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Summary

Residual toxicity of dieldrin to the German

cockroach was evaluated from the individual

records of dead or alive in the filter paper test.

From the data of sixty-three combinations of

residual dose per weight of roach D(mg/g) and

time of exposure T(min) together with indication

of whether or not the cockroach responded, a

equation for fitting a probit regression plane was

estimated as Y = -6.6095+ 1. 5090xI+4. 2689x2'

Here, XI and X2 are log D and log T respectively

and Y is the probit probability of response P.

Result of the X2 test showed no significant difference

between the empirical probits and the predictions

from the fitted equation. The 5;'6 fiducial limits

curves (t =1. 96) for P=O. 5 and O. 9 were calculated

and shown in figures.
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Many investigators have reported on DDT

resistance in the house fly from a genetical or

biochemical viewpoint. Sternburg et 01. I) (1954)

reported that various strains of the house fly which

are resistant to DDT, contain an amount of DDT

dehydrochlorinase corresponding to the level of

resistance of the strain to DDT. DMC, an analogue

of DDT, acts as an inhibitor of DDT-dehydroch

lorinase (Abedi et 01. 2 ) 1963), so that it is a

synergist for DDT against DDT-resistant insects.

Inheritance of DDT-resistance is controlled by at

least two factors in the house fly (Tsukamoto and

* Visiting research fellow from Japan Agricultural Chemicals and Insecticides Co., Ltd.
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* One pI of acetone solution containing 10mM
DDT with 10mM of each chemical was treated
to female house flies by the topical application.

** The treatment of DDT alone brought about
the mortality ranging 22-4296.

Table 1. Synergistic action of sulfonylamides for
DDT against the Takatsuki strain of house flies.

Mortality
with DDT**

Materials and Methods

Insecticide-resistant and susceptible strains of

the house fly, Musca domestica, kept in our

laboratory were used in this study. Their insecticide

susceptibility. origins and rearing methods have

been described in detail (Ogita and Kasai'" 1965).

The JIR strain was established as DDT-resistant

strain under DDT pressure by Dr. Tsukamoto.

Synergistic action against house flies was estimated

by the topical application. One IIIof acetone solu tion

containing DDT with or without sulfonamide was

applied to dorsum of the thorax of ether anesth

etized house flies by a microsyringe, The treated

flies were kept at 25'C and their mortality was

counted 24 hours later. Usually, 50 females and 50

males were used as a group for each determination.

Another method of estimation of insecticidal activity

was performed with a contact method. One ml of

acetone solution of insecticides was pipetted on a

sheet of filter paper which was confined in a petri

dish. One hour later, after evaporation of the

solvent, ten house flies were introduced into the

dish, then knock down counts were performed at

appropriate intervals. For the determination of

linkage groups of DDT-resistance and resistance

to the mixture consisting of DDT and Antiresistant,

1 day old F2-progeny flies from a backcross {ro;

et ; ems: xF1 (ro; et; ems: xjIR'l;) 1;} or F2 flies

of a cross (ro; et; em!? xjIR1;) were treated with

DDT or the mixture by topical application, and

mortality counts were performed on each phenotype.

Statistical analysis of dominant and recessive

resistance factors was made by the method suggested

by Tsukamoto" (1964).

The sulfonamide derivatives used in this study

and p.p'-DDT was kindly provided by Messrs.

T. Ohno, and I. Takeda of Chemical Institute.

Suzuki" 1964). A sulfonamide compound N-di-n

butyl-p-chlorobenzenesulfonamide, available under

the name of WARF Antiresistant, has proved to

b~.,~ highly effective DDT synergist against DDT

resistant insects. ~,')

The present investigation was intended to clarify

relations between chemical structure and synergistic

action of sulfonamide derivatives with DDT. and

to analyze the synergistic action of the Antiresistant

on DDT-resistant house flies from a genetic basis.
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Table 2. Synergistic action of WARF Antiresistant
for DDT against several strains of the house fly.

Antiresistant did not increase the insecticidal

action of DDT against a susceptible strain, ro;

et ; em, whereas it markedly synergized against

moderately DDT-resistant strains, Takatsuki or

PRo However, no synergistic action was observed

10080

KT-50 (min.)

