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were transferred again at 30°. Pupanon does not
take place among the larvae kept at"30° Ccontinu-
ously, but occurs among ‘those kept more than two

months at 20° and more than 3!/; months at 25°,

" - Most of the adults, however, were in a state of

metathetely at their emergence. On the fxsh meal,
the higher percer;tage of pupation as well as the
fewer number of moulting wa§ observed as

-compared with that on 'the dried pupae under
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" the same condition of temperature-(Table 10). '

About half

diapause in .the begining

of the larvae have completed
of February under .
narural tezﬁpe;ature condition, and emerged in:
the begining of April. Several per cent of larvae -
imdergo two year larval stage even if they ‘are
bred under favoutabie condition. The incidence
of the larvae of two or three year cycle is

prevalent_oﬁ the unfavourable diets. (Table 2, 3).
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The mechanism involved in the resistance of -

insects-to inseétig:ides has so far })een studied by
many investigators. Among a number pf insecti-
cidés, DDT resistance was most extensively
studied because of its practical importance.and
also because of the accumulated data ‘concerning
the mode of action of DDT. o o .
-Since DDT, having entered an insect body
through the .cuticle or the mouth, is detoxified
- or accumulated in some ‘tissues during the
course of reé.ching a site of action or the nervous
tissues, the DDT resistance must be due to lower
benetra.bility of DDT through t.he‘ cuticle, higher

capacity of detoxication, larger amounts of

accumulation in the tissues other than the site’

‘of action. or lower susceptibility of .nerves to
DDT®.%,

play a major role in the resistance phenomenon.
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More than one of these factors may-  DDT25-7%11,19,42,13,51,55,60-65,70-73,78)

The peuetrablhty of DDT through the cutxcleb

of Tésistant house flies was found to be not lower

.than that of susceptible house 'flies203347,5, It -

was demonstrated that stronger capacity to convert
DDT to its nontoxic derivative, DDE, in DDT-

resistant house flies plays a majar role in
resistance’,,%,26,31,33-35,39,45,47-50,58-59)

(i it R

However,

- thereshould be -one or more add@tional defense

mechanisms since much greater amounts of

.undetoxified DDT remain in the survived resistant

flies than in the dead susceptible fliest3547,5,
- Inthe lig}}f of such views, it would be expected .
that the nerves of resistant strains of house flies
would be less sensitive to DDT than those of
susceptible strains, because the newogs~tissue is
demonstrated to be an important site of action of
In fact sever'al
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expenments have been carried out demonstrating -
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that this is indeed the case in some resistant -,

strains of house flies®™3%4.5150, Though the
possibilit;7 that. sulch a lower sensitivity of nerve
to DDT. in resistant strains is due to the high
capacity"df detoxication in the nervous tissue
has receﬁtly i)een demonstrated®™, it remains to
be ‘solved whether- or not DDT detoxication
in nerves is capable of explaining comletely the
difference * of nerve sensitivity between strains.
Though the interest in resistance of house flies
to insecticides is increasing in' Japan, none of the
mechanisms involved has so far been studied
using Japanese resistant strains., It is generally
believed that the Hikoue strain shows resisiance
against DDT, BHC and dieldrin to some extent.
Several studies have been perfom'led on the

mechanism of ,resisté.nce to BHC or dieldrin in *

countries other than Japan®4%-3049 A mechanism
similar to that in the DD T-resistant strains seems
" to be involved because both BHC and dieldrin
were shown to act on the nervous system primarily
altl_mugh the nervous symptoms were not quite
the same as those caused by DDT¥ .67,

“In view of such evidence, the pfeseﬁt investi-

gation was undertaken to gain information con-

cerning the mechanism of DDT, BHC and dieldrin .

resistance of the Hikone strain of house flies. In -

the earlier part of the study the values of LD-50
for these insecticides were estimated with both
the Hik-one and the Takatsuki (so-called suscep-
tible strains)‘, ‘and in the latter part of the study
insecticide susceptiBilities of nerves from bbth

strains were compared.

