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was used as enzyme solution, there is a lag period
in the oxidation of monophenol, tyrosine. On the
other hand, haemolymph prepared from the
gregarious black larvae shows no lag phase in
the oxidation of monophenols.

4. The gregarious black larvae show a higher
phenoloxidase activity in both haemolymph and
integument than the isolated pale larvae.
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Introduction

Pyrethrum extract has bheen widely used as an
insecticide from ancient times due to its quick
knock-down effect to insects and low toxicity to
mammals. “Pyrethrins”, the insecticidal princi-
ples, consist of six insecticidal esters; cinerin I
(cin. 1), jasmolin I (jas. I), byrethrin I (pyr. D),

* Part | of this series appeared in Reference 29,
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cinerin II (cin. II), jasmolin II (jas. II), and
pyrethrin II (pyr. II). Pyrethrin I and II are
more toxic than the corresponding cinerin I and
II to houseflies!~® and mustard beetles®”. Pyre-
thrins I (a mixture of cin. I, jas. I, and pyr, I)
are recovered in better yield than pyrethrins II
(a mixture of cin. II, jas. II, and pyr. II) from
smoke of mosquito coils®. Cinerin I and II are
more stable than pyrethrin I and II to sunlight®,



Bi i F

The degree of synergism with piperonyl butoxide
is higher in houseflies for the pyrethrins I than
for the pyrethrins II%'® and for the cinerin I and
II than for the pyrethrin I and I1%%!®, Compa-
ratively wide insecticidal spectrum and the re-
markable synergism of toxicity with piperonyl
butoxide are considered to come from mixing
effect of these various esters!?,

In recent years research on synthetic pyreth-
roidal compounds is rapidly advanced!2-1® and
there are some compounds which exceed natural
pyrethrins regarding quick knock-down, high
mortality to insects, harmlessness to mammals
and chemical stability?®,

This report deals with comparison between the
insecticidal activities of four representative syn-
thetic pyrethroids and those of pyrethrins I,
pyrethrins II (two components of pyrethrins) and
of pyrethrins in mosquito coils and oil sprays
used as practical formulations. The comb_ination
effect of mixed pyrethroids on insecticidal activity
is also discussed.

Materials and Methods

Preparation of Pyrethrins I and Pyrethrins I
Pyrethrins - were extracted by agitation with
nitromethane from pyrethrum extract., Its nitro-
methane extracts were decolored with activated
charcoal. The nitromethane was evaporated to
yield a pyrethrins concentrate (purity ca, 60%)
17,18, The concentrate was dissolved in gracial
acetic acid and shaked with petroleum ether.
Addition of water caused the solution to separat-
ed into two layers, a petroleum ether layer
(“pyrethrins I” fraction) and an acetic acid layer
(“pyrethrins II" fraction)'®. These two fractions

Table 2.
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were separately subjected to silicic acid column’
chromatography (Mallinckrodt silicic acid, 100
mesh). Petroleum ether fraction on the column
was eluted with n#-hexane:ethyl acetate (95:5,
v/v), acetic acid fraction with #-hexane : ethyl
acetate (85:15, v/v) to give colorless viscous
liquid, “pyrethrins I” and “pyrethrins I7”, respe-
ctively. “Pyrethrins I"” and “pyrethrins II"” were
separately purified by thin layer chromatography
(Silica Gel HFg,, Merk), in the solvent system,
n-hexane : ethyl acetate (3:1, v/v).
Analytical Method

Quantitative determinations were made by gas-
liquid chromatography in the way as described
in the literatures?-29,
Preparation of Mosquito Coils

Blank coils prepared had the composition shown
in Table 1. Toxicants were added to them by

Table 1. Composition of mosquito coils.
Pyrethrum marc 49,5% (w/w)
Tabu powder 30.0
Wood flour 20.0
Dye (Malachite green) 0.3
Fungistat (Benzoic acid) 0.2

pippeting the appropriate volume of solution in
acetonc as evenly as possible onto a side of the
coil which was then air-dried.
Bioassay

Insecticidal materials used are shown in Table
2. Test insects were adults of houseflies (Musca
domestica domestica) and ~mosquitoes (Culex
pipiens pallens). The Lab-em-7-em strain of
houseflies is the highly susceptible laboratory
strain that was obtained from University of
Kansas, Lawrence. The 203d strain of houseflies

Pyrethroidal compounds.