./
/

"...

20 40 eo

: ,
,,:di()llf(DDTl/ro id:atlI l'F,(DOT+ARl

~([)DTtARl)'
... .l

1 0

1 1

1 0.5

1 0.2

1 0.1

c..ctntratio.
oo 01

DDT Anlirtsisllnl

0.1 0 10

DDT dose (/Lg/fly)
Fig. 2. Resistance levels of susceptible (ro; et ;
cm), resistant (JIR) strains and the F 1 hybrid to
DDT and DDT+Antiresistant (1:1 ratio), AR=
Antiresistant.
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Fig. 1. Synergistic action of Antiresistant with
DDT at various concentrations against Takatsuki
strain of house flies. Based on 50 females for each
concentration.

on the basis of 50 females for each concentration.

The higher concentration brought about the more

effective synergistic action. Thus, the mixture of

1~6 DDT with 196Antiresistant was most effective.

Synergistic action was also observed at I: 10 ratio

of Antiresistant to DDT, though to a lesser degree.

3. .Genetlc analysis.

As the fIR strain was highly resistant both to
DDT and to mixture of DDT and Antiresistant,
resistant factors were analyzed on a genetic basis

in order to clarify whether DDT resistance and

mixture-resistance were controlled by the same

mechanism or not. Fig. 2 shows the resistance levels

of the susceptible ro;ct;cm strain, F1 hybrids, and

with Antiresistant against highly DDT-resistant

strains, such as 1(-3926 and fIR. Treatment

with loopg DDT plus loopg Antiresistant or loopg
DDT did not kill any of the flies of these two

strains. The synergistic action of Antiresistant

with DDT was tested against Takatsuki strain at
various concentrations, to which the synergistic

action was the most effective within the strains

tested. This action was evaluated by the contact

method and the experimental results were expressed

as KT-50 values (Fig. I), which were determined

0.15
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loo(

LD-5I) flg per fly
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Strain

Results

1. Chemical structures and synergistic activity.

In order to clarify the relation between chemical

structure and synergistic activity of sulfonamides ,

with DDT, many sulfonamide-derivatives were

tested for their synergistic action (Table 1).

Variations in the aryl portion of the molecule

brought about a marked effect on its synergistic

activity. Unsubstituted phenyl derivatives were

less active; p-substituent with -NH2 radical was

also less active, whereas those with -CHa radical

were moderately active. The most effective of

all p-substituents studied was halogen (Cl, Br),

and especially chlorine. Next, variations in the

alkyl portion of the p-chlorobenzenesulfonamide

were studied. Compounds in which N-atom was

mono- or di-substituted with -C 2HG, -C 2H.CI, -C.Hg

brought about the most effective synergistic action,

whereas substitution with -C2H.OH, -C 2H.OCO·

CHa, -C 2H.OCHaresulted in very weak synergistic

activity. Chlorpropamide, a well known hypogly

cemic sulfonylurea (No. 18 in Table I), proved to

be moderately active synergist for DDT. Thus

the most effective synergists of all the compounds

studied were N-dialkyl p-chlorobenzenesulfon·

arnides, such as, Antiresistant and its ethyl analogue.

2. Synergistic action to several strains.

Synergistic action of Antiresistant to DDT was

examined in several strains of the house fly, both

resistant and susceptible to DDT (Table 2).
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the resistant JIR strain both to DDT and to the

mixture. The JIR strain was highly resistant not

only to DDT but also to a high dose range of the

mixture. However, F1 hybrids were not so resistant

to the mixture as DDT. The F 1 hybrids proved

to be intermediate both in resistance to DDT and

to the mixture, approaching the more resistant

parent in the case of DDT, but approaching the

more susceptible one when the mixture was

employed. This suggested DDT-resistance was

controlled by the incompletely dominant factor

whereas mixture-resistance the incompletely re

cessive factor.

