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. V’Ifable'l. Code ‘number and melting point of componii's{"tested.' '

Code number Compound . m. p, °C
I hinokinin’ ,  54~56
im " " hibalactone (savinin) 146.0~146.5
a - meso-w,ﬂ-dibeniy]sucéinic acid . » _202~203
11Ib ' meso-a, B-dipiperonylsuccinic acid. 191~193 “v.
IVa " - dl-a-benzyliden-f-benzylsuccinic acid . - 160~161
IVb . . dl-a-piperonyliden- - piperonylsuccinic acid 162.0~163.5
Va - e, B- dxbenzyhdensucc:mc acid : 216~218 .
Vb - «, 8-dipiperonylidensuccinic acid 210
Via " dl-a@-benzylsuccinic acid N 161.5~162.5
vib . dl-a-piperonylsuccinic acid - 138~139
Viia trans-a-benzylidensuccinic acid 186~-189
ViIb . " a-piperonylidensuccinic acid 198.5~199.5
Chart 1. The chemical structure of compounds tested.
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Table 2. Time (mln.) knockdown (24) of mosquito larvae for synergized pyre-~
throid emulsions with hibalactone, hinokinin and piperonyl butoxide (VIII). One

hundred individuals were used in each emulsions.

Code sii;r\x A B, C, Dy " As B; C: D.
Active Pyrethroid Pyr. Pyr. Pyr. Pyr. All, All All All
(ppm) | 0.025 | 0.025 | 0.025 | 0.025 0.125 | 0.125 | 0.125 0.125
ingredient
. Synergist — (1) (I) | (VIID — 1n (¢9) (VIID)
(ppm) 0.200 | 0.200 | 0.200 1.000 | 1.000 1. 000
1 1 2 (- 5 4 2 13 0 6
2 2. 3 10, 4 2 13 0 6
3 "3 5 10 . 5 3 13 2 7
4 4 8 10 7 -4 - 19 7 9
Time 6 5 13 12 17 -7 21 14 11
8 6 16 14 21 9 . 32 29 . 22
12 9 17 _21 32 22 48 48 35
. .16 15 27 29 47 - 30 72 66 52
24 30 46 51 .| 65 40 86 83 66
" 32 32 54 59 77 46 91 91 80
48 51. 68 72 87‘ 52 97 97 89
64 57 76 82 95 -61. 99 98 94
pyr. --pyrethrins, all, --allethrin
Table 3. Effectiveness of synergized pyrethroid emulsions with hibalactone, hino-
kinin.and piperonyl butoxide to mosquito larvae.
. . Relative
.y Absolute effectiveness effectiveness
ode
s Standard Index of Median knock- f
sign deviation in Ker}?iil;ggzm median knock- down time l\‘il‘e(ix]nnt
susceptibility y down time (min. ) equivaien
A 0. 459 2.021 1,69813 49.903 1.00
B|_ 0. 441 2.268 1.46793 29. 382 170
Cy 0.426 2,348 1.41403 25.944 192
Dy 0.376 2. 660 1.23170 17.059 2.93
As 0.602 1.661 1. 59580 39.43" 1.00
B: 0.325 3.077 . 1.05225 11.28 3.50
C. ' 0.315 3.174 1.08918 12.28 3.21
D 0.376° .2.663 1. 21066 16.24 2.43
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Table 4. Dosage (ppm)-mortality (25) of mosquito larvae for synergized pyrethrum
emulsion with hibalactone and hinokinin.
each dosage.

One hundred " individuals were used in_

_Dilution | . Dosage Pyr.A—g(II) ‘Pyr.Bi(I)‘ i PS:, o (11)13), - EEf)
6400 156. 25 — - N I 100. 00
9600 104.17 — — — | 10000 | -95.9
12800 78.125 - - - - 72,73 82.83
19200 52. 083 — — — 1 2222 .30.30 .
25600 39. 063 - — — 5.05 . 6.06.
38400 26. 042 - — — S 0.00 | 0.00
51200 19,531 — - 94.95 0.00 —
76800 13.021 — — 71.78 — —
102400 " 9.7656 93.93 - 48.48 —_ =
136533 7.3242 70.71 79. 80 - = -
153600 6. 5104 26.26 37.37 12.12 - —
170666 5.8594 9.07 18.18 - R -
204800 4.8828 1.01 2.02 4.04 - | =
273066 '3.6621 0.00 0.00 - — -
307200 3.2552 - 0.00 0.00 - =