Pyrethrins I
1 (47.8%)
Pyrethrins 11
11 (69.8%)
Pyrethrins
Allethrin
Resmethrin

Tetramethrin
Pynamim®)*

Furamethrin

90.02% a mixture of cinerin I (32.8%), jasmolin I (10.3%5) and pyrethrin
99.2% a mixture of cinerin II (26.2%), jasmolin II (3.2%) and pyrethrin

17.3% pyrethrum extract (pyrethrins I, 8.9195; pyrethrins II, 8.41%)
84.0% allethronyl chrysanthemate (Pynamin®)*

92.9% 5-benzyl-3-furylmethyl chrysanthemate (Chrysron®)*

89.4% N-(3,4,5,6-tetrahydrophthalimido) methyl chrysanthemate (Neo-

85.1% 5-propargyl-2-furylmethyl chrysanthemate (Pynamin-D®)*

*: Resistered trade name by Sumitomo Chemical Co., Ltd.
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is the diazinon resistant strain bred by Dr. J. Keid-
ing, Denmark. The median lethal dose (LDy)
of diazinon to the former was 0.015 pg/fly, and
that of the latter was 1.0 to 1.5 ug/fly according
to the results obtained in our laboratory. The
mosquitoes were reared in successive generations
in our laboratory. Those test insects were reared
in the rearing room at 27+ 1°C and 60 £ 5% in

relative humidity. These insects were tested by

the following methods.
1) Topical application test

Adult houseflies, which were 3 or 4 days old
after emergence, were narcotized by solid carbon
dioxide (dry ice), and treated with 0.5 u of
acetone solution containing test chemicals at the
dorsum prothorax using a microsyringe. The
mortality was observed twenty four hours later.
2) Oil spray by turntable

This method was the same as that described
by Campbell and Sullivan?. A petri dish (14 cm
in diameter and 7cm in height) covered with
wire gauze and containing susceptible or resistant
houseflies (about 100 adults), was placed beneath
a cylinder with a sliding shutter at the bottom.
Five ml of deobase solution of the chemicals
was sprayed with an atomizer at a pressure of
10 psi. in about eight seconds. Thirty seconds
later, the shutter was opened to allow the test
insects to be exposed to the insecticidal mist.
Ten minutes after the shutter opened, the treated
insects were transfered into a clean cage to
observe the mortality after twenty four hours,
and the LCy was calibrated.
3) Oil spray test in glass cl';amber

A glass chamber (70 cm cube) was used in the
following tests. Twenty susceptible houseflies
(ten cach of females and males) or twenty mos-
quitoes (females) were released into the glass
chamber. And 0.7 ml of deobase solution conta-

ining 0.2% of active ingredient was sprayed into -

glass chamber with an atomizer at the pressure
of 20 psi. The knocked down insects were count-
. ed at indicated intervals up to 10 minutes. The
mortality was observed after twenty four hours.
4) Test method of mosquito coil
4-1) High concentration method

This method was the same in principle as the
standard method established by Jépan Environ-
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mental Sanitation Center. Half a gram of coil
containing 0.2% of active ingredient was fixed
on a stand and ignited at the both ends in the
chamber. After the coil was burnt out, about
twenty adult mosquitoes were released into the
chamber. Knocked down mosquitoes were observ--
ed at indicated intervals up to 17 minutes. The
mortality was observed after twenty four hours.
Knocked down mosquitoes were collected and the
mortality was based on the whole number of
initially released insects, respectively.
4-2) Low concentration method

One end of the test coils containing 0.5% of
active ingredient was burnt in the glass chamber
for precisely one minutes. Then about twenty
adult mosquitoes (females) were released into
the chamber. Knocked down mosquitoes were
counted at indicated intervals up to 120 minutes.
The mortality was observed after twenty. four
hours.

Results and Discussion

1) Topical application test

The results on susceptible houseflies (Lab-em-
7-em strain) and diazinon resistant houseflies
(203d strain) are given in Table 3. The activity
of pyrs.I was comparable to that of pyrethrins

Table 3. Twenty four hours LDy values from
topical application tests of pyrethroids
against houseflies.

