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Studies on the Mechanism of DDT Resistance in Culex pipicns fatigans 11I. Effect of
. Synergists on the Toxicity of DDT. R.L.Kalra (National Malaria Eradication Programme,
Delhi, India) Received February 9, 1970. Botyu-Kagaku 35, 33, 1970.
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3 %#k @ DDT itk Culex pipiens fatigans i 3t U, DMC (1,1-bis (p-chlorophenyl)
"methyl carbinol), Warf (/N-di-n-butyl-p-chlorobenzene sulfonamide), piperonyl butoxide
(3, 4-methylenedioxy-6-propyl benzyl butyl diethylene glycol ether) @ p, p-DDT s X U553
{EAEYORMBITBL XTI T, o 3HOLEMTi DDT LhRsEd shich -
2. TOHRDOEANTR p,p'D-DT 3 p,p-DDE ifRt s 3 ¢ & % DMC R LW,
{kPiTo TDE Oftlte p, '-DDT OB E 2 EBMNT 5 &, CORMICY 5 DDT-ase it
A=NZRRAV L4 2 ADTNERES EWDOG.

Kalra ef al® earlier observed the extensive
dehydrohalogenation of p, p’-DDT to p, p’-DDE
in the larvae of both susceptible and resistant
strains of Culex pipiens fatigans. It was further
observed that DMC did not enhance the toxicity
of p,p’-DDT against the larvae of a resistant
strain originating from Delhi. Earlier studies on
the joint action of synergists and DDT against
susceptible and resistant strains of insects by
various workers#12,16,19~21,24,28) hag thrown much
light on the mechanism of DDT resistance in
various insect species. It is with this object that

the detailed investigations on the effect of DMC, -

Warf anti-resistant and piperonyl butoxide on the

toxicity of p, p’-DDT and related compounds.

against the larvae of various resistant strains of
C. p. fatigans were undertaken. The inhibitory
effect of DMC on the iz wvivo metabolism of
5, p’-DDT by the larvae was also studied.

Materials and Methods

Insect material

The following strains of C. p. fatigans showing
different level of tolerance to DDT were used.
DN (Delhi-N): Adult mosquitoes for this strain
were originally collected from Delhi in the year
1948. This strain has been under continuous
rearing in the laboratory without any intentional
contamination of insecticides. Nevertheless, the
strain was found to be tolerant to p, p’-DDT when

compared with the susceptible strains.!®

RR (Rangoon-R): This strain originating from
Rangoon (Burma) was selected for p, p’-DDT
resistance at the Department of Zoology, University
of Western Ontario, Canada.? A sub colony
was kindly supplied to National Institute of
Communicable Diseases, Delhi and was maintained
under selection with p, p’-DDT.
DR (Delhi-R): The larvae of this strain were
originally collected from the areas around Delhi
in the year1954 and were selectecll with o, p’-DDT.»

All the strains were reared and maintained
following the method described by Krishnan!®,
Insecticides: i

The insecticides and synergists used were:
b, p-DDT (2, 2-bis (p-chlorophenyl)-1,1,1-trichlo-
roethane), o, p'-DDT (2-(4-chlorophenyl)-2-(2-
chlorophenyl)-1, 1, 1-trichloroethane), o-chloro-
DDT (2-(2,4-dichlorophenyl)-2-(4-chlorophenyl)
-1, 1, 1-trichloroethane), deutero-DDT (2,2-bis
(p—chlorophenyl)-1, 1, 1-trichlororoethane-2d),
methoxychlor (2,2-bis (p-methoxyphenyl)-1, 1,
1-trichloroethane), TDE (2, 2-bis(p-chlorophenyl)
-1, 1-dichloroethane), DMC (1,1-bis (p-chloro-
phenyl) methyl carbinol), Warf anti-resistant
N-di-n-butyl-p-chlorobenzene sulfonamide) and
piperonyl butoxide (3,4-methylenedioxy-6-propyl
benzyl butyldiethylene glycol ether). Toxicological
method:

The toxicity of insecticides, synergists and their

’
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mixtures was determined by following the method
recommended by World Health Organisation3®
for assessing the susceptibility of mosquito larvae
to insecticides. Lots of 25 larvae were exposed
in 250 ml. desired
concentration of the insecticide and the mortality

of water containing the

was recorded after 24 hours of continuous exposure,
About 3-4 concentrations were used for each
regime and approximately 150 larvae were tested
at each concentration, The results obtained were
analysed by Probit analysis method®,
Method for metabolic study of DDT:

Batches of 500 larvae were exposed to p, p'-DDT
and the combination of p, p’~DDT and DMC for
24 hours. After exposure, ‘
thoroughly rinsed with distilled water, The larvae
were then ground and extracted with ether in

the larvae were

Soxhlet apparatus for 6 hours. After evaporation
of the solvent, the residue was dissolved in carbon
tetrachloride and passed through celite- sulphuric
acid column following the method used by Perry
et al?v, The CCl, from the elute was evaporated
and the amounts of p, p’-DDT and p, p’-DDE were
estimated following Schechter-Haller method?#%19,

Results

Effect of DMC on the toxicity of p, p'-DDT and
related compounds.

