, that the variation

‘of héat -resis'ance of:.insects is represented

by the. iorma) distribution when x*is taken as

. the tlme unit on the abscissa and k in x* md-

\-1d1cates dxfferent v11ues with .increasing tcm- -
,perature. L e '
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- INTRODUCTION -

The ]omt toxxc '1ctxon of msectxcrdes is a
funlamental prohlem in insect- toxrcology and

. thelr action is also 1mportant from a. practrcal_'
. uewpomt. Today,. a few lnsectlcldes are used -
) smgly, while they must be Jused in mixed toget-

her for various reasons. Intenctlons often occur
. between various components, sometxmes by

desigh, sometimes by 3 'tccxdent.Theselr_rteractlons
syn-

can be classified into two categories,

ergism and antagonism. But, these categories

are hazy and mcomplete.Clark (1933, 37), Bliss*

(1939), I‘mney (1942, 47), Plackeit & Ilewlett
( 048,50)and Wadley (1949, 49) have published
pa‘pers 'on'the statistical investigation‘s deal-
' ing with _]omt tox1c action. Horsfall (1945) has
recently pubhshed a book on the tox1cology

of fungicide in which he p_roposed that the joint -

toxic action can be classified into four cate-
gries according to its action; I. Potentiated

syuergism,'jllé Supplementary synergism, II1.

POtentiated antagonism, and IV.'Substractiue )

‘mtagomsm. - . p

Recently, the problem of the Jomt tOXlC
action ‘of insecticides has very extenslvely been
(1949, 1950),

reviewed by Sakai one of ‘the

present authors. He studxed_ the joint toxic
" . action between Monochlorbenzen and Chloro-

form and proposed the idea opposing to the Liu-
. ger's theory of DDT from the standpoint.of
their combination. , Recently, Sakai and his
cosworkers (1051) studied experimentally the
joint toxic-action of some:soaps for Pyreth-
rins using the adult’of the rice weevil, Sz'to-
philus oryzac L.

toxic action to each mixture.were expressed

N

The potcncres of the joint

1

A‘Aﬁglﬁm

in the order of effectiveness as follows: 1)60/ -
Soap plus 402 Sodium carbonate, 2) 60/ Soap
plus 4025 Casem. 3) f‘O Soap plus 4025
Bentonite, 4) Soap alone, and 5) 602 Soap
plus 4022 Sodium sulphate. In the case of the
602z So.ip plus - 4025 Sodium'carbonate',- the °
highest potency. of joint toxic was
shown at’ the point of equal proportions of
two agents.- . : .
The present mvestng'ltmn attcmpts to, dcmon-

action

" strate -the joint _toxic .action between some
of the contact insecticides. Much ‘efforts have
been done: by many | msect toxrcologlsts for ‘

: drscovermg the’ theory on . ‘the combmatlons
of contact insecticides.’ To:ucologrc’tl lnvestxv-
gatmns on sever'll combmatlons between con—l\

. tact lnsectlcrdes have been reported. by Gna-.,

] dmger & Corl(1939), Lepelly & Sulllvan(1936),

o7 L111ey(1°43),Morrlson(lQ!Z}) Turner & Saunders
(1947), Siegler & Bowen (1047), Medler & Eham-
berlin (1048), Sun (1948), Fransen(1048), Medles-
& Thompson (1649) and Mayer and his coworkers

- (19..)()) In these 1nvest1g1tlons, however only -

limited combinations of contact inscctlcxdes.'
were m'!dc “The prcsent work h‘ls followmg
"to eXtend the: cffcctnchSS for
practlcal application, to estabhsh the method
of. blologrcal ass'l}s of combmed insectlcxdes,

purposes :

v to. find thc mode of action of msectlude.

. -

The authors’ wish to exprcss their gratltude
to Doctor S.. Utxda, Prot‘esor of entomology,
Kyoto Umverslty,.for his help and advrce
given them durmg the coursc of the present )
mvestlgatlon. ".The. authors’ are ‘also” 1ndebted
to Dixector A, - 'Kamito, Agncultural Che-
~micals Inspectlon St'ltlon, Mrmstry of . Agn-
culture & Forestry and to M Toshicka, 40th
Med. Gen. Lab.. Without Mr N. Hatai’s
kmdness this paper could not bccn publxshed
m Enghsh language.’

 MATERIALS AND } METHODS. ‘

‘ The insect used 1s the adult of the \estxglal )
form of Drosophlla melanogaster whlch is rear-
ed*with artificial culture media in-a milk
bottle 180 cc undei constant temperature of 25°

C. lhe culture medium per- bottle consisfs of
30 cc, potato, lagr.,' sucrose, Zgr., :
0. 45 gri3; and pepton, 0.3gr.. The
’ ' 131
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-ents, were tested 0.52 _Pyrethrms
. nione, 40.924 . Nicotine, -

. 21.82. Aldrin,
' n¢ .and 37.6% TEPP.
'cxdes is emu151f1ed or 1s made in water soluble. .