Table 5. Dosage (ppm)- morta]ify (%) of mosquito larvae for synergized allethrin
emusion with hibalactone, hinokinin and plperonyl butoxxde One hundred indi-
viduals were used in each dosage . : - -

. Ay Cs Dy - Eq As B;s -GCs ] Ds Es
Dilution | Dosage| Al + »A}‘I-)“f an | ap | Lo | AH &S| Al | ap | v
_ 6400 |156. 25 — — - 100 | —. | — — — |- 100 | 100

9600 |104. 17 — — - 87 100 | — — | =" 100 | 100
12800 | 78.125 | — — — 66 % | — — — 83 83
19200 | 52.083 | . — — - 27 42 _ —_ — 41 21
22490 | 44.643 | — — 88 - — - | = ] e | =] —
25600 | 39,063 | — 100 79 | 12 20 - | = 8 . | 16 2
32000 | 31.250 | — — 52 T — - 59 —
138400 | 26042 — | 94 34 2 | -6 = — a1 2 0
44800 | 22.321 [ — - 23 | — — — - 27 - —
51200 | 19.531 | 98 73 | 13 - - 98 85 13 — -
" 64000 | 15.625 | 85 —_ - — — 86 56 —_ — -
76800 | 13.021 | 59 27 — — - 62 29 - — -~
~. 89600 | 10.417 | 36 - - — - 38 15 — — —
102400 | 9.7656] 22 8 — — — 26 7 — — -
'128000 | 7.8125| 5 — — — — 5 0 | — — -
153600 | 6.5104 — 0 - — — — — — - —
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Table 6. Absolute cffectiveness of synergized pyrethrum and allethrin emulsions
" with hibalactone, hinokinin and piperonyl butoxide to mosquito larvae. ’

Code anr}dnr(.l Efficiency Index of Median lethal
sign deviation in of median lcthal dose(LD-50) .
susceptibility lethal action dose (ppm)
As 0.101 9.859 0.82217 6. 4400
Bs 0.102 9,771 0.78718 6.1260  °
Cs 0.168 . 5.944 - 0.99575 9.9026
Ds . 0.131 © 7.608 1.81392 65.151
E; ‘0,126 7.968 1.78220 60. 562
Ay 0.110 9,062 1. 08201 12.078
" Bs 0.144 © 6.932 1.19903 15.814
Ci - 0.156 6.407 1.47304 29.719
"Dy 0.186 5.373 1.81656 65,548
E4 ‘ 0. 206 4.866 . 1.74721 55, 874
As 0.112 8.902 1.07421 11. 863
Bs 0.119 8.388 1.17330 14. 604
Cs 0.145 6.877 1. 44880 - 28.106
Ds © . 0.157 6.358 1.74793 55,967
Es 0.100 9,972 1. 79740 62.719
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Table 7. Time (min. )-knockdown (/ ) of house flies for synergized pyrethrum
and allethrin dusts with hibalactone, hinokinin and piperonyl butoxxde Average
of four tests. :