The LCg, values of insecticides when tested
alone and in combination with different concent-
rations of DMC against the larvae of the resistant
strains are given in Table 1. The LCs, values of
DMC alone as obtained in parallel tests are also
given,

Table 1. Showing the effect of DMC on the toxicity of p, p’-DDT and related compounds
against the larvae of the resistant strains of C. p. fatigans.
LCys (ppm) of insecticide LC;o of DMC
Insecticide Strain with DMC (in ppm). (ppm) alone,
0.0 5.0
b, p-DDT DN 0.25 0.40 0.32 10.0
RR >40,0 >40,0 >40.0 >10.0
(26.7) (24.0) (18.0) (10.0)
DR >40.0 =>>40.0 >40.0 >10.0
(0.0) (0.0) 0.0) (0.0)
0,p’-DDT DN 0.015 0.05 0.015 8.3
RR 0.02 — 0. 035 >10.0
. 0.0)
DR >2.0 >2.0 - . >10.0
(13.3) 0.0) 0.0)
o-chloro-DDT - DN 0.013 0. 063 0. 016 12.6
RR 0.50 1.26 1.0 >10.0
(0.0)
DR <4.0 >4.0 >4.0 >10.0
(56.7) (43.3) 41.7) (0.0)
deutero-DDT DN 0. 0064 0. 0080 0. 0025 7.9
RR 0.13 0.11 0.06 >10.0
0.0)
DR >2.0 >2.0 >2.0 >10.0
(25, 0) (18.3) (38.3) 6.7)
methoxychlor DN 0.04 0.045 0.04 >10.0
(0.0)
RR 0.13 0,11 0.10 >10.0
. 0.0)
DR 4.0 4.0 4.0 >10.0
(0.0)

Figures in parenthesis show the percentage mortality at the indicated concentration,

34



B oM F ¥ o4 35 -l

The LC,, value of p, p-DDT when tested in
admixture with 5.0 and 10.0ppm of DMC were
0. 40 and 0. 32 ppm respectively, The LCy, of p, p'~
DDT alone was 0,25 ppm. The results, therefore
did not show any synergistic effect of DMC on
the toxicity of p,p-DDT. However, DMC at a
concentration of 5.0 and 0, 0 ppm rather exhibited
some antagonistic effect. DMC itself was also
observed to be toxic against the larvae, the LCs
value in a parallel test was found to be 10.0 ppm.
The LC;, value of o, p’-DDT was observed to be
0.015 ppm for the larvae of Delhi-N strain, Its
LC;, value when tested in admixture with 5. Oppm
of DMC was 0.05 ppm thereby showing the
antagonistic effect. Nevertheless, the LCq value
of 0, p’-DDT when tested in combination with 10.0
ppm of DMC was found to be 0.015ppm. The
LCsy value of DMC alone in a parallel test was
observed to be 8.3 ppm, thereby suggesting that
the effect observed in the case of the mixture
of 0,p-DDT and 10 ppm of DMC may be due to
the toxicity of DMC.

DMC was also not observed to enhance the toxicity
of o-chloro-DDT, deutero-DDT and methoxychlor
against the larvae of Delhi-N strain (Table 1).

The results obtained in a case of the larvae of
" Rangoon-R strain showed that p, ’-DDT at the
concentration of 40. 0 ppm caused only 26, 7 percent
mortality (Table1). p, p’-DDT at 40. 0 ppm, when
tested in admixture with 5.0ppm and 10.0 ppm
of DMC caused only 24 and 17 percent kill in
the larvae thereby showing lack of synergism.
Slight antagonistic effect of DMC on o, ’~-DDT
and o-chloro DDT was observed whereas no effect
was evident with methoxychlor and deutero-DDT
(Table 1).