. i'orm

vestlgxal form is convement as test mseet, be-'

cause the form can not fly durmg observation:

“the followmg percentages of actlve mgredx—

.02 Rote-r
: 10.59¢ Allethrin, 102
Gamma BHC,102; PP’-DDT, 10% OP’-DDT,

Each of these insecti-

- is dlluted more  than 10 times for

2).424 Dleldtin’,' 502 Toxaphe-.

- .The total number of tested flies used about 50,
- 000, : . s '
B The followmg 1nsect1c1des, whxch .are havmg .

-

using the experiments. The immersion. method -

" is used’ for the present investigation. ‘The’
1mmersxon procedure is as follows.. Flfty in- -
sects are. placed in a glass cylmder of ‘13.3 -

< cC w1rc ncttmg on the both ends are fastened
 with rubber bands.' The diluted drug is ‘pour-
“ed in the test tubes of 1.7cmin diameter and of

. 'trcatment,'

" Thé immersion time is 2
the insects are: placed. quickly on--

17.cm in length The drug is mamtamed at con-
stant temperature of 20°c in a water bath.-

ml nutes.

Tilter paper. Then, the insects are at once trans-
- 'ferred in ar incubater under the constant

temperature ‘of 30°C, The percentages 'of mor-
talltv are exammed 30 mmutes after the treat-
ment. | ’

‘After the

. Rotenone . 2.0

-’

The'". results of experlments on'a msecticxde
alone, are glven in table L., Data of the -ex-

- periment in dosage-mortahty relatlon for each'

3

: vmsectlcxde is calculated by the followmg equa— )
. txon, Y= 5+b(X—x),where Y 1s the mortnllty in -

Probxt, X is the logarlthm of the concentra-'

b tlon, b is “the slope of lme and z xs the met
»dlan lethal dose i in loganthm. )

Table 1. Comparatlve toxxcxty‘ of thirtéen
»contact lnsectlcxdes agalnst ‘the pomace fly.'
<
"Insectxcide Percent - MLD ) Provisional .
) ' gf;me - of regression
- ingre- mmnl fonk. -
_ dient ~sample equation
Pyrethrins 0.5 - 0.00068 Y—o+4 00(X+0.17)

. 0,00340" Y-—o+6 67(X~0.63)

‘Nicotine *~ 40.9  0.68160 'V=5+1.54(X—2.60)
“Allethrin - - 0.5 0.00176  Y=5+4.17(X—0.24)
"y BHC  10.0  0.01380 - Y=5+2.04(X—1.14)
PP’-DDT 10.0 - 0.01960 ' Y=5+4.76(X—1.36)
OP’-DDT 10.0 - 0.02080 Y=5+5.00(X~L1.43)/
CAldrin © 218 0 0.72500. Y =5+3.85(X—2.80)
Dicldrin  20.4  0.5200 . Y=5+10.00(X—2.72)
_ ‘Toxaphene 50.0 . - 199500 - Y=5+_2.94(x—3.3'0)
TEPP 379 . 0,01480 . Y=5+5.83(X~1.17)
- Parathion 10.0 - 0.03630 , V=5+4.17(X—1.56) =
'fparaoxon.‘m.q - 10.2:000 —'o+4 55(X—2.46)

"In the case of expenment ‘on’ various " mix- )

" fures of ‘each, the combination of two msectx--" .
cxdes is based on the. medxan lethal dose - of '

each whlch is the polnt of an equxtoxrc dose. '

In practlce, the expenmenter prepares 1nsect1-

lowmg formulauons, one’ msectxmde alone,
90% of one plus 10% of the other insecticide,

/8022 plus’ 20/, 7024 plus 3024, GO/ plus 402,

- -502 plus 602, 4024 plus 6024, 3025 -plus 702,

T ,20/'plus 8024, 1022 plus 90/' and, another

1nsect1c1de alone (ratio by volume)
The other pomts for the test: mixtures are

: s1mllar to those of alone. After expenments,

‘ the ;esults obtamed are analysed by a- mathe-}

matlcal examlnatlon concermng the ]olnt tox-~

. 1c 1ct10n. )

RESULTS OF TES’IS
L

: ‘cidal fluid of ‘the median lethal dose of each. - ’
‘Then he "takes “the ‘test ‘mixtures as the :fol—

Paraoxon is O O—dxethyl— -para -mtro-»

_ phenylphosphate. ‘

*Y is the mortallty in Problt, X is the loga-
nthm of. ((Concentratlon) ><103

.

