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Introduction

Xenopsylla cheopis, the vector of plague, has
been reported to be resistaht to organochlorine
insecticides in different parts of the world.
However, there does not seem to be any infor-
mation available on the mechanism of resistance
and cross-resistance in this species®. In order
to understand the nature of the mechanism of
resistance in X, cheopss, studies were undertaken
on cross-resistance, dehydrohalogenation of DDT
and estimation and characterization of lipids in
susceptible and resistant strains.

Material and methods ‘

Insects

Susceptible, DDT-resistant and dieldrin-resistant
strains of X.cheopis were used during this inve-
stigation. The susceptible strain was . originally
collected in 1962 from the rats trapped in areas
of urban Delhi. X, cheopis previously collected

from the area were susceptible to insecticides?®, -

The strain has been under continuous rearing in
the laboratory since its colonization without any
intentional contamination of insecticides. The
technique adopted for rearing was essentially
the one described by Krishnamurthy!®,

The DDT-resistant strain was developed from
the susceptible strain of X. cheopis by exposing
the blood-fed adults of succeeding generatiohs to
DDT-impregnated papers. The strain has been

1 Present address : Department of Entomology,
Punjab Agricultural University, Ludhiana.
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under continuous selection for 60 generations.
The dieldrin-resistant strain was also developed
from - the susceptible strain of X. cheopis by
exposing the blood-fed adults of succeeding
generz{tions to dieldrin-impregnated papers. The
strain has been under continuous selection pressure
for 45 generations.
Insecticides
The following insecticides were used:
b, p’-DDT, o, $’-DDT, prolan, bulan, methoxy-
chlor, aldrin, heptachlor, dieldrin, endrin, lindane,
fenthion, carbaryl and DMC.
Bioassay
The susceptibility of adult fleas to DDT and

 dieldrin was determined using a WHO test kit?®,

Blood-fed adult fleas were exposed to filter-papers
impregnated with graded concentrations of the
insecticide in test tubes for 24 hrs and the mor-
tality was recorded at the end of exposure period.

Tests with other insecticides . were done by
impregnation of the filter-paper (Whatman No. 1,
11 .cm  diameter) with 1ml of the different
concentrations of insecticidal solutions in acetone,
After impregnation, the papers were dried for
1 hr and then cut to the desired size to line the
test tubes, The exposure was done according to
the WHO method, At the end of one hour
exposure, the fleas were transferred to clean test
tubes lined with white paper and the mortality
count was made after the observation period of
24 hrs. In case fleas were exposed for 24 hrs,
the mortality was recorded at the end of exposure,
Ten fleas were exposed in each tube. A minimum
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of 20 fleas were exposed to each concentration.
The results obtained were analysed by probit
analysis!®,

Estimation of DDT metabolism

Batches of 1000 unfed adult fleas (one to two
days old) were exposed to strips of filter-paper
impregnated with 4% DDT, as supplied in the
WHO test kit, for 24 hrs. Both dead and live
fleas were then pooled, ground with sodium
sulfate, and extracted with acetone in a Soxhlet
apparatus for six hours. The extract was then
purified and analysed by GLC following the
method already described by Kalra et al'®,
Extraction, estimation and characterization of
lipids

Batches of unfed adult fleas, one to two days
old, were weighed and homogenized with 20
volumes of chloroform-methanol (2:1, v/v) in a
Potter Elvejhem glass homogenizer. The homo-
genate was allowed to stand for two hours and
was then filtered. After filtration, the chloro-
form-methanol extract was purified following the
method of Folch et al't’, The total lipid content
was determined gravimetrically and the phos-
phorous in the lipids was estimated by the
method of Bartlett®. The
fractionated, identified and estimated by following
the methods earlier described!®.