Methods
‘Insccts : Both the Takatsuki and the Hikone
strains pf house flies, Musca domestica vicina
M.,. were used. Only females Were_ used in‘this
study. The former. strain is known as a su.sceptib]é
: stl;ain . to DDT,V BHC .ard- dieldrin,. and was

obtained from the Institufe for Chemical Research,

Kyoto University, while the latter strain is known -

as a resistant- strain to DDT, BHC z'md dieldrin,

and was obtained from -the Natioral Institute of
Health. They were. reared on a mixture of lees
of soy-bean, Japanese nz;.me okara, and powdered
yeast at a constant temperature of about 30°.
Adults were given milk made of 10 per cent
powdered milk and 5 per cent cane sugar. Female
adults 3 to 10 days after emergén,ce were used
for experiments.

The values of LD50
for DDT, BHC arnd dieldrin in both strains of

house flies were determined by topical applications

Toxicity experiments :

of acetone solutions to the dorsum- of the thorax

“with' the aid of a microsyringe of conventional

type. The applications of insecticides were made
under carbon dioxide anaesthesia. The intoxicated
flies were placed in small cages z‘_rd were left at
a constant temperature of 30°. Mortalities were
estimated after 24 hours’ in.cv.gation,

Method of recording action potentials of nerve:

There exist at least two limiting factors which.

should be taken into account in cérrying out the
present experiments on the ﬁe:;ve susceptibi]it'y
to insecticides: one is the small size of the:
house fly, and the other i\s that it requires a
number of experiments to ﬁxake the compa‘riséon.'
between two strains possible. Convulsions of the
legs in -the_ fly whose ‘thoracic. ganglion was
exposed and was treated with the Ringer’s solution
which contains insecticide’ may be one of the-
c}iteria as the ganglion being affected by the’
insecticide®®, but this index seems to be more
or less rough. Therefore, action potentiéls-wpre
_;'ecorded from the nerve under the ‘influence of
insecticides. v k .
‘Various‘attcmpts were made on the methgfd of
récording the nerve action potentials. They will’
be described below. In the first place, aﬁ isolated
cgntrz;l.ner‘ve cord was used. In the fly, the
thoracic and the abdominal nerve ganglia fused .
together in the thorax.  ~ This fused  thoracic
ganglion was isolated from.the body and mounted

on a pair of fine silver wire electrodes. Sponta--

147"



Fig. 1.

Time marker, 50 c. p. s.

The action potentials of nerve and muscle of the house fly.

1 : Spontaneous discharges in an isolated thoracic ganglion. Voltage calibration, 0.2mV.

2 : A burst of discharges 14 minutes after application of 107 DDT. The action potentials

were led off by a pair of electrodes inserted near the ganglion in the exposed thorax.

Only the nerve action potentials were observable. Voltage calibration, 0.2mV.

3 : The muscle :

tion potentials led off by a pair of electrodes inserted in the thoracic

muscle. The same preparation as that used in record 2. 21 minutes after application

of 107 DDT. Voltage calibration. 2mV.

neous impulses could be thus recorded (Fig.
1, No. 1),

potentials was somewhat small and the level of

but the amplitude of the action

spontaneous activity was unstable varying with the
advance of time. Moreover, it was often found
that an outburst of impulses was spontaneously
elicited about 20 to 30 minutes after isolation of
the ganglion. Though the isolated nerve prepara-
tion seems to be most suitable for the present
purpose in the sense that the detoxication of
insecticide in the tissues other than the nerve
need not be taken into account, its unstable
activity makes it impossible to apply to the
present study.

In the second place, in situ recording of the
action potentials from the thoracic ganglion was
attempted. A fly from which all the legs and
wings had been removed was fixed with pins
ventral side up on a dissecting dish. Then the
sternum of the thorax was carefully removed under
a binocular microscope, the thoracic ganglion
being able to be observed at the exposed region
of the thorax. When a pair of fine silver wire
electrodes was inserted in this exposed region,
the action potentials of the nerves and muscles

were recorded (Fig. 1, Nos. 2 & 3). The
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amplitude of the nerve action potentials was
usually smaller than that of the muscle action
potentials, and the former partly depended on the
position of the thorax in which the electrodes
had been inserted. The discharge activity of the
ganglion was stable over a long period of time
after excision. However, a difficulty was
encountered : the amplitude of the action poten-
tials changed when the short circuit between two
electrodesunderwent a change following replace-
ment of Ringer’s solution which had been applied
to the exposed region of the preparation by a new
solution. Moreover, itis necessary for the present
purpose to apply a large amount of Ringer's
solution containing insecticide to the exposed
preparation in order to eliminate the factor of
detoxication which may be caused by the tissues
other than the nerve. Therefore, this method of
recording action potentials could not be used in
the present study.

