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INTRODUCTION

Widespread use of commereial in-
secticides in the last two decades has
enhanced the development of re-
sistance to chlorinated hydrocarbon
insecticides by some important dis-
ease vectors and by a number of
arthropods which are of importance
to public health (Brown, 1958).
In connection with this problem,
the World Health Organization
(W.H.0.) has undertaken the task
of ecoordinating international re-
search in the study of resistance to
insecticides. This organization also
provides a kit for investigating the
resistance of mosquitoes. It also
provides all the materials and in-
structions necessary to carry out
a testing program,.

The initial problem of insecticide-
resistance is the determination of its
existence. Probably the best method
is by use of a standardized testing
procedure with standardized equip-
ment and conditions. One of the
goals of the W.H.O. is to develop
such a standardized test for compari-
son of susceptibility and resistance
levels of arthropods used for genetic
study. Thus, one part of this study
dealt with the investigation of the
value of the W.H.O. test kit as a
standardized testing device for DDT
resistant Drosophila.

MATERIALS AND METHODS

Eight strains of D. melanogaster
were used for these tests. HL 1 - Q
“and HL 2 - Q were representatives

of sibling-seleeted lines with high
DDT-resistance cultured by Bennett
(1959). LL1-Q and LL 2 - P were
low DDT-resistant lines selected
during that same period. Cage 1,
duplicate, used in this study, was
descended from the original unselect-
ed wild-type progenitors of both the
high and low resistant lines (Ben-
nett, 1959). SySM 1 and ORS 1001
were DDT-resistant strains selected
by King (1957) at the Cold Spring
Harbor Biological Laboratory.
Brown-Eye-R was a strain of DDT-
resistant flies which were selected
by Crow (1954) at the University
of Wiseonsin. It should be pointed
out that a varying amount of time
had elapsed between the time that
these flies were originally selected
for DDT-resistance and the time that
the tests for this study were con-
dueted.

The first resistance testing in this
study was done in January and
February, 1959, using the W.H.O.
dieldrin sets. The flies were ether-
ized and sorted to isolate females
for testine purposes. One test for
one stock used flies from several
cultures. The use of female D.
melanogaster tends to give more re-
produceable results than those based
on males (Crow, 1954). Range in
age was from 24 hours to one week
in most cases. This method gave
results which were based on the
average aged fly and probably added
a greater degree of variation than
would results based on flies of a spe-
cifie age.
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Testing methods for either the
W.H.O. dieldrin or DDT sets fol-
lowed this general pattern :

1. Flies of a particular stock were
collected from food vials and /or bottles
12 to 24 hours prior to testing, etherized,
sorted, and 25 to 30 females transferred
to holding vials (this follows the recom-
mendations for adult mosquitoes per
the W.H.O. instruction booklet (W.H.O.,
n.d.). It was later found that this num-
ber could be increased without distort-
ing the results.

2. Flies were incubated for a 12- to
24-hour recovery period to reduce any
effects caused by etherization, which
might have subsequently influenced
their reaction to DDT or dieldrin.

3. The following day live, healthy
flies were transferred to tubes contain-
ing insecticide for the test. During actual
exposure the flies were kept in the in-
cubator, to maintain constant conditions
as closely as possible, for 1, 8§ or 18
hours depending on the time required
for the individual test.

4. Upon completion of exposure to
insecticide, flies were returned to hold-
ing vials marked to indicate the con-
centration of insecticide to which the
flies had been subjected. TFlies were
placed in and removed from the test-
ing tubes in a serial order so that the
first in were the first out. This pro-
cedure insured equal test periods.

5. Flies were returned to the incu-
bator for a 24-hour “recovery” period.
The live and dead flies were counted
(flies unable to walk being considered
dead), and the results recorded.

The methods used with Bennett’s
(1959) test sets (an alternate testing
method) which were made up in
June, 1958, follow closely the over-
all pattern used for the W.IH.O.
18-hour testing program. Bennett’s
test sets were originally made by im-
pregnating filter paper with ace-
tone as the vehicle for DDT. The
acetone evaporated, leaving pure
DDT erystals on the paper,

In our tests, concentrations of
insecticides were used which were
regular multiples of the lowest con-
centration. This was done to make it
possible to use ‘‘Karber’s Method"’
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(Cornfield and Mantel, 1950) to
estimate the dose of insecticides
which would kill one half of the
flies represented in the population
of each series of three or more con-
centrations (LD50),

The LD50 values for individual
sets of concentrations were treated as
units of data in the statistical
analysis.