" As shown intable 1, Pyrethrms were mark-

edly more toxic than the othef 1nsect1c1dcs. It

is interesting to note that Allethrin is morc

" toxic than the other synthetic insecticides as -
. regard to MLD values. . On the - basis’, of thc

MLD values, Rotenone, Gamma BHC, TEPP
PP’-DDT, OP'—DDT and Parathion were gene- '

e , rally more toxic than the -others. Although
: '.Chlordane was tested in-the present mvest1ga-~'

tion, it was -not toxic against the pomacc.
fly. The toxicities to each contact insecticide

in descending order  of ' ecffectiveness are

" expressed as follows. 1) Pyrethrins  2) Alle-

e
T



e

“known synthetlc

Bos #4516 m oo

thrin,3) Rotcrione,4) Gamma BHC,5) TEPP,
6) PP’-DDT,7) OP’-DDT,S) Parathion,0) -
10) Dieldrin, -11) Nicotlne,. 12)

I’nraoxon,
Al(hin. and 13), "Toxaphene,

When effectivencss is examined by the fol-
lowing . equntlon,
dlffers from thc ahove.

Percent of active

. ingredient of sample

.Practxcal MLD=3 Median. letlnl “dose” (/)

Accordmg to the practlcal MLD in thlS paper, .

the order of effectlveness hecomes as follows,

1) TEPP, )Pyrethrms, 3) Gamma BHC,4) Ro~

tenone, 5) PP’-DDT, 6)OP’-DDT, 7) "Allethrin, 8)

Parathion, 9) Nicotine, 10) . Dieldrin, 11) 0,0--
: diethyl-O-par't-:nitrophenylphosphate, 12) Al-
‘dnn, :m(L 13) Toxaphene. Generally speakmg, '

it is shown that such residual 1nscct1c1des as
Chlordane, Aldrin, Dieldrin are ot expected
to be mor: toxic in rapidity and _they are 1150
consldcrably less remduqllv toxic_than the el

mqectlcules such as DDT

and BHC. Using the rcqultq (qucnbed 1!)0ve, L
_the followmg‘expenments on cnmbmed msectl—
- cides were carned out. o R

"MATHEMATICAL EXAMINATION

In the experiments on mixed insecticides the

resulte obtmned were analysed hy the follow-

ing emmmatlom. When we come to :unlyse the -

interaction of two msectlmdes ‘acting Jmntly,
we must know the doq'lge-mort'\lxty curve

for each insecticide sep'tr'xtely then LD—oO can-.

be C‘llClll’ltEd from thls curve. .
In next, we prepare various test mixtures
from 1I)ove results and’ obtain the mortalxty

for the test mixtures of each. If insecticides -

act alone - without experimental errors, the

mortality must theoretically he the mortality’
of {0 percenty In pmcticc, it is rare that the
. result does not include various’ ‘experimental

errors. In the second . expenmcnt,tl c mortahty

usmly fluctuates ‘around the levcl of 50 per-
cent, The deta- from various’mixtures of each

can best be appraised gr‘lph.ically. The Y-axis
represents the mortalities and the X-axis the
proportions of mscctlcldes-one msectlcxdc at

the order of ‘effectiveness

the left; the other iosecticlde at the right; The
straight line connectmg the two points of the_' :
mortality of each Insecticide alone is_ ‘to be *

~used as a level of mortallty. I the expenment .

does not include any error, the level of morta- .
lity will not have the slcpe of line. As the "
level of mortality has the slope in pnctlc'll »
tést, the cqu1tion of lcvcl is c1lculatcd as
follows, : : '
Y=aX+Db,

where Y 15 the mortalltv X'is

- the proportion. of one 1nsectlc1dc and the zero

point on’ the graph is at the right of X axis.”

- The assumption that. the variation of the

“If the assumption is recognized,

1

"mortality for each insecticide alone is direci-

ly proportional to the previous da’tn“seems re~
latively reasonable if the slope of the doe'lf.re-
mortality line ‘of The first liné H parallel to
the second line in the case of same insecticide.”

‘ v the slope of .
the level of 'mori\:tlity may he transferred by - §

.the followmg' calculation, ER ===, “where 59 °

LM }
is the theoretical mort:\llty when the second .

- experiment has not any cXperimental error and |

any slope of the level of mortality, LM is.the .
theoretical value of the test mixtures. of each
on  the lcvcl of mortality and ER is the ex-
M. where MO is

the experimental velue of-the test mixtures of_

perxmcnhl error.Pc=

each and Pc is the potency of the ]mnt toxic ‘

action. From above equations, Pc-—L—H. If the,

: \"lllle of Pc is 2, the mtcr'lction between each

is the maximum synerglsm. If the value is 1,

the mteractlon occurs wnhout synergism of

- is measured with a plammeter.

