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The cross-resistance pattern to DDT, BHC and parathion. observed in Drosophila melanogaster ’
_is negatively correlated with the resistance to phenylthxourea (PTU), but is p051t1ve1y correlated '
with phenylurea (PU)-resistance,

- In order to understand the biochemical mechanism of the negatively correlated cross-resistance, =

and to find substances having toxicities stronger than PTU,.the author has investigated the
relationship between molecular structure and negatively- correlated activity in a number of
compounds, using genetical analyses.
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" Introduction

In previous papers’ ¥, it was reported that
DDT-, BHC-, and parathion.resistant strains of
Drosophila melanogaster were consistently sus-
ceptible to phenylthiourca (PTU), and vice versa.
On the other -hand, phenylureca (PU)-resistant
strains were resistant to DDT, BIIC, parathion and
nicotine sulfate, Genetical analyses showed that
resistance to PTU and PU was due to a polygenic
system consisting of two main genes on the 2nd
One of them
was a dominant gene conferring susceptibility to
PTU and resistance to PU; namely it resulted
from the pleiotropic expression of the dominant
gene on the 2nd chromosome responsible for re-
sistance to DDT, BIHC and parathion.

The other was a dominant gene conferring re-
sistance to both PTU and PU ; it resulted from a
pleiotropic expression of the dominant gene on the
3rd chromosome responsible for resistance to nico-

and 3rd chromosomes respectively.

tine sulfate.

To understand the biochemical mechanism of
the négati;/ely-corrclatcd cross-resistance, and also
to find substances having toxicities stronger than
PTU, ' genetical analyses were carried out for
certain derivatives and relatives of thiourea and
of urea.

Materials and Methods

I. Biological materials
The following strains of D. melanogastcr main-
tained in the laboratory of Osaka University were
employed ;

Hikone-R;; : Selected with DDT in Japan, and
resistant to various insecticides.

HL2-Q : Obtained from Dr. J. Bennett in U.S. A.
and used in the present study after selection
with DDT, '

KSL : Highly parathion.-resistant, selected by Dr.
B. Rasmuson in Sweden.

+ ; + ; HR;: A synthetic strain having' the lst

* and 2nd chromosomes from Canfon-S and the
3rd chromosome from FHikone-R, This strain
was DDT-susceptible but nicotine-resistant,

* and was used in the present study as a PTU-
resistant strain.

PTUa-5, : A highly PTU-resistant strain obtained
by applying PTU. select;ic;n f)ressure to a mix-
ture of the bw;st ss and Hikone-Ry, strains.

Canton-S : Extraordinary DDT-susceptible.

bw ; st ss: A multi-chromosoma! strain used for
the genetical analyses. This is susceptible to
DDT, BIHC, parathion and nicotine sulfate,
and the 2nd and 3rd chromosomes are marked
with recessive morphological mutant genes,
bw (brown) on the 2nd chromosome, sf (scarlet)
and ss (spincless) on the 3rd chromosome re-
spectively, '

II.  Chemical substances and medium

PTU, PU and the p-halogeno-derivatives were
synthesized and purified by the author. Certain
other chemicals were obtained from the Japan
Agricultural Chemicals and. Insecticides Company.
The chemicals used are listed in Table 1,

The medium was composed of 2g. of agar, 3g.
of dry yeast powder, and 4g. of sugar in 100ml.
of distilled water., The soluble chemicals were
dissolved in hot water and added to the dry yeast
medium ; insoluble chemicals were used as ethano-
lic solutions, Chemicals which were insoluble
even in hot ethanol were added to the dry yeast
medium immediately after boiling as crystal
powders or talc powders containing the insccticides,
and the medium was thoroughly mixed in a Waring
Blendor. DParathion was used as an ethanolic so-
lution and nicotine sulfate was used as an aqueous
solution.

I, Methods -

The “larval test” method was employed, as
described in the previous papers ; 50 or 100 first-
instar larvae hatched from eggs on agar plates were
reared on. the medium containing each chemical,
and the number of flies emerged from these media
was compared with that from untreated normal
media. The concentrations of chemicals were
expressed in millimols per liter of the medium,

All tests were performed at approximately 25°C.

Experimental Results

I. Significance of para-position of benzene
ring of PTU or PU on negatively or posi- -
tively correlated activity and on toxicity.

The_effect of addition of a halogen atom or
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Table 1. Relationship between molecular structure and negatively or positively
correlated activity in substituted thioureas and ureas.
. Chemical . Chemical
Chemicals constitution N.C.A. Chemicals constitution N.C.A.
Phenylthiourea Ce¢H;+NH-C-NH; + | N-Allyl-N’-phenylthiourea /CI{2-C}I:CH2
A CgH;*NH.C-N: —
S 8ile " \II .
p-Chlorophenylthiourea p-Cl-CeH,-NH.C-NH, ++ S
g N—(Phenyl) N’-carboethoxythiourea
p-Bromophenylthiourea p—Br-C.—,H,-NH-C-NHg ++ Cell;-NH- C NH- C 0CIL, —
S
S .
p-Methylphenylthiourea p-CHg+CeH,NH-C-NH, — | N-(#-Chlorophenyl)-N’-carboethoxythiourea
g prl—CGH,-NH-C-NH-C-OCglls —

p-Methoxyphenylthiourea
p-CH;-0-CeH,-NH- C NH.

