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The Comparative Toxicity of Phosphoramidothionates
and Phosphoramidates to Susceptible

and Insecticide-resistant Houseflies and Mosquitos*
R. B. MARCH,' G. P. GEORGHIOU,2 R. L. METCALF 3 & G. E. PRINTY4

Studies ofthe comparative toxicity ofa number ofhomologous X-chlorophenyl phosphor-
amidothionates and phosphoramidates and related analogues to susceptible and insecticide-
resistant houseflies (Musca domestica L.) and mosquitos (Culex pipiens quinquefasciatus
Say and Anopheles albimanus Wied.) have shown that the 2,4,5-trichlorophenyl series is
the most active and the 4-chlorophenyl series the least active. Toxicity decreases in general
with increasing chain length of the alkoxy and alkylamido moieties, maximum toxicity
residing in methoxy, ethoxy, amido, methylamido, and ethylamido homologues. Toxicity is
greatest to the susceptible strain but the alkylamido and X-chlorophenyl structures confer
toxicological advantages from the standpoint of relative effectiveness against organophos-
phorus-resistance and organophosphorus vigour-tolerance. Many of the phosphoramidates
are less toxic than their phosphoramidothionate analogues, probably due to less favourable
physical properties.

Certain of these compounds show promise against both susceptible and insecticide-
resistant housefly adults and it is suggested that they be further evaluated in broad-spectrum
field trials. Although some show promise as mosquito larvicides, in general the introduction
ofan alkyl-amido group markedly decreases residual toxicity from a filter-paper residue to
mosquito adults in comparison with the corresponding dialkoxy analogues.

A knowledge of the relation of the chemical struc-
ture of insecticides to toxicity to susceptible and
insecticide-resistant strains of insects is important to
our understanding of the basic toxicology of insecti-
cide-resistance and to the development of effective
substitute insecticides. In order to obtain further in-
formation in this regard, we undertook the following
comparative evaluation of the toxicity of a series of
phosphoramidothionates and phosphoramidates to
susceptible and insecticide-resistant houseflies
(Musca domestica L.) and mosquitos (Culex pipiens
quinquefasciatus Say (= C.p. fatigans Wiedemann)
and Anopheles albimanus Wied.).
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MATERIALS AND METHODS

The primary groups of insecticides 5 investigated
in this study were phosphoramidothionate and
phosphoramidate analogues and homologues of the
following general structure:

X S(O)

P-Z
/

Y

X=CH3O-; CH3CH2O-; CH3CH2CH20-;
(CH3)2CHO-; CH3CH2CH2CH20-;

(CH3)2CH CH20-; and CH3CH2C (CH3)HO-.

Y=H2N-; CH3NH-; (CH3)2N-; CH3CH2NH-;
(CH3CH2)2N-; CH3CH2CH2NH-; (CH3)2CHNH-;

CH3CH2CH2CH2NH-; (CH3)2CHCH2NH-;
CH3CH2C(CH3)HNH-; and (CH3)3CNH-.

Cl Cl

Z= -0- C1; -0- C; and -0-5CI.

Cl

,'Provided by the Dow Chemical Company, Midland,
Mich., USA.
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Other insecticides examined for comparative pur-
poses and their sources may be found in Table 7
below. All compounds were research samples of
greater than 95% purity as determined by infra-red
analysis and were used as received from the manu-
facturer for the preparation of the desired weight-to-
volume acetone solutions.

Comparative toxicological evaluations were made
on three strains of houseflies: NAIDM-48 (sus-
ceptible strain); Super Pollard (field-collected, multi-
chlorinated-hydrocarbon-resistant strain, continu-
ously selected to maintain resistance by immersion
of all stock adults in a water emulsion containing
2000 p.p.m. DDT and 825 p.p.m. lindane); and
Stauffer Chlorthion (strain maximally selected for
resistance with Chlorthion 1 from susceptible Stauffer
parents, highly resistant to Chlorthion, malathion,
dicapthon, and chlorinated-hydrocarbon insecticides,
continuously selected to maintain resistance by
immersion of all stock adults in a water emulsion
containing 4000 p.p.m. Chlorthion) (March, 1959,
1960).
The houseflies were reared essentially according to