Satisfactory results were obtained by recording
the action potentials from the leg. The ganglion-
exposed fly preparation was made as described
above except for one different point that the left
metathoracic leg was left intact. A fine silver

wire electrode was inserted in the femur of the
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intact leg, another fine silver wire electrode being -
inserted in the .intact - abdomen. , Discharges /in;

both the efferent and the afferent nerves in the
leg were recorded. ‘Whether the-observed action’
potentials were originated-in the motor or in the

sensory neilrones was determined by amputatin’g' )

the leg at. the penpheral or the central region of
the femur (Fig: 6).. The action potentials from-

the efferent. . nerves were. generally. larger. in-

,amplltude than those from the afferent nerves, «
Intermittent: -groups of efferent dlscharges were
usually observed, the frequency of appearance of

the grouped discharges or bursts of discharges -

being higher immediately after operation, but
they decreased toward a steady level 10 to 20

minutes later. The action potentials of the muscles .

were simultaneously recorded : these could easily
be distinguished from the nerve action potentials
because the duratwn of the former was much
longer than that of the latter. The amplitude of
the action potenuals recorded by this method
was considerably higher than that recorded by
the two methods mentioned before and ‘was
independent of “the amount of Ringer’s solution
applied to the exposed region of the thorax.’
Moreover, this yoperatior). and recording are very
easy to perform, which enable us to repeat a
number of experiments. Although the risk of
detoxication which may océur_.ih the tissues other
than the nerve cannot be excluded completely, it
seems not probable that a greater part of the
insecticide applied to the preparation is detoxified,
because the amount of Riziger;s solution containing
the insecticide is so large that it occupies almost
the Vsa‘me volume as that of the thorax making a
huge hemisphere of Rinéer's solution on the
excised thorax. All thé experiments on the nerve
susceptibiiity to 'irxsecticides were carried out with
this method at room temperatures ranging from’
16° to 24°.

" Recording apparatus : A pair of fine silver wires
was used as recording electrodes as described
- before.
a CR-ceupled amplifier and observed and photo-

The action potentials were amplified by

graphed by a cathode ray oscilloscope. :The
amplified action potentials ‘were also fed to a
speaker to produce sounds which served as an

auditory monitor,

Insectlczdes and solutxon _Purified p,p’-DDT,

‘r-BHC and dxeldrm were tested. The Rxnger s
) solutxon ‘used contamed 214 mM Na+, 3.1 mM"V
K+ and 1,8mM Cat#, -its pH being kept at
.4 7.2~17. 4 by phosphate buffer. ’I:his solution
_contains more amount of sodium ions than that used

in our previous expenments""”) The reason for
increased amount of sodmm ions w1ll be described’

elsewhere. The’ solutxon apphed to the exposed

" ganghon was prepared by mtroducxng 1 or 2 per

cent msectlcxde stock solutxon into a ngers
solution. This stock solution was prepared by

d.lssolvmg msect1c1de ina 1 1 mixture of ethanol ’
and Emulsifier 1130. Control experiments revealed
that these solvents had no effect on the act1v1ty
of the thoracic ganghon when the same concen-
tration as' that used in the present study was’

apphed.