p-Ethoxyphenylthiourea S
p-C.H5.0-CgH, -NI{-C-NHZ

S
o-Chlorophenylthiourea o-Cl-CerNH-C-NHz
S
CerNH-(":-NHg
S
N/
I
/CH
NcH,
CeH;NH.C-NH
S-CH,

a-NaphtflyIthiourea

N-Mcthyl-N’-phenylthiourea
CoH;-NH- C

S

N-Dimethyl-N’-phenylthiourea

CgH;-NH. C N (€]

S-Mcthyl-phenylisothiourea

N-Methyl-N’-(p-chlorophenyl)- thxourea

$-C1-Coly-NH-C- N<
S H
N-Dimethyl-N’-(p-chlorophenyl)-thiourea

€

/ CH;
p-Cl.C¢H,-NH- C N\C L ()

N-Acctyl -N/- phenylthxourea C -CH,
CeH;+-NH- C N\O

S H

C CH,
N-Propionyl-N’- henylthlourea 2tis
plony P Cells+NH . C N\O

€3

S
Thiourea HN-CNH, —
, S
N-Methylthiourea C
o a>N.C-NH2 -
v 3
N, N’-tnmethylthlourea CHa\ /CH;,
g \CH3

. .S 0
N, N’-Diphenylthiourea

C6H5-NII-(I.?-NH-C6H§

N-(p-Nitropheny!)-N’-phenylthiourea
‘ p'NOz‘CeI{;'NH'%'NI{'CQII:,

S
N—Diethoxythiophospho-N'-phenylthiourea
) /0C2l[5
Cell;"NH-C-NH- P\ -
OC.H;
Phenylthiosemicarbazide )
CGH,;-NH-(HS-NH-NHz -
$

Methyl-N-phenylthionocarbamate
Cﬁllb-NII-C-OCHa :

S

Ethyl-N-phenylthionocarbamate
C;H;-NH. C 0. CdIs

S
N

7 \s/ \sH

Mercaptobenzothiazol

N-Allylthiourea CH,:CH.CH, SN

N.C.NH
% 2
H é

CH- N[I\

I
S’

Sodium-diethyldithiocarbamate

H
" ON-C:SeNa
C.H, 1

Ethylenethiourea
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. Chemical . Chemical
Chemicals constitution P.C. A, Chemicals constitution P.C. A.
Phenylurea Cth-NH-('.",-NIIg + | 0-Chlorophenylurea o-Cl-CuH.oNH-CI-NHg +
0 (0]
p-Chlorophenylurea p-CI-CcH «NH.C.NH. + +| p-Methylphenylurea  p-CH,;-C,H,-NH.-C.-NH, ~—
Hi H
(6]
p-Bromophenylureca p-Br—CoIIuNII-ﬁ:-NIIg + +| p-Methoxyphenylurea p-CH;0-C,;H,-NH.C.NH, —
Il
0 (0]
p-Todophenylurea p-1-C11,-NH.C-NH; 4| Urea 2HN-C-NH. —
1 ]
(0] (0]

The following abbrevations are used : N. C, A., Negatively correlated activity ; P.C. A., Positively
correlated activity ; +, Degree of activity similar to that of PTU or PU. ; + +, Degree of activity
higher than that of PTU or PU ; &, Degree of activity lower than that of PTU or PU. ; —, Activity

not shown,

several radicals on the negatively correlated activity
of PTU was investigated by comparing the toxicity
of similarly substituted phenylthioureas and
phenylureas to insecticide-resistant and susceptible
strains, and by subsequent genetical analyses,
Toxicities determined are shown in Figs, 1, 2
and 3. Here the percentage survival of the various
strains, to the lowest concentration causing 100

percent mortality to the most susceptible strain,

20 40 60 80 (%)

(%)80 60 40 20

are presented as histograms,

1. Toxicity of arylthiourcas and arylureas

to insecticide-resistant and susceptible strains

Among p-chlorophenyl-
thiourea (Fig. 1-d) and p-bromophenylthiourea (Fig.
1-f) were highly toxic to DDT-, BHC-, parathion-
and nicotine-resistant strains such as Hikone-Ryy,
HL2-Q and KSL, but they were almost non-toxic
to the strains which were susceptible to DDT,

the N-arylthioureas,

(26)80 60 40 20

20 40 60 80 (%)

Y v Y - Ly Y L \E — v — "
Chenlcal . -7 gHy | cussteal : cHy
Ouu-g.)m, Oxa-gmuz Om-q-n( amegn(
a b S S (i I h S CH.
50 aN 2 uN s =N 5 ol °
FEETR | e
XsiL .- L BN 4PN jo——
4 bwist as, bwist ss
S CantoneS |jmwes
¢ 3 +jHR3 emwayomr|  + } +3HR) |[eeswrere——
N PIVa~S;q " - - " PIVa~5)0 posescsssssemerws
Chemical CH. Chomioal
1 xa.c o, c1Olm-g-m, ad dm.c.n( e Smegs( ?
] . ° d S s H 1 3 s ¢cH,
T2 mN 1 e 5 mN S m
Hilk R31p Hikone=R3 ) pemmem—m"
H L 2-Q W B L 2:Q |
KsSL KsL
bwist s2 bwjst ss
S d Canton=-S =
+ j +}HR3 | osmmmeny ¢ ) onma Pe—————
" PTUs-S]0 . — PTUa-S)0 r
v Y—y— T T T T Y v T T —
Chemioal Chemioal HyCH tCH
wOmgn, | T ey, Omgm | 70 gl
2 =N 1 mN 10 mN . 10 mM
Hikone=Ry) ————— 111 k016 =R |
- "l ls' i-q S HL z-q pa——
XsL
bwist s» — bwist as
Canton=3 * Canton.s [ )
. ‘,lma -t 4 3 ',m
N N PTUa=Syq n " N N PTUs=5)y |