the CSMA method described in the Soap and Chemi-
cal Specialties Blue Book (1961) and toxicological
studies were primarily accomplished by our standard
topical application technique (March & Metcalf,
1949). Adult ffies emerging over a single 24-hour
period were collected from the larval rearing jars and
matured for two to four days before testing while
being fed 20% sucrose solution ad libitum. The flies,
under CO2 anaesthesia, were treated by topical
application to the nota of 1 ,ul-drops of acetone solu-
tions of the insecticides from a micrometer-coupled
syringe. Twenty female flies were used at each
dosage. After treatment the flies were held at 60°F
(15.5°C) in paper-lined pint ice-cream cartons, the
solid ends of which had been replaced by screen, and
were provided with a piece of dental roll saturated
with 20% sucrose solution. Mortalities were de-
termined after 24 hours. The tests were run in tripli-
cate on three different days with three different
batches of flies. Four or more dosages producing
between 10% and 90% mortality were used. The
probit of the average mortality was plotted against
the log of the dosage, the dosage-mortality line fitted
by eye, and the 24-hour LD60 in ,ug per female fly
determined.
The residual tests with houseflies were accom-

plished by the filter-paper contact method for

1 0,0-dimethyl 0-3 chloro-4-nitrophenyl phosphoro-
thionate.

mosquito adults described below, except that
10 female ffies were used per vial in six replications
for each dosage. The flies were exposed to the filter-
paper residue for two hours and removed to holding
cages and held for determination of 24-hour
mortalities as described above. The probit of the
average mortality was plotted against the log of the
dosage, the dosage-mortality line fitted by eye and
the 24-hour LC50 in ,tg/cm2 determined.

Studies on the development of resistance to re-
presentative compounds were accomplished by
selection of a substrain from the susceptible Stauffer
strain as the parental generation. All adult flies in
the parental and succeeding generations were selected
within the first 24 hours after emergence with a
topically applied dose of insecticide which permitted,
on the average, about 20% survival. The dosage
level was increased or decreased each generation in
order to maintain selection pressure at this level and
to ensure sufficient survivors to produce the next
generation.
The toxicological studies on mosquitos were ac-

complished on both larvae and adults of Culex
pipiens quinquefasciatus Say (susceptible strain) and
Anopheles albimanus Wied. (dieldrin-resistant strain
originating in Panama City, Panama). Larval
tests were accomplished by the method recom-
mended by the WHO Expert Committee on In-
secticides (1960) and adult tests were accomplished
by a contact method (Georghiou & Metcalf, 1961),
which briefly was as follows. Unsexed, 2 to 3-day-
old mosquitos were anaesthetized under C02,
counted in groups of 20, and aspirated into shell vials
lined with filter-paper which had been treated with
1 ml of an acetone solution of the insecticide. After
a 60-minute exposure, they were transferred to
8-ounce unwaxed paper cups fitted with snap-on,
clear plastic lids and provided with a piece of dental
roll moistened with 10% sucrose solution. Mortality
was determined after 24-hours. The tests were run
on three or four days with different batches of adult
mosquitos. Four or more dosages producing be-
tween 10% and 90% mortality were used. The probit
of the average mortality was plotted against the log of
the dosage, the dosage-mortality line fitted by eye,
and the 24-hour LC50 in /tg/cm2 determined.

EXPERIMENTAL RESULTS

Houseflies
The results of the toxicological evaluations on

houseflies, which are presented in Tables 1-3, in terms



INSECT TOXICITY OF PHOSPHORAMI]DOTHIONATES AND PHOSPHORAMIDATES 73

o 11 0D co 0 0 0 0

a. ~~ ~~) oA A A A A

M0LO 0 0
ii ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ ~~~~A A A A A

C) j3 0 L 0 0 0
CO 01 v- 00 '- co co
0i A 6 A ol 0~ A A A

U 1 0 LO 0 0 0 00 0

D - 0 0. ~ ~ 0 0 0 00
<-Jf 0 C C C> U > C> C
CL c~6 A~ 6~ A A A A A

Z WZ
D)W0 00 0 :)

(x < 01 Ao A70 -i

a. -J

Z0< co0 0 CDI0 0~ II
lx 0c~0U) ~ '- 700u 6 A- 66 AA A

0x w' o o co 0
cn C4 v-~01'