Results

A. Toxicity experiments

2,0’ -DDT: DDT . was found to be quite

" ineffective to both strams so that the calcu]auon\

of LD 50 could not be made (Table 1). Dosages
higher than 5000 7/g could  not be : topically
applied with considerable accuracy, because there
was no evidence that all of the DDT applied to
a fly remained on the surface of the cuticle when
higher dosages were used. - _

- r-BHC and dieldrin: Examples of dosage- -
mortality regression lines for BHC" and .dieldr'in,
both strains are illustrated by Figs. 2 and 3. The
regression lines were calculated by the method of
Gaddum'. Calculated values of LD-50 are
given in Table 2. It can be seen that the Hikone
strain exhibits s:omewhzit‘ high ‘resistancé to
Table 1.. Per cent mortalities folleWing .
topical treatment of p,’-DDT in the Taka-
tsuki and the Hikone strains of house flies.

Dose Takatsuki strain Hikone strain
(v/&) |"T 7" [Mean| T | 1
5000 |10.3|13.8|11.8|13.7|16.7|15.2
1000 | -3.4|10.0| 6.7 6.9|16,7|11.8
200 | 69| 6.7| 6.8| 3.4| 33| 3.3
40 3.4 83| 33| 340 .7

Mean

49
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"Fig. 8. 'Dosage-mortality regression lines

for dieldrin in the Takatsuki (closed circles)

-and - the . Hikone (open circles) strains- of

" house flies. Topical application.

" Table 2..

‘Calculated values of LD50 for
" topically applied 7-BHC and dieldrin in the
Takatsuki and the Hikone of house flies.

1000

Insecticide | . Strain ‘| Colony | LD50(r/g)| Mean
. | 4.09
BHC -|Takatsuki| I- | 141 |99
. III 10.3 :
v .| 1.7
11 54.8 v
BHC - |Hikone | I '|. 292 |51
' {7 | esa |
v 53.8
Diéldrin |Takatsuki I 2.82 1538
| i 1.93
S I.| 738
''Dieldrin | Hikone | M- | 132 96.4
. e Ix - 134
: v '45.8
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dieldrin and that the resistance of ‘this strain to
BHC is'not so remarkable.: .0 </ :

"B. Susceptibility of nerve to insecticides

‘ The effect of DDT on the activity ‘of the
) thoracic ganglion : The effect 6f_ ‘this insecticide

on the thoracié ganglidn'Wasuqn'alitati'vely similar

Between - both' -~ strains.-*- DDT .. caused - an .-

increase’ in - frequency‘ ‘of motor discharges : the

frequency of appearance of motor bursts increased
'strlkmg]y shortly after apphcatmn of DDT (Fig.

4, Nos 1 & 2). The latent perrod between the . .
apphcatron and - the appearance of ‘the effect
depended upon t_he concentratxon of DDT hlgher

‘ concentratrons shorten the latent perrod to less

than 1 mmute. The frequency appearance of the

bursts also partly depended upon. the concentratlon

of DDT, mcreasmg from very few to as hlgh as

50 -per minute or’ ‘more. The frequency of

) dlscharges in each burst was not measured exactly,
" being of the order of 100 to 200 per .second.

Such bursts caused the leg to initiate convulsions.’
When a lower concentration just above tlrreéhdld.
was used, the bursts ,yvhvich had inereased in
frequency shortly after application decreased in

frequency with the advance of time, a complete .

- recovery down to the normal level being usual]yv

.

observed. However, .a substitution of fresh DDT
solutron for the old one on the ganghon caused‘

an increase in activity again, even though the

" new solution’ ’contamed the same concentration

of DDT as ‘the old. This second increase in

. mervous activity was followed by a second decrease. -

'.vSuch a series of event_s- is illustrated by Fig. /5.

" This result may imply that though the amount of

the DDT- Ringer’s solution applied was large,’
DDT was detoxified to such an extent that the

'concentratlon of undetoxified- DDT decreased

below the threshold: This explanation seems to
be reasonable because such a reversible action .
of DDT was observed only when the concentration
of DDT was Just above threshold. The stlmulatmg
effect of DDT usually became- apparent within

-about 10 minutes after application, 'and the

" concentration which had not caused any appreci-

able effect within that period. had no effect after.

a longer period of time.
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Fig. 4. The effects of DDT and BHC on the exposed thoracic ganglion of the Takatsuki
strain of house flies. The action potentials were led off by a pair of electrodes, a different

electrode being inserted in the femur while an indifferent one in the abdomen. Voltage
calibration of 1 mV shown in record 1 is applied to all records. Time marker, 50 c. p. s.