The total lipids fraction was transmethylated
using 6% methanol-sulfuric acid'®, The methy!
esters of the fatty acids were extracted with
distilled hexane and characterized by gas-liquid

lipids were then

chromatography using the conditions already

described by Kalra!®,

Results

Cross resistance

A comparison of the susceptibility of DDT-
selected, dieldrin-selected and the susceptible
strains of X.cheopis to various insecticides is
given in Table 1. The results indicated that the
strain of X.cheopis selected with DDT showed
a fairly high degree of resistance to p, #’-DDT.
When adult fleas of the DDT selected strain were
exposed for 24 hours to 4% DDT-impregnated
papers, only 20% kill was observed. The LCg
value of p,p’-DDT for the susceptible strain
tested under identical conditions was found to be

0.25%. The DDT-selected strain manifested high
resistance to insecticides structurally related to
b, p’-DDT, i.e. methoxychlor, prolan, bulan and
o, p’-DDT. In addition, the strain also exhibited
resistance varying from 5 to 32-fold to cyclodiene
insecticides. The strain also showed a fairly
high leve!l of resistance'to gamma-HCH and little
increased tolerance to fenthion and carbaryl.

The dieldrin-selected strain showed a high
level of resistance to dieldrin and other cyclodiene
insecticides. The mortality of 80% was obtained
in the adult fleas of the susceptible strain on
their exposure for 24 hours to papers impregnated
with 0.05% dieldrin whereas the mortality of
only 20% was observed in the adults of the
dieldrin-selected strain on their exposure to 4%
dieldrin-impregnated papers. The dieldrin-selected
rat fleas were found to be almost immune to
endrin and heptachlor. The level of resistance
to lindane was 43-fold and did not differ signi-
ficantly from the level of resistance manifested
by the DDT-selected strain to the insecticide.
It was interesting to observe that the dieldrin-
selected strain showed a moderate
resistance to p, ’-DDT and other related insecti-
cides. Nevertheless, the strain was found to be
susceptible to carbaryl and manifested about
3-fold tolerance to fenthion.

level of

Dehydrohalogenation of p,p’-DDT in suscep-
tible and DDT-resistant strains

The results obtained indicated insignificant
metabolism of p,’-DDT to p, #’-DDE both in
susceptible and resistant strains of X.cheopis as
the following figures show :

12/1000 fleas Percentage

DDT DDE metabolized
Susceptible 8,0 0.6 7.0
DDT-selected 23.3 1.0 4,2

Fleas were exposed to filter-papers impregnated
with acetone solutions of p, p'-DDT, DMC and
their mixture (1:1) to find the synergistic effect
of DMC, if any. The following results (given
below) indicated that DMC did not enhance the
toxicity of p, p’~-DDT against the DDT-selected
strain:
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Table 1. Cross-resistance pattern of DDT- and dieldrin-resistant strains of X, cheopis
. Exposure Susceptible DDT-selected Dieldrin-selected :

secticide  Rrrs) LCw% Slope LCa% Sigpe % LCu% I
b, -DDT 24 0.25 — 24.0(20% kill) — 216.0  1.48(1.07-2.04) 1.5+0.32 V 5.9
o, p’-DDT 24 2.63(1.60-4. 27) 1.7+£0.5 >4.0(nil kill) — >L.5  >4.0(20% kill) — L5
Prolan ‘ 24 0. 018(0. 01-0. 035) 2.5+0.5 >4.0(30% kill) — $222,0 — —_ —_
Bulan 24 0.12(0. 09-0. 15) 3.6+0.7 4.0(nil kill) — »33.3 — - —
Methoxychlor 24 1.09(0. 79-1. 46) 2.5+£0.6 >4.0(5% kiil) — >4.0  2.32(1.48-3.66) 2.0+0.7 2.1
Gamma-HCH 24 0. 0044(0. 0030-0. 0065) 1.8+0.4 0.15(0.10-0. 22) 1.8+0.4 341  0.19(0.17-0. 21) 1.6+0.2 43.2
Dieldrin 24 <0.05(80% kill) — 1.6(1.07-2. 36) 1.9+0.5 >32.0 ">4.0(20% Xkill) — >80.0
Aldrin 24 0.0081(0.0062-0.0105)  2.4+0.4  0.038(0. 035-0. 043) 2.2+0.4 4.75 1.0(35% kill) — >125.0
Endrin 24 0.0006(0.0004-0.0009) - 2.0+0.5 0.011(0.009-0.013) 3. 8:1:0 8 18.5  0.1(nil kill) — 283.3
Heptachlor 24 0, 023(0. 015-0, 036) 1,5%0. 4 0.11(0.09-0.14) 2.41£0.4 4,8  4.0(nil kill) - 174
Fenthion 1 0. 0038(0. 0028-0. 0050) ) 2.4+0.4  0.0073(0.0058-0.0092) 3.1x0.6 1.9 0. 012(0. 009-0. 016) 2.8+0. 7 3.2
Carbary! 1 2.24(1.78-2.82) . 2.4+0.4 4.83(3.98-5.80) 3.3+0.4 2.1 1.90(1.17-3.10) 1.8+0.8 1.0