3 6A~~~~~ ~~~~c~ A A-e cA A

z 0~00 0 'C ~ 0~ Co Il 0 0

cn0 z

Z0 o 0 0 Co 0 oO

Z/E0 0. A -~A ri 6AA i-;
o.cn Co o)C 000) 010 0

M U. ciAo~ 00 00 c400 00 ci c

0~~~~~~~~~~~~~~~~
UJ x~ ~ ~ ) 001 co000 Co' co0I'l 1- 0

0U) . 1 C5C )--0 L Co Co 0) 0;6 c
U- 0.2A 0' ~ e- ~ 0 0

0 )0 CD4 - 04 0 0))It- -01 -10 01

t-4 066 o 0 0 0 0 0 C

K., I C)00 00 Ce co00 0 0 Co> 0 o 7

w~~~~~~~~~~~~0~~~~~ U) 0)-' OQ -'-0 0-0000 01 00-- Co 1 I1

x 4m co co0OC 0) LO. 0co 0Cooo. 0~~~~~~~~~~~~~~~~~~~~~~~~~~C401-- 0 M t I n MC 00
0~~~~~~~

zn
D~~~~~~~~~~~~~~~~~~

0z I-0 0

0 >nc. Zc C

F- 0U) A c4 Lq q Cl? -: ",;t cq q cq~~~~~~~



R. B. MARCH AND OTHERS

CD 40 0

C')~ ~ ci

A A

II 0 00~~~~O

0 z 2l
a. 0~I A A

UJ<~~~~~
CL ui

aD IX

cn cn~02A A

cn V-~~~~~~~~~~~I

A '-A~~~~

Z -

A~~~~~~-

00 ( o' 00 ! CD 0) (

2 <oA 6~~ci .6 6lC6V-

z . ~ A -AA

0~~~~~~~~0
W~~LL0 ~ -~~- ~ a C') CO0i ci 0

A InAA A
<LHzN0

H C) U-0oDJCDt C)D 00 I

- LU E cq-~ oJecli e 13oU

it F- z~C' JI r~ 1 C II

H0 666 66 6iAA
_5 0 ~~ ~ ~ ~ ~ ~ ~ 0

QC')C') 000~~~~mD -40 0) 0O0 o6 A
-w Aw

ZLU~~ ~~
Z1 D o- OnU

ua 0 CO0 c C >O InC 01

CD C

0 ~ ~ ~~~0cl 0 .)CDCfl vJ-: COO-CO
02Z0. ~ ~ ~ ~ ~ (Al 00 00 0 00 0A

0 ~ ~ ~ ~ 0
U o 4o99 9 -0 O4 0 0 0 1 C

z a. 4 c; iz0 0 0 0 0 0 0 0 0 0

<-00

w
I j4 C"tr,:o4"t i r~L

0F CD oo 6c A A Z

0. Z

Zw
LU < m cm 0 co 04~ aV z 0 0

cn 0 0 C) a (D 0~~~. 0 C 02 0

74
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TABLE 3
RESPONSES OF A SUSCEPTIBLE STRAIN (NAIDM) OF HOUSEFLY,

A CHLORINATED-HYDROCARBON-RESISTANT STRAIN (SUPER POLLARD = SP), AND AN
ORGANOPHOSPHORUS-RESISTANT STRAIN (STAUFFER CHLORTHION = SC) TO THE TOPICAL APPLICATION

OF PHOSPHORAMIDOTHIONATES OF THE FOLLOWING GENERAL STRUCTURE:

x S

P-O- CI

y\
24-hour topical LD5o (Ag/female fly)