'antagomsm. If valqe is zero, the’ mteractum.
- is maximum antagonism. :

In.the third stage, the Pec vnlucs of thc test

-mixtures are plotted on another graphic paper.

A scries of Pc values are connected with

straight lme.The Y-axis onthe graph represcnte

the potcncles of the-joint toxic action and the

X -axis the _proportions of insecticides. The =

polygonal area of connectmg a series of Pc value
An arlntrary
feasurcmernt of a plammeter 1s used to md1~
cate the degree of joint’ toxic action as. deter-
mined by inspéction.The polygonal area’ indi-

«cates the sum of. all 'potenbies ~of the test
‘mixtures of each. The measurement of a planime- -
o t :
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~ where. Cc is a corrected coefficient,
~ surement of planimetry between two, msectl--

. cides. 1f synergxsm has occurred,

wmﬁeﬁsmm;j -

ter is. transformed to the theoretxcal value of

the sum,’

. When' X-axxs represents the proportlon of

one 1nsect1c1de alone and the . lnteractlon be—-‘

tween eaeh msect1c1de occurs without syner-.

glsm of antagomsm, 1><100 v1z., (potency of -7
jomt tox1cactxon) x (all comhmatlons hetween
" eaclr), the theoretlcal value of the sum is ‘

100. - DR v
l‘rom above reason, R ' .
Ce= . o 1- 0. 0 Lo

a measurement of an arbltrary plammetry .

when the interaction occurs without
' synergism or: antagomsm‘.

cides is correctc_d to the -theoretical Value by

" the corrected coefficient and then transformed

to l()ganthm . p
" (the measurement of a )
Log(plammetrv betwecn e'1ch)><’Cc
S 1 o~a,
. —Log-100 = SPc,

where SPc is the logerit‘hm of the sum of all”
‘potencies of the 'mixtures between two insecti-. "

sents a plus vnlue, lmt if antagomsm has occur-

red, SPc represents a minus value: If the inte-

raction has occurred
antagomsm, SPc reprcsents zero value.

NUME RICAL I:XAMPLE

The above procedures may be applied to the

data on the interaction between Gamma BHC

and N1cot1ne.Two provisional regressmn equa- .-

tions for BHC and Nlcotlne were calculated
as follows v -
BHC FY=5+2.04 (X—1. 14)

Nicotine Y= 5+1 51 (X-—2.30)

The MLD, of BHC was 0.01380% and the“

the mea- ‘

SPc repre-- '

without synergxsm or

_MLD of NlCotlne was 0.6816/

On the’ basis |

" of those MLD vqlues, the experxmenter prepared

. the test mixtures of each The results obmned
' are given in table'2. " ) -
“The str'ught lxne connectmg‘ 6(‘/ (BHC alone)
. and 52
' tality 6626 and 52.822 must. be 502 in the theo-

8/(N1cot1ne alone) is the level of mor-

retical’ values. The level of mortahty was Y= _
0. 132Y+o?.8 where Xis the proportxon of BHC

~and Y'is the mortality."The theoretlcal V’IIUCS

‘of the test mixtures on the level of mortahty
o '1re ‘given jin table 2. From the equatlon of

MO .
P =,
‘TLm

in table 2. A serles of potencxes were plottd on

the potenc1es is calculated as ngen

' _the: graphlc paper as shown in Fig.3.

) _between BHC . and Nicotine was +0 11727

‘ment is - 5000mm? '

'The polygonal area measured w1th a plamme-

ter was 6550° mm?. When the interaction occurs

‘without synergism or antagonism, the measure-

From -above reason, ‘the’

‘_'corrected coefficient™is - ,10 viz. ,.100(% Thcthco-

: retxcal -value obtamed was 131 and then
I g( }3(1)) Log 131—Log ]00——;+,0.11727.

< In conclusion,the value of joint toxic action
whxch is a synergistic value A
) RESULTS FOR COMBINED
) 'IOXICANTS i
Thls inv estlgatlon attempted to demonstrate"
the joint toxic  action. of 5l combmatlons
.insecticides.

between contact The potencxes

- are tllustrated in Fig.1 to 1‘13.]5. '
. As discussed by Horsfall (1945), the dxffx- -

‘culty with all this theory is. that seldomly a

'sxmple sag ora s1mple bulge is obtamcd. In
. our experlmeﬁs, the mixtures acted effective- T
1y as synerglsm in one éase or antagomsm in .