Linkage group of the resistance factors was

studied by crossing experiments. Ten pg of DDT

alone per fly was topically applied to F2 progeny

obtained from a backcross {ro; et ; em~ x F 1 (ro;

ct ; em~ x jIR 1;) 1;}, and number of survivals of

each phenotype was counted 24 hours later (Table
3). This dose was chosen for analysis of dominant

factor, for it does not kill the heterozygotes, The

results indicated phenotypic em progenies in which

both 5th chromosomes were derived from suscep

tible strain were more susceptible than 5th

chromosomal wild progenies which had the 5th

chromosome carrying a factor of resistance derived

from the jIR strain in heterozygous condition.

These data evidently indicate that the most

important effect on DDT-resistance may be due

to the 5th chromosome. The 2nd chromosomal

effect is also marked. Results of statistical analysis
of the data (Table 4) also indicate that DDT

resistance is controlled by multifactorial genetic

system in which both 5th and 2nd chromosomal

Table 3. Survival rate of each phenotypic F2-progeny obtained from a backcross {ro; et ;
em~ xF1 (ro; et; ems: xjIR1;) 1;} following topical application of 10pg DDT per fly.

Female Male
Phenotype Pooled Mean

No. of Survival Arcsin No. of Survival Arcsin
flies 96 0 flies 96 0 0 0

+;+;+ 70 94.29 76.19 75 89.33 70.91 147.10 73.55
ro; +; + 50 34.00 35.67 52 32.69 34.88 70.55 35.28
+; et; + 38 89.47 71. 09 46 95.65 78.03 149.12 74.56
ro; et ; + 51 11.76 20.09 49 14.29 22.22 42.31 21.16
+; + ;em 50 4.00 11.54 51 13.73 21. 72 33.26 16.63
ro; + ;em 26 0 0 34 8.82 17.26 17.26 8.63
+ ; et; em 40 15.00 22.79 49 16.33 23.81 46.60 23.30
ro; et; em 32 0 0 48 0 0 0 0

Table 4. Statistical analysis for dominant effect of chromosomes on DDT-resistance
(from Table 3).

Chromosome Resistance Sum of Degree of Mean Feffect squares freedom square

(Total) 11335.71 15
(Phenotypes) 253.11 11091. 27 7 1584.47 60.67**

2 122.97 3782.25 1 3782.25 144.82**
4 15.07 56. 79 1 56.79 2.17

2x4 -30.43 231.45 1 231.45 8.86*
5 155.99 6084.00 1 6084.00 232.95**

2x5 60.33 909.93 1 909.93 34.84**
4x5 11.15 31. 08 1 31. 08 1. 19

2x4x5 0.17 0.01 1 0.01 0.00
(Sex) 61. 62 1 61. 62 2.36

(Error) 182.82 7 26. 12

* Significant at 596 level, ** Significant at 196 level.
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Table 5. Survival rate of each phenotypic Fa-progeny obtained from a backcross {ro ; et ;
em!f.xFJ (ro;et;em!f.xJIR~) t)} following topical application of 0.5f1g DDT+0.5/lg
Antiresistant per fly.

Phenotype

+;+;+
ro; +; +
+;ct;+
ro; et ; +
+; + ;em
ro; + ; em
+ ; ct ; em
ro ; et ; em

Table 6.

Female Male
Pooled Mean

No. of Survival Arcsin No. of Survival Arcsin
flies 96 0 flies a' 0 0 0,0

92 56.52 48.73 94 70.21 56.91 105.64 52.82
66 16.67 24.12 68 8.82 17.26 41. 38 20.69
77 31.17 33.96 76 42.11 40.46 74.42 37.21
21 14.29 22.22 35 5. 71 13.81 36.03 18.02
88 2.27 8.72 83 1. 20 6.29 15.01 7.51
64 0 0 68 0 0 0 0
36 13.89 21.89 58 5. 17 13.18 35.07 17.54
44 2.27 8.72 52 0 0 8. 72 4.36

Statistical analysis for dominant effect of chromosomes on mixture-resistance
(from Table 5).