SC NAIDM SP SC

/so-PrO- /so-BuO-

NAIDM SP SC NAIDM SP SC
IiI

H2N- 2.7 >10 >10 0.38 1.7 1.4 >10 >10 >10

MeHN- 0.50 3.1 3.5 1.8 >10 >10 6.2 >10 >10

(Me)2N- >10 >10 >10 6.8 >10 >10

EtHN- 0.31 1.4 1.3 1.6 >10 >10 4.0 >10 >10

/so-PrHN- 0.14 0.51 0.74 0.36 2.4 2.4 6.0 >10 >10 >10 >10 >10

PrHN- >10 >10 >10

BuHN- 0.60 4.2 >10

Sec-BuHN- 0.49 - - >10 >10 >10

Tert-BuHN- 0.72 2.8 9.0 16 >10 >10 7.4 - -

of 24-hour topical LD50s, show a number of struc-
ture-to-toxicity relationships. The 2,4,5-trichloro-
phenyl series is the most active and the 4-chloro-
phenyl series the least. The 2,4-dichlorophenyl and
2,4,5-trichlorophenyl series are relatively equal in
activity although toxicity in the former falls off more
rapidly with increasing chain length of the alkoxy
moiety than in the latter. In general, as with other
organophosphorus insecticides, toxicity decreases
with increasing chain length of the alkoxy and
alkylamido moieties. Maximum toxicity resides in
the short chain homologues-e.g., methoxy, ethoxy,
amido, methylamido, and ethylamido-and for all
practical purposes activity is lost when both the
alkoxy and alkylamido moieties reach chain lengths
of four carbon atoms. Di-alkylamido substitution
also severely decreases toxicity in comparison with
mono-alkylamido substitution. Toxicity decreases
more rapidly with increasing chain length of the
alkoxy moiety than of the alkylamido moiety. In
general, compounds containing straight-chain alkoxy
substituents are more active than those containing
branched-chain alkoxy substituents, whereas the
situation is reversed for the alkylamido homologues,

except the spatially-crowded tert-butylamido homo-
logue (e.g., n-propoxy > iso-propoxy; n-butoxy>
iso-butoxy > sec-butoxy); but iso-propylamido>
n-propylamido; sec-butylamido > iso-butylamido>
n-butylamido > tert-butylamido.
As might be expected, these insecticides are

generally more toxic to the susceptible NAIDM
strain than to the two resistant strains. However,
differences are relatively small and in the vigour-
tolerance range for the most active compounds.
Nevertheless, the most striking effects of changes in
the alkoxy and alkylamido structures are found be-
tween strains. Differences in relative toxicity be-
tween strains increase more rapidly with greater
alkylamido carbon chain length than with greater
alkoxy carbon chain length. Also, the various
propoxy and butoxy homologues of the amido,
methylamido, and ethylamido series are as much as

two or more times as toxic to the Stauffer Chlorthion
strain as to the Super Pollard strain. This effect is
overcome by an increase in the alkylamido carbon
chain length beyond two carbon atoms. Of particular
interest from the standpoint of negative correlation
to resistance is the greater toxicity (statistically

X

y

MeO-

NAIDM SP

EtO- PrO-

SC NAIDM SP
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significant at the P = 0.05 level) of 0-methyl
0-(2,4,5-trichlorophenyl) tert-butyl phosphoramido-
thionate to the chlorinated-hydrocarbon-resistant
Super Pollard strain than to the susceptible NAIDM
strain.
Although the above generalizations are essentially

true for both phosphoramidothionates and phos-
phoramidates, many of the P-0 compounds are less
active than their P-S analogues, particularly in the
unsubstituted amido series. This effect is apparently
due to physical properties (solubility, absorption,
adsorption, etc.), since the greatest differences in
toxicity exist where the greatest differences in melt-
ing-point exist, the P-'_0 compounds having the
higher melting-points.

Mosquitos

The results of the toxicological evaluations on
mosquito larvae and adults, which are presented in
Tables 4-6 in terms of 24-hour median lethal con-
centrations, show some of the same general patterns
as the housefly evaluations. However, they provide
less information on the relationship of structure to
toxicity than do the housefly data because of the
generally lower toxicity to mosquitos, particularly
adults, the differences in test methods, the fact that
two different species of mosquitos were used rather
than three strains of one housefly species, etc. Most
of the following remarks are based on larval toxicity,
since very few of the compounds showed any adult
toxicity within the limits of the test procedure.
The 2,4,5-trichlorophenyl homologues as a series

are the most active, the 2,4-trichlorophenyl series is
intermediate, and the 4-chlorophenyl series is the
least active. In general toxicity decreases with
increasing chain length of the alkoxy and alkylamido
moieties, maximum toxicity residing in the short-
chain homologues. There are a number of individual
exceptions to this generalization, however; for
instance, in the 4-chlorophenyl series the only toxic
compounds were propoxy and iso-propoxy homo-
logues. Di-alkylamido substitution severely decreases
toxicity in comparison with mono-alkylamido sub-
stitution. With very few exceptions the compounds
were more toxic to Culex larvae and adults than to
Anopheles. The effects of the physical properties of
the P-0 compounds on decreasing toxicity are even
more apparent in the mosquito results than in the
housefly results because of the differences in test
methods, e.g., exposure to water emulsions or sus-
pensions and filter-paper residues versus direct
topical application of acetone solutions.

Comparison with other insecticides
Data illustrating the comparative toxicity of the

2,4,5-trichlorophenyl phosphoramidothionates and
other related insecticides to the housefly and mos-
quitos are given in Table 7. It is immediately
apparent that these data substantiate the established
pattern that the acyl moiety of the organophos-
phorus compound plays a major role in relation to
toxicity and resistance but that its effect may be
modified by the alkoxy or alkylamido moieties.

Considering the housefly data first, the toxicity of
the 2,4,5-trichlorophenyl phosphoramidothionates
(No. 1, 9, 14, 16, 19 in Table 7) to the susceptible
NAIDM strain, in comparison with standard insec-
ticides ronnel, methyl parathion, dicapthon, mala-
thion, and fenthion (2, 4, 6, 8, and 10)-establishes
the comparative effectiveness of the amido com-
pounds. The relative toxicity of the phosphoramido-
thionates and analogous phosphorothionates (1, 2;
3, 4; 5, 6; 7, 8; 9, 10; 11, 12; 19, 20) to the susceptible
NAIDM strain shows that normally the substitution
of an alkylamido group for an alkoxy group tends to
decrease intrinsic toxicity. Similar comparisons with
the organophosphorus-resistant Stauffer Chlorthion
strain and the chlorinated-hydrocarbon-resistant
Super Pollard strain show just the opposite-
namely, that such a substitution increases effective-
ness towards organophosphorus-resistance and or-
ganophosphorus vigour-tolerance, particularly if the
lower intrinsic activity to the susceptible strain is
taken into account. That the 2,4,5-trichlorophenyl
moiety also contributes to this increased effectiveness
against the particular type of organophosphorus-
resistance exhibited by the Stauffer Chlorthion
strain can be seen by comparing the data for
compounds 1, 3, 5, 7, 9, 11, 14, 15, 16, 17, and 18 in
Table 7.
For the reasons discussed previously, the mosquito

data do not provide as much comparative informa-
tion. In general the phosphoramidothionates,
though respectably active as mosquito larvicides,
show no competitive advantage over the phosphoro-
thionates as they do in the case of the organophos-
phorus-resistance of the Stauffer Chlorthion house-
fly strain. Compound 11 is an exception and it is one
of the more effective mosquito larvicides evaluated in
our laboratory. The data (1, 2; 3, 4; 5, 6; 7, 8; 9, 10;
11, 12, 13) also show that the substitution of an
alkylamido group for an alkoxy group markedly
decreases or eliminates toxicity to mosquito
adults as determined by residual deposit on filter-
paper.
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TABLE 7

RESPONSES OF HOUSEFLIESa AND MOSQUITO LARVAE AND ADULTSa TO PHOSPHORAMIDOTHIONATES
AND RELATED ORGANOPHOSPHORUS INSECTICIDES OF THE FOLLOWING GENERAL STRUCTURE:

x S

P-z
y

CI

Cl

Cl

~O°-CIb,c

Cl

-O> NO2b

-O-\ / ,e

_O_\ 7NO2 b

Cl

-O- NO2 ebf

Cl

-SCHCOOEt
CH2COOEt b

-SCHCOOEt
CH2COOEt e, g

Cl

Cl

Cl

Cl

CH3

-O - SCH3 h

24-hour topical LD5o 24-hour LCso (p.p.m. for larvae
X Y Z (IAg/female fly) and Ag/cm2 for adults)