Table 2 Various values applled to the calculation on the 1nteractlon between

Gamma BHC:and Nlcotme,

Formulation of the tested  |BH C.| "100 90 80 70 ¢0 50 40 30 2 10° 0
mixtures o Nicotine 0~10 20.30 40 50 60 -70° 80 90 100
Mortality (MO)» 66 7673 6L.8 8 70 83 8 66 53
Thcoretical‘velue\)n': N : ’ B N A .
the Tevel of mortality 1M . ¢ = - 65 03 62 6L b0 5857 5564 53
_Potency'of the j'oint , .

toxic action (Pe) . - 1. 001171 100981471.)0136]4.)1491 100
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Table 3. The equation of the level of mortlity connecting the two points of the mor-. o

:\Iity nt each insecticide alone,

Combination Equation of Combination Equation of
‘ “the level of e the level of -’
C mortality mortality* :
B H C Pyrethrins Y=62.7—0.033X Rotenone PP DDT. '|Y=02.4—0.402X
Rotenone 2.9—-0.033X Toxaphene - OP’ DDT |V =0.020X+30.0
- 'lox1phene N ——0 43\+3. TEPP . |Y=90.0—-0.760X
OP'DDT = | Y=36.3—0.030X ST Allethrin Y =0.040X+16.0
,TEPP Y =100—0.604X e . Nicotine Y =0.100X+4.0"
. Allethrin v =0.264X+26.4 . - TEPP: Y =0.180X+48.0
* Aldrin - Y=0.165X+19.8 OP’'DDT “Allethrin | Y =0.420X+66.0
Dieldrin Y =72.6—0.528X o -Aldrin Y =0.198X+90.9
Nicotine Y=0.132X+52.8 Dieldrin  '|Y=0.207X+20.7 -
. : PP'DDT Y =92.4—0.564X s Nic tine v =0.132X+46.2
Pyrethrins Rotenone Y =0.132X+9.9 - PP’DDT - |Yy=42.9-0.132X
Toxaphene |Y=02.7—0.429X [ TEPDP Allethrin Y =0.396X+52.8
OP'DDT Y =93.7-0.561X Aldrin Y =0.638X+36.2
TEPP = 'Y=100—0.208X Dieldrin Y =66.0—0.340X
_“Allethrin *V=100—0.901X o Nicotine v=19.8
-+~ . Aldrin Y=72.6—0.264X | ) PP'DDT Y =0. 138‘<+13 2
e Dieldrin - | Y=85.8—0.198X Allethrin'~ " Aldrin - Y=3.3 -
Nicotine . - | Y=0.627X+206.4 * Dieldrin Y =39.6-0. 604X
: : . PP’DDT Y =0.165X+13.2 Nicotine Y=0.420X +13.2
Rotenone’ Toxaphene Y =85.8-0.099X ] PP'DDT Y =39.6—0.099X
’ OopP’DDT Y =80.2~0.302X Aldrin Dieldrin Y =902.4—0.730X
TEPP Y =0.090X+82.5 : . Nicotine Y =0.264X+13.2 .
‘Allethrin Y=0.03X+16.5 ; PP’ DDT Y=0.13 X+72.6
Aldrin y'=0,006X+33.0 || ' Dieldrin Nicotine Y =0.300X+23.1-,
"~ Dieldrin Y =85.8—0.660X . PP'DDT Y =0.435X+39.6
Nicotine Y =42.9—0.198X | - Nicotlne PP’ DDT Y =00. O-—() 020X |

Table 4. The logarithmic value of joifit toxic action between contact insecticides.

’

Combination Log. value- Combination 'Log. value
. Nicotine .Toxaphene 4-0.27875 Rotenone TEPP —0.01773
Nicotine Aldrin +0.23533 Pyrethrins BHC . -0.01954
Dieldrin BHC +0.23045 Rotenone Pyrethrins ;-0.03}52
Toxaphene TEPP +0.21484 . Nicotine OP’DDT- =0.04576
Nicotine Rotenone N -1 +0.19590 -PP°DDT OP’DDT .. —0. 00?”
Nlcotme Dleldrm o - +0,19866 OP’DDT Pyrethrms —0.053552
Nicotine BHC © 30,11727 _ Pyrethrins TI‘PP —0.07038
Allethrin BHC +0.711060 Toxaphene BHC: —0.07935
Aldrin BHC L +0.10721 Dicldrin. Allethrin - : —0.15490 ..
PP'DDT . Allethrin _ " 4+0.10721 BHC TEPP - —0.17783
Dieldrin PP'DDT +0.10721 Toxaphene OP'DDT ~0.18046
Dieldrin TEPP .. - 40,10037 OP’DDT Allethrin —0.20761
Dieldrin OP’DDT . "'4-0.10037 .| Rotenone BHC . . —0.23768
‘Nicotine Allethrin “+0.09342 - [ Toxaphene Pyrethrins © =0.28100.
 PP'DDT TEPP +0.08991 Nicotine TEPP . —0.31336
Aldrin Allethrin +0.08636 - PP'DDT BHC, | —0.32057
Dieldrin Pyrethrins’ +0.07555 . ‘Aldrin Pyrethrins . + 1 —0.32790 .
Rotenone Dieldrin +0.07555 ‘Rotenone PP'DDT. . —0.34486
Dieldrin Aldrin 4-0.01703 Pyrethrins Allethrin ~ —0.35655.
Nicotine Pyrethrins +0.00860 . Rotenone Allethrin @ = - " —0.37675
Rotenone OP’DDT +0.00860 ‘Nicotine PP’DDT - —0,42022
PP'DDT Pyrethrins -—0.00436 Rotenone Aldrin B —0.44370 -
Toxaphene "Allethrin —0.00877 4 Aldrin PP’DDT . . - -—0.6055%
Aldrin OP’DDT —0.00877 Toxaphere Rotenone - —0.67778
OP'DDT BHC =0.01144 : ’ : .

RS

* X of the equation represents the proportion of the combined insecticide at the lgfgvﬂrside." o

‘

’

L
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the other case. Thxs means that synergxsm

may occlr at some relative proportmns of the
1nsectxc1des and antagonlsm at .other propor-v_
tions. .The logarlthmlc values of bl (‘ombxna--

. tions between contact’ 1nsect1c1des are ngen

in table 4 and illustrated in Fig.1 and Fig. -
lo Fig. 16 1llustrates s)nerg‘lsm and Flg. 17;~
. In Fig. 16 and 17, -
“the Y- ax:s represents the: logarnhmxc values .
and the }x-axxs the molecilar welght of msectl— '

1llustr1tes antagomsm.

- cide, "The’ upper axis - of X expresses the‘,'.

combmed 1nsect1c1de of . the hxgher molecu-
lar welght and*.the lo“er ax1s that of - the
lower molecular wexght. '

" In’ our expenments, the" logarlthmlc values .

of a glven lnsectxerde which ‘combined various -

msectlcldes, varied -from ;minus values - to. plus

values. As shown in table 4 . the S)nergxstlc

values were 22 combmatmns and the “antago- -
.“nistic - values were 29 combinations in all the -
_tcsted combxmtxon. Although antagemsm has .

—.occurred more than synerglsm, the intera-

'ctwns mdlcated nexther m'u-l\ed synergxsm nor
marl\ed antagonlsm. On the basls of thelloga-
vrlthmxc value,

bmatmn were expressd inthe’ ordcr of cffecti-

- _\eness as follows: U

. Toxaphene plus NlCOtlnC, Aldnn plus Ni-
Mcotme, BHC plus Dxeldrm,TEPP plus Toxa-
phene, Rotenone, plus Nxcotme, Dleldrm plus )
‘,’Nlcotme, TEPP plus OP’ DDT, BHC plus Ni- .
cotme, BHC plus Allethrm ‘and BllC plus

Aldnn. 7

order as follows

.Rotenone plus- Toxaphene, PP' DDT plus
- Aldrm, ‘Aldrin plus Rotenone, pp DDT plus
- Nlcotme, Allethrm plus Rotenone, Allethrln
" plus Pyrethrms, PP’DD'l plus l{otenone, Pyrc- '
_ thrins plus Aldrm, BHC. plus PP’ DDT ande

'TFPP plus I\xcotme. At a glance of the results,
the mteractlon may l)e expected to show

_ F;gure I to Fxgure 15. Potency of the Jomt toxic action betueen contact msectlcu]es. )
i v-axis represents the potency of the joint toxic action and X-1x15 represents the . °
proportlon of msectlcnde. The upper proportion of X-axis represents the’ proportlon
of the insecticide on left side and the lower proportlon the proportron of theinsecti - )

.cide ‘'on right sxde. =
~A-line: _

. ———

.-

'C—lin_ei f-—-;;-D—line:,f?,Efline: .-—'--A—», F-line: -

s

Fig.1, A': BHC-Pyrethrins, T : BHC- Rotenone, C i BHC-Toxaphere -
I'xg.2 Al BHC—OP’DDTB BHC-TFPP C: BHC—/\llethrln, D: BHC—PP’DDT ]
I‘xg.B,A BHC—Aldrm, B: BHC Dleldrm C-: BHC—Nlcotme, D: Pyrethrms-Toxaphene '