Fig. 1. Percentage survival of various strains at a concentration giving the LDyg of the most
susceptible of the strains. (Bascd on 500 larvae by the larval test method. )
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BHC and parathion, and simultancously resistant
to nicotine sulfate, such as +; +; HR; and
PTUa-Sy, ; - that . s,
p-chlorophenylthiourea and of p-bromophenylfhio-
urca resembled. PTU. (Fig. 1-b), and the activity
scemed to be higher than that of PTU.

On the other hand, among the N-arylurea, p-
halogenophenylureas such as p-chlorophenylurea
(Fig. 1-c¢), p-bromophenylurea (Fig.1-e¢) and p-
iodophenylurea (Fig. 2-c) showed high toxicities to
DDT-, BHC-, parathion- and nicotine-susceptible
strains but not to the resistant strains. They
seemed to be positively correlated with DDT and
other 1nsectxc1des, more clearly so than PU (Fig.

the insecticidal . action of

1-a), and they were more toxic than PU. The
levels of resistance (LD and LDiq) of the various
strains to such-chemicals as PTU, PU and these
halogcno -derivatives are shown in Table 2

These results suggest that p-halogeno-sub-
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stituents of PTU and of PU.are more toxic and
characteristic in activity than their parent com-
--pounds. '

However, other para-substituted derivatives such
as p-methylphenylthiourea (Fig. 2-f), p-methoxy-
phenylthiourea (Fig. 2-d), p-ethoxyphenYlthiourga
(Fig. 2-g) and p-methylphenylurea (Fig. 2-e) etc.,
seeamed to lose the peculiar activity characteristic
of the parent compounds. However, p-cthoxy-

' phenylthiourea might have a positively correlated
activity with nicotine sulfate. The mechanism of

. insecticidal action of p-methylphenylurca (Fig. 2-¢)
was not clear, since it was toxic to Hikone-R;,
but not to other strains.

Of the N-arylthioureas with the thioureido radi-

i cal, enaphthylthiourea (Fig. 2-h) proved somewhat
" toxic to nicotine-susceptible strains, but not to
nicotine-resistant strains.

Of the ortho-halogenated derxvatwes, 0- chlur()
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Fig. 3. Dercentage survival of various strains at a concentration giving the LDy of the most
susceptible of the strains, (Based on 500 larvae by the larval test method. )

Table 2.

Levels of resistance to various chemicals in some strains of /). melanogaster.

(LD, or LDy, figures expressed in mM concentration larval medium, and

based on tests with 500 larvae)

Chemical . PTU p-CI-PTU | p-Br-PTU PU p-Cl-PU p-Br-PU
Strain LD:o ‘ LDyoo| LDso ‘ LDiao| LDsq | LDigo| LDy | LDyoo|[ LDso | LDjoo| LDsy | LDyoo
: (mM), (mMj| (mM)] (mM)| (mM} (mM) (mM) (mM) (mM} (mM) (mM) (mM)
IHikone-Ry, 1.0/ 25| 0.3 1.2]| 0.2| 0.8|100 |— 100 | — 100 | ——
KSL 0.8/ 2.0| 0.4 L0O| 04| 10| 70 |100 65 | 100 65 | 100
nL2-Q 0.7 1.5| 0.8| L.3| 0.5} 1.2 8 |100 85 | 100 85 | 100
bw ; st ss 1.2| 1.5} 0.6 1.5| 0.6 15| 20 30 1.2 20 1.0 15
Canton-S 27| 7.0 1.5} 50| 1.7]| 50| 25 40 0. 2| 1.2 03 112
+ 4+ HRy 10.0 | 25.0f 82115.0| 80|150| 35 45 0.5 1.5 0.4 14
PTUa-sy, 25.0 | 55.0{18.0]250|18.5|250| 35 15 1. 4: 2.2 1L 0' 1.5

s phenylthiourea (Fig. 2-b) was non-toxic to PTU-
resistant strains, but it was relatively toxic to
DDT-, BiIC- and parathion-resistant strains or
nicotine-susceptible strains in 5mM concentration,
and only PTU-resistant strains such as PTUa-Si

. could emerge from a medium containing 10mM of
this chemical. The chemical was no more toxic

than PTU, although it did not seem to lose the

negatively correlated activity completely. o-Chloro-

phenylurea (Fig. 2-a) was non-toxic to all strains
Thus neither o-chloro-
PTU nor o-chloro-PU were more toxic than their

in 10mM concentration,

_parent compounds. :
2. Genetical analyses on the insecticidal
action of arylthioureas and arylureas
The multi-chromosomal mutant strain, bw ; st ss
which was susceptible to various insecticides, was
combined with Hikone-Ry, HL2-Q and KSL
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Table 3. Numbers of each phenotype in F. progeny from backcross (1), (2) and (3) emerging from
treated media, expressed as a percentage of those emerging from untreated media.