NAIDM SP SC CL AL CA AA

0.053 0.13 0.21

0.055 0.45 0.42

0.078 0.12 0.50

0.028 0.063 0.37

0.14 0.84 12

0.032 0.10 >100

1.2 17 48

0.54 2.1 >100

0.10 0.23 0.28

0.074 0.56 0.35

0.030 0.23 >16 >16

0.030 0.066 0.61 2.8

0.050 0.071 >16 >16

0.018 0.096 0.33 0.52

0.16 0.51 >16 >16

0.027 0.093 5.7 7.1

>1 >1 >16 >16

0.081 0.12 6.2 4.3

0.042 0.22 16 >16

0.040 0.18 3.7 2.6

0.0035 0.0095 7.8 6.0

80

1. MeO-

2. MeO-

3. MeO-

4. MeO-

5. MeO-

6. MeO-

7. MeO-

8. MeO-

9. EtO-

10. EtO-

MeHN-

MeO-

MeHN-

MeO-

MeHN-

MeO-

MeHN-

MeO-

MeHN-

MeO-

MeHN-I11. EtO- 0.11 0.66 0.86
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TABLE 7 (continued)
RESPONSES OF HOUSEFLIESa AND MOSQUITO LARVAE AND ADULTSa TO PHOSPHORAMIDOTHIONATES

AND RELATED ORGANOPHOSPHORUS INSECTICIDES OF THE FOLLOWING GENERAL STRUCTURE:

x S
P-Z

y

81

24-hour topical LD5o 24-hour 1LCso (p.p.m. for larvae
X y

Y (Mg/female fly) and Mg/cm2 for adults)

___________I INAIDM SP SC CL AL CA AA

CH3

-0°~ e;SCH3hs '

CH3

SCH3h, j

CI

Cl

-O-~ NO2 b

Cl

-O-_CI b

Cl

_0 _ NO2 b

_0o_/NO2 b

Cl

Cl

Cl

Cl

CO-\\ c b
CI

0.046

0.060

0.14

0.13

0.19

0.24

0.19

0.36

0.21

0.25

0.38

0.36

0.34

0.66

2.3

2.1

0.68

0.38

0.35

0.48

0.62

5.0

>10

1.8 1.1

1.8 0.54

0.0045 0.016 1.2 1.2

0.011 0.015 1.7 2.8

0.058 0.082 11 12

0.045 0.090 11 18

0.13 0.26 >16 >16

0.023 0.062 >16 >16

0.024 0.40 >16 >16

0.032 0.052 >16 >16

0.027 >1 >16 >16

a SP = Super Pollard strain; SC = Stauffer Chlorthion strain; CL = Culex larvae; AL = Anopheles larvae;
CA = Culex adults; AA = Anopheles adults.

b Dow Chemical Company, Midland, Mich., USA. Malathion.
c Ronnel. h Farbenfabriken Bayer, Leverkusen, Germany.
d Methyl parathion. i Fenthion.
e American Cyanamid Company, New York, N.Y., USA J Ethyl fenthion.
f Dicapthon.

12. MeO-

13. EtO-

14. EtO-

15.!EtO-

16. PrO-

17. PrO-

18. PrO-

19. /so-PrO-

20. /so-PrO-

MeO-

EtO-

lso PrHN-

iso PrHN-

MeHN-

MeHN-

MeHN-

MeHN-

MeO-
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TABLE 8
RESPONSES OF HOUSEFLIES (SUPER POLLARD = SP; AND STAUFFER CHLORTHION = SC)

TO TARSAL CONTACT WITH A FILTER-PAPER RESIDUE AND TO DIRECT TOPICAL APPLICATION
OF A DIALKOXY PHOSPHOROTHIONATE, A PHOSPHORAMIDOTHIONATE, AND A PHOSPHORAMIDATE

OF THE FOLLOWING GENERAL STRUCTURE:

X Z CI

P-O- CI

YCl

24-hour LDso (Mg/female fly) or LCso (Mg/cm2)

X Y Z NAIDM SP SC

LDso LC5o LDso LCso LD5o LCso

CH3O- CH3O- S 0.055 0.88 0.45 7.2 0.42 9.5

CH3O- C2HsHN- S 0.037 4.7 0.082 16.0 0.14 18.0

CH3O- C2HsHN- 0 0.042 20.0 0.068 40.0 0.11 >160 a

I- Ratio LD5o or LCso SP or SC to LD or LCso NAIDM

X Y Z SP SC

LD LC LD LC

CH30- CH3O- S 8.2 8.2 7.6 10.8

CH30- C2HsHN- S 2.2 3.4 3.8 3.8

CH3O- C2HsHN- 0 1.6 2.0 2.6 >8

a 7 % mortality at 160 Mg/cm2.