Figures in parentheses indicate the fiducial range of LCy, value at p=0.05 level or the percentage kill observed at the
indicated concentration.
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% kill

b, P’-DDT (2.5%) 35
DMC (2.5% 0
b, -DDT (2.5%)+DMC (2.5%) 34

Lipids of susceptible and resistant strains

The lipid content of the susceptible, the DDT-
selected and the dieldrin-selected strain of X.
cheopis did not reveal any significant difference
between them (Table 2), The amount of the total
lipids per g of fresh weight of unfed adult fleas
was observed to be about 13-14mg, and phospho-
lipids constituted about 30-409% of this amount,.

Table 2. Lipids of susceptible, DDT-selected
and dieldrin selected strains of
X. cheopis
Total lipids Phospholipids
Strain mg/g wet weight
Susceptible 13.4+1.6 4.5+0.8
DDT-selected 13.8+1.1 4.8:t0.v7
Dieldrin-selected 14.4+1.4 5.1+£0.5

Thin-layer chromatography of the neutral lipid
fraction, as obtained by elution with chloroform
from a silicic acid column, revealed that tri-
glycerides constituted the main component. Di-
glycerides, monoglycerides and free fatty acids
were present only in traces, Cholesterol was found
to constitute about 3-4% of the neutral lipids and
it was present both in free and esterified form.
There was not found to be any significant
difference in the pattern of the neutral lipids
between the susceptible and resistant strains,

The phospholipids in the adults of X.cheopis
to be polyglycerol
phosphatidyl ethanolamine, phosphatidyl serine,
phosphatidy! inositol, phosphatidyl choline and

were found phosphatide,

sphingomyelin. Lysophosphatidyl ethanolamine
and lysophosphatidyl choline were detected in
traces only, . Table 3 presents data on the
proportion of different phospholipids in susceptible
and resistant strains of X.cheopis. The major
phospholipids were found to be phosphatidyl
ethanolamine and phosphatidyl - choline. - Both
these phospholipids constituted about 75 to 80%
of the total phospholipids of X.ckeopis. The
percentages of phosphatidyl serine, polyglycerol
phosphatide and phosphatidyl inositol were about
9.5, 3.4 and 3.2 respectively in the susceptible
strain. Sphingomyelin constituted about 69 of
the total phospholipids. As is apparent from the
data (Table 3), the susceptible, DDT-selected
and dieldrin-selected strains of X.cheopis did not
differ with the pattern of their
phospholipids.

The'major fatty acids found in the adults of
X. cheopis were palmitic acid, palmitoleic acid,
stearic acid, oleic acid and linoleic acid. Oleic
acid was

regard to

the most predominant, having a
proportion of 69,39 expressed on the basis of
the major fatty acids only. The proportions of
palmitic acid, palmitoleic acid, stearic acid and
linoleic acid were 7.7, 1.7, 12,8 and 8.5 per cent
respectively, The susceptible and resistant strains

gave almost identical pattern of fatty acids.