1 : Normal, few discharges.
2 : 2 minutes after application of 107> DDT, a burst of motor discharges.

3 : Normal, the other preparation, few discharges.
4 : 5 minutes after application of 5 X 107® BHC, a burst of motor discharges.
5 : 32 minutes after application, bursts of motor discharges were still observable.
1 2 3 i b
! ! ¢ ¢ ’ detailed experiments were therefore made, the
results obtained being given in Table 3. It can
be seen that the nerves of the Hikone strain are
only slightly less sensitive to DDT. than those of
the Takatsuki strain.
The effect of BHC on the activity of the thoracic
; ganglion : The effect of this insecticide on the
. ° - - o = - - thoracic ganglion was qualitatively similar between
Pitde in ML strains. BHC also caused an increase in motor
Fig. 5. Reversible action of lower concen-
trations of DDT on the exposed thoracic Table 3. R S Er ot T e o

ganglion of the Takatsuki strain of house
flies. Ordinate indicates the frequency of

appearance of motor bur per minute and

abscissa time after application of DDT in bl

DDT for initiation of motor bursts from the
exposed thoracic ganglion in the Takatsuki
and the Hikone strains of house flies.

minute. Arrows indicate the times of appli-

Number of insects having the

_ Threshold .
cation of DDT. 1, 3 x 1077; 2, 3 and 4, S aentiation threshold concentration
10°¢; 5, 3 X 107 Takatsuki strain | Hikone strain

‘
3 =2 : 3x 107 2 . 0
Since DDT was shown to give very low g ’
. - . : 1x107¢ 2 | 3
mortality in both strains of house flies, the 2 |
3 s — 3XI07 [ 9 | 4
comparison of the nerve susceptibility to DDT :
Tx1072 1 Z

between two strains seems to be meaningless. No




activity as in the case of DDT, the frequency
of appearance of the bursts increasing markedly
shortly after application (Fig. 4, Nos. 3 & 4).
However, the latent period was longer than that
for DDT. With lower concentrations of BHC,
the effect often became apparent more than 10
minutes after application. Although no detailed
measurement was made on the relation between
the concentration of BHC and the latent
period, the latter was usually shorter when higher
concentrations were used. The bursts caused by
BHC also initiated convulsions of the leg. It was
not determined whether the stimulating action
could be regenerated by a renewal of the BHC
solution as in the case of DDT. But it was
usually found that the increased activity of the
thoracic ganlion after treatment with a concen-
tration which gave a latent period of less than
10 minutes was maintained for a long period of
time (Fig. 4, No. 5).

The ideal way to compare the susceptibility of
nerve to any insecticide between two strains is
to estimate the relation between the percentage
of appearance of stimulating or other action and
the concentration of the insecticide with each
strain. However, since the latent periods in the
case of lower concentrations of BHC are very
long, these experiments would be very time-
consuming. It would be expected that the latent

period is shorter in the strain whose nerve is

more susceptible when the same concentration is
used. In the light of such a view, the latent
period for the increase in the activity of the
thoracic ganglion after treatment with 5x107
BHC was estimated with both strains, and the
resulis obtained are given in Table 4. It can be
seen that the mean value of the latent period in
the susceptible strain is shorter than that in the
resistant one.

Effect of dieldrin on the activity of the thoracic
ganglion : The effect of dieldrin on the thoracic
ganglion was qualitatively similar with that of
BHC, and no difference was found between two
strains except for the duration of the latent period.
The application of dieldrin caused an increase in
frequency of bursts with a longer latent period
than that of DDT or BHC even when the same
concentration was used. This effect was usually
irreversible lasting for a long period of time
(Fig. 6).

As in the case of BHC, the latent period for
the increase in the activity of the thoracic
ganglion after treatment with 5X107% or 1074
dieldrin was estimated with both strains, and the
results obtained are given in Table 5. It will be
seen that the mean value of the latent period in

the susceptible strain is shorter than that in the

resistant one.

Fig. 6.