DMC was also not observed to be synergistic
for p, p’-DDT and related compounds against the
larvae of Delhi-R strain of C. p. fatigans(Table 1).
Effect of Warf anti-resistant on the toxicity of
5, p’-DDT. '

Warf anti-resistant and p, p’-DDT were tested
in the ratios of 1:1, 1:5 and 5:1. The results
‘obtained clearly indicated that Warf anti-resistant
did not enhance the toxicity of p, p'-DDT against

the larvae of any of the resistant strains of C. p. -

fatigans used (Table 2).
Effect of piperonyl butoxide on the toxicity of

Table 2. LCy values (in ppm) of p, p’-DDT
alone and in combination with
Warf anti-resistant (WARF) for
the larvae of resistant strain of
C.p. fatigans,
».p’-DDT p, p'-DDT p, p’ DDT
Strain p,p-DDT WARF  WARF WARF
(1:1) (1:5) (5:1)

DN 0.33 0.31 0.32 -
RR  >20.0 - —  >20.0
(10. 0) (12.0)
DR  >40.0 - —  >40.0
(0.0) (0.0)

Figures in parenthesis indicate the percentage
kill at the indicated concentration.

b, p'-DDT and related compounds:

Piperonyl butoxide at the concentration of 5.0
and 10.0 ppm was tested in admixture with p, p’-
DDT, o, p’-DDT and methoxychlor, At the
concentration of 5.0 and 10,0ppm, piperonyl
butoxide alone did not exhibit any toxicity against
the larvae. It may be seen from the results that
b, p"-DDT at the concentration of 40.0 ppm did
not cause any mortality in the larvae of Delhi-R
strain, Even the addition of piperonyl butoxide
did not result any mortality in this strain (Table
3). The toxicity of o, p’-DDT and methoxychlor
was also not affected, The results did not indicate
the synergistic effect of piperonyl butoxide on
DDT and related compound even against the

Table3, LCg, values (in ppm) of insecticides
' alone and in combination with
piperonyl butoxide for the larvae
of resistant strain of C. p. fatigans.
DN RR DR
p,p’-DDT 1.3 >40.0 40,0
(35.0) (0.0)
b, p’'-DDT + 1.0 >40.0 >40.0
PB 5.0ppm (28, 0) 0.0)
b, p'-DDT + 0.8 >40.0 >40.0
PB 10,0 ppm (32.0) (0.0)
0, p’-DDT - - >4.0
(15.0)
0, p-DDT + - - >4.0
PB 10.0ppm (3.2)
Methoxychlor — 0.06 1.0
Methoxychlor 4
PB 10. Oppm . - 0.06 1.0

PB=piperonyl butoxide
Figures in parenthesis indicate the percentage
kill in the larvae at the indicated concentration,
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Table 4.

Amount and percentage of p, p-DDT dehydrochlorinated by the larvae of

C. p. fatigans on exposure to p,p-DDT (0.5ppm) and p, p'-DDT-DMC

mixture (0.5 ppm+-0.5ppm).

DDT-treatment
Strain DDT DDE %

DDT-DMC treatment
DDE

(pg/500 larvae) metabolised (ug/500 larvae) metabolised
DN 22.544.3 18.8+3.8 46.9+1.5 13.1+2.4 17.1+1.2 53.411.2
RR 21.2+2,2 24.5+1.0 53.7+3.5 20.543.4 24,7+0.9 55.1+4.8
DR 14.5+0.8 25,5+0.3 63.1+1.2 12,7+1.3 22.1+1.5 64.9+£0.9
larvae of Rangoon-R and Delhi-N strains of Discussion

C. p. fatigans.
Effect of DMC on the in vivo metabolism of
b, p-DDT ’

The results obtained on metabolism of p, p*-
DDT by exposing the larvas under identical
conditions to p, p'-DDT (0.5 ppm) and p, p’-DDT-
DMC (0.5 ppm: 0.5 ppm) combination for 20 hours
indicated that the larvae of Delhi-N strain were
found to be metabolize higher proportion (53.4
percent) of p, p'-DDT when exposed to DDT-DMC
combination as compared to those exposed to
b, p-DDT alone (Table 4). However, no difference
was apparent in the actual amount of p, p'-DDT
metabolised. DMC was also not found to inhibit
the metabolism of p, p-DDT to p, p-DDE in the
larvae of both Rangoon-R and Delhi-R strains of
C.p. fatigans (Table 4).

The larvae exposed to high concentration of p,p'-
DDT-DMC combination (10 ppm: 10 ppm) were
observed to pick much less quantity of p, p-DDT
as compared to the larvae exposed to p, p'-DDT
(10 ppm) alone (results given below).