Resvrnrs Axp Discussion

Dieldrin Tests.—The resistance of
the strains of D. melanogaster to
dieldrin  (one hour W.H.O. test)
was similar with only minor varia-
tions to the relative degree of resist-
ance these same stocks displayed
ior DDT at 18 hours’ exposure in
Bennett’s 1955-1957 study (Ben-
nett, 1959). The stocks resistant to
DDT in his study appeared resistant
to dieldrin in this study, and those
stocks  susceptible to DDT also
showed susceptibility to dieldrin.
The control, Cage 1, retained a
mean that was located between
those of the resistant and suseepti-
ble stocks. Although these data
could indicate cross-resistance of
these flies to DDT and dieldrin,
this phenomenon of a species being
resistant to the two insecticides is
not necessarily an expected result
(Brown, 1958). Analysis of the
results using the F test (Pearson
and Bennett, 1942) indicated very
little significant difference between
the means of HL 1-Q and LL 1-Q
flies or flies in Cage 1. By this same
method of analysis, ORS-1001
showed a significant difference in its
reaction to dieldrin when ceompared
to flies in either LL 1 or Cage 1.
This indicated that ORS was defi-
nitely more resistant to dieldrin
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TaBLE 1.—Comparison of 18-hour 0.25% DDT resistance and control testing
with World Health Organization's test kits (based on percent flies killed).

All stocks

Test concentration HL 1-Q HL 2-Q | ORS-1001 | Brown-eye-R | combined
Control (oil)............ 100.0 100.0 27 .8 T T Al T e
0259 DDT! .. ... ..o 88.0 70.8 18.7 90.0
Control (oil)............ 344 92.6 60.6 ¢ ) S AV O
0: 259 DR, s oy s 33.8 50.0 57.4 .1 e AT (1 Oyt PeE R
Control (oil),........... 90.5 o1.7 90.0 [+ (i AR Dt o
(B2 e 1 o b S S R . 32.4 35.6 65.6 0558 ) o esamaan
Control (oil)............ 63.7 9.8 (v 8 N | S TR s e L
0.25% DDT.......... .. 41.7 86 3 T RS ERSATRES E e
Average of control..... .. 75.6 85.8 61.9 98.7 81.2
Average of 0.259, DDT. . 49 .4 62.2 57.8 90.9 661
Ratio* 9 kill control

—— 1.532 1.379 1.071 1. 086 1.227
. kill 0.259, DDT

Probability observed
differences due to chance| <0.001 <0.001 L0001 | 0.25P>0.1 |...ivvaaes
(x2 method)

than were either of the susceptible
lines or the control line.

DDT Tests—Preliminary tests of
one-hour duration were condueted
using the W.H.O. DDT test papers.
These tests produced no appreciable
kill at any concentration, thus ren-
dering them worthless as a test of
DDT resistanice. The instruetion
booklet recommends that an increase
in exposure times should be the next
step in such an instance. An increase
to a 2-, a 4-, and if necessary to an 8-
hour exposure was prescribed, but
since the flies had been selected with
18-hour DDT exposures, the testing
program was inereased direetly to 8
hours.

Results of the eight-hour W.H.O.
DDT tests showed that LI 1 - Q, a
suseeptible stock, was most resist-
ant. HIL 1 - Q, a resistant strain,
proved to be the most suseeptible of

all. The control, Cage 1, showed the
same general range as most of the
resistant stocks. Analysis (I test)
of the results indicated that there
were significant differences, at the
1% level, between the means for
HL-1 and Cage-1 and also HL-2 and
LLLi-1. However, some flies survived
the eight-hour test at the 4.0% DD'T
level, so a longer exposure seemed
desirable,

The 18-hour W.H.O. tests of DDT
resistance produced a shifting of the
relative order of the strains as to
resistance, with the exception of
ORS-1001 which remained fairly
constant. There was a lower de-
oree of significance in these 18-hour
tests, which might have been due
to the mnumber of tests rather
than to the number of flies tested.
Differences between stocks tested at
8 and 18 hours were all significant
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with the exeeption of HL 1-Q.
This was unexpected because HI-1
showed the greatest resistance of all
tested stocks at 18 hours and the
least at 8 hours. This can be account-
ed for by the assumption that either
there was a large genetie variation
within members of this stock since
resistance is determined by genetic
control (Brown, 1958), or that dif-
ferent exposure times produced dif-
ferent results for the same stock.
If the latter is true, and it does seem
possible, the W.H.O. test kits, in
order to be a standardized test de-
viee for Drosophila, should specify a
certain period of time. This time
limit eould be established only after
a large number of data from other
research had been ecollected and
analyzed.

A comparison was made of the 18-
hour W.H.O. DDT test, the 18-hour
Bennett DDT test, and an 18-hour
test made by Bennett during the
summer of 1958 at the University of
Wisconsin. The Bennett sets used in
this study were constructed and used
in June, 1958. Therefore, it would be
logical to assume that the test sets
were more potent then than for this
study, due to the volatilization of
the DDT in the eight-month interim.
The median lethal dose was signifi-
cantly higher for the same stocks
in the earlier testing program (plus
some other minor variations), than
it was in the tests we econducted.
This would indicate a possible
change in resistance between the
testing dates. It is also possible that
change in resistance was correlated
with change from banana to corn-
meal agar food. It is also possible
that the conditions Bennett main-
tained in 1958 were enough different
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from the conditions in this study to
cause varying results, even though
the former conditions were the
pattern for our testing program.
Both sets of test data obtained with
Bennett’s test sets were vastly
different from the W.H.O. test re-
sults for 18 hours, enough so that
the question arises as to what stocks
should be compared for relative sus-
ceptibility and resistance. Again,
a greