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Introduction

For a variety of reasons two or more chemicals
having physiological effect on insects are contained
in each of many formulations used for insect
control. Firstly, the use of a mixture offers
possibilities of more effective insect control, and
of the development of supplemental agents which
may extend the usefulness of various toxicants.
Secondly, each material may contribute to a
Thus

the use of a mixture consisting of insecticides

mixture its desirable specific properties.

exhibiting independent, uncorrelated actions niay
be useful in controlling. insect populations of

*  Visiting research fellow
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various species.

Mixing of chemicals, which leads to a so-called
joint action, synergistic action, activation or
antagonistic action, has been studied by many
investigators from various angles. The formalized
treatment of the joint action of insecticides was
presented by Bliss? (1939), Finny? (1942), Hawlett
and Plackett® (1950), and Sakai® (1960). Reviews
on this subject have been made in detail by
Metcalf® (1955), Sakai® (1960), and Hawlett®
(1960). These authors have discussed mainly the
synergism between pyrethrin and pyrethrin syn-
ergists such as piperonyl butoxide, sulfoxide and
N-propyl isome, and synergism between DDT and
its derivatives. However, only a few studies on
the mechanisms of joint action of two insecticides
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and of synergistic action seem to have been
reported. It was found by Summerford et al.?
(1951), March et al. ® (1952) and Speroni® (1952)
that certain compounds structurally related to
DDT, but essentially nontoxic, may potentiate
the action of DDT when applied in combination
with DDT to DDT resistant house flies. Sun and
Johnson!® (1960) studied synergistic and antagon-
istic action of pyrethrin synergists in combination
with many organophosphorus and chlorinated
insecticides, and indicated that a synergistic or
antagonistic action caused by pyrethrin synergist
appeared to be mainly due to the inhibition of
certain biological oxidations which either activate
or detoxify the compounds. Ware and Roan'?
(1957) suggested that an antagonistic action of
malathion with piperonyl butoxide might be due
to the decreased permeability of malathion through
the insect body wall,

These authors, however, failed to review the
constitution of insect population on an insecticide
resistance basis. Recently, many species of insects
have developed resistance to various insecticides,
In controlling resistant insects, a combined use
of two or more insecticides proved to be useful,
The concept of joint action should further cover
the constitution of insect population to be applied
with insecticides. During the present study an
attempt was made to study the joint action of
insecticides from a genetical and biochemical
viewpoint. It was intended to analyze various
factors responsible for synergistic or antagonistic
action, and the mechanisms of joint action. Thus,
it was required to establish combination of
insecticides available for controlling resistant
insects, with the selection of the best systematic
screening method for synergists.

The present paper deals with various factors
responsible for synergistic or antagonistic action
and interactions between two insecticides having
different physiological action. A new scheme for
the classification of joint action considering the
factors of synergists or antagonists, interactions
between two insecticides, and joint action observed
by heterogeneous constitution of insect population
are discussed.

Materials and Methods

1. Insects.
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Insecticide resistant and susceptible strains of
the house fly, Musca domestica, preserved at
Osaka University were used. They included ;
(1) NAIDM, a susceptible strain obtained from
Dr. T. Yamasaki of Tokyo University, (2) Taka-
tsuki, a susceptible strain obtained from Dr,
S. Nagasawa of Kyoto University, (3) ro;ct;cm,
a susceptible and multichromosomal mutant strain
(2;4;5=rough eyed ; cut wings ; carmine eyed)
obtained from Dr, T. Hiroyoshi of Osaka University,
(4 RP, adiazinon-resistant strain obtained from
Dr. K. Yasutomi of National Institute of Health
in Tokyo, and (5) 203d, a multiple resistant
(not only to diazinon but also to DDT, y-BHC
and sevin) strain obtained from Dr. M, Tsukamoto
of Osaka University. All strains were reared on
a larval medium consisting of equal portions of
wheat bran, powdered Oriental Compressed Diet
(Oriental Yeast Co., Ltd.) and fish meal, Adults
were reared with powdered milk and water,

Resistant and susceptible strains of Drosophila
melanogaster were obtained from the laboratory
stocks at Osaka University, The strains used
were as follows (Tsukamoto et al, 1954, 12 19561%);

Hikone-R : resistant not only to DDT, but also

to various insecticides such as BHC,
parathion, nicotine sulfate, etc,

KSL : resistant to DDT, BHC, parathion,
etc., but susceptible to nicotine
sulfate,

bwa-Si: susceptible to DDT, BHC, parathion,

etc., but resistant to nicotine sulfate,

bw ; stss : susceptible not only to DDT, but also
BHC, parathion, nicotine sulfate,
etc.

2. Insecticides and synergists.

With the exception of common insecticides and
synergists, names and structures of chemicals to
be tested are given in Tables 1, 8 and 9. Technical
grades of DDT, y-BHC, sevin, UC-10854 (m-iso-
propylphenyl N-methylcarbamate), C-3 (m-meth-
ylphenyl N-methylcarbamate), dibrom, malathion,
diazinon, DDVP, parathion, paraoxon, piperonyl-
butoxide and y~-BHC emulsion (15g of y~BHC and
10g of surface active agent diluted to 100ml with
xylene) were used for tests. All of these chemicals
were obtained from Japan Agricultural Chemicals
and Insecticides Co., Ltd.
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3. Evaluation of insecticidal action.

Evaluation of insecticidal action of insecticides
or mixtures consisting of two or more chemicals
was carried out with four methods. (a) Topical
application: house flies about 2  days old were
treated with acetone solution of insecticides or
mixtures, and their mortality rates were counted
after 24 hours. (b) Contact method: a filter paper
(Toyoroshi Co., Ltd., No. 2) was put into petri
dish, 9cm in diameter and 2cm high, and acetone
solution of insecticides or mixtures was pipetted
After 60 minutes exposure
ten house flies were put into the petri.dishes.

on the filter paper,

Knock down counts were performed at appropriate
(c) Immersion method: a given con-
centration of emulsion or solution of insecticides

intervals.

with or without chemicals was prepared and
maintained at 25°C. Larvae of the house fly were
immersed into the emulsion or solution for 30
minutes, Then the insects were taken out and
put into petri dishes to preservé at 25°C. Number
of flies was counted when emergence of flies
occurred within several days, after unaffected
insects pupated, (d) Larval test: in the case of
D. melanogaster, 50 first-instar larvae were trans.
ferred into a small glass vial containing 15ml
of dry yeast medium (agar 2g, dry yeast powder
3g, sugar 4g, water or solution of chemicals 100ml),

)

o - laIsl e, D

Fig. 1. Diagram of glass tube used for examination
of insecticidal action of vapor,

A :test tube, 3cm in diameter, 25cm in length.
B : small glass tube, 2.8cm in diameter, 3cm in
length, in which the insects were confined.

C : petri dish, ’
D : filter paper impregnated with chemicals.

and the percentage emergence was determined.
If necessary, some modifications were made to
fit the experimental purpose,

For studying insecticidal action with vapor, a test
tube 3cm in diameter, 25cm high was employed
(Fig. 1). A little glass tube, 2.8cm in diameter
and 3cm high, in which test insects were confined
and both edges were closed with a cheese cloth,
was put into the test tube in the distance of 5cm
or 10cm from the opening, and the test tube was
stood on the filter paper impregnated with inse-
cticides, as the opening was downward. Theknock
down counts were made at appropriate intervals,
4. Measurement of succinic dehydrogenase activity.

Two methods were employed for measurement
of effect of chemicals on succinic dehydrogenase
activity, i. e. the method with decolorization of
methylene blue and that with reduction of T. T. C.

Fifty house flies were homogenized in 5ml of
M/15 phosphate buffer (pH 7.2) with a glass
homogenizer for 1 minute. One ml of homogenate
was put into Thumberg tubes, and the side-arms
were filled with 1ml of 1xX10-*M methylene blue,
1ml of 1x10-!M sodium succinate and 1ml of
4x10-'M chemicals such as glycerol-derivatives
(dissolved in M/15 phosphate buffer, pH 7.2).
The tubes were connected to a water suction for
15 minutes to produce a vacuum, The time needed
for decolorization was measured, after the contents
were mixed at 37°C, and the rate of inhibition
was calculated as follows;

percent inhibition

=(1_ time needed for decolorization without
time needed for decolorization with

~cHemieals) X100

Another procedure was as follows; Two hundred
adult D, melanogaster were homogenized in 4ml
of M/15 phosphate buffer, pH 7.2, with a glass
homogenizer for 1 minute. One ml of homogenate,
1mlof 1x10-2M sodium succinate solution, 1m! of
2x10-3M T.T.C. (triphenyl tetrazolium chloride)
and 1ml of 4 X10-2M chemicals were mixed in test
tubes. After incubation at 37"&3 for 30 minutes,
the reaction was stopped with 1ml of 204 tri-
chloroacetic acid solution, and the red product was
extracted with 8ml of ethylacetate. The optical
density of ethylacetate fraction was measured
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by a Beckmann spectrophotometer at 500mg,
and the rate of inhibition was calculated.
5. Quantitative analysis of y~BHC incorporated
into living bodies. R
Chemical estimation of 7-BHC was performed
by the method of Schechter and Hornstein!®
(1952). Insects treated with insecticides were put
into reaction flask with 15ml of acetic acid, then
2g of malonic acid and 1g of zinc dust were added.
Five ml of nitrating acid mixture (HNO; : H;SO,
=1:1 in volume) was added to a nitrating column.
The flask was heated for 60 minutes, Then the
nitrating acid was treated following the procedures
described by Gehrke and Beviet!® (1956). After
the nitrating acid was diluted, the m-dinitrobenzene
contained in this solution was extracted with
ether. The ether fraction was washed three times
with 2% adueous'NaOH and twice with saturated
sodium chloride solution. After' the evapolation
of ether, the color reaction was performed by
adding methylethylketone and 40% aqueous KOH.
Measurement of r—BHC permeated the epidermal
membrane of an onion bulb was as follows ;
The epidermal membrane of an onion bulb was
placed between the wall of two adjoining chambers
each pierced by a hole 5mm in diameter (Fig. 2).
Four ml of 4mM y-BHC with or without added
chemicals, emulsified or dissolved in M/15 phos-
phate buffer (pH 7. 2), was put in the A-chamber;
and 4ml of buffer solution was poured into the

Fig. 2.

Diagram of double chamber,

A :4ml of phosphate buffer containing insecticide
and chemicals,

: 4ml of phosphate buffer alone.

: double chamber with a holl of 5mm in diameter.
: membrane employed for permeability test.

ow
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B-chamber to serve as the control. After being
held for 24 hours at 25°C, the solution in B-
chamber was removed and the y~-BHC which had
penetrated from the A-chamber to the B~-chamber
through the membrane was extracted with
meth ylenechloride ; . after evaporation of this
solvent, the y-BHC was assessed chemically by
Schechter Hornstein’s. colorimetric method.
6. Thin layer electrophoresis and zymograms.
With a glass homogenizer house flies were
ground in the presence of half their weight of
deionized water. The homogenates were centri-
fuged at 12, 000g for 60 minutes to remove debris.
The strips of filter paper or oil free cotton threads
which had been dipped in the homogenates were
transferred to an agar-gel layer or embedded in
the agar. Thin layer electrophoresis was carried
out following the procedures described by Ogita
16191962, 1963a, b, 1964) ; that is, a medium

- containing 0.7g of_agar and 2g of P.V.P. (poly-

vinylpyrrolidone in 100ml of potassium phosphate
buffer (pH 6.8) of ionic strength 0. 025 was used
for the esterase separation. The ‘medium was
gelatinized on a glass plate (16.5X 15cm) in such
a way as to produce a layer with a very smooth
surface and 0.7mm or 0.9mm thickness, A
constant current of 1.5 to 2. 0mA per cm width
of the gel layer was applied for 90 to 120 minutes.
After electrophoresis, the agar-gel plates were
wetted with deionized water, and were sprayed
with 1% B-naphthylacetate acetone solution. The
plates were allowed to stand for 30 to 60 minutes
at 37°C. Hydrolyzed products were detected by
the spray of 0.5% aqueous naphthanil diazoblue
B, and in order to preserve the plates, they were
washed in running water and dried in a current
of hot air. "

Acetylcholine esterases were detected by a pH-
indicator method (Ogita and Kasai 1964, 221965%"),
The agar-gel plate after electrophoresis was
immersed into the following substrate pH-indicator
solution for 30 minutes at room temperature,

Components of reaction mixture

acetylcholine chloride 0.2g
sodium bicarbonate 21mg
BTB 1% ethylalcohol solution  2ml
H.O - 100ml

Then the agar-gel plates were preserved at 37°C
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Table 2. The rate of emergence from media containing y-BHC:or the mixfure of
r-BHC and chemicals. (Expressed as percentage .compared with that emerged from

untreated media.. Based on 500 larvae by larval test method. )

Concentration of chemicals

1

“7-BHC Chioralacetone. bw;st ss - bw;HRy KSL Hikone-R
chloroform ) o ‘ , o )
0.5%x10*mM . - 98.6 85.0- - -
0.7 81.7 103.8 — -
1.0 67.6 73.8 - -
1.5 26.7 93.8 — —
2.0 31.0 77.5 - 95.4 <949
3.0 ‘0 1.3 - <78.1 92.4
4.0 0 0 94.3 101.3
6.0 0 0 56.3 68.4
8.0 0 0 2.3 - 63.3
10.0 0 0 0 7.6
12.0 0 0 0 2.5
0.5x10-2mM+-0. 5mM 27.0 26.3 90.5 103.3
0.5 1.0 3.2 1.3 78.1 103.3
0.5 1.5 0 0 74.0 77.2
- 0.5 2.0 0 0 45,2 83.6
0.5 4.0 0 0 11.0 35.9
0.1x10-2mM+-2, 0OmM 16.9 58.7 - —
0.2 2.0 2.8 - - —
0.3 2.0 0 0 —_ -
0.5 2.0 0 0 36.8 —.
0.7 2.0 0 0 26.4 : 74.7
" L0 : 2.0 0 0 19.6 : 51.9
1.5 2.0 0 0 6.9 79.8
2.0 2.0 — - 14.9 : 11.4
3.0 2.0 - - 4.0 . L3
0 2.0mM 90.5 96.1 116.4 102, 2
0 4,0 55. 6 82.9 104.1 104.3
0 0 100. 0 . 100.0 100.0 100.0

in a moist chamber for 30~60 minutes, till the
esterase activities were revealed as yellow bands
in greenish-blue background by the acid produced.

For the demonstration of fn vivo inhibition of
esterases by organophosphates or carbamates,
tissue extracts were prepared 3 hours after the
topical application of the insecticides to house flies.
For the special purpose such as the experiment
for inhibition of esterases after the treatment of
a carbamate and an organophosphate at different
time intervals, the tissue extract was prepared at
the time presented. The in vitro inhibition of
the esterases was studied by incorporating the
inhibitors into the agar-gel medium. Experimen-
tally, 1m! of acetone solution of organophosphate
or carbamate was pipetted into 100ml of the hot

agar-gel medium, and after vigorous shaking an
agar-gel layer was immediately prepared. Other-
wise, the agar-gel plate following electrophoresis
was allowed to react with a buffered solution
containing the organophosphates or carbamates.

Results and Discussion

1. Synergistic action of glycerol-derivatives and
related chemicals with y-BHC against larvae of
the house fly and those of D.melanogaster.*
The synergistic action of glycerol-derivatives
was studied with the immersion method or the
larval test method. Halogenohydrins such as

* A preliminary report on this subject has been
published in ITIS (Insect Toxicologists’ Infor-
mation Service), 5, 125, 1962.
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ethylenechlorohydrin, glycerol a, y-dichlorohydrin,
and glycerol a,y-dibromohydrin were found to
act as synergists (Table 1). These chemicals
have a hydroxy radical ‘and halogens in their
chemical constitution, On the other hand the
parent chemicals, ethyleneglycol and glycerol,
which have hydroxy radicals alone, or dichloro-
ethylene in which all the hydroxy radicals are

substituted jWith halogens proved to have no or
less synergistic activity. Therefore chlorals were
also examined if they were synergists for y-BHC,
demonstrating that chloralurea, chloralurethane
and chloralacetonechloroform were synergistic
(Table 1).

The synergistic action of chloralacetonechloro-
form with y-BHC at various concentrations was

Table 1. Chemical constitutions and index of synergism of the chemicals mixed with

y-BHC against larvae of the house fly (Takatsuki-strain),

Index of synergism**

Percentage* d
. hemical emergence from  y-BHC 1000 p. p. m, #**
Chemical co?nsf{trllifizn treatment of added to added to
. 5000 p. p. m. 5000 p. p.m, 2000 p. p. m,

chemical alone chemical chemical
Ethyleneglycol HOCH,CH,OH 97.0 1.09 0.80
Ethylenechlorohydrin CICH,.CH;OH 102.2 0.16 0.46
Dichloroethylene CICH;-CH,Cl1 87.8 0.47 0.75
Glycerol HOCH,.CHOH-CH,0H 98.7 1.00 1.05

Glycerola-monochlorohydrin “CICH,-CHOH.CH,OH
CICH;-CHOH.CH,Cl

Glycerola, y-dichlorohydrin

102. 4 1.0 1.05
100. 6 0. 02 0.21

Glycerola, y-dibromohydrin BrCH;-CHOH.CH,Br 100.7 -0 0
Diacetin CH;COOCH,-CHOH.CH,O0COCH, 98.3 0.54 0.60
Triacetin CH,;COOCH,-CHOCOCH,;-CH,0COCH; 99.7 1.07 1.21
Chloral-urea CCl;-CH(OH)-NHCONH, 86.8 0 —
Chloral-thiourea CCl;}CH(OH)-NHCSNHz ) 100.0 1.09 —
Chloral-urethane CCl3;-CH(OH)-NHCOOC,H; 102.2 0.11 —_
Chloral-phenylthiourea CCl3»CH(OH)-NHCSNHC,H, 114.2 0.77 —_
Chloral-acetonechloroform CCl3:CHCOH)OC(CHj,),(CCly) 104.9 0.03 0.53

# Corrected by comparing with untreated control (based on 50 Jarvae in-each treatment),

#* Index of synergism

_ Percentage adult emergence from larvae which were treated by y-BHC with chemicals,

Percentage adult emergence from larvae which were treated by y-BHC alone.
##% Treatment of 1,000p.p.m, y-BHC alone brought about percentage emergence ranging 56.7

~82.2%.

Table 3.
house flies (Takatsuki strain),

Relations between immersion period and percentage emergence of

Immersion period (min.)

. Concentrations
Chemical . p.m.) 3 10 30
percentage emergence (%)

r-BHC 4000 85.7 91.2 46. 4
2000 92,5 95.7 78.4
Glycerol a, y-dichlorohydrin 5000 93.9
r-BHC +Glycerola, y-dichlorohydrin  4000--5000 81.2 3.6 2.6

200045000 96.1 319 0
Chloral-acetonechloroform 5000 92.0
7-BHC +Chloral-acetonechloroform  4000--5000 69.2 52.0 2.6
200045000 79.2 53.2 13.8

78



o oH ®

tested against several strains of D.melanogaster
(Table 2). The rate of emergence was markedly
decreased by adding the above chemicals to -
BHC. This synergistic action was evident in
resistant strains as well as susceptible ones,
Table 3 shows relations between the period of
exposure and the degree of insecticidal effect;
therate of emergence was decreased as the time of
immersion was prolonged. For immersion period
of 10 or 30 minutes, addition of the chemicals to
7-BHC markedly decreased the rate of emergence,
Following a 3 minute immersion, however, the
synergistic action of the chemicals upon y-BHC
was scarcely detectable. ’
It was assumed that the mechanism of syner-
gistic action was closely associated with the
narcotic activity of glycerol derivatives or chlorals,
This assumption led to a further study on relations
between synergistic activity and narcotic activity,
Many experiments have been reported on the
effect of narcotics onrespiratory systems, Chlorals
and urethanes inhibited dehydrogenase activity;
the former inhibits respiration in mammals
(Thumberg?? 1936).
barbituric acid derivatives is due to uncoupling
(Brody et al.2» 1951), and Quastel?¥ (1952) de-
monstrated that narcotics inhibited the synthesis
of ATP. When the effect of glycerol derivatives
and chlorals on succinic dehydrogenase activity

The narcotic action of

was assessed, the chlorals showed an inhibitory
action on the enzyme, Of glycerol derivatives,
glycerol a, r-dibromohydrin, glycerol a, y-dichloro-
hydrin and glycerol a-monochlorohydrin inhibited

the succinic dehydrogenase activity in the house

Table 5.

% 4 30 BRI

Table 4, Effect of chemicals on succinic
dehydrogenase activity of house flies (NAIDM
strain) measured by decolorization of
methylene blue,

Time needed for Percentage

Chemicals decolorization  inhibition
of Mb, (min,) %>

Glycerol 11.5 4
Glycerol

a-monochlorohydrin 14.0 2
Glycerol

a, r-dichlorohydrin 18.0 39
Glycerol

a, y-dibromohydrin «» 100
Diacetin 14.0 0
Chloralurethane 22.0 34
Piperonyl butoxide 17.0 15
Control 11,0-14.5 —_

fly (Tables 4 and 5). The extent of inhibition of
the enzyme was in association with the degree of
synergistic action in glycerol derivatives. There-
fore, the synergistic action of glycerol derivatives
for y~-BHC against house fly larvae may be due
to their inhibitory action on dehydrogenase
activity.

It is interesting that there is a hypothesis that
narcotics effect the permeability of the cell mem-
brane, though they do not always enhance
penetration of various compounds through cell
membrane (Danielli#®, 1955). Chemicals which
have narcotic action either increase or decrease
permeability of a compound, with a varying degree
depending on the kind of the cell membrane,
narcotic, and compound, In order to investigate
the mechénism of synergistic action of these

Effect of chemicals on succinic dehydrogenase activity of D.melanogaster

(bwa-S,s strain and Hikone-R strain) measured by reduction of T. T.C.

Final concentration

Percentage inhibition (%)

Chemicals (x10-M) bwa-Sis Hikone-R
Chloralurea 10 73.1 . 62.0
Chloralthiourea 10 54.4 ; 60.8
Chloralurethane 10 72.0 /Y 65.0 N
Chloral-acetonechloroform 10 8L.9 77.2
Chloroform 10 76.0 84.3
p-Nitrophenol 10 93.5 93.0
2, 4-Dinitrophenol 10 93.0 91.8

—_ 0 : 0

Control
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. "Table 6. Amounts of y-BHC observed ‘in living bodies, measured by .Schechter-Horstein”

. method immediately after 16 or 24 hrs,
.of house. fly.

after treatment of insecticides against larvae

SR

. Time : . Amount = Amount of
Chemicats  Copeentraion afier  No.of - of PBHC I per
: - ' (hr.) . ug) (x10-3ug) -
r-BHC 1000 - 0 200 . 22.8 11.4
r-BHC +Chloralacetonechloroform 1000+ 5000 0 200 48.0 - 24.0
r~BHC 1000 .24 200 10.7 - 5.4
r-BHC+ Ch]oralacetonechloroform 100045000 24 200 17.5 8.8
7-BHC - 200 16 250 8.3 3.3
r~BHC + Chloralacetonechloroform 20045000 16 250 29, 2 11.7
r-BHC ' 1000 0 170 20.4 11.9
r~-BHC+Glycerol a, y-dibromohydrin  1000-+-5000 0 170 .. 27.4 16.1
r-BHC 200 - 16 170 2.8 1.6
r-BHC +Glycerol «, 7-dibromohydrin 2005000 16 170 8.0 4.7

chemicals, the y-BHC absorbed by the bodies of
larvae was measured chemically, The concentra-
tions of y-BHC used in the emulsion were 1, 000
p. p. m, and 200p. p. m., because the insects treated
with mixtures of 1,000p. p, m. y-BHC and 5, 000
p. p.m, chemicals were considerably affected in
16 or 24 hours. The results are shown in Table 6.
The amount of y~BHC absorbed into larvae was
greater when y-BHC solution in which the larvae
had been immersed was supplemented with chemi-
cals such as chloral-acetonechloroform or glycerol
a, y-dibromohydrin. This result may suggest that
these chemicals increase an epidermal permeability
of y-BHC into the insect body. The epidermal
membrane of an onion bulb was used as model
for an experiment of permeability, though it was
necessary to ascertain if permeability of r-BHC

Table 7. Amount of y~-BHC permeated the
epidermal membrane of an onion blub.

Concentrations Amount of y-BHC

. of chemicals measured in B-
Chemicals in A-chamber chamber after 24
o mMy hrs, Cued

r-BHC 4 : 10.0
7-BHC+Glycerol %420 9.8
7-BHC +Glycerol A

a, v dichlorohydrin 4+20 17.6
r-BHC+ Diacetin 4420 12,2
7-BHC+ Chloralacetone-

-chloroform 4+20 17.0
r-BHC+

Chloralurethane 4+20 22.8
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through the insect epidermis was increased by
addition of glycerol derivatives or chlorals. Perme-
ability of y~-BHC through the epidermal membrane
was increased by the addition of these chemicals
as shown in Table7. In a preliminary experiment
where the same method was used, permeability
of methylene blue through the epidermal mem-
brane of an onion bulb or abdominal epidermis
of a frog was increased by the addition of these
chemicals. These results suggest an increase in
the amount of y-BHC detected in insects was due
to an increased permeability of this insecticide
when glycerol derivatives or chlorals were added
as narcotics. .

Thus, one of the possible mechanisms of syn-
ergistic action seems to increase permeability of
the insecticide by adding synergists,

2. Synergistic action produced by chemicals
having a hygroscopic character®,

Synergistic action of glycerol derivatives with

. r-BHC or dibrom against adult house flies and

D. melanogaster was studied with the contact
method (Tables 8, 9, 10). Unexpectedly, glycerol
a, r-dichlorohydrin which had the most effective
synergistic action against larvae of the house fly,
exhibited no synergistic . effect, while glycerol

_ itself showed the most effective synergistic action

against adult house flies. Ethyleneglycol showed

* A preliminary report on this subject has been
published in ITIS, 5, 125, (1962).
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" Table 8.

Synergistic action of chemicals with dibrom shown as KT-50 against

D. melanogaster (bw ; III Hikone-R strain),

(KT-50 min,)

Chericals consiution Wighowr e
Glycerol CH,0H.CHOH.CH,0H 4
Glycerol a-monochlorohydrin CH,C1.CHOH.CH,0H 8
Glycerol a, r-dichlorohydrin CH,C1.CHOH-CH,CI 42 20
Glycerol «a, r-dibromohydrin CH,Br-CHOH.CH,Br 7 4
Ethyleneglycol - CH,OH.CH,0H 4
Propyleneglycol CH,CHOH.CH,OH 4
Polyethyleneglycol 200 HOCH,(CH,0CH,);CH,OH 6
Polyethyleneglycol 300 HOCH,(CH,0CH,),CH,O0H 6
Polyethyleneglycol 1500 HOCH,(CH,0CH,);;CH,0H 12
Carbowax (35 Bridges) HOCH,(CH,OCH,);,CH,OH 14
Piperonyl butoxide 10
Dibrom alone 14

* Glycerol «a, y-dichlorohydrin and glycerol «,r-dibromohydrin have their own knock down

activity (narcotic action).
## 0, 2mM dibrom was employed.

Table 9. Synergistic action of chemicals with y-BHC shown as KT-50 against
D, melanogaster (bw ; III Hikone-R strain),

" Chemicals Chemical constitution rﬁ‘,‘é? (v:r:itg.)
Glycerol CH,OH.CH(OH).CH,OH 5
Ethyleneglycol CH,OH.CH,;OH 5
Glycerol monoethylether CH,OH.CHOH.CH,OCH, 8
Glycerol diethylether C,H,0CH,-CHOH.CH,0C,H, 9
Monochloral glycerol CH,O0H.CHOH.CH,O0CH(OH)CCl, 6

Trichloral glycerol

CH,OCH(OH)CCl,- CHOCH(OH)CCl,+CH;OCH(OH)CCl; 6 -

Ethyleneglycol monomethylether CH,OH.CH,0CH; 12
Ethyleneglycol monoethylether CH,0H.CH,0OC.H, 14
Diethyleneglycol CH,0H.CH,0CH,.CH,0H 10
7-BHC alone 9

*  Acetone solution of 1 mM y-BHC with 5% chemical was used for the contact method.

Table 10.

flies (NAIDM strain).

Synergistic action of chemicals
with y-BHC shown as KT-50 against house

synergistic action as well as glycerol, On the basis
of an assumption that synergistic activity of
chemicals was dependent on the hygroscopic
character of chemicals, the absorption of water
by filter paper containing chemicals was measured
(Table 11). It was found that the hygroscopic
activity of glycerol a,r-dichlorohydrin was low,
while that of glycerol was marked. It wasrevealed
that . piperonyl butoxide which is commercially
used as a synergist. for pyrethroids had also a

Chemicals KT-50 with p-BHC*(min.)
Glycerol 47
Monochloral glycerol 45
Trichloral glycerol 40
Ethyleneglycol 55
Propyleneglycol )
7-BHC alone 80

hygroscopic character. A close correlation was

* 0.05% r-BHC was employed.

found between the synergistic activity of glycerol

81
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Table 11. Absorption of moisture in glycerol, glycerol derivatives and piperonyl butoxide.
L ___ Weight of papers Incr(fease Rafte
Chemicals Iciélnmd:gg prelzgf'(\)géion in‘éiria‘lf‘!xf weight increase
(mg) (mg) (mg) (%)
Glycerol wet 3990 4970 +980 +24. 56
dry 3975 4076 +101 4 2.54
Glycerol a-monochlorohydrin  wet 4038 4520 +482 +11.94
. dry 3974 3952 - 22 — 0.55
Glycerol a, r-dichlorohydrin wet 3937 4320 4383 + 9.73
dry 3901 3910 + 9 + 0.23
Piperonyl butoxide wet 3953 4653 +698 +17. 67
dry 3950 4085 4135 + 3.42
Control wet 3913 4274 +334 + 8.54
dry 3954 3852 —102 —.2.58

One ml of 5% acetone solution of each chemical was pipetted on filter papers, After the solvent
was evaporated, the filter papers were kept at dry (in a CaCl, desiccator) or wet (in a moistened
chamber) conditions for 7 days, then the weight of the filter papers was measured,

Table 12,

KT-50 of dibrom with or without glycerol derivatives against D, melanogaster

Cbw ; III Hikone-R strain), at various humidity conditions by contact method,

Chemicals* ~ KT-50 (min.)

Days of 1 day 7 days** 14 days*** 21 dayghes
preservation A B C A B C A B C A B C
Humidity inter- interm- interm-
condition dry mediate wet  dry ediate wet  wet ediate dry  wet wet wet

Dibrom 39 3 2 50 12 3 6 15 75 80 71 67
Dibrom+glycerol 15 2 1 15 8 3 4 15 37 57 52 66
Dibrom +-glycerol

a, y-dichlorohydrin 53 3 1 70 13 4 5 14 80 90 68 83

*

on a filter paper.
*n

. next 6 days in the same conditions.
£.3.2.1

reverse condition,
1113

condition.

derivatives and the hygroscopic activity of the
chemicals, ‘

It was considered that the presence of water in
filter paper was a very important factor if insect-
icidal action was tested by the contact method,
Table 12 shows the changes of insecticidal action,
when filter paper impregnated with an insecticide
with or without glycerol was incubated under
various degrees of humidity, Insecticidal action
under wet conditions was marked but no syner-

gistic ‘action of glycerol was observed. Under
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One ml of 0. 2mM acetone solution of dibrom with or without 5% chemicals was dropped
The filter papers used in the experiment aftér 1 day preservation were preserved for the
The filter pepers used in the 2nd experiment were preserved for the next 7 days in the

All filter papers used in the 3rd experiment were preserved for the next 7 days in wet

dry conditions, it was slight and a synergistic
action of glycerol was evident, It was indicated
that insecticidal action of an insecticide during
the contact method was affected by humidity.
The vapor activity of insecticides with or without
' glycerol was measured by separating insects from
filter paper impregnated with insecticides (Tables
13 and 14). It was stronger with glycerol than
without it. Then several insecticides were tested
for synergistic action with glycerol (Table 15),
revealing that glycerol was favorably used with



Bi o M % g 30 %I

Table 13. Vapor activity of dibrom evaluated
by contact method.

KT-50 KT-50 by vapor**

Chemical* (min.) (min, )
Dibrom 11 23
Dibrom+glycerol 3 12

* Onemlof 0. 2mM acetone solution of dibrom
with or without 5% glycerol was used.

the contact method. However, the first assump-
tion is nonacceptable, because the synergistic
action of glycerol was evidenced even when the
insects were kept away from the filter paper by
cheese cloth, or when the vapor activity alone
was measured, Nor is second assumption, because
the synergistic action of glycerol was unspecific
for variousinsecticides, and because theinsecticidal

** Filter paper was covered with cheese cloths, action of insecticides exposed on filter paper was
on which insects were confined. . .
NE about as high when the filter paper was preserved
Table 14. Vapor activity of y~-BHC and dibrom.
1. KT-50 (min.)
. H — VN PR
Chemical co‘;’(’}i‘gi,t,{ Distance from insecticide
o 5cm 10cm
r-BHC dry 95 115
r-BHC+-glycerol wet 68 85
Dibrom dry 40 —
Dibrom+glycerol wet 29 —_

One ml of 595 acetone soluton of y-BHC or dibrom with or without 5% glycerol was
dropped on a filter paper. The filter paper impregnates was preserved at dry (in CaCl,
desiccator) or wet (in a moistened chamber) conditions for 24 hours.

Table 15. Synergistic action of glycerol with in the same humidity after being preserved under

several insecticides against D, melanogaster
(bw ; III Hikone-R strain),

_ KT-50 (min. )

Chemical dry et
7-BHC 16 9
7-BHC +glycerol 10 9
DDVP 28 9
DDVP+-glycerol 15 8
Diazinon 25 8
Diazinon+glycerol 18 5

Insecticides to be tested were; acetone solution
of.1mM y-BHC, 0.2mM DDVP and 1mM
diazinon with or without 59 glycerol.

DDVP and diazinon as well as y~-BHC or dibrom,
The possible mechanisms for synergistic action

were as follows:

(1) Insects’ consumption of aninsecticide together

with the water on the filter paper resulted in more

intake than the insecticide alone. (2) An insec-

ticide, being affected by water, produced a new

substance or substances which proved more -

powerful than the original. (3) Much insecticide
was evaporated by water, and the vapor activity
was vigorous under a closed condition as found in

different wet conditions. As a result, it may be
considered that the synergistic action of glycerol
with an insecticide was not due to a chemical
change of the insecticide, but due to evaporation
of insecticide itself which was accelerated by the
presence of water. Weidhaas et al.?® (1960) and
Acree et al. 2 (1963) reported that in water sus-
pension of DDT, higher co-distillation rate of DDT
was observed than that expected from its vapor
pressure. Kalkat et al.2 (1961) also reported
that relative humidity of experimental procedure
affected on insecticidal action. It is suggested
that ‘insecticidal action by the contact method is
affected by the vapor of an insecticide rather
than the insecticide which penetrates the insect
body through the epidermis,

It follows that one of the mechanisms of syn--
ergistic action, or increase in insecticidal activity
is enviromental factor such as relative humidity
of the atmosphere where insecticides are used.
3. Interaction between organophosphates and

carbamates. '
a. In vivo inhibition of esterases by organophos-
phates and carbamates
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To study inhibition of esterases by organo-
phosphates or carbamates, house flies were treated
with these chemicals with topical application and
were homogenized 3 hours later, then the resultant
brei was applied to thin layer electrophoresis,
and the esterase activity was detected. The dose
of insecticides adopted was about twice LD-50,
probably bringing about 90~100% mortality in
24 hours,

Non-specific esterase zymograms of tissue
extracts from untreated house flies of ro; ¢t ; cm
and RP strains are illustrated in Fig. 3 (Ogita
1962, 19 Ogita and Kasai 196529). Inhibition of
esterases by insecticides is shown in Fig. 4.
Organophosphate insecticides such as diazinon,
malathion and DDVP inhibited faster migrating

esterase bands E, and E, markedly and E, E;

L
Fig. 3. Diagram showing zymogram patterns of
esterases in two strains of the house fly. Relative
intensities of the bands are indicated by shading.
OR indicates the origin.

A ()!R———'* B ()’R———.‘
: 8
2
3 !
4 1§
5 :
6 !
7 i
Fig. 4. Esterase zymograms of tissue extracts

from house flies treated with organophosphates
or carbamates (RP strain);

A : Non-specific esterase zymograms detected
with j-naphthylacetate as a substrate and
naphthanil diazoblue B as a coupler.

B : Cholinesterase zymograms detected with the
pH-indicator method in which acetylcholine
chloride is used as a substrate,

1. Control 2. Diazinon 0.4 pg/fly 3. Malathion
0.7 ug 4. DDVPO. 1 g 5. Sevin50 g 6. UC-10854
2 g 7. C33 7
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less markedly, while they failed to inhibit E,,
E), and E,; bands. On the contrary, carbamate
insecticides such as sevin, UC-10854 or C-3 did
not inhibit faster migrating E,, E, bands, while
slower moving bands like E, E,, and E,; bands
Acetylcholinesterase

were markedly inhibited,

activity was markedly inhibited by organophos-
phates, while it was not inhibited by carbamate
insecticides (Fig. 4 B).

Many organic phosphorus insecticides have
proved to be active inhibitors of cholinesterases
and other esterases in mammals and in insects
in both in vivo and in vitro studies. In general
there is good correlations between the toxicity of
phosphate esters and their ability to inhibit ChE
in vitro. Van Asperen®®” (1958) demonstrated that
in house flies poisoned by exposure to vapors of
DDVP, aliphatic esterase (Ali-E) activity of body
homogenates was more inhibited than the acetyl-
cholinesterase of head homogenates at the time
Plapp (1961a)

reported that Ali-E in adult female house flies

of knock down. and Bigley?®V

was rapidly inhibited in vivo following treatment
with parathion or malathion, that cholinesterase
more slowly and less reversibly

activity was

inhibited and that the inhibition was closely
correlated with the observed symptoms of poisoning.
Carbamate insecticides are known to be similar
in many ways to organophosphorus insecticides.

Plapp and Bigley3® (1961b) have presented in vivo
of Ali-E ChE

carbamate insecticides such as sevin and isolan.

and in witro inhibition and by

The present results indicated that the esterases
susceptible to organophosphates were different
from those susceptible to carbamate insecticides.
Insecticidal action of carbamates was considered
to be due to their ability to inhibit ChE activity
(Georghiou and Metcalf 1962°®). However, the
carbamate insecticides employed in this study did
not inhibit acetylcholinesterase activity but in-
hibited the activities of E; E,q and E,; esterases
(Fig. 4) which were present in the body fluid of
house flies and were not inhibited by organo-
phosphates or eserine (Ogita and Kasai 19652").
These results suggest that the mode of action of
carbamate insecticides may be the inhibition of

E, E\y and E,; esterase activity.
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b. Joint action of organophosphate and carbamate
insecticides.

The present finding that esterases areindividually
susceptible to organophosphate or carbamate
inszcticides reasonably leads to a possibility that
a mixture of the two kinds of chemicals will prove
more effective. Therefore a joint action was
studied by mixing two insecticides at various
concentrations (Fig. 5). However, no increase in
insecticidal action was observed in any combina-
tion of organophosphates and carbamates in RP or
203d strains. Another strain (ro;ct;cm) showed

an increase in insecticidal action. However,
biochemical studies were only limited to RP strain
in this study. In order to observe the joint action
of organophosphates and carbamates at a level

of esterase inhibition, esterase zymograms of house

100 100
A. RP B. RP

50 \ / " 50 ;_ =

0 0
Mal1o0 8 6 2 8 4 2
uct: 0 2 4 6 8 10 UCO 2 4 6 8 10

100 100

50 2 50 \ /

0 0 —
Mal 10 6 4 2 0 Dz 10 8 i 2 0
G 0 2 4 6 8 10 uc o 2 4 6 8 10
101
100 L. 70;ct;cm 100 F. vo;ct;cm
®.
— N
o, s \
2 \“7 SSSia s ®,

0 = 0

Mal 10 8 G 4 2 0 Mal 10 8 6 4 2 0
UC 0 2 4 6 8 10 SevinO 2 4 6 8 10
Fig. 5. Joint action between organophosphate

and carbamate insecticides against several strains
of the house fly. The abscissa represents the
proportion of insecticides which were prepared
for LD-50. The ordinate shows mortality in 24
hours. Fifty females and 50 males were used as
a group for each dose.

Mal : Malathion, Dz : Diazinon, UC : UC-10854.

%30

% —II1

OR ——— 4

A OR s ¢ B

—
e e

6

A —

l

Fig. 6. Esterase zymograms of house flies (RP
strain) treated with a mixture of malathion and
UC-10854 at various doses.

A : Non-specific esterases.

B : Acetylcholinesterases,

Doses (pg/fly) Doses (pg/fly)

Malathion  UC-10854 Malathion UC-10854
1. “Q 0 2. 0.4 0
3. .82 0.2 4. 0.24 0.4
5 0.16 0.6 6. 0.08 0.8
7. 0 1.0

flies treated with either the insecticide-mixture
or insecticide alone were comparatively studied.
Unexpectedly, though inhibition of E4, E,g and Ey;
esterase bands by carbamate insecticide such
as UC-10854 was obvious, E, and E, esterase
bands were not inhibited by malathion in mixtures
at various concentrations (Fig. 6A). Moreover,
addition of a small amount of UC-10854 into
malathion resulted in a failure of inhibition of
ChE activity (Fig. 6B). Effects of malathion and
UC-10854 on esterases were further studied with
house flies treated with a mixture or both chemi-
cals applied individually at different time (Fig. 7).
House flies pre treated with UC-10854 and then
treated with malathion showed higher activity of
E, and E, esterases and ChE than those treated
with malathion alone, On the other hand, house
flies treated with malathion and then with UC-
10854 showed a marked inhibition of E,, E,, Es,
E,, and E,; esterases. Flies treated with the
mixture showed a slightly higher activity in E, and
E, esterases and a higher activity in ChE than
those treated with malathion alone. Fig. 8 shows
the esterase zymograms of house flies treated
with a sub-lethal dose of UC-10854 (0.5.g per
fly) and malathion at different time intervals.

Pretreatment with UC-10854 at 16 or 4 hours
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Fig. 7. Effect of malathion on esterase activity
of house flies (RP strain) suffered pre- or post-
treatment with UC-10854.

: Non-specific esterases.

: Acetylcholinesterases.

: Control.

: Malathion 0.7, /fly

: Malathion 0.7,g was applied to flies which
had been pre-treated with 0. 5,g of UC-10854.
4 : Mixture of malathion 0.7 g and UC-10854
0. 5,.¢ employed.

5 : Malathion 0. 7/:g was firstly applied and then
post-treated with 0.5,g of UC-10854.
6 : UC-10854 0.5pg/fly.

W = WP

19) ey i

A |

- YIS, TR CR K N

~
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Iig. 8. Effect of malathion on esterases in house
flies being pretreated or post-treated with UC-
10854 (K /P strain).
A : Non-specific esterases.
B : Acetylcholinesterases.
1. Control, 2. Malathion alone, 3. Pre-treatment*
16 hrs.,, 4. 4, 5. 2, 6. 1, 7. 0.5, 8 0%% 9. Post-
treatment¥*** 1
* House flies pre-treated with 0. 5,.g of UC-10854
per fly at the time presented, and subsequently
treated with 0.5,g of malathion per fly.
** Mixture (malathion and UC-10854) employed.
*%¥¥ House flies treated with malathion and sub-
sequently with UC-10854.
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before malathion treatment resulted in a recovery
from knock-down by carbamate poisoning, showing
little prevention of esterase inhibition by malathion.
However, pretreatment with UC-10854 at 2, 1 or
0.5 hours before malathion treatment left F,, £,
esterase activity and ChE activity unchanged. A
maximum effect of UC-10854 on decreased esterase
inhibition by malathion might be brought about
by pretreatment about 1 hour before.

To estimate the effect of concentrations of
carbamates on organophosphate insecticides,
several doses of UC-10854 were treated for house
flies 1 hour before malathion treatment. The
results in Fig. 9 indicate that as a dose of UC-
10854 increased from 0, 01 to 3ug per fly esterase

A OR —————— ¢+ B OR————

|

. Rl
2 - ;

3 i
4 ﬂ
5 !
6

7

8

Fig. 9. Effect of malathion on esterases in house

flies pre-treated with UC-10854 at various doses.
A : Non-specific esterases.
B : Acetylcholinesterases.
1. Control, 2. Malathion alone, 3. Pre-treatment
3pg/fly, 4. 1, 5. 0.3, 6. 0.1, 7. 0.03, 8. 0.01.

inhibition caused by malathion decreased. Flies
treated with 3,1 and 0.3,g of UC-10854 per fly
were knocked down at the time of malathion
treatment, while those treated with 0. 1pg of UC-
10854 became hyperactive, and those treated with
0.03 and 0. 01p,g remained normal. These results
suggested that the decreased esterase inhibition
by malathion with UC-10854 was associated with
symptoms produced by UC-10854. Thus, inefficacy
of malathion on the esterases like £,, E; and ChE
in the mixture or pretreatment with UC-10854
may be a cause of non-increase in insecticidal
action in the mixture.

c.  The mechanism of joint action of organophos-

phates and carbamates.
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It is assumed that the mechanisms for intera-
ctions between carbamate and organophosphate
insecticides may be as follows : (1) penetration
the

inhibited by carbamates, (2) carbamates inhibit

of organophosphate into insect body is
oxidation of organophosphorous compounds into
oxygen analogs which have more powerful inhibitory
action than their original thiono compounds, and
(3) carbamates have more powerful affinity for
esterases than organophosphates, so that organo-
phosphates are unable to combine with esterase
in the presence of carbamates.

Sun and Johnson!® (1960) have presented that
synergistic and antagonistic action of pyrethrin
synergists such as sesamex, piperonyl butoxide,
and sulfoxide in combination with many organo-
phosphorus and chlorinated insecticides appear to
be mainly due to the inhibition of certain biological
oxidations which either activate or detoxify the
compounds. In the present study, the failure of
by UC-

be due to the inhibition of certain

malathion in esterase inhibition caused
10854

biological oxidations which activate malathion to

may

a potent esterase inhibitor, i. e., malaoxon. When
DDVP, an oxide type organophosphate was emp-
loyed instead of malathion, it was observed that

house flies treated with UC-10854 and then with

Fig. 10.

Effect of DDVP on esterase activity of
house flies suffered pre-treatment of UC-10854.
A : Non-specific esterases.

B : Acetylcholinesterases.
1. Control, 2. DDVPO0.2pg, 3. DDVPO.2ug was
applied to flies which have been pre-treated with
0.5¢¢ of UC-10854. 4. DDVP 0.2pg was firstly
applied and then post-treated with 0.5.g of UC-
10854. 5. A mixture of DDVP 0. 2g and UC-10854
0.5/g. 6. UC-10854 0.5.g.

8 30 ¥#%—III

OR ——p ¢
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3
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Fig. 11.
esterases of house flies with or
treatment of UC-10854.

A : Non-specific esterases.

B : Acetylcholinesterases.
1. Control 2. Parathion 3. UC-+Parathion
4. Paraoxon 5. UC+Paraoxon

OR ———

B

Effect of parathion and paraoxon on
without pre-

DDVP showed more active E,, E, and ChE activities
than those treated with DDVP alone (Fig. 10).
Moreover, parathion and its oxide analogue, para-
oxon were tested for house flies with or without
11). The ChE
activity of house flies pretreated with UC-10854

pretreatment of UC-10854 (Fig.

was active following parathion treatment as well
as following paraoxon treatment, in spite of a
complete inhibition produced by the use of either
parathion or paraoxon. These results suggest that
ineffecacy of malathion on esterase activity in
with UC-10854 is the

inhibition of certain

combination not due to
biological oxidations which
activate malathion to malaoxon.

Augustinsson and Nachmansohn*(1949)reported
that, if esterase is first incubated with a reversible
inhibitor such as prostigmine and then with an
that little

irreversible inhibition occurs. In the present study,

alkylphosphate, it is found or no
it is assumed that a similar phenomenon may have
occurred in carbamate insecticides and organo-
phosphates. To ascertain this in vitro, esterase
was pre-inhibited with carbamate and then treated
with organophosphate (Fig. 12). As malathion is
a weak inhibitor of esterases, DDVP was employed
for the experiment as an example of oxide type
Ey, Ey and E,; bands were
markedly inhibited with UC-10854, while E,, E,

bands were markedly inhibited with DDVP, and

organophosphate.

all these bands were inhibited in combination of
UC-10854 and DDVP. These results indicate that
the decreased degree of esterase inhibition by

malathion is not due to the formation of carbamate-
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Fig. 12. In wvitro inhibition of esterases of ro;
ct;em Cupper) and RP (lower) strains of the house
fly treated with UC-10854 or DDVP.

A : Non-specific esterases.

B : Acetylcholinesterases.
1. Control, 2. UC-10854(10""M)incorporated into
agar-gel medium for electrophoresis. 3. The agar-
gel plate after electrophoresis was immersed into
DDVP (10-°M) solution, then esterase activity was
UC-10854
medium, and the agar-gel plate after electrophoresis

detected. 4. was incorporated into

was immersed into DDVP solution.

esterase complex as far as bands

E,, E,

concerned. Therefore, it is considered that perme-

are

ability of malathion may be affected by UC-10854.
However, ChE zymograms (Fig. 12B) indicated
that at the presence of UC-10854, organophosphate
failed to inhibit ChE in in vitro experiments.

It is indicated that non-increase in insecticidal
action in the mixture consisting of carbamates
and organophosphates against the RP strain of
house flies may be caused by the two mechanisms.
One of the mechanisms is that the inhibition of
some esterases such as ChE by organophosphates
is protected by carbamates, and the other is that,
when carbamate-insecticides were affecting house
flies, the permeability of organophosphates into
the insect body was prevented.

4. Joint

constitution of insect population.

action  produced in a helerogeneous

A combined use of two insecticides having
different physiological action may be useful for the
control of aninsect population with varying resistant
levels, for one insecticide may be influential in
affecting part of the population, leaving the rest

of the population under the influence of the other.
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In a preceding paper, a genetic analysis of the
house fly made by Kasai and Ogita® (1965) showed
7-BHC

resistance is located on the 2nd chromosome, while

that the main factor responsible for
the most important factor responsible for sevin
resistance is located on the 5th chromosome.
They reported that a combined use of y~-BHC and
sevin resulted in an increased insecticidal action,
and that two factors might be responsible for
these increased insecticidal action, i.e., a joint
action for the genetic heterogeneity of insect
population viewed on an insecticideresistance basis,
and a dissimilar joint action reported by Metcalf®,

Ogita®(1961) reported that a mixture of insecti-
cide with negatively correlated substances?? =D
had an effective insecticidal action for a mixed
population consisted of insecticide resistant and
susceptible flies, and that, though this finding
appears to be the same as the so-called joint toxic
action, it was essentially different from the usual
joint toxic action. This joint action was shown only
for the mixed population consisted of insecticide-
resistant and susceptible flies. The phenomenon
does not take place for the pure population consisted
of equal resistant levels because the flies are killed
by either of component of the mixture.
5. Type of joint action.