* Significant at 596 level,

Chromosome

(Total)

(Phenotypes)

2

4

2x4
5

2x5

4x5
2x4x5
(Sex)

(Error)

Resistance
effect

158.15
72.01

3.89

7.27
99.33
30.63

32.67
18.61

Sum of Degree of Mean Fsquares freedom square

4554.45 15
4362.85 7 623.26 26.39**
1296.36 1 1296.36 54.88**

3.78 1 3.78 0.16
13.21 1 13.21 0.56

2466.61 1 2466.61 104.43**
234.55 1 234.55 9.93*

266.83 1 266.83 11.30*
86.58 1 86.58 3.67

26.27 1 26.27 1.11

165.34 7 23.62

** Significant at 196 level.

factors are major ones. Dominant factors of

mixture·resistance were genetically analyzed at

0.5f1g DDT +0. 5pg Antiresistant per fly. These

doses would not kill heterozygotes. The results

(Tables 5 and 6) indicate both 2nd and 5th

chromosomal factors are also responsible for

mixture-resistance.
However, highly resistant factor to the mixture

seems to be a recessive one (Fig. 2), so that Fa

progeny flies of a cross (ro; et ; em!f. x]/R ~)

were employed for analysis of factors of DDT-and

mlxture-resistance. Results of topical application

of20pg DDT per fly (dominant and recessive factors)

indicated that both 2nd and 5th chromosomal

factors are also major DDT-resistance factors

(Tables 7 and 8). For the analysis of mixture-

resistance, doses of 20pg DDT +20pg Antiresistant

were employed, which might bring about the kill

in susceptible and heterozygous flies, whereas they

would not kill homozygous resistant (fIR) flies.

In the Fa progenies of this cross, theoretically

two third of the wild type flies are heterozygous,

andone third is homozygous as to each chromosome.

Therefore, it was expected that only one fourth

of the treated flies which were homozygous in

the resistance gene could survive at this dosage.

In the experiment, only low percentage survival

was observed. As shown in Table 9, survival rates

of + ; + ; +, + ; ct ; +, +; + ;em, and + ; et ; em'
progenies, in which one or both of the 2nd

chromosomes were derived from the resistant

strain, were higher than ro; + ; +, ro; et ; +,
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Table 7. Survival rate of each phenotypic F2-:progeny obtained from a cross (ro ; ct ; em 'f
xjIR 0) following topical application of 20pg DDT per fly.

Female Male
Phenotype Pooled Mean

No. of Survival Arcsin No. of Survival Arcsin
flies 96 0 flies 96 0 8 0

+;+;+ 334 92.22 73.78 244 84.02 66.42 140.20 70. 10
ro; +; + 65 63.08 52.59 46 45.65 42.53 95. 12 47.56
+; et ; + 114 85.96 68.03 109 89.91 71. 47 139.50 69.75
ro; ct ; + 10 40.0 39.23 18 55.56 48. 22 87.45 43.73
+; + ;em 82 39.02 38.65 72 36.11 36.93 75.58 37. 79
ro; + ; em 20 0 0 11 0 0 0 0 .
+ ; et ; em 26 26.92 31. 24 28 35. 71 36.69 67.93 33.97
ro; et ; em 11 0 0 9 0 0 0 0

Table 8. Statistical analysis for combined (dominant and recessive) effect of chromosomes
on DDT-resistance (from Table 7).

Chromosome Resistant Sum of Degree of Mean Feffect squares freedom square,

(Total) 10272.46 15

(Phenotypes) 302.90 10132.11 7 1447.44 72.23**

2 120.32 3618.02 1 3618.02 180.54**
4 8. 00 16.00 1 16.00 0.80

2x4 0.34 0.03 1 0.03 0.00
5 159.38 6352.09 I 6352.09 316.97**

2x5 -23.20 134.56 1 134.56 6.71*

4x5 0.36 0.03 1 0.03 0.00

2x4x5 -7.28 13.25 1 13.25 0.66
(Sex) 0.09 1 0.09 0.00

..._._------.

(Error) 140.26 7 20.04

* Significant at 596 level, ** Significant at 196 level.