The effects of dieldrin on the exposed thoracic ganglion of the Takatsuki strain

of house flies. The action potentials were recorded as described in Fig. 3. Voltage
calibration of 1 mV shown in record 1 is applied to all records. Time marker, 50 c. p. s.

1 : Normal, few discharges.

2 : 12 minutes after application of 10~* dieldrin, a burst of motor discharges.
3 : 94 minutes after application, the femur was amputated at the distal region shortly
before recording, bursts of motor discharges were still observable.
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Table 4. . Latent periods for the-initiation

of bursts from the thoracic ganglion following.

- _application of 5x10’5. 7-BHC to the exposed
thoracic ganglion of the two strains of house
flies. ) o :

Table. 5. Latent periods for the initiation
of bursts from the thoracic ganglion following
application of dieldrin to the exposed thoracic
ganglion of the two strains of house flies.

" A. Takatsuki strain

A Takatsuki strain Colony | Latent period
ony . .
Colony No Latent period (Temp. °C) No. Concentratxon| (min.) -
(Temp. °C) - (min. )"
1 5x1075 13
1 4 2 v | 13
2 4 3| » 14
8 N I (2) | 4 2 S
4 6 ' ' 5 v 20
I (22) 5 6. 6 ’ 36
7 7
8 8 I (29 {1 107 - 20
9 25 1 - 17
I (20 104
10 25 (@) 2 26
1 3 1 1074 14
. . 2 Ve 017
‘ 2 4 III (20) '3 p 29
. . 4 4 . >0
moen |8 5 | >
' 6. 1 107 44
5 7 v a8 |3 v >30
6 12 Mean of 1074 23%
. ‘Mean 8 % Excluding III 4 and vz
B. Hikone strain - B. .Hikone strain
- CoJony Latent period Colony No.i Concentration Latent period
(Temp. OC) No. . (min.) . (Temp. C) . ,(mln‘)
' 1 p I () | 1| sx1w0%° 45
2 .
o] .. 8 : g A , L 1074 .2
o Y 2 ‘ . ‘ R
I (22| -5 ‘17 SIoqsy | 2| 7 5T
T - 25 3 7] . 63
T s al e s
-~ 9. 46 HI(19) | -1 - 107 o 26
1 3 i -
. 1 101 14
. . . g . . g . v (29)_ g 7 : >'32
@ e - 6 vy | Sz
8. - : 1 07 .| 16
11 15 TV @9 A
: . 4 7 30
12 30 o 5 7 o
- ‘ 1 6 6 e >90
I (23) . .3 - : :
. i Mean of 1074 ' 36% %
Mean 1 _ 1 '

## Excluding IV 5, IV 6 and V6
153



Discussion

It is generally believed - that the Takatsuki
strain of house flies is susceptible to DDT, while
the Hikone strain is ;esistant to it. The experi-
mental results described in this paper are to be
-‘unexpected from this view. ‘However, these
- results are rather to be expected for us because
‘the ineffectiveness of DDT -against some strains
-of house flies has élready beeﬁ. demonstrated in
.our laboratory®. In that report it was described

that the. Takatsuki strain of house flies exhibited
hlgh resistance to p,p’-DDT when it was apphed
-top1cally at 25°’ In that casc, though the exact
"values of ‘LD 50 could not be estxmated due to
the same reason as that- -mentioned in the present
" paper, it can be seen that the degree of resistance
to DDT is of:, the same order ‘as that of the
the

for

present _ experiments - after Jooking . over

maximum r'no'rta]ities in. severdl cases :

example 40, 27, 18 and 3 per cent mortahtxes

were robtainad | lin different expemmenb W1th the -

"doses. of 10, 000 800, 1,600 and 4,000 r/g

respactively. The . mortalmes of both strains in”

the present experiments are much lower than .

the values of LD 50 estimated with American
susceptible strains of house  flies by topical
applications(. For example values of LD 50 reported

e: 0.05 r/fly=2.8 v/g¥, 0.054:7/fly=3 r/gs"
.20 r/g‘” and 0, 157/f1y—8 r/g5°)

respectwel y.