(Based on 500 F. larvae by the larval test method.)

Backcrdss [¢)) bw st ssQ X Fy(bw ; st ss@ X ' (2) bw;st ssTxF\(bw;st ssX| (3 bw;st ss@XF(bw; st ssQ
szone—Rm Y KSL3)S . XHL2-QE) 8
Phenotype bw ; st sslbw,+ + |45 st ss|+; + + ; bw; st ss:bw;+ +|+ 5 st ss;+; + + | bw; st ss:bw;+ +i+ 5 st ss:+; + +
DDT 10mM 0 0 8.0 8.5 0 0 82.4 95.2 0 0 76.8 83.2
BHC 3%10-*mM 0 0 53.7 84.3 0 0 54.4 86.4 0 0 44.0 54.4
Parathion 1x10~*mM 0 0 16,5 38.6 0 0 23.2 41,6 0 0 10. 4 33.6
Nicotine sulfate 2mM 0 83.3 0 9.4 0 15, 2 1.6 46.4 0 60.8 0 67.2
Phenylthlourea
< >-NH—C -NH, 3mM 0 9.2 0 0 0 232 0 0 0 464 0 0
p- Chlorophenylthxourea
Cl- < /\ -NH- C—NH7 3mM 0 94.4 0 0 0 20.0 0 0 0 32.0 0 0
;b—Bromophe\xlylthiourea '
7 N\_NH-C-
Br-¢ ) NH (“Z NH, 3mM 0 84.8 0 0 0 25.6 0 0 0 28.8 _ 0 0
Phenylurea \
7\ _NH-C-NH. :
) NH (‘E NH, 70mM 0 0 0 87.2 0 0 0 62,4 0 0 0 55,2
p-Chlorophenylurea
s C-NH, 5mM 0 0 3.2 8.8 0 0 4.4  69.6 0 0 2.6  76.0
N 10mM 0 0 0 76.0 0 0 0 22.4 0 0 0 36.0
O . .
- Bromophénylurea B
Br- N -NH-C-NH 5mM 0 0 20.0 78.4 0 0 9.6 26.0 0 0 15.2 53.6
N " 2 10mM 0 0 0 68.8 0 0 0 24.0 0 0 0 28.8
0
P-Iodophenylurea ) .
I-< >—NH— -NH. 10mM 0 0 48.8 102.0 0 0 42.4 92.8 0 0 31.4 78.4,
O

e

$ & ®# W
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strains which were resistant to DDT, BHC, para-
thion and nicotine sulfate.

) bw; stss xF(bw; st ssQ x Hikone-Ry ) o
(2) bw;stssQ xFy(hw; st ss@ xHL2-Q5Y)
(3 bw;stssQ xFy(bw ; st ss@ XxKSLs)

One hundred first-instar F. larvae resulting from
each of these backcrosses were put into a 60ml.
glass vial containing 15ml. of dry yeast medium
with or without insecticides or chemicals. In each
experiment, 500 first-instar larvae obtained from
the backcross (1), (@ and (3) were used re-
spectively. The percentages of phenotypes of the
flies emerged from the medium containing a
chemical as compared to those from the normal
medium were calculated (Table 3).

Only + ;stss and + ; + + (wild type) flies
emerged from the media containing DDT, BHC
and parathion, These flies had the 2nd chromo-
some carrying the DDT resistant gene derived from
Hikone-Ry, KSI or HL2-Q in the heterozygous
condition, There were more -+ ; + + flies than
+ ; st ss {lies, since the former were heterozygous
for the nicotine-resistant gene on the 3rd chromo-
some.

On the other hand, only bw ; + + {lies emerged
from the media containing PTU, p-chlorophenyl.
thiourea, or p-bromophenylthiourea. These flies
were homozygous for the susceptible gene to DDT,
BHC and parathion located on the 2nd chromosome,
and were heterozygous for the nicotine-resistant
gene on the 3rd chromosome. Consequently, these
flies were susceptible to DDT, BHC and paratﬁion
and resistant to nicotine sulfate. The flies having
the resistant gene to DDT, BHC and parathion on
the 2nd chromosome did not emerge. These results
suggested that the insecticidal action of p-chloro-
phenylthiourea and of [)-l_)romophenylthiourea was
negatively corrclated to that of DDT, BHC or
parathion in the same way as PTU.

On the other hand, only 4+ ; + + and + ;sf ss
flies emerged from media containing 5mM of p-
chlorophenylurea, 5mM of p-bromophenylurea or
10mM of p-iodophenylurea, the oxides correspond-
ing to’ their thioureido compounds. These flies
had the resistant gene to DDT, BHC, parathion
on the 2nd chromosome. Only wild-type flies
emerged from media containing 70 mM of phenyl-

urca, 10mM of p-chlorophenylurea or 10mM of
p-bromophenylurea. These results suggested that
the p-halogeno-substituents of phenylurea were
positively correlated to the DDT, BHC, parathion
and nicotine sulfate.

As shown in Table 4, the number of bw ; + +
flies which emerged from media containing 5mM
o-chlorophenylthiourea was more fhan that of other
phenotypes. The insecticidal action of this chemi-
cal was therefore negatively correlated with that
of DDT, BHC and parathion.