Table 9. Survival rate of each phenotypic F2-progeny obtained from a cross (ro ; et ; em 'f
x]IR 0) following topical application of 20pg DDT+20pg Antiresistant per fly.

-----
Female Male

Phenotype Pooled Mean
No. of Survival Arcsin No. of Survival Arcsin
flies 96 0 flies 96 8 0 ()

+;+;+ 405 24.44 29.60 426 26.29 30.85 60.45 30.23

ro; +; + 134 0.74 4.93 136 1. 47 7.04 11.97 5.99

+;et;+ 88 21. 59 27.69 71 18.31 25.33 53.02 26.51

ro; ct ; + 40 0 0 41 0 0 0 0
+; +; em 73 15.07 22.87 66 24.24 29.47 52.34 26.17
ro;.+ ; em 18 0 0 11 0 0 0 0
+ ; et ; em 31 16.13 23.66 30 6.67 15.00 38.66 19.33
ro ; et; em 14 0 0 10 0 0 0 0
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Table 10. Statistical' analysis for recessive effect of chromosomes on mixture-reslstance
(from Table 9).

Chromosome Resistant Sum of Degree of Mean Feffect squares freedom square

(Total) 2560.60 15
(Phenotypes) 108.23 2494.52 7 356.36 38.64**

2 96.25 2316.02 1 2316.02, 251.16*~
4 16.55 68.49 1 68.49 7.43*

2x4 4.57 5.22 1 5.22 .0.57 c

5 17.23 74.22 1 74.22 7.86*
2x5 5.25 ' t' 6.89 1 6.89 0.75,
4x5 2.87 2.06 1 2.06 0.22

2x4X5 -9.11 20.75 1 20.75 2.25
(Sex) 1.53 1 1.53 O. 17

(Error) 64.55 7 9.22 ':C'"

* Significant at 5;:'6 level, ** Significant at 1;:'6 level.

ro ;+ ;em and ro; et ; em progenies which had

both the 2nd chromosomes derived from the
susceptible strain. These data evidently indicate
that the most important effect on the mixture

resistance may be due to the 2nd chromosome.

Results of factorial analysis of the data shown in

Table 10 indicate more exactly that the 2nd
chromosomal resistance factor is the major one,

and that the' effect of the 5th chromosomal DDT
resistance factor is considerably depressed by

Antiresistant. As mentioned previously, many

investigators showed that a close correlation exists

between DDT-resistance and DDT-dehydrochlori

nase activity. Antiresistant is a useful synergist
for DDT to DDT-resistant flies which were brought
about by increased DDT-dehydrochlorinase activity,

owing to its ability to inhibit the enzyme activity.
However, there are other mechanism of resistance

than dehydrochlorination of DDT, as controlled

by 2nd chromosomal factor of the house fly.

Antiresistant can not act as a synergist for DDT
against these DDT-resistant flies.

Discussion

Many experiments have been performed on various
biological activities of sulfonamides, Certain

sulfonamides were found to have a strong bacteri

cidal activity, which is particularly directed against

streptococci. 8) Sulfonamides gave effective control

when applied, either through the roots or leaves

against plant pathogens, including Uromyees fabae

on the broad bean and Pueeinia triticin~ on the
wheat (Crowdy et al. I) 1958). It was proposed
that the disease control resulted from the systemic

distribution of an active compound. Hypoglycemic

action of sulfonamidederivatives has also been
well established. 10) The sulfonylurea compounds

are now widely employed in the treatment of

diabetes mellitus. A considerable literature has
been accumulated on the pharmacological and

clinical properties of sulfonylurea drugs.
Neeman et al, \I) (1956) reported that a series of

4-bromobenzenesulfon-4'-chloroanilides increased

the insecticidal action of DDT against strain (M)

of house flies, moderately resistant to DDT.
Butyl-antiresistant and its analogues were found

to have effective synergistic activity for DDT

against DDT-resistant flies. The present results
on relations between chemical structure and
synergistic action of sulfonamide derivatives
indicated; (1) p-chlorobenzene structure is most

important, and (2) butyl radical of alkyl portion
bring about effective activity. McLamore et al. 12)

(1959) reported on the effects of structural changes
on hypoglycemic activity of sulfonylurea drugs;

and suggested that chlorpropamide (I-propyl 3-p
chlorobenzene sulfonylurea) is the most potent
and longest acting of all the sulfonylureas studied

in their program. Structural similarity between
synergists for DDT and hypoglycemic agents led
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Table 11. Hypoglycemic activity of sulfonylamides by oral administration against mice.