E: Pyrethrm—TI:PP F: Pyrethrms-Aldrm

'F 1g.4 Al Pyrethrms-Rotenone,B Pyrethnns—OP’DDT, C Pyrethrms—Allethnn
- Fig.h, A': Pyrethnns-Dleldrm, B: Pyrethrms-Nlcotme, C: Pyrethrms- PP'DDT
I'lg'.G, Al Rotenone—Toxaphene. B: Rotenone- OP’DDT C: Rotenone-TEPP ;
l‘lg.7,A Rotenonc-Dieldrin, B: Rotenone—Nlcotme, C: Rotenone-PP’ DDT - f" .
Fig.8, A-: Tomphene-TEPP,B Rotenone-—Aldrm,C Toxaphene\-Allethrm,D Rotenonc-k "

Allethrin

~
»

- Flg 9, A: op’ DDT—TEPP B Toxaphene—Nlcotme,C OP’ DDT—Nlcotme, D’ Toxaphe-

e—OP’ DDT OP’ DDT—Allethrm

ES

l'xg.l() A OP’DDT PP’DDT‘, B: OP’DDT—Aldrm, C OP’DDT—DleIdrm \

Fig.11, A TI‘PP Allethrm, B: TEPP—Aldrm, C: TEPP-Dxeldnn ) _
F:g.l2 A TEPP—Nlcotme, B : TEPP-PP’DDT, C: D1e1drm-PP’DDT :

. Fig.13, A: Allethnn-Aldrm, B : Allethrin-Dieldrin, C: Aldrin-Dieldrin B

Fig.14, A Dxcldrln—Nlcotme,B Aldrm-Nlcotme,C Nlcotme PP'DDT D Aldnn-

PP’ DDT

136
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Flg.lo, A Allethrm-Nlcotme, B Allethrm-PP’DDT

the svnerglsm to each com-=’

The antagonlsm expressed in descendmg :
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a slight synergism if one- -irvlsect__icide 'c‘(r)mbirn- .
TEPP or. BHC, In |

¢s Dieldrin, = Nicoting,
conclusion it may be'stated that the joix‘)t’ tokii:
nct:on between contact insecticides is from a
slight synerglsm to a’ slight’ antagomsm and

that the combmatlons between each do not in-

dicate .the expected marked increase .of eﬂ'c.ct-‘

iveness, R
i DISCUSSION .
In the' wnter s opinion, the _]Olnt toxic action

REE limited to- the phenomenon between’ two

S e s e
Ee = 8 g EE
e & s3 =z 3 3§ ':Z§
. 5 L HIE L T | L
) - T T T T ™
. a N
YR} ~
‘.lp
L[]
st L
o1 '1
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an
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NAHLITTY

Flgure 16. The loganthmxc values of syn—'; e

" ergism of 22 combinations between cont'tctv :
“insecticides. - S 4
Y-ax1s represents the loganthrmc vnlue and _‘
}\—ams the molecular weight of msectlc1de. .
:The upper ‘axis of X replesents ‘the com-.
“bined insect1c1de of - the’ hxghgr molecular
weight and ‘the lower axis that of the@

lower molecular wexght.
I'd
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a; more inseéticide's. whiel{ act physiologically

_,in':tl_)e internal locus’ ‘of insect body and whi-

ch do. not react chemically out of the insect .

" body. In the present case, we do not con51der

the chemlcal reactmns betwecn two insecti-

. cides because our investigation is in a prelimi-
* miary stage. We also regard a insecticide con-

ptaining- various carriers and one. toxicant. It

~_ds clear, in practice, that the joint  toxic ac-

tion occurs. between an - active ingredient - and
various carrlers. If we ﬁnd a stnkmg mtcra-

. ctlon, we. should study- these questxons. o

In the field of pharmacology, Biirgi ‘has
said that - potentmted action can occur when

the poisons: react: with each other to act a’

“ - oL . . |
B 0§ s = 8 iE
> sg.’ E 5§ ] 3% .-g.
B ®°3F CR . g
R} T . e .z Ty T r— ey
- ’
*€2
-
..l-‘
(%] N N N " A.g'
i o e » ~ w8 > e 3w
& FE 3P ORGOoif
o I R R B
) = . 13

_.F.jgﬁrgl7.The'logax1;t11rhic values of anta--
" gonism of 20 combinations between contact
insecticides. | - » i ' ‘ h

The Y and X-axis ‘are similar to Figure

- 6.0 PR -.\.‘ :
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dxﬂerent t)pe of recepter and that 1dditi\e ac-
tion (that supplementary and substractive ac-

tion ar¢ called by Horsfall) can occur, when

the poisons react together to act a similar
type of recepter., '

- The important point of the prcsent paper
'is to discuss whether ‘the interactions between
insecticides. are supplemental or

potentmtmg, whxle we a\old dlsCUSsing the

above questlons.