Discussion

Cross-resistance arising from the type of DDT
resistance in insects depending on the dehydro-
chlorination mechanism was found to extend only
to a series of dehydrochlorinatable analogues of
DDT®. However, in certain insect species like
Culex tarsalis®®, Culex p. fatigans'V and the
Orlando-R and Dailan-R strain of the house-fly2®,

DDT resistance extended both to dehydro-

Table 3. Percentage composition of the phospholipids in susceptible
and resistant strains of X, cheopis

Susceptible DDT-selected Dieldrin-selected
Polyglycerol phosphatide 3.24+0.2 4.3£1.0 3.7x1.2
Phosphatidyl cthanolamine 42,1£1,2 40.9+1.2 46,4+2.1
Phosphatidyl choline 35.3+0.3 35.8+1.5 32.2+0.2
Sphingomyelin 6.3+0.1 7.4£0.9 4,9+0.6
Phosphatidyl inositol 3.4+0.7 - 4.3%£0.3 - 4,5%0,5
Phosphatidyl serine 9.5+0.3 8.5£0.7 9.24+0.4
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chlorinatable and non-dehydrochlorinatable analo-
gues of DDT. The resistance in these species/
strains was considered due to the presence of
defence mechanisms other than dehydrochlorina-
tion. In the case of X.cheopis also, the DDT-
selected strain showed high resistance both to
dehydrochlorinatable (p, p’-DDT, TDE) and non-
dehydrochlorinatable (prolan, bulan, o, ’-DDT)
analogues of DDT, These results, therefore,
suggest that the dehydrohalogenation of DDT
was not the defence mechanism. in this species.

Studies on the estimation of DDE in susceptible
and resistant strains of X.cheopis further con-
firmed the absence of dehydrochlorination of
b, p-DDT to p, p’-DDE as a defence mechanism
in this species. .

The selection of X, cheopis with DDT resulted
in a low level of resistance to cyclodiene
insccticides also. This is unlike the observation
made with a number of insect species. However,
several exceptions to this generalization have
already been recorded®.

The results, further, indicated that the strains
of X. cheopis selected with DDT and dieldrin
showed almost the same level of resistance to
lindane, These strains, however, differed much
in their susceptibility to dieldrin and other
cyclodiene insecticides. The results, therefore,
suggested the presence of certain defence mecha-
nisms of resistance for gamma-HCH which were
not shared by dieldrin, Similarly there were
indications of the presence of mechanism exclusive
for dieldrin. It has generally been considered
that gamma-HCH and dieldrin resistance in insects
is a single entity®. Busvine & Townsend” later
observed an additional mechanism of resistance
for gamma-HCH based upon the metabolism of
this insecticide which did not confer resistance
to dieldrin in  the house-fly, Oppenoorth &
Nasarat??, using genetical methods observed the
presence of certain factors responsible for resis-
tance to gamma-HCH only in the house-fly.

The results obtained did not indicate any
correlation between the lipid content and the
DDT and dieldrin resistance in X, cheopis.
Wiesmann®’ and Nari et al.2® observed that DDT-
resistant strains of house-flies and mosquitoes
contained significantly greater fat contents than
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the susceptible strains. Khan & Brown!” found
a higher amount of lipids in the dieldrin-resistant
strains of Aedes aegypti. On the other hand,
Ascher & NariV, Fast & Brown® and Kalra!®
did not find evidence of any correlation between
the lipid content and resistance in house-flies,
Aedes aegypti and Culex fatigans respectively.
Numerous attempts have been made to correlate
the nature of fatty acids, iodine value, sterol
content, phospholipids = with the tolerance of
insects to DDT and dieldrin®®1519% The results

of the present investigations did not indicate any

_consistent difference in the nature of neutral

lipids, phospholipids and fatty acids between the
susceptible and resistant strains.

Summary

Data on cross-resistance, dehydrohalogenation
of p,p-DDT, amount and nature of lipids in
susceptible, DDT-resistant and dieldrin-resistant
strains of X.cheopis were obtained. The cross-
resistance pattern and estimation of DDE in
susceptible and DDT-resistant strains suggested
that the dehydrohalogenation is not a mechanism
of DDT resistance in this species. DDT-resistant
and dieldrin-resistant strains with varying levels
of resistance to cyclodiene insecticides showed
almost the same degree of resistance to gamma-~
HCH. Indications were thus obtained of the
presence of defence mechanisms exclusively for
gamma-HCH. The susceptible and resistant strains
contained almost the same amount of lipids. The
pattern of neutral lipids, phospholipids and fatty
acids in the susceptible and resistant strains did
not reveal any difference between them.
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