No. Chemical
o

Hypoglycemic activity

1 248

2

3

4

5

6

7

8

100

100

100

100

100

100

100

100

133

148

92.2

112

105

86.8

115

61. 0

115

90.3

74.6

83.6

102

82.2

93.1

45.5

108

103

60.9

51. 7

77.7

69.2

65. 7

55.6

86.0

87.2

65.5

41. 4

73.1

79.3

87. 7

87.3

127

97.1

68.7

54.5

87.3

64.1

87.4

83.1

* Hypoglycemic activity= sugar contents of treated mouse plasma X 100
sugar contents of untreated mouse plasma

Antiresistant

84

/0

\ \ Chlorpropamide

\\~~----------------------- ----------------_.------:

o ........-----'----'----- -----"
012 24

Time (hours)
Fig. 3. Blood sugar levels of mice treated with
Antiresistant or chlorpropamide. The graph
illustrates the more prolonged hypoglycemic effect
of Antiresistant over chlorpropamide.

sulfonamides for DDT in house flies and the
hypoglycemic action in mice. These two activities

are brought about by the same chemical, although

they are quite different in character and occur in

quite different organisms. Similar relationships

were observed in the herbicidal action of sulfon

amide derivatives. A sulfonamide, N-diethyl-p

chi oro benzene sulfonamide, an ethyl analogue of

the Antiresistant, was found to have a considerable

herbicidal action to several species of weeds

(Matsubara et al., unpublished). Moreover,

~100

1A
8
.E 50
bll

"0oo
P=l

to an assumption that the same compound may

have both the synergistic activity and hypoglycemic

activity. Therefore, hypoglycemic activity of

sulfonamide derivatives such as Antiresistant and

its derivatives was estimated (Table 11) by the

method of Somogyi- Nelson as described by Ogita

et al. 13) (1965). The experimental results indicated

that the excellent synergist for DDT showed an

effective hypoglycemic activity to mice. The

Antiresistant was the most effective among the

chemicals tested. A compound in which butyl

group of Antiresistant are substituted with -C2H.Cl,

which was a synergist for DDT, showed an effective

hypoglycemic activity, whereas substitution with

-C2H.OH which brought about no synergistic action

failed to show hypoglycemic activity. Hypoglycemic

action of the Antiresistant seems to be long acting.

Typical results were shown in Fig. 3. Maximum

decrease in blood sugar contents of mice occurred

2 hours after the treatment of chlorpropamide,

whereas it occured 8 hours after the treatment

of the Antiresistant.

It is still not clear what are the common

mechanisms between the synergistic action of
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relations between chemical structure and the

herbicidal action were somewhat parallel to those

of synergistic action to DDT. The common

mechanisms of a chemical for different actions in

different organisms, e.g., synergistic action for

DDT in house flies, hypoglycemic action in mice,

and herbicidal action in weeds, remains to be

clarified.

It has been indicated that the Antiresistant acts

as an inhibitor of the enzyme DDT dehydrochlori

nase (Wisconsin Alumni Research Foundation!'

1961). Kimura and Brown"> (1964)showed mosquito

DDT dehydrochlorinase was inhibited by DMC and

Antiresistant. Tsukamoto and Suzuki" (1964)

suggested from their genetic study of DDT

resistance in the house fly that at least two major

factors, i, e. 5th chromosomal dominant gene "and

2nd chromosomal incomplete recessive gene, are

responsible for resistance to DDT, and that the

gene action of the 5th chromosomal DDT-resistance

gene is inhibited by the synergist DMC. It is

assumed that the metabolism of DDT to DDE in

the house fly is genetically controlled by the 5th

chromosomal resistance gene. Oppenoorth-" (1964)

showed in vitro DDE formation in the backcross

progeny of his crossing experiments and showed

that DDT dehydrochlorinase formation and DDT

resistance were under the control of a single gene

on the 5th chromosome. Pillai and Brown!" (1965)

selected larvae of the yellow fever mosquito,

Aedes aegypti, with a 1 : 1 mixture of DDT and

Antiresistant, and demonstrated that the mixture

resistance was derived from genetic influences on

the 3rd chromosome in addition to the regular

DDT-resistance gene on the 2nd chromosome.