"These’ are to ibe compared with the values of '

LD 50 cstxmated with American resistant strains
by topxcal applications, for example 2.50 7/fly=
139 v/g®, " 7.4 r/fly=411 y/g®®, 18,728 7/gP
and 25.0 r/fly=1388v/g®. Hence it can safely
"be said that both the Takatsuki and the Hikone
- strains are resistant strains at least when tested

' by the method of toplcal apphcatlon.

However, a few factors should be taken into

account when we are to dec1de whether a strain

is resxstant or not. In the first place, the degree
of resistance to any 1nsect1c1de may depend partly

upon testxng method. In fact the Takatsuki strain -

- was shown to be suSceptlble to DDT when tested
by contact method75’ With this method the main
route through which DDT enters the body -is
likely to be through the tarsi of the legs and the
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mouth. If the rate of penctrationv of DDT
through the tarsus were much higher than that

through the dorsum of thorax, and if the

_dctoxication of DDT inside the body played a

significant part in resistance, it would - .be
expected that DDT acts less cffectivefy with
topical application than with contact application,
because DDT which had penetrated into the body
slowly through the dorsum of thorax would be
detoxified as soon as it entered, while a large
amount of DDT which had penetrated into the-
body rapxdly through the tarsi would not be so
completely detoxified that the lethal of undetoxi-
fied DDT would" progress with much hxgher
rate than of detoxication.

It would be. worthwhile to cite here the
experimental evidence that the ’injections - of
£,p’-DDT in the Takatsuki strain of house flies '

caused very low mortalities at 25°®. For example,

"41, 16 and 7 per cent mortalities were obtained

with the dose of 80 r/g DDT in three cases.
These data imply that the Takatsuki strain -
. “American .
susceptible strains even though DDT is injected
in the former andis zipplied topicall& ‘to the
latter. In the case of injection the defense

mechanism that is operated by the cuticle need

-not be taken into .account, so that our previous

experiments cited above clearly demohstrate the
high resistance ofi the Takatsuki strain to D‘DT.'
In the second place, ‘the insecticidal activities
are largely different among the analogues of DDT.
1t was found in our previous'report that 0, p’-DDT
was slightly more effective and methoxy analogue”
DDT or methoxychlor was much more effective
than p,p’-DDT against the Takatsuki strain when
tested by topical application®®. It was also found .-
that technical DDT which  contained several

- analogues of DDT was more effective than p,p’-

DDT to some strains when tested by contact -

-method™. In the light of such views, laboratory g
test with p,p’-DDT seems to be <vnvot always

applicable to practical problem where not p,p’-
DDT but technica.l DDT is usual]y sprayed.

In the third place, the insecticidal activity also
largely depends both on physxologxcal conditions
of insect such as nutrition, age and sex, and on.
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environmental .conditions such as temperature and
humidity. The dependence of insecticidal activity
on nutrition was clearly demonstrated with the
house fly*?,

great difference in mortality between the Takatsuki

but it is extrcmely unlikely that a

or Hikone strain and some American susceptible
strains is caused by the difference in’ nutritional
- conditions: The same consideration seems to be
'z;pplicable to the difference in age or sex.
Temperature was shown to "have a significant
effect on the insecticidal action of DDT, lower
~temperature causing higher “toxicity®%17-1,16-1821,

£2,36,37,40 41 50,52 53 61 D,

50,52,53,61, - But most insecticidal tcsts
" were performed at temperatures ranging from
20° to 30°, so that this factor also cannot cxplein
the great difference in md&ality betwesn the
Takatsuki- or the ‘
American susceptible strains.

The present results with DDT lead to the
" conclusion that both the Takatsuki ‘and the
Hikone strains of house flies shew resistance to
" the topically applied 2,2’-DDT when comparisons
“were made with some. American susceptible
strains. However, ‘whether or not these Japanese

strains are resistant to any other tests remalns to

be decided at present.