Toxicity by tarsal contact versus that by direct applica-
tion
In order to evaluate further the question of

toxicity by contact with a filter-paper residue versus
that by direct topical application, the activities of
three representative and related compounds (a
dialkoxy phosphorothionate, a phosphoramido-
thionate, and a phosphoramidate) were compared by
both test methods on the three housefly strains. The
results, which are presented in Table 8, show, as
previously described for mosquito adults, that the
substitution of an alkylamido group for an alkoxy
group reduces toxicity by tarsal contact with a filter-
paper residue in comparison with that by direct
topical application, and that this effect is greater for
the P-O analogue than for the P-S analogue.
Even though the amido compounds are less toxic by
tarsal contact with a filter-paper residue than the
dialkoxy compound, the relative toxicity to the three
strains (LD50 or LC50 Super Pollard or Stauffer

Chlorthion strain in relation to LD50 or LC50
NAIDM strain) is approximately the same by both
methods of application for each of the compounds,
and, in fact, the dialkoxy compound is relatively less
effective from this standpoint than the two amido
compounds. Thus it appears that these effects must
be due to the expression of changes in chemical
structure on physical properties as related to relative
rates of absorption of the compounds and perhaps
particularly to differences in adsorption on and re-
availability from the filter-paper. They suggest that
further studies should be made by other methods to
reassess toxicity to adult mosquitos.

Mammalian toxicity 1

In contrast to their high degree of effectiveness to
insects, the phosphoramidates appear to exhibit a

1 Data provided through the courtesy of Dr J. M. Barnes,
Medical Research Council Laboratories, Carshalton, Surrey,
England.
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surprisingly low degree of toxicity to laboratory
mammals. For 0-methyl 0-(2,4,5-trichlorophenyl)
ethyl phosphoramidate the oral LD50 to the rat
ranged from 336 mg/kg to 476 mg/kg depending on
sex. The dermal LD50 to the rabbit was about
2500 mg/kg. For 0-methyl 0-(2, 4, 5-trichloro-
phenyl) ethyl phosphoramidothionate the oral LD50
was 450 mg/kg and the dermal LD50 to the rabbit
was in excess of 800 mg/kg.

Laboratory selection for resistance

Substrains of the susceptible Stauffer strain were
selected for resistance to two of the phosphoramido-
thionates: 0-(2,4-dichlorophenyl) 0-ethyl phosphor-
amidothionate and 0-(2,4,5-trichlorophenyl) 0-ethyl
phosphoramidothionate. The results of these selec-
tions are shown in the accompanying figure together,
for comparison, with data for the selection of the
Stauffer strain for resistance to Chlorthion, fenthion

SELECTION OF VARIOUS HOUSEFLY STRAINS
FOR RESISTANCE BY TOPICAL APPLICATION TO ADULTS
OF INSECTICIDES PERMITTING 20-40% SURVIVAL a

100,

10 20 30 40 50 60

Number of Generations

a Line 1 = Stauffer strain selected with Chlorthion.
Line 2 = County Farm strain selected with malathion.
Line 3= Stauffer strain selected with 0-(2,4,5-trichloro-

phenyl) O-ethyl phosphoramidothionate.
Line 4 = Staufler strain selected with 0-(2,4-dichlorophenyl)

0-ethyl phosphoramidothionate.
Line 5 = Stauffer strain selected with fenthion.
Line 6 = Stauffer strain selected with dimethoate.
Line 7= Laboratory strain selected with parathion.

and dimethoate, the susceptible Laboratory strain to
parathion, and the field-collected, chlorinated-
hydrocarbon-resistant County Farm strain to mala-
thion. It is readily apparent that the selections with
the phosphoramidothionates, fenthion and dime-
thoate more closely resemble the selection with
parathion than those with Chlorthion and malathion.
Although additional generations of selection will be
necessary to demonstrate that a plateau of low-level
resistance has been reached, the data suggest that re-
sistance to the phosphoroamidothionates, fenthion
and dimethoate may develop more slowly and not
reach the high levels of resistance previously found
for Chlorthion, malathion, dicapthon, and certain
other organophosphorus compounds.