Nevertheless, at the high concentrafion of 10mM
of this chemical, even the dw ; + + flies were
almost lacking. This may indicate that a polygenic
system requiring many factors might be involved.

The results obtained with p-methylphenylthio-
urea, p-methoxyphenylthiourea, p-ethoxyphenyl-
thiourea, a-naphthylthiourea and p-methylphenyl-
urea wcre not so clear because of their lower
insecticidal action, But the action of p-ethoxy-
phenylthiourea or e-naphthylthiourca might be
similar to that of nicotine sulfate rather than that
of PTU (Table 4). The action of p-methylphenyl-
urea may be controlled by some other factors than
the genes discussed in present paper (Table 4).

II. Significance of the thioureido radical in

the negatively correlated activity and toxicity

of PTU and p-chlorophenylthiourea

To understand the significance of thioureido
radical in the negatively correlated activity, toxi-
cities of compound in which the hydrogen atoms
of the thioureido radical of PTU or p-chlorophenyl-
thiourea were replaced by several radicals were
tested on susceptible and resistant-strains.

1. Toxicities of N-substituted phenylthio-

ureas and S-substituted phenylthiourcas

Of the N-monomethyl substituted phenylthioureas,
N-methyl-N’-phenylthiourea (Fig. 1-g) was toxic
to DDT-, BIIC-, parathion- and nicotine-susceptible
strains and non-toxic to the resistant strains, and
at a concentration of 10mM this chemical was
non-toxic to DDT-, BHC-, parathion- and nicotine-
resistant strains more than PTU-resistant strain
(DDT-, BHC-, and parathion-susceptible, nicotine-
resistant strains). But N-methyl-N’-( p-chloro-
phenyl) thiourea (Fig. 1-i) was toxic to the
nicotine-susceptible strains, and relatively non-toxic
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. Table 4

Numbers of each phenotype in F; progeny. from backcross (1) bw ; st ss3 %

‘ F,(bw st ssQ tzkone—RaxJ‘)J‘ emerging from treated media, expressed as a percentage
" of those emerging from untreated media.(Based on 500 Folarvae by the larval test method.)

bw

, Phenotype bw ; st ss. + ystss 454+
Thiourea NH,-C-NH; 1. OmM 0 1.6 3.3 6.3
: ! 1. 5mM 0 0 -0 0
“Et_h};léh_efhﬁdr—ei-"_“""""'"""""_"'"" """"""""""""""""""""""""""""""""""""
CH-NH\ 1. 0OmM 0 4,1 6.6 18.2
= l- ‘-/CS 1.5mM 0 0 0 0
________________ CH-NH
Allylthiourea 1. 0OmM .56.4 101.6 52,5 101.5
. CH;»CH.CH,+NH.C.NH, 1. 5mM 3.2 100.0 © 5.2 99, 2
o o g 3. 0mM 0 61,5 0 75.4
5. 0mM 0 49.1 0 83.3
“"p-Ethoxyphenylthiourea T TTTTTTITTTITmTTTTTTmmToTTmmmmmImmrmeoT
' C2H5-O<_>\NH E:'NI{g 5. 0mM 0 56. 8 62.5 93,6
_______________ S < L S S
a-Naphtylthiourea
. *NH.C.NH,
/\‘/\‘ g 2, 5mM 0 87.6 84.3 92. 4
________ A
Urea NH,-C-NH, 150mM 36, 2 40,9 45.8 55.5
0
“p-Methylphenylurea T T TITT I TI T
CH3< >NH-9-NH2 60mM 96,7 94,2 41,6 43.6
. 0-Chlorophenylthiourca .
y C}\ g OmM 0 gg? 22,4 : 40.8
T N\NILLC. . . Om 0 - .2 5.1
\—:/NHTE Nsz o 10. OmM 0 L2 0 0
B S " N :

. to .the PTU-resistant strains. more than' DDT-,
_BHC— parathlon— and nicotine-resistant strams
Ina concentratlon of 10mM of this chemlcal the
. relatxon was clearer than the former case ‘This
chcmlcal scemed to have negatlvely correlated
actlvxty, though it was less than its parent chem1
Of the N-dimethyl-
: substituted phenylthioureas, N-dimethyl-N’-pheny!-
: thiourca fFig 1.-h) was toxic to nicotine susccptible

,cal, I)-chlorophcnylthlourea,.

;strams and non- tox1c to .micotine resistant strains
.at. a concentration of 5mM,. but PTU-rcsxstant
..strains were somewhat more r051stant than DDT-
_ BHC— paratlnon— and nxcotme resxstant strams at a
. concentration of 10mM N-Dxmethyl N' ( 12 chloro
. phenyl) thlourea (Fig. 1- was toxxc to. a. mcotme-
. susceptlble stram, but non- tox1c to .the r051stant

-.strains.... It. seemed . to . haye‘_ x_legatlvely c»orrel_atgd.
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. rcsxstant strains.

activity, though it was not so clear as that of
'N—methyl—Nf—(p-chlorophcnyl)-thiourca. at a
_concentration of 10mM.