The Hikone strain is more remstant to dieldrin
and s]xghtly more resistant to BHC than the
Takatsuki strain when tested by topxcal apphcanon.
The suscepnbl] ties of the nerves from the Hikone
strain to these insecticides are lower than those
‘from the Tgl%atsuk’i strain, so that this factor is
“considered to play a part in dieldrin and BHC

resistance of the Hikone strain. Such a role of ’

the nerve susceptibility to insecticides in resistance
is in accordance with the views offered by other
- authors with DDT-resistant strains of house flies
23845450, The detoxications of BHC and
~ dieldrin ‘in the Hikone strain are not yet studied,
but it seems .probable ‘that the detoxication also
plays a part in resistance, for it has been shown
-that this is actually -the case in other BHC-resis~
© tant strains of house flies?-3045, -
" The mechanism -by which the nerves of ‘the
Hikone strain show Tlower - susceptibility to
dieldrin. and BHC than. those of the Takatsuki
strain is not..clear. However, . there seem to be

Hikone strain and some

- insecticides.

at lcast- two ‘mechanisms’ involved i. e., higher _

‘activity of detoxication inside the nerve of the

Hikone strain,” and other intrinsic factors in the

nerves which -are related to susceptibility. The

former possibility cannot be denied since high
activity of DDT detoxication in the brains from
DDT-rcsistant flies- has- -been *demonstrated™*
and it has also been suggested by Wigglesworths9.
The latter possibility seems to exist by virtue of
the following evidence : -the ‘nerves of resistat
flics have been shown to be less sensitive to the
dircct stimulating action of toluene vapour“’; which
mdxcates that an intrinsic factor is involved, for
it'is unlikely- that toluene is detoxified by the

action of DDT dehydrochlormase Therefore it

is also ptobable that both detoxication and i mtnnsxc

- factots are involved together.

Dieldrin exerts an effect on nerve after alonger
latent period” than BHC. With the Takatsuki
strain of house flies the mean values of the latent
period for 5x10 BHC and 107 dieldrin are 8
and 23 minutes respectwe]y. Since with this strain
the insecticidal action of dxeldnn is somewhat
higher than' that of ‘BHC, it seems likely that

such difference in the latent period with about the

same concentration of’ ‘both’ insecticides is mot

"due to a possible difference in threshold concen=

trations between them which may exist but due
to the -difference in intrinsic nature between the
This finding seems to explain the
much longer latent ‘period for the increase in
rospiration following injection of dieldrin than
that followmg injection of BHC15’ and also for

the slower and more moderate actions of dieldrin
as compared with BHC on cockroach nerves™.

Summnry

~The tox1c1t1es of p,p’- DDT, 7- BHC and dieldrin
were estimated by topxcal app]lcanon using the

“Takatsuki and the Hikone ‘strains of house flies:

DDT was extremely ‘ineffective “against” both
strains being much more than 5000 /g at 30°.
Both BHC and dieldrin were less effective to

.-the Hikone strain than.to the Takatsuki strain.

The values of LD50 for BHC in the Takatsuki.

. and the Hikone strains were 10.0 r/gand 51. 17/e

respectively. at 30°, and:those: of dieldrin were

1155
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2.38r/g and 96.4 r/g respectively at 30°.

The methods of ‘recording the discharges from
the thoracic ganglion were studied. It was found
.that the recording of the nerve action potentials
from the femur is the most _suitable method for
estimating -the activity of the exposed thoracic

ganglion under the :influence: of . drugs- applied

directly to it.

With this- method the effects of p,p DDT
7-BHC and dieldrin on the activity of the thoracic
‘ganglion were studied. Any of these insecticides
caused the ganglion to initiate the intermittent
bursts of discharges, the latent period for these
effects being ,‘depéndent on both insecticides and
strains. - -
~ The. latent penod for the initiation of the
bursts followmg treatment with dxeldrm was
'longer than that following treatment with about
the same concentration of BHC in each strain of

house flies. : St

) The nerve of the Hikone stram is only slightly

less sensitive to DDT ‘than that of the Takatsuki
:stram The nerve susceptlblhtles of the Hikone

. .strain to both BHC and- dxeldrm as determmed
by the latent- period for the initiation of the
bursts were lower than those of the Takatsuki
:strain. These differences in the nerve susceptibility
4we‘re‘considere'ci to play a part in the resistance
'of_ the Hikone ‘;train to BHC and dieldrin.
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