LDy, values (pg/fly)

Pyrethroids

Lab-em-7-em strain 203d strain
Pyrethrins I 0.62 (1.1) 0.44 (2.0)
Pyrethrins II 31 (0.2 1.6 (0.6)
Allethrin 0.5 (1.4) 1.3 (0.7)
Resmethrin 0.034(20.0) 0.013(70.0)
Tetramethrin 1.0 (0.7) 0.55 (1.6)
Furamethrin 0.19 (3.5) 0.32 (2.8)
Pyrethrins 0.68. (1.0) 0.89 (1.0)

( ): Relative toxicity of pyrethrins
(pyrethrins=1.0)

against Lab-em-7-em strain, and 1.9 times
stronger than that of pyrethrins against 203d
strain. It is likely that pyrs.Il is 0,3 times
toxic than pyrs.l against both strains. Pyrs.I
and pyrs. Il were a mixture of cinerin I, jasmolin
I, and pyrethrin I, and a mixture of cinerin II,
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jasmolin II, and pyrethrin II, respectively. There-
fore, these results cannot be directly compared
with the data of the reconstituted pyrethrin I
and pyrethrin 112, Resmethrin was superior in
mortal activity to other pyrethroids. This result
is consistent with those given in Okuno ef al.’s
report!”, The efficacies of tetramethrin and
furamethrin were comparable or superior to
The

difference in susceptibility of both strains to

those of pyrethrins against both strains.

pyrethroids was not clearly observed.

2) Oil spray by turntable method

" The results on Lab-em-7-em and 203d strains
are given in Table 4. The efficacy of pyrs. II
Table 4. Twenty four hours LCq values from
turntable method of pyrethroids
against houseflies.

LCy values (mg/100m! deobase)
Pyrethroids

Lab-em-7-em strain 203d strain

Pyrethrins I 145 (1.2) 119 (1.3)
Pyrethrins 1I 168 (1.1) 285 (0.5)
Allethrin 186 (1.0) 139  (1.0)
Resmethrin 16.6(10. 8) 10.3(13.3)
Tetramethrin 214 (0.8) 112 (1.2)
Furamethrin 82 (2.2 66 (2.1)
Pyrethrins 180 (1.0) 138 (1.0)

( ): Relative toxicity of pyrethrins
(pyrethrins=1,0)

was 0.4-0.9 times toxic against both strains than

that of pyrs. . And pyrs. I showed the same

efficacy as pyrethrins against both strains.
Resmethrin had more excellent activity than the
other pyrethroids. Allethrin and tetramethrin
showed the same effectiveness as pyrethrins, and

furamethrin was about 2.0 times more effective
than pyrethrins. The difference in susceptibility
of both strains to tested pyrethroids was not
clearly observed.
3) Oil spray test in glass chamber

The results on houseflies (Lab-em-7-em strain)
are given in Table 5. It appears that the knock-
down effect of pyrs. II seems to be about twice
that of pyrs. I. Tetramethrin showed extremely
strong initial knock-down effect, while resmethrin
showed excellent mortal effect. A mixture of
tetramethrin and a small amount of resmethrin
had excellent knock-down and mortal effects.
And, then the results on mosquitoes are given
in Table 6. Although we did not test mortal
effect, it is likely that the same tendency as
houseflies might be observed on mosquitoes.
4) Mosquito Coil

The results of toxicity test against mosquitoes
with smoke from various coils are in Tables 7, 8
and Figure 1. They indicate that pyrs. I was in
knock-down effect superior to pyrs.II and pyre-
thrins as tested by high concentration method
(Table 7). The mortal activity of pyrs.I was
comparable to that of pyrethrins, Allethrin and
furamethrin had more rapid knock-down effect
than pyrethrins, and the latter and resmethrin
showed excellent mortal activity. Also in such
a low concentration as that in the practical use
(Table 8, Figure 1), it is found that the each
coil tested shows the same tendency in efficacy
as that high Pyrs.I was
superior to pyrethrins in the persistence of knock-
down effect, and it was comparable to pyrethrins
in the mortal activity (Table 8, Figure 1-A).

in concentration.

Table 5. Comparative effectiveness of several pyrethroids against houseflies
(Lab-em-7-em strain) by oil spray test in glass chamber.
Insecticide Percent knock-down in minutes T KT Percent
in deobase ( % mortality
(0. 2%o0f a.i.) 38 537 1157 1457 230" 3307 500" 700" 1000”7 ) after 1day
Pyrethrins 1 3 10 18 35 53 68 80 90 2117 20
Pyrethrins 11 8 15 35 58 68 88 93 95 98 103" 10
Pyrethrins 3 10 33 43 65 80 80 93 93 127" 23
Allethrin 3 5 13 20 40 58 88 100 100 169” 38
Resmethrin 5 20 53 80 o8 292" 95
Tetramethrin 13 43 63 85 93 100 100 100 89" 20
Tetramethrin4-
Resmethrin (8:2) 5 23 35 55 75 85 98 100 . 100 96" 95
Furamethrin 3 5 23 60 78 98 98 100 143" 68
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Table 6.. Comparative effectiveness of several pyrethroids against- mosquitoes by
oil spray test in glass chamber.

Insecticide . Percent knock-down in minutes .

in deobase KTy (sec.)

0.2% of a.i.) 38" 537 115”7 1/45” 27307 3/30” 5007 7007 10°00”
Pyrethrins I 5 8 15 40 43 70 83 98 100 1457
Pyrethrins II 10 13 28 39 62 80 87 95 95 121”7
Pyrethrins 8 11 24 32 40 53 8 97 97 150"
Allethrin 10 30 55 73 95 100 201
Resmethrin 3 5 13 30 55 78 90 279"
Tetramethrin 21 35 42 58 90 97 100 100 100 75"
T i) 13 15 38 5 75 88 95 10 100 o7
Furamethrin 3 15 33 72 92 100 100 169

Table 7. Comparative effectiveness of smokes from coils (0.5 gram containing 0.2% of active
ingredient) against free-flying mosquitoes by high concentration method.

. . . Percent knock-down in minutes Percent

I“.S:CC“OC. 'lde B“{S"etc ;'me (Is{e’lc‘b; mortality

in coi . 3007 4157 6007 &30 1200”7 17007 %) after 1 day
Pyrethrins I 1019” 8 30 67 90 100 100 512 70
Pyrethrins II 942" 6 6 11 12 18 36 — 58
Pyrethrins 10°07” 14 21 38 66 89 100 7’00 81
Allethrin 10723 11 29 55 72 90 97 548" 50
Resmethrin 10727" 7 12 28 59 89 100 730" 84
Allethrind. @1 1014 6 17 40 70 97 100 630" 64
Furamethrin 10°08” 20 59 84 97 100 100 400" 84
Blank 10/28” 5 5 5 8 8 16 — 23

Table 8. Comparative effectiveness of low concentration smokes from coils against
free flying mosquitoes.

Insecticide Percent knock-down in minutes* KTy Percent

b h mortality

in coil ¥ & 12 24 3w 48 60 8¢ 1200 () afier 1 day
Pyrethrins I 0.5% 17 75 95 96 98 97 99 95 824" 47
Pyrethrins II 0.5% 3 4 4 10 11 16 — 9

Pyrethrins 0.5% 1 3 31 67 74 84 88 88 89 187207 44
Allethrin 0.5% 5 26 62 66 59 53 48 54 54 9'15" 38
Resmethrin 0.5% 15 72 88 93 95 96 96 17720 64
Furamethrin 0.5% 36 90 100 100 100 100 100 100 100 325 87
Allethrin 0.35% 2 13 50 64 52 44 40 44 47 11/48” 30
Pyrethrins 0.35% 1 7 23 57 65 69 72 68 68 2112”7 44

Allethrin 0.30%
+ 2 15 43 69 73 75 75 72 69 14/12” 37
Resmethrin  0.05%

*: More detailed data ‘is shown in Figure 1.
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The low activity of pyrs. Il smoke may come
Allethrin
showed quicker knock-down effect than pyreth-

from its low vapourization from coil®,

rins, and resmethrin could continuously keep high
knock-down level even after 24 minutes, being
superior to pyrethrins (Figure 1-B). When small
part of allethrin was substituted by resmethrin,
the persistence of knock-down effect exceeded
that of allethrin alone and become like that of
(Figure 1-C). It
mention that the mixed synthetic pyrethroids

pyrethrins is significant to
could have the same effectiveness properties as
pyrethrins. Furamethrin also showed excellent
knock-down and mortal activities in this case.
5) Joint action of natural pyrethroids and of

synthetic pyrethroids

The intensity of joint action in mixtures was
measured by comparing theoretical LDy values
with experimental ones. The co-toxicity coeffi-
cients of mixtures were calculated by using the
Sun’s method®®,
various mixtures of natural pyrethrins and syn-
thetic pyrethroids, are given in Tables 9 to 11.

The results obtained from

All. 0.30 (%) + Res. 0. 05(
Pyrethrins 0.35 (%)

Allethrin 0.35 (%)

Resmethrin 0.5 (%)

Pyrethrins 0.5 (%)

Allethrin 0.5 (%)

Pyrethrins I 0.5 (%

Pyrethrins 0.5 (%)

Pyrethrins II 0.5 (%)
Blank

60 120 (minutes)
The knock-down effect of coil against mosquitoes at indicated time.