) SUMMARY L S
The pl‘-esent authors‘attempte\d fo demunst-

rate the joint toxic action between several con-~

tact insecticides, The insect used for test was

the vestigial ful'm'of the pomace fly, Droso-
. phila ‘melanogaster,

which" was reared  with

artificial media in a milk bottle under const:mt .

tempenture of 2.)°C. The numbers of  flies
tested. were about 50,000 in totall .

0.59 Pyrethrins, 2.025 Rotenone, 40.975
Nlcotme, . 0.525 Allethrln, ‘1022 Gamma BHC,
10 I’P’DDT 1025 OP'DDT 218 Aldrin,
20,425 Dieldrin, 5)% Toxaphene, md 37.92%

TFPP each of these. msectlcxdes is emulsi-
’ ﬁed or made soluble to water. The 1mmersxon
" method was used ‘in the present m\estxg'ttlon. ’

The immersion time was 2 minutes. under the
constant temperature of 20°C.The percentages

_ of mor:ality were ex:lniiued 30 minutes~after
the treatment. The combination of two insecti-

- cides ‘was based on the _median lethal dose

\

2)Allcth.rin, , 3) Rotenone,

“hlch is the pomt of-a equltoxm dose. The
test mixtures were as follows : ‘one insecticide
alone, 902 of onc ‘plus 10/ of the. other

insecticide, 802 plus "0/,"'0/ plus 3022, 6025

‘plus 402,502 plus ..)O/,40/ plus 60/,30/

plus 70,0, 202 plus 8024, 10/ plus 9024 and

then the other 1nsect1c1de alone (ratio l)y vol- '

ume). -
In eVpenments on insecticide alone,

thrins' were markedly” more toxic .than the -
" other mscctlcules. It is mtercstmg to note that
-Allethrin was ‘more toxic than the other syn--

thét_ic insccticides as regard to MLD values.

On the basis of the ML"D. the toxicities to

each contact insecticide were expressed. in -

order of cﬂ'c(_:tivcncss. as follows, 1)Pyrethrins,
4) Gamma BHC,

" phene plus Nijcotine,
‘BHC.plus Dieldrin,.
‘ Rofgnone‘ plus Nicotine, Dieldrin plus Nicotine,’

P)re- 3

N

5)TEPP, G)PP’DDTg 7Hop DDT, 8)P1r1th1-
on, 9).0, O-diethyl-O-para- n1trophcnylphos~
phatc. 10, Dieldrin, 11)Nicotine; 12)Aldrin and.
13)Toxaphene. Although Chlordane was tested
in the present investigation, 'it was not toxic
against the pomace fly. ) T

After eXpenments on the test’ mxxtures, the
resillts obtained were analysed by a shortcut
mathematical. exaﬁilnati_on. “The’ :
of ‘a

interaction. " -

given "'iﬁsécticide ' 'combir—led -’ other

insecticides varied from mmus values to plus

.V'\lues. The sxnerglstlc values were 22 combl-

nations nnd the’ antagomstlc values were
29 comlumuons in ail the test rmxtures. An- .
tagonism has occurred more than synergism, "
while the interactions indic:\ted neither mark- -
~The -
synergism to each combinationt were exprc_ssed

in the order of effectiveness as follows: Toxa-

ed synergism nor marked antagonism.

Aldrin plus Nicotine,
TEPP plus Toxaphene,

TEPP plus’ OP’ DDT, BIIC
BHC plus Allethrin and BHC plus Aldrin.
_ The anhgbnism were expressed in the order

plus Nicotine, .

‘ of hlgh value.as follows: R()tenone plue Toxa-~

PPDDT rprlus Aldrm, _Aldrin plus'
.Allethrm

phene,
Rotenone, PP’DDT(plus Nlcotme,

.plus’ Rotenone, Allethrin plus Pyrethrins, PP’
~-DDT plus Rotenone, Pyrethrins plus "Aldrin,. o
" BHC plus .PP”. DDT and TEPP plus Nlcotme

At a glance of .the results, an mteractwn :

showing a slight. synergism if one, insecticide

- combines D1e1drm, Nlcotmc, TI‘PP or BHC'

may be expected. T A
In conclusion it may be stated that the Jmnt

“toxic action . Detween contact insecticides

from a slight synergism to a slight :mtagoni4

sm and that the ¢ombinations l)et\\ecn e'lch,

do not indicate ‘the expected m'xrked increase
of eﬁ‘ectxveness. . ’
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