£#g. pick up/500 larvae

. . b, p-DDT-DMC
Strain b, p"-DDT treatment treatment.
Rangoon-R 1222 215
Delhi-R 1372 366

The results given above suggest that the
ineffectiveness of DMC as a synergist for DDT
could be due to the lower pick up of DDT when
present with DMC, The effect of pretreatment
with DMC was therefore, studied. Pre-treatment
of the larvae with 5.0ppm of DMC was not
observed to increase their susceptibility to p, p-
DDT and o,p-DDT. Also pretreatment with
DMC was not found to affect the metabolism
of p,p’-DDT to p,p’-DDE in the larvae.
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Unlike house flies®” and Aedes aegyptiV, DMC
was not found to act as a synergist for p, p’-DDT
against the resistant strains of C. p. fatigans.
DMC was also not observed to enhance the toxicity
of o-chloro DDT and related compounds, Abedi
el alV observed the synergistic effect of DMC
with o-chloro DDT against Aedes aegypti whereas
the observations made by Perry e al?® did not
give any evidence of the synergism of o-chloro
DDT by DMC in the house flies. The results
further indicated the lack of inhibitory effect
of DMC on the metabolism of p, p-DDT to p, p'-
DDE in the larvae of resistant strains of
C. p. fatigans. DMC has however been reported
to be an inhibitor for DDT-ase in case of house -
flies'21 and Aedes aegyptiV. The results of these
investigations, therefore, indicated that DDT-ase
in C. p. fatigans is different from the one present
in most strains of the house flies and Aedes
aegypti. DDT-metabalism in C. p. fatigans was
not inhibited by DMC and therefore resembles
in this characteristic the enzyme present in the
strain FC of house fly!®, Kimura ef al®, Fine et
al® and Perry et al?® also did not find any
significant decrease in DDE production due to
DMC in Culex tarsalis, T.infestans, and body lice.

In vivo studies on the metabolism of TDE in
relation to p, p'-DDT indicated that TDE (30.8
percent) was metabolised at a lower rate than
that of p, p’-DDT (51. 6 percent) in C. p. fatigans.
These results, therefore further suggest that DDT-
asein C. p. fatigans is different from Aedes aegypti’
and house flies and resembles the one reported
to be present in FC strains of house flies!®n?,

The present studies revealed the antagonistic
effect of DMC on the toxicity of p, p*-DDT and
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related compounds, The antagonistic effect is
considered probably due to the lower pick up of
insecticides as the larvae on exposure to the
combination of p, p'-DDT and high concentration
of DMC picked up significantly less quantity of
b, p’-DDT as compared to the larvae exposed to
5, p-DDT alone. Nevertheless, the lack of
synergism was not due to the lower pick up as
even prior treatment with DMC neither enhanced
the toxicity of p,p-DDT nor inhibited its
metabolism. Warf anti-resistant proved to be
highly effective DDT synergist against DDT
resistant house flies!®2® and Aedes aegypti? was
also not observed to increase the toxicity of
), p-DDT against the larvae of the resistant
strains of C. p. fatigans.

The results also did not indicate the synergistic
effect of piperonyl butoxide on the toxicity of
2, 0-DDT and o, p’-DDT. Unlike Aedes aegypti®
and house flies?®, piperonyl butoxide was not
found to be synergistic for methoxychlor against
the larvae of C. p. fatigans, The methylenedioxy
pheny! compounds are known to act as synergists
by inhibiting more particularly the hydroxylation
of DDT. Lack of synergism of DDT and related
compounds with piperonyl butoxide suggested
the absence of the role of a-hydroxylation by
mixed function oxidases as a mechanism of
resistance.

Summary

The effect of DMC, Warf anti-resistant and
piperonyl butoxide on the toxicity of p, p’-DDT
and related compounds against the larvae of
various resistant strains of Culex pipiens fatigans
was investigated. None of the compounds tested
showed any synergistic effect. DMC was also not
found to inhibit thz in vivo metabolism of p, p’-
DDT to p, p"-DDE in the larvae of C. p. fatigans.

The results on the investigations on comparative
in vivo metabolism of TDE in relation to p, p’-DDT
and effect of synergists like DMC and Warf anti-
resistant suggest that DDT-ase in C. p. fatigans
is different from the one reported to be present
in house flies and Aedes aegypti.

Acknowledgement, The author wishes to ex-
press his sincerest thanks to Dr. Albert S. Perry,
Scientist-Director, National Communciable Disease

Center, Savannah, Georgia, USA and Professor
T.A.Venkita Subramanian, Head of the Department
of Biochemistry, V.B.Patel, Chest Institute,
University of Delhi for their critical suggestions.
Thanks are also due to Prof. A, W. A. Brown,
Former Head of the Department of Zoology, for
kindly making available the Rangoon-R strain of
C. p. fatigansand toDr, N, G. S, Raghvan, Director,
NICD and Dr. S.L.Dhir, Director, NMEP for
their interest in the work. Technical assistance
rendered by Shri Jagdish Chander during the
course of the present investigation is gratefully
acknowledged.