As described above, mixture-resistance in the

house fly was controlled mainly by 2nd chromosomal

recessive gene, indicating the DDT dehydrochlori

nase which was produced by the 5th chromosomal

DDT-resistance factor is considerably depressed

by Antiresistant. Thus it was suggested that the

mechanism of synergistic action of Antiresistant

is inhibition of DDT-dehydrochlorinase activity in

the house fly.

The present genetic study also indicated that

there are other factors of DDT-resistance, such

as the 2nd chromosomal factor, which is free from

dehydrochlorination of DDT. Though Antiresistant

is a useful synergist for DDT, its use for DDT

resistant insects will develop DDT-resistance due

to a different factor on the 2nd chromosome from

DDT-dehydrochlorination.

Summary

Biological activities of sulfonamide derivatives

were studied. A sulfonamide, N-dibutyl p-chloro

benzene sulfonamide, known as WARF Anti

resistant for DDT showed marked synergistic

action for DDT against moderately DDT-resistant

strains of the house fly, whereas it failed to show

synergistic action against DDT susceptible strain

and highly DDT-resistant strains. Among the

sulfonamide derivatives tested p-halogenobenzene

dialkyl (or monoalkyl) sulfonamides were found

to show synergistic activity for DDT. From the

structural similarity of synergistic sulfonamides

and hypoglycemic sulfonylureas, relations between

synergistic action and hypoglycemic action were

studied. A chemical which has hypoglycemic

activity shows synergistic activity, and vice versa.

The genetic analysis of resistance to DDT and

to the mixture (DDT+Antiresistant) indicated

that DDT-resistance was controlled by two factors,

i. e. both 2nd and 5th chromosomal ones, whereas

the mixture-resistance was controlled by only one

factor, i. e. the 2nd chromosomal one. It was

suggested Antiresistant inhibits the DDT dehydro

chlorinase activity which was produced by the

gene action of the 5 th chromosomal resistance

factor. However, it failed to show synergistic

action for DDT against some DDT-resistant flies in

which resistance was controlled by 2nd chromosomal

factor (different from DDT-dehydrochlorinase

activity).

AcknowIedgements

The authors are indebted to Professor H. Kikkawa

for his kind suggestions and encouragement, and to

Dr. E. Hodgson of North Carolina State University

for his kind reading of the original manuscript.

They are also indebted to Japan Agricultural

Chemicals and Insecticides Co., Ltd., for providing

sufficient chemicals. This investigation was sup

ported in part by a grant GM 10154from the National

Institutes of Health, Public Health Service, U. S. A.,

and a grant from Cheveron Chemical Company.

127



Literature Cited
1) Sternberg, J., Kearns, C. W., and Moorefild,

H.: J. Agric. Food Chem., 2, 1125 (1954).

2) Abedi, Z.H., Duffy, J.R., and Brown, AW.A.,:

J.£Con. Entmol., 56, 511 (1963).

3) Tsukamoto, M., and Suzuki, R.: Boiyu

Kagaku, 29, 76 (1964).

4) Wisconsin Alumni Research Foundation:

Tech. Rep. W. A. R. F., No. N2-E2 (1961).

5) Wisconsin Alumni Research Foundation:

Tech. Rep. W. A. R. F., No. N2-Ea (1962).

6) Ogita, Z., and Kasai, T.: Japan. f.Genetics,

40, 1 (1965).

7) Tsukamoto, M.: Botyu-Kagaku, 29, 51 (1964).

8) Dyson, G. M.: May's Chemistry of Synthetic

Drugs, 5th Edi., 474 (1959).