On the othér hand, among the S-methyl-substituted

‘phenylthxoureas, S-methyl-phenylisothiourea (S-

methyl phenylthxopseudourea) (Fig. 1-k) showed a

- r_elatxvely_ high toxicity to the nicotine-susceptible
:strains such as bw ; st ss and Canton-S, and was

relatively non-toxic to the resistant strains. These

_results suggested that S-methylation resulted in a
_loss of toxicity to DDT-, BHC- and parathion-

On the other hand, N-methyl
dcrwatxves of [)-chlorophcnylthlourea (Fig. 1-, )

:whxch had the clearcst negatwely correlated ac-
,t1v1ty, sccmcd to retain’ thls activity.

. Of the other N- substltuted phenylthloureas, N-

"allyl N’—phenylthlourea (Flg 1-1) proved toxlc to
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nicotine-susceptible strains such as bw ; st ss'and
Canton-S in" a concentration of 10mM, N-(p-
nitrophenyl)-N’-phenylthiourea (Fig. 3-b) was non-
toxic to any of the strains. N, N’-Diphenylthiourca
(Fig. 3-a) was toxic to nicotine-susceptible strains
in a concentration of 20mM, but it was non-toxic
to nicotine-resistant strains. N-(phenyl)-N’-carbo-
ethoxythiourea (Fig, 2-k) and N-(p-chloropheny!)-
N’-carboethoxythiourea (Fig. 2-1) were toxic to
nicotine-susceptible strains and relatively non-toxic
to nicotine-resistant strains. Phenylthiosemicarba-
zide (Fig. 3-c) and N-diethoxythiophospho-N’-
phenylthiourea (Fig. 3-d) were toxic to nicotine-
susceptible strains, and non-toxic to nicotine-re-
sistant strains. Insecticidal action of these chemicals

Table 5,

was not negatively correlated thh that of DDT
BIC and parathxon, but 1t seemed fo be p051t1vely
correlated with that of nicotine sulfate. =~

N-acetyl-N’-phenylthiourea (Fig. 2-m) was high-

ly toxic to almost all strains, but it waé not
relatively non-toxic to PTUa-S,, strain; If seemed
to have negatively correlated activity, But N-
propionyl-N’-phenylthiourea (Fig. 2-n)v was rela-
tively non-toxic to DDT-, BHC- and parathion-
resistant strdins in a concentration of 2mM.

2. Genetical analyses on the insecticidal action
of N-substituted phenylthioureas and S-substi-
tuted PTU

Similar- genetical analyses were performed

with seven N-substituted phenylthioureas and

Numbers of each phenotype in Fy progeny from backcross (1). bw ; st ss@ %

Fy(bw ; st ss@ x Hikone-Ry )3 emerging from media containing N-substituents or S-
substituent of phenylthioureas, expressed as a percentage of those emerging from untreated
media. (Based on 500 F. larvae by the larval test method. )

TN\ . 5. 0mM
c1<_ /NH .C-NH cC:) -OC:Ils 15" omn

*1 1000 Fy-larvae were used for test byllarval test method,

Phenotype biw;st ss bw; + + +istss 434+ +
N-Methyl- N’—phenylthxourea 1. 5mM 26,0 100, 8 103.3 102.2
—\ / 3. 0mM 1.6 89,6 99,1 © 90,5
a ONH.C-NC 5. 0mM 0 49,6 35,5 82,6
=" 10, OmM* 0 18,5 41,8 6.1
N-Dimethyl- N’-phenylthlourea 1, 5mM 60.9 88.0 99,1 94.4
/ 3.0mM 0 76.0 49,5 100, 7
’ \NII C N\ 5. 0mM 0 96. 8 1.6 90,5
S CH, 10. OmM 0 54,4 0 17.3
S-Methyl-phenylisothiourea 3. 0mM 85.3 96.8 lgg 3 lg"- .é
Z7 \ _ 5. 0mM 73.1 90,4 1 6.
QN -C=NH 10, 0mM 4.0 1.2 17.3 85.0
o2 - - T
N-Methyl-N'-( p-chlorophenyl)thiourea
7\ /CH3 5. 0mM* 0 33.2 0 3.0
¢l SNH.C.N 10, OmM* 0 16,4 0 1.0
\:/ . n \H
________________________ SO
N-Dimethyl-N'-( chlorophenyl)thlourea
Y P 5. 0OmM* 77.3 14.8 40,2
cl >NII .C- N< 10, OmM* 0 56. 5 6.7 22,6
N L \CH
N-Acetyl-N’~-phenylthiourca
C-Clls 0. SmM 79 Z lggg 36. 3 5(1) g
—\ 1.0m 3 ) )
< NI-C. N\H 2, 0mM 0 7.3 0 0
o N-(-?ﬁéﬁgrl-)'—ﬁ"_-'{ifrb&iliéiiEﬁfo‘ﬁr?ch- T '5' (') M TTtTTT _8-9 ;; ______ é; _4- ______ 7;; """""" 9_ 9_ '3'""
e ., 0m . , ,
¢ __DNH-C-NH-C.OC:lls y¢' oming 51 27.5 88 37.3
O
“"N=({p-Chlorop l—{ei' 1)- _N7:€a}i)6éiﬁé§c}if1§6656£ ''''''''
e 2N 3.4 5.4 11.3 43.0
0 1.8 0 9.9
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S-substituted PTU (Table 5). .
434+ + and -+ ;st ss flies, that carried the
resistant gene for DDT, BHC, parathion on the
2nd chromosome, emerged from media containing
10mM .of - N~-methyl-N'-phenylthiourea in greater
numbers than the other phenotypes. Therefore,
the insecticidal action of N-methyl-N’-phenyl-
thiourea is probably similar to that of DDT, BHC,
‘parathion, PU or p-halogenophenylureas.