References

1) Abedi, Z.H., J.R. Duffy & A. W. A, Brown,
J. Econ. Entomol.; 56, 511, (1953)

2) Fine, B.C, M.E. Letelier & M. Agosin,
Exp. Parasitol.; 19, 304, (1966)

3) Finney, D.J. Probit analysis, 2nd Ed.;
Cambridge Univ, Press, London., (1952)

4) Hewlett, P. S, Advancesin Pest Control Res.;
3, 27, (1960)
5) Kalra, R,L. Ind. J. Expl Biol.; 5, 187. (1967)
6) Kalra, R.L., A.S. Perry and J. W, Miles,
Bull., Wid. Hith. Org.; 317, 651, (1967)
7) Kimura, T. and A.W.A. Brown, J Econ.
Entomol.; 57, 710. (1964)

8) Kimura, T, J.R.Duffy and A. W, A, Brown,
Bull. Wid. Hith. Org.; 32, 557. (1965)

9) Klassen,W., W.J. Keppler and J.B. Kitzmiller,
Bull, Wid. Hith. Org.; 33, 117. (1955)

10) Knudson, H. W., W. N. Meloche and C. Juday,
Ind. Eng. Chem. Anal. Ed.; 12, 715. (1940)

11) Krishnan, K. S. Bull. Wld. Hith. Org; 31,
455, (1964)

12) March, R, B., R.L. Metcalf and L.L, Lewallen,
J. Econ. Entomol.; 43, 851, (1952)

13) Metcalf, R. L. Ann. Rev. Entomol.;12,227.(1937)

14) Moorefield, H. H,and C.W. Kearns, J. Econ.
Entomol.; 48, 403. (1955)

15) Neeman, H. Warf anti-resistant. Wisconsin
Alum. Res. Tech. Bull. (1960) (US patent
2, 97, 4083 March 7, 1961). (1951)

16) Oppenoorth, F.J. Med. Landbouw School
Gent.; 30. 1390. (1965)

17) Oppenoorth, F.J. and S. Voerman, Eni.
Expt. Appl.; 8, 203. (1955)

37



Bi. B B ¥ o 3B A1l

18) Pal, R. and R.L Kalra World Health Org.
Doc. fvector control/122. (1965)

19) Perry, A.S. The Physiology of Insecticide
Resestance by Insects. Rockstein, M. ed.
Physiology of Insecta, Academic Press, New
York, Vo.3, p.285. (1964)

20) Perry, A.S. and W.M. Hoskins, J. Econ.
Entomol.; 44, 839, (1951)

21) Perry A.S., A. M. Mattson and A. J.Buckner,
Biol, Bull.; 104, 426, (1953)

22) Perry. A.S., S. Miller and A.J Buckner,
J. Agr. Food Chem.; 11, 457. (1963)

23) Perry, A.S., D.]. Henessy and J. W. Miles,
J. Econ. Entomol.; 60, 568, (1967)

24) Pillai. M.K.K., Z.H. Abedi and A. W. A,
Brown, Mosquito News; 23, 112. (1963)

25) Schechter, M. S, S. B. Soloway, R, A, Hayers,
and H.L.Haller, Ind. Eng. Chem.; 17, 704,
(1945)

26) Spiller, D. Science; 142, 585. (1963)

27) Summerford, W.T., K.D.Quarterman, M.B
Goette, and S, Schenck Science; 114, 6. (1951)

28) Sun.Y.P,E.R.Johnston and L.F. Ward, Jr.,

" J. Econ. Entomol.; 60, 828. (1967)

29) Tadano, T. And A.W.A. Brown, Bull,

Wid. Hith. Org. 35, 189. (1966)

30) World Health Orn. Tech. Report Series

No. 265. (1963)

~ Les effets toxiques d’insecticides variés sur les imagos du Moth Fly. Akifumi Havasui et
Masayoshi Hatsukape (Laboratoire d’Entomologie Appliquée, Compagnie Pharmaceutique
Taisho, Toshimaku Tokyo) Regu le 20 Mars, 1970. Botyu-Kagaku 35, 38, 1970, ((Avec un

frangais résumé 43)

5. A F anix Telmatoscopus albipunctatus Williston FEHOMERBAICHT S
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45. 3. 10 ZPL
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TSN D IR 12 B 2 7T 78 - 7.
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