CONCLUSIONS

The promising effectiveness of certain of the
phosphoramidothionates and phosphoramidates
against both susceptible and organophosphorus-
resistant housefly adults in these laboratory studies
strongly suggests that they should be further evalu-
ated in broad-spectrum trials under field conditions.
Of particular interest is the increase in relative
effectiveness against the organophosphorus-resist-
ailce of the Stauffer Chlorthion strain and the
organophosphorus vigour-tolerance of the Super-
Pollard strain produced by the substitution of an
alkylamido group for an alkoxy group. The greater
relative effectiveness of certain propoxy and butoxy
homologues against the organophosphorus-resist-
ance of the Stauffer Chlorthion strain, even though
they are intrinsically less active than their methoxy
and ethoxy homologues against the susceptible
strain, may be an important toxicological clue from
the standpoint of the relation of chemical structure to
organophosphorus-resistance.
Although certain of the phosphoramidothionates

and phosphoramidates, particularly 0-[4-(methyl-
thio)-m-tolyl] O-ethyl methyl phosphoramidothio-
nate, show promise as mosquito larvicides, in general
the introduction of an alkylamido group eliminates
residual toxicity to mosquito adults.

Preliminary laboratory studies on the development
of housefly resistance to two representative phosphor-
amidothionates suggests that resistance may develop
more slowly to these compounds and may not reach
the high levels of resistance previously found for such
organophosphorus compounds as Chlorthion, mala-
thion, and dicapthon.
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JRtSUMt

Afin d'obtenir une connaissance meilleure des rapports
entre la composition chimique des insecticides et leur
toxicite pour les souches sensibles et resistantes d'insectes,
on a compare la toxicite de plus de 180 composes (alkyl-
chlorophenyl) des groupes phosphoramidothionates et
phosphoramidates homologues et analogues sur des
mouches domestiques (Musca domestica L.) et les mous-
tiques (Culex quinquefasciatus Say et Anopheles albimanus
Wied.) sensibles, ou resistants aux insecticides.
La s6rie trichloro-2,4,5 phenyl est la plus active et la

serie chloro-4 phenyl la moins active. Comme pour
d'autres insecticides organo-phosphores, la toxicite varie
en raison inverse de la longueur de la chaine des groupes
alkoxy et alkylamide, le maximum de toxicite se trouvant
chez les homologues methoxy, ethoxy, amido, methyla-
mido et ethylamido; la toxicit6 pratique est perdue lorsque
les deux groupes atteignent des longueurs de chaines de
quatre atomes de carbone. Comme l'on pouvait s'y
attendre la toxicite est plus grande pour les souches
sensibles mais les radicaux alkylamido et X-chloroph6nyl
(X = groupe alkoxy) conferent des avantages toxico-
logiques du point de vue de l'efficacite relative envers la
r6sistance ou la tolerance de vigueur aux organophos-
phor6s. I1 est etonnant que plusieurs phosphoramidates

soient moins toxiques que leurs homologues phosphor-
amidothionates, probablement parce que leurs proprietes
physiques (solubilite, absorption, adsorption, etc.) sont
moins favorables.

L'efficacite prometteuse de certains de ces composes
contre les mouches domestiques adultes, aussi bien sen-
sibles que resistantes, et leur faible toxicite pour les
animaux de laboratoire incitent A les recommander pour
de larges essais sur le terrain. Bien que certains, utilises
contre les larves de moustiques, soient riches de pro-
messes, on constate d'une facon generale que l'introduc-
tion d'un groupe alkylamide diminue davantage la
toxicite residuelle d'un papier filtre pour les moustiques
adultes que celle des analogues dialkoxy correspondants.
Des etudes preliminaires sur le developpement d'une
resistance A deux representants du groupe des phosphor-
amidothionates (O-dichloro-2,4 phenyl O-ethyl phosphor-
amidothionate et O-trichloro-2,4,5 phenyl O-ethyl phos-
phoramidothionate) incitent A penser que la resistance A
ces composes pourrait s'etablir plus lentement et A des
niveaux moins elev6s que ceux que l'on a observes prece-
demment pour certains insecticides organophosphores
tels que Chlorthion, malathion, dicapthon, etc.
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