The formalized treatment of the joint action of
insecticides was described by many investigators.
Metcalf” (1955)

insecticides, and one of the typical scheme was

reviewed the joint action of
presented by Plackett and Hawlett'® (1948) as
follows:
1) Dissimilar joint action, where toxicants A and
B applied separately produce a common response
yet when applied jointly produce the same response
by action on separate and distinct physiological
systems (A) and (B).
a. Independent joint action, where in addition
to (1), A of I

reacting, nor the reaction with (), as well

affects neither the amount
as the converse.

b. Dependent joint action, where in addition to
),
or the reaction with (), and’/or the converse.

A affects the amount of B reacting and
2) Simmilar joint action, where A and B applied
separately produce a common response and when
applied jointly produce the

Same response by
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independent ,action on the same physiological
system,

3) Synergistic action, where A and B applied
jointly produce a total response greater than the
sum of their independent effects.

a. Activation, a special case of synergism where

a substance with no toxicity at the dosage

employed increases the effect of a toxicant,
4) Antagonistic action, where A and B jointly
produce a total response smaller than the sum of
the independent effects of either applied separately.

Later, these hypotheses or models of joint action
were revised and extended (Plackett and Hawlett,
19524, They proposed a two-way classification,
with the joint action of insecticides described as
similar or dissimilar according as they act at the
same site or different sites in the insect to produce
the response, and as noninleractive or interactive
as one (or each) does not or does modify the
physiological action of the other. The terminology
for the four resultant types of joint action can be
shown as follows:

Similar Dissimilar
Noninteractive Simple similar Independent
Interactive Complex similar Dependent

Sakai® (1960) proposed a new type of joint action
including pseudo joint toxic action which was defined
as the phenomenon exhibited by the alternate
application of two or more components or by the
altimate compound effect of them used separately
at different times, and also as the phenomenon
in which the living matter is influenced by the
phenomenon produced by one or more compounds
formed by the chemical reactions before penetrating
into the living body.

These authors, however, did not take into
consideration heterogeneous constitutions of an
insect population subjected to insecticides. Thus,
a new classification for joint action is to be required
considering the above mentioned factors such as,
a synergistic action due to an increased degree
of permeability of insecticides, or due to environ-
mental factors. Another factor to be mentioned is
joint action caused either by genetic heterogeneity
of an insect population viewed from resistance levels
or by mixing negatively correlated substances.
Referring to the present data it is proposed to
offer a new scheme for joint action of insecticides

as follows:
I. ‘Synergistic action (joint action of insecticides
with non-insecticidal chemicals).
1. positive synergistic action
(including activation).
Ex. pyrethrin+piperonyl butoxide
BHC +glycerol a, r-dichlorohydrin
(house fly larvae)
BHC +glycerol (house fly adults)
2. negative synergistic action
(antagonistic action).
» Ex.  Malathion+ butoxide
II. Homo joint action (joint action produced in
a homogeneous constitution as to insecticide
resistance in insect population).
1. positive joint action,
Ex. y-BHC+sevin
2. unchanged joint action.
3. negative joint action.
Ex. Malathion+UC-10854

III. Hetero joint action (joint action produced in

a heterogeneous constitution as to insecticide
resistance in insect population).
' 1. positive joint action.
Ex. mixture of insecticides with negatively
correlated substances.
mixture of insecticides having different
physiological action.
2. unchanged joint action.
3. negative joint action.

Summary

Joint action of insecticides has been studied in
the house fly and D. melanogaster from genetical
and biochemical viewpoint. Various factors which
cause a synergistic or antagonistic action to
insecticides, and interactions having different
physiological properties were analyzed. The results
obtained were as follows:

1. Relations between the chemical structure and
synergistic activity of glycerol-derivatives to y7-BHC
have been studied against larvae of the house fly by
the immersion method. The following compounds
were found to be synergistic, in descending order;
glycerol a, y-dibromohydrin)glycerol a, y-dichloro-
hydrin)glycerol a-monochlorohydrin)glycerol (no
activity). Ethylene chlorohydrin had a synergistic
activity which was denied to ethyleneglycol.
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Chlorals also showed a synergistic activity.

The succinic dehydrogenase activity of the house
fly and of D.melanogaster was inhibited by these
chemicals which had a synergisticactivity. Addition
of the above synergistic chemicals to y-BHC resulted
in an increased permeabiiity into the larval body.
It was suggested that one of the factors of
synergists might be an increase of permeability
of insecticides.

2. Synergistic activity of glycerol-derivatives on
some insecticides against adult house flies and
D.melanogaster was examined by the contact
method, The following compounds were tound. to
be synergistic, in descending] order ; glycerol)
glycerol a-monochlorohydrindglycerol a,y-dichloro-
hydrin (no activity). Ethyleneglycol and propy-
leneglycol had also a synergistic activity. The
synergistic activity might be due to an increase
in voratilization due to the above synergistic
chemicals,

3. Esterase inhibition by organophosphates or
carbamates has been studied with the Ogita’s thin
layer electrophoresis, It was found that esterases
susceptible to organophosphates were different
from those susceptible to carbamate insecticides.
A combined use of organophosphates and carba-
mates did not increase the insecticidal action in
strains of house flies. Studies on possible mecha-
nisms for interaction. between two chemicals
indicated that two factors might be responsible
in the

mixtures. One is that the inhibition of esterases

for non-increase in insecticidal action

by organophosphate is protected by carbamates,

and the other is that carbamates might prevent
the penetration of organophosphates into the insect
body.

4, A joint action produced by a genetic heteroge-
neity of insect population viewed on an insecticide-
resistance basis was discussed.

The present data lead to a new classification
of joint action covering the genetic constitution
of insect population subjected to insecticides.
Thus a new concept of joint action was proposed.
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16. Dowco-186 M7 X4 U5 AL ICHTAFEMME, & < ICBEhIBRMET LI
DML, EROELOTERICET 3L NV ek . B 5T HSTR (AN

EHEEBIZERD 40. 7. 2 521

'Dowco-186 (triphenyl tin hydroxide) ©7 b v iM%, 7 X % ¥ & L ORMICH FLIL,
FEFU 1280 5 4tk & MEIRROBILR %, Wadley, Finney OYjikTATSTL 1oRiR, Fiult 2l
3KIE 0.20142/9, & (0.151~0.269.2/ 9, 8D Olfi% A 1:.

Apholate 35X metepa iz X - COEIST X5,
7 A XV YU A VvORERIT OV TIE, BRIk
X o THFShfos bR efuing, LSO
ZOVERMBEZM U 22, & UTRBR RO Rz bz -
ThY, FinneyP itk -»TerhicFary bedbbwn
%, quantitative response data OfNr LB L
7o LLEE T L LRl L e,
FRTOMM 3T U variance H 0 EE LT,
COMMNMAIEEZDEELbWB R, BECE
> TGRS b, WifES b U B L 7o variance %3
BRI Sh B RE L ERHEELED. K
IV TRE S L i, Dowco-186 23 %

WTTF X T U LV ROVWT DI EERITRE BT
LUt o5, AT A B i bt o Fikic
DU THL& 50T % B - 72 %E Aberdeen X% D. J.

. Finney i+ &, 3B o2 k% 38\ 7z Dow Chemical

Co. » E.Kenaga i iiftr &+ 5.

EEMHBIUEE
Dowco-186 DOFMT 132171 53541%, Dow Che-
mical Co. @ Bioproducts Department 7 532{jt%
51F7- technical grade @3{l{34y triphenyl tin
bydroxide CHh . 7X %V U A VIINTIORREE
T CRBCII KN 15.3% o7 XX T OHHR
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