On the other hand, bw; + + and +; + +
flies emerged from media containing 5mM of N-
dimethyl~N’-phenylthiourea or 10mM of S-methyl-
phenylisothiourea more than flies of other pheno-
types.. Consequently, the insecticidal action of
these chemicals was similar to that of nicotine
sulfate. Nevertheless, in a concentration of 10mM
N-dimethyl-N’-phenylthioures, bw; + + f{lies
emerged from this medium in greater numbers than
+ ; + + flies. This resﬁlt indicated that at high
concentrations, the insecticidal action of this chemi-
cal seemed to be negatively correlated, to a certain
extent, with that of DDT, BHC and parathion.

Only bw; + + flies, and a few + ; + + flies,
emerged from the medium containing SmM N-
methyl-N’-(p-chlorophenyDthiourea. The insecti-
cidal action of this chemical, at least at 5mM
concentration, was negatively correlated with that
of DDT, BHC and parathion,

With regard to N-dimethyl-N’-(p-chlorophenyl)
thiourea, flies which emerged from media contain-
ing 5mM or 10mM of this chemical, were almost
all bw ; + + and + ; + - type, and the percentage
emergence of bw ; + + was higher than that of
+ 5+ + flies,
chemical might have somewhat negatively corre-
lated activity.

With regard to N-acetyl-N’-phenylthiourea, flies
which emerged from media containing 1mM of this
chemical, were almost all bw ; + +. The insecti-
cidal action of this chemical was therefore nega-
tively correlated with that of DDT, BHC and
parathion.

These results suggest that this

Nevertheless at the high concentration of 2mM
of this chemical, even the bw ; + + flies were
almost lacking. ‘This may indicate that a poly-
genic system requiring many factors might be
involved,
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.. .On the other hand, dw; + + .and + ; + + flies

_emerged from media containing 10 mM of N-

(phenyl)-N’-carboethoxythiourea or 5mM of N-
(p-chlorophenyl)-N'-carboethoxythiourea more than
Consequently, the in-
secticidal action of these chemicals was similar to

flies of other phenotypes.

that of nicotine sulfate, -

The addition of substituents into the thioureido
radical of PTU and p-chlorophenylthiourea reduced
their toxicities to insecticide-resistant strains as well
as their negatively correlated activity to the in-
secticidal action of DDT, BHC and parathion, but
the positively correlated activity to that of nicotine
sulfate remained. The insecticidal action of S-
methyl-phenylisothiourea was similar to that of
nicotine sulfate.

III. Insecticidal action and toxicity of alkyl-

thioureas and related compounds

To understand the effect of the benzene ring on
negatively correlated activity, the toxicities of
thiourea and alkylthioureas to susceptible and re-
sistant strains were examined.

Thiourea (Fig. 3-h) proved to be highly toxic to
both insecticide-resistant and susceptible strains;
that is, no larvae of any strain could emerge from
a medium containing 2mM thiourea, while the type
of insecticidal action of thiourea could not be
determined in the medium containing 1mM,

Of the N-alkylthiourea derivatives, N-mecthyl-
thiourea (Fig. 3-i) showed toxicity to both insccti-
cide-resistant and susceptible strains. N-trimethyl-
thiourea (Fig. 3-j) and allylthiourca (Fig. 3-1)
showed high toxicities to nicotine-susceptible
strains, but not to nicotine-resistant strains, and
their larvicidal action seemed to be positively
correlated with that of nicotine sulfate.

Ethylenethiourea (Fig. 3-k), which contained a
five-membered ring, was very toxic to all strains
even in the concentration of 1ImM. In general the
N-alkylthioureas showed higher toxicities than the
N-arylthioureas.

As shown in Table 4, thiourca and ethylene-
thiourea were so toxic to both insecticide-resistant
and susceptible strains that it was difficult to per-
form the genctical analyses. These results suggest
that resistance to these chemicals may be controlled
by certain factors other than the resistant genes
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discussed in the present study. The insecticidal
action of allylthiourea, according to the genetical
analyses, seemed to be similar to that of nicotine
sulfate,

Thus, alkylthioureas failed to show negative
correlation with DDT, BIC and parathion, but
most of them had a positively correlated activity
to nicotine sulfate,

Urea (Fig. 3-g) was non-toxic to any of the
strains, The result of the genetical analysis was
therefore not clear, (Table 4).

Methyl-N-phenylthionocarbamate (Fig. 2-i) was
highly toxic to all strains, and it seemed to be
positiirely correlated with DDT, BHC and parathion.
Ethyl-N-phenylthionocarbamate (Fig. 2-j) was
toxic to nicotine-susceptible strains, but relatively
non-toxic to nicotine-resistant strains.

Of other compounds tested, sodium diethyl-
dithiocarbamate (Fig. 3-f) and mercaptobenzothiazol
(Fig. 3-e) were almost non-toxic to all strains.