9) Crowdy, S. H., Elias, R. S., and Jones, D. R.:

Ann. Appl. si«; 46, 149 (1958).

10) Schneider, J. A., Salgado, E. D., Jaeger, D.,

and Delahunt, C.: Ann. N. Y. Acad. Sci.,

74, 427 (1959).

11) Neeman, M., Mer, G. G., Modiano, A., and

Cwilich, R.: Nature, 177 (4513), 800 (1956).
12) Mcl.arnore, W. M., Fanelli, G.M:, p'an, S. Y.,

and Laubach, G. D.: Ann. N. Y. Acad. set;
74, 443 (1959).

13) Ogita, Z., Kasai, T., Ogita, S., and Inui, H.:

Med. J. Osaka Univ., in press.

14) Kimura, T., and Brown, A. W. A.: J. Econ.
Entmol., 57, 710 (1964).

15) Oppenoorth, F. J.: Information Circular on

Insecticide Resistance (WHO), No. 44, 14

(1964).
16) Pill ai, M.K.K., and Brown, A.W. A.: J. £Con.

Entmol., 58, 255 (1965).

Genetic Control of Low Nerve Sensitivity to DDT in Insectlelde-Realstant Housefliest •.
Masuhisa TSUKAMOTO* (Department of Genetics, Osaka University Medical School, Osaka, Japan),
Toshio NARAllASlI1** and Teruo YAMASAKI (Laboratory of Applied Entomology, Faculty of Agri

culture, University of Tokyo, Tokyo, Japan). Received October 31, 1965. Botyu-Kagaku 30,

128, 1965.

21. DDT nUlit1-1 :r./~:r. [=;1=,)[:1' .Qig;fIlla~~ttO);IHiit . ;lJ1;4d('Jv-'*(*WJtk?¥: l:&?¥:til illta~

.¥!(oiO • Mmr!&x** • JlJ~~)\1-li9J OlD;(*?¥:J2!~$ i!.H1J/~f:;¥j(;li) 40. 10. 31 )l:J111

-1 ;r.J'{;r.(J) DDT,lUJ/Cttlr.I;I: 2,"?(J)±''Z!illtarlJ~PJJ!j1.t ..(;to 9, 'C(J)? ;m5~i5U:(J)fIlEttilllli:{'

Ii DDT !llH1Hiflj!j~~(J)mt1>ex~ V(~, J., C. C 1;I:-r"1'Ir.~* • n* &1r.J: -:> -C*1!f ~ fLt':IJ~, m 2~

i!lU:lr.ib7.>~7t1':~t1ill~r(J)£!:jf;lJIr.'"?~'-CI;l:~OO"1'ib-:>t.:. -15, U-Jarza· tl9m&(J)!iJf3'EIr.J:-:>-C
DDT !lU/LtEO) -1 ;r.J'{ ;r.I;I:~~tt(J)*Mclr.iI!\C« -C'C(J) DDT Il.:XH- J.,MI*!~~tElJ~ilI;P C. CIJ~~ ~ ~1,

-CP7.>. :C(J){&, jiTijog·Ir.,J; 7.>j~lPJliJf3'E(J)M*, DDT ro;:t/LtE*~(J)·i ;r.J'{;r.(J)m;Mlml!*~ttl;l:m2W!

i!lU:0)~%1':%ttill~~Il.J:-:>-cX&~n-Cto9,~.ill~"1'(J)DDT(J)MillcUWI)~l.t-C~~G

H ~J.li t.. &t.. ~ , c. C IJ~ IJlJ &IJ> c t.. -:> tz;

There are many possible mechanisms of resist

ance to insecticides in insects, such as reduced

penetration of an insecticide into the insect body

of sensitive organ, storage of the insecticide in

insensitive tissues, enhanced metabolism of the

insecticide, rapid excretion of the insecticide,

reduced sensi tivity of the nerve to the insecticide,

enhanced cholinesterase activity, etc. 2,a,1,10,18,28)

Among them, a parallelism between the resistance

level to DDT and an increased ability to detoxify
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