Bs

Code sign Ag - Cg Ds Az Bz C;. D;
Pyrethroid Pyr, Pyr. Pyr. Pyr. All. | AlL All. | AlL
Active ’ % 0.2 0.2 0.2 0.2 0.05 0.05 0. 05 0.05
ingredient Synergist o (II) (I)_ (VIII) _ (IL) [§9) (vin
(2 : , 1.6 0.40 | 0.40 | 0.40
Number of individuals 109 119 18 | 110 124 | 155 | 134 | 136
‘ ‘1 ‘10.00| 420| 169 18.18] 1.61| 6.45| 7.46| 7.35
"2 22,941 19.33 | 15.25 | 60.00 16.94 | 37.42 44.03 | 61.03
, 3 23.85 | 31.93 | 26.27 70.91 22,58 | 57.42| 58.96 | 71.32 .
4 /33,94 39.50 | 31.36) 73.64 | 34.68 68.39 '73.88 | £0.15 -
' 41.28 | 52.94| 44.07 | 82.83 40.32| 73.55| 80.60 | £6.76
Time 8 49.54 | 55.46 | 55.93 | 88.18 | 50.00 | 83.23 _Y 85.07 | 94.85
12 55.96 | 72.27 } '59.32 [ 90.00 58.87 | 95.48 | 96.27 | 99.26
16 65.14 | 83.19 | ' 66.10 | 95.55 63.71 | 99.35 | 100.00 | 100.00
24 70.64'| 88.24 | 75.42 96.36 | 73.39 | 100.00 | 100.00 | 100.00
32 75.23 | 94.12 . 82.20 | 98.18 79.84 | 100,00 | 100. 00 | 100.00
48 84.40 | 97.48 | 90.68 | 99.09 87.10 | 1€0.00 | 100.00 | 100.00
64 87.16 | 100.00 | 94.92 | 100.00 | 91.94 | 100.00 | 100.00 | 100.00
Table 8. Effectweness of synerglzed pyrethrum and - allethrin ' dusts thh hlba-
lactone, hinokinin and piperonyl butoxide .to house flies.
' . ; Absolute effectiveness ' “Relgtive
Code sign Standar&  Index of - Median - < eCtlYeneSS
deviation in . K';?fcllé; g 1;) :V % | median knock- |.-knock-down Med]‘an
N susceptibility y down time | time (min,) equivalent
As 0.778 - 1.286 0.93772 |  8.664. 1.00
Be 1 0.510 1.962 0.74935' - '5.615 1.54
Cs 0.617 1.621 ] 0.89990 7.941 1; 09
Dg 0. 682 1.467 0.12904 1.346 6.44
Az 0.670 1.494 0.93034 8.518 . 1.00
Br 0.493. . 2,029 0. 42295 2.648 3.22
C; 0.454 12,204 0. 36370 2.310 3.69
Dy .. 0,553 1.807 0.15276 1422 5.99
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Table 9. Time (min, ) -knockdown(2Z) of mosquito larvac for synergized pyrethrum

emulsions with succinic acid

derivatives related to hibalactone.
individuals were used in each emulsions.

One hundred

Code sign As Bs Cs " Ds Ey Fs
Active nye”}gggq) 0.025 - | 0.025 0.025 0.025 0.025 | 0.025
ingredient Synergxst — (IIb) (avh) (Vb) Vib) (VIib)
(ppm) 0. 200 0. 200 0. 200 0. 200 0. 200

1 1 1 4 | 3 "6 1.

2 2 1 6 3 7 1

-3 3 3 9 6 8 2

4 4 6 10 -8 .9 3

6 5 13 16 11 10 5

Time - 8 6 20 20 14 10 8

12 9 23 b 32 13 12

16 15 28 33 39 20 20

24 30 34 41 48 27 26

32 32 39 43 50 32 3.

! .48 51 45 46 '53 36 44

64 57 46 54 - 54 44 49

Table 10. Effectiveness of synergized pyrethrum emulsion with succinic acid

derivatives to mosquito larvae.

, . Absolute effectiveness efflzgl?\triev:es s
oo SIE | evintion i | nockdown o ol e e n | Median
susceptibility : ¥ time . timie (min. ) quivaien
As 0. 495 2.021 1.69813 - . 49,903 . 1.00
" Bs ’ 1.125 . 0.889 - 1. 85995 72.435 0.69
- Csg ) 0.912 1.097 . 1.67842 47. 689 1.05
Dy 0. 556 1. 800 1. 394_83 ' 24. 822, 2.01
Es - 0.919 1.232 . 1.93504 86. 107 0.58
Fs ) 0.613 1.632 1.77461 59.513 0.84
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Résumé

N

The synergistic action of hibalactone (savinin)

and its related 10 compounds on pyrethrins and
allethrin were investigated from the knockdown
and lethal effectiveness of synergized pyrethroid

‘emulsions against mosquito larvae, Culex pipiens -

.

mo22 BN

var. pallens Coqui. by means of petri dish method.
and from the knockdown effectiveness of syner-

gized pyrethroid dusts against house f]ies, Musca

domestica vicina Macq. by means of settling dust
t . -
apparatus method of Nagasawa, in comparison

_ with synergistic activities of hinokinin and piper-
- onyl butoxide with pyrethroid.