Discussion and Conclusion

In the previous papers’%®, the following hypo-
thesis was introduced : “the dominant gene at I/-
65+ which confers resistance to DDT, BHC and
parathion also confers resistance to phenylurea and
abnormal susceptibility to phens;ltliiourea, and the
dominanf: gene at III-50+ which confers resistance
to nicotine sulfate, also confers resistance to phenyl-
thiourca as well as phenylurea”.

The present investigations showed that not only
PTU but also p-halogenophenylthioureas were
negatively correlated with’ DDT, BHC and para-
thion, and that their corresponding oxides, not only
PU but also p-halogenophenylureas, were positively
correlated with DDT, BHC, parathion and nicotine
sulfate. These p-halogenated derivatives were
more toxic than their parent compounds, and in-
creased their negatively or positively correlated
activity. While o-chloro-substituted derivatives of
PTU or PU were no more toxic than their parent
compounds, though they did not completely lose
their negatively or positively correlated activitiy.

However the N-arylthioureas, in which a benzene
ring was directly attached to the thioureido radical
(—NH-(I?-NHZ), did not always have negatively

S

corrclated activity ; p-ethoxyphenylthiourea, p-
methylphenylthiourea, p-methoxyphenylthiourea
and a-naphthylthiourea were of reduced toxicity,

‘and they did not show a negative correlation with

DDT and other insecticides. - Similarly the N-
arylureas which contained the ureido radical (-NH-
(HZ-NH:;), did not always have positively correlated

activity ; the weak toxicity of p-methylphenylurea
secemed to have no relation to that of general in-
secticides. Derivatives of PTU or PU with radicals

such as methyl, methoxy and ethoxy substituted

in the para position were less toxic than their
parent compounds, and seemed to have lost their
negatively or positively correlated activity to the
insecticidal action of DDT, BHC and parathion.

As shown in Table 5, substitution on the thio-
reido radical of PTU and p-chlorophenylthiourea
resulted in a reduction of the toxicity and nega-
tively correlated activity ; indeed, the insecticidal
action of N-methyl-N’-phenylthiourea appears to
be positively correlated to that of DDT, BHC,
parathion, PU and p-halogenophenylureas, and may
be derived from a polygenic system conéisting of
two factors on the 2nd and 3rd chromosomes, rather
than from the nicotine-resistant gene only, On
the other hand, resistance to N-dimethyl-N’-phenyl-
thiourea and S-methylphenylisothiourea appeared
to be similar to that to nicotine sulfate, i.e., re-
sistance to these chemicals was controlled by the gene
on the 3rd chromosome rather than that on the
an chromosome. But at high concentration, N-
dimethyl—N'-phenylthiourea seemed to have a bsl'ight
negatively-correlated activity. Tﬁe Némethyl defivav
tives of p-chlbrophenylthiouréé however retained
a certain degree of negative correlation to DDT,
BHC and parathion.
the negatively correlated activit‘y shown by PTU
and the p-halogenophenylthioureas is partly due to
the thioureido radical they contained.

Other N-derivatives of PTU showed a reduction
in toxicity and negatively correlated activity, in
almost all cases, and most of them seemed to be

These results suggest that

positively correlated with nicqtine sulfate, N-
Acetyl-N’-phenylthiourea was highly toxic to all
strains, but it did retain a‘ certain negative
correlation to DDT, BHC and parathion.

It was difficult to perform genetical analyses on
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thiourca and ethylenethiourea, «because they were
almost equally toxic to all strains.of D, melano-
agster. ‘They showed a slight positivevcorrelation
with nicotine sulfate. . Thiourea was the most
. insecticidal among all the thiourea derivatives.
showed a
definitely positive correlation with nicotine sulfate.

With regard to the insecticidal action of urea,
the result of analysis was not clear and failed to

indicate a positive correlation to DDT and other

N-Allylthiourea, . not so insecticidal,

insecticides.

These results obtained lead to the conclusion that
‘the benzene ring and the thioureido radical contain-
‘ed in PTU, and the p-position of benzene ring -as
secn in the p-halogenophenylthioureas, each has a
significant role in their peculiar negative correlation
with DDT and other insecticides. V

. Summary

Genetical analyses of the larvicidal action of
derivatives of thiourea and: of urea were performed
with 7 differént resistant or susceptible strains of
Drosoplnla melanogaster :

1) Resistance to phenylthiourea (PTU) and its
ﬁ-halogenated derivatives was negatively correlated
with that to DDT, BHC and parathion, whereas
resistance to phenylurea (PU) and its p-halogenat-
ed derivatives was positively correlated with that
to DDT, BHC and parathion.
© 2) Although the p-halogeno-substitution of PTU
or PU resulted in an increase of toxicity, the o-
chloro derivatives of PTU and PU were no more
toxic than their parent compounds, but they did
not completely lose their negatively or pqsitively

30.

correlated. activity. Other para-substituted deriva-

_tives of PTU or PU seemed to lose the toxicity
and -negatively or posxtlvely correlated actw:ty

which their parent compounds had.
3) The addition of substituents to the thxourexdo

iradlcal of PTU and I)-chlorophenylthlourea reduced

their toxicity and negatnely correlatcd act1v1ty
4) Certain other para- substltuted or N-substitut-
ed derivatives of PTU as well as the alkylthloureas

tested, failed to show negatwe correlation with

DDT, BHC and parathion.. However most of them
appeared to be positively correlated with nicotine

sulfate.
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