Mixtures of pyrs. I and II compounds in ratio
of 51.4 to 48.6, which is believed to be the
same as that found in natural pyrethrum extract,
gave almost the same co-toxicity coefficient as
natural pyrethrins, The value of natural pyre-
thrins was calculated from the consisting ratio
of pyrs. I and II in them. Incho ef al. reported
that no one of the components of pyrethrum
contributed the major portion of the synergism
found with combination of piperonyl butoxide and
pyrethrins using turntable methods against house-
flies®.

topical application, however, it may be suggested

From this series of experiments using

that the combinations in several ratios of pyrs.
II show the additive action or slight
synergism (Table 9). And it is possible that the

I and

other components (82.7%) of natural pyrethrins
except pyrs. I and II do not contribute to inse-
cticidal activity. Tables 10 and 11 indicate the
efficacy-mixing ratio relationships between resme-
thrin and tetramethrin or between resmethrin and
allethrin, It is likely that the synergism is

observed at the ratio of tetramethrin to resme-
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Table 9. Comparative effectiveness of joint action between pyrethrins I and pyrethrins I
against houseflies (Lab-em-7-em strain).

. LDy, (pg/ily) . .
Mixing ratio of pyrethroids Co-toxicity coefficient
Exp. value* Theor. value**

Pyrethrins I : Pyrethrins II

100 : 0 0. 49
80 : 20 0.47 0.56 119
60 : 40 0.80 0.64 81
51.4 : 48.6 0.54 0.70 129
40 : 20 0. 87 0.93 114
20 : 80 1.25 0.96 77
0 : 100 1.26 .
Pyrethrins 0.58 Q. 70%** 121

*: Experimental value
*#: Theoretical value
*##: This value was calculated from the consisting ratio of pyrs.I and II in natural pyrethrins.

Table 10. Comparative effectiveness of joint action between tetramethrin and resmethrin
against houseflies (Lab-em-7-em strain).

. . . LDy, (ng/fly) . .
Mixing ratio of pyrethroids Co-toxicity coefficient
Exp. value* Theor. value**

Tetramethrin : Resmethrin

100 : 0 1.1

80 : 20 0.12 0.21 173
60 : 40 0.09 0.12 128

40 : 60 0. 065 0.079 122
20 : 80 0.055 0.061 110
0 : 100 0.049

*: Experimental value
**: Theoretical value

Table 11. Comparative effectiveness of joint action between allethrin and resmethrin
against houseflies (Lab-em-7-em strain).

. . . LD, (pg/fly)
Mixing ratio of pyrethroids Co-toxicity coefficient
Exp. value* Theor. value**

Allethrin : Resmethrin

100 : O 0.63

80 : 20 0.125 0.15 120
60 : 40 0.057 0.085 143
40 : 60 0. 044 0.059 135
20 : 80 0. 042 0.046 109
0 : 100 0.037

*: Experimental value
**: Theoretical value
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thrin (80/20), allethrin to resmethrin (60/40),
and allethrin to resmethrin (40/60). Fujimoto et
al. reported a synergism in combination of resme-
thrin and tetramethrin at various ratios using
turntable method!®, Hayashi also found syner-
gism against houseflies (Takatsuki strain), using
topical application®®, He reported remarkable
synergism with allethrin (80%) plus resmethrin
(20%5) system. The difference in degree of syner-
gism between Hayashi’s resuits and those in this
report may be ascribed to the difference of
houseflies strains.

The joint actions found and confirmed in the
present investigation are of quite interest. Pro-
perly selected and proportioned synthetic pyre-
throids system can be substituted for natural
pyrethrins in practical applications.

Summary

The above mentioned results may be summa-
rized as follows;

1) It seems probable that insecticidal activity of
natural pyrethrum extract depends only on
pyrethrins I and pyrethrins II. The former
mainly shows the mortal activity and the
latter does tﬁe quick knock-down effect, and
the both show slight synergism. But pyre-
thrins II does not contribute to the effect of
mosquito coils.

2) Tetramethrin has a quicker knock-down effect
and resmethrin has a higher mortality than
natural pyrethrins as tested by oil spray.
Furthermore, synergism is observed in the
mixture of them.

3) It is suggested that coils, which cont_ain alle-
thrin and a small amount of resmethrin,
exhibit quick knock-down effect and has ex-
cellent effect to delay the recovery of the
knocked down insect.

4) The difference between Lab-em-7-em and
203d strain of houseflies in susceptibility to
pyrethroids is not clearly recognized in the
pyrethroids tested,
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