Pyrethroid- synerglst ratios in synergized emul-
sion and dust were on the whole 1:8, and the
degrees of synergism (D. S.) of these compounds
were calculated from miedian lethal concentration
or median knockdown time by probit method
developed by Bliss. o

Hibalactone was found to act as synergist for
pyrethrins similarly to hinokinin, and the syner-
gistic activity of the former (D.S.=1.54) was.
more effctive than that of the latter in the knock-
down test of dust against house flies, but the
former (D..S. =1.70, knockdown; 1.49, lethal) -
was, on the contrary, less effective than-the latter
in knockdown and lethal tests of emulsion against.
mosquito larvae. . '

Both hlbalactone and hinokinin acted effectlve—
ly as synergxst for allethrin, and synergistic acti- -
vity of the former (D.S.=3.50, knockdown;
2.36~2. 46, lethal) was more effective than those
of the latter and piperonyl butoxide in knockdown
and lethal tests against mosquito larvae, but the
former (D.S. =3.21) is,on the contrary, less ef-
fective than the latter and piperonyl butoxide
against-house flies. o

From the results obtained, it has been observed
that the combmatxon of allethrin with hibalactone
shows a higher order of synergism ,than the
similar combination  of pyrethrins with hibala-
ctone, furthermore, its synergistic activity for

allethrin was 1.65~2. 08 times as effective as that
for pyrethrins. By many investigators, it was
found that the combination of allethrin with 3, 4-
methylenedxoxyphenyl synergists were, in general,
less effective than the similar combination of
pyrethrins but the results obtained in the present
investigation did not agree with these former in-
formations.

In the tests on the knockdown effectiveness of
pyrethroid emulsions mixed with synthesized 10
succinic acid derivatives against mosquito Iar;’ae;

_dl-a-piperonyliden-B-piperonylsuccinic acid (D.S.
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-1 05) and @, B~ dxplperonyhdensucmmc acid (D.

" §.=2.01) showed synergism with pyrethrins, but .
" meso-e, B-dibenzylsuccinic-, meso-e, ﬂ-dipipero-r .

nylsuccinic-,
a, B-dibenzylidensuceinic;,’ dl-a-benzylsuccinic-,
dl-a-piperonyl succinic-, trans- a~benzylidensuc-
cinic- and e-piperonylidensuccinic acid showed no

synergism with the same.’

dl-e-benzyliden-f8 -benzylsuccinic-, ,

Whereas, all ef 10

compounds showed no synergism with allethrin.
It seems that such unique synergistic activity
of hibalactone with pyrethrins and allethrin is
caused not only by the presence of 3, 4-methylene4
dioxyphe'nyl group and double bond but by i)os-
session of y- ]actone rmg or pecuhar steric - con-

: fxgutatxon
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Resting potential of cockroach nerve has been

shown to be depressed by treating with meta--

bolic inhibitors and to be unaffected by the ap-
plication of DDT. A hypothesis concerning the
- mode of action of DDT upon nerve has thus
"been presented that such changes in.nerve func-
txon under the mfluence of DDT as an augmenta-
tion of repetitive excitability and an increase in
" the negative after-potential are brought about not
so much by an inhibition of the -« resting meta-
‘bolism” of nerve as by a disturbance of . the

“active metabolism” of nerve or by a direct

physico-chemical action on the nerve membrane

causing changes in ionic permeability ‘of the

* membrane'®, .
Excitability of nerve is known to depend partly
upon the resting potentla] and ‘the latter in turn
is supported by metabolic energy in the nerve,

or the resting metabolism. On the other hand,

maintenance of excitability -is known to require
in addition other source of metabolic energy, or

the active metabolism!®. Electrotonic potential of

* Former name, Toshio Isul
bl \IEUK!E, B
354 '

‘tions supporting our hypothesis,

nerve is known to depend on the resting poten-
tial and to have some correlation with electrical
properties of the nerve membrane“’ ’

In the light of such views, the present experi-
ments were undertaken to gain further informa-
dealing with -

-the simultaneous determinations of the changes

in the resting potential; excxtabxlxty, and the
electrotonic potential of the nerve under the
mf]uence of metabolic mhxbxtors, potassium ions,

or DDT, and a].so dea]xng with the effects' on

‘the DDT -induced negative after-potential of

metabolic inhibitors, potassium ions, or elect-

_rotonus. -

’

Materials and Methods

Insects: Adults of the American cockroach,
Periplaneta americana L. were used throughout

the experiments. They were reared in the Jabora-

_tory at a constant temperature of about 30°C.

Nerve preparations:  The : isolated nerve cord,
including the metathoracic ganglion and the -
whole abdominal ganglia, was used It contains
several giant axons, which were descnbed in our

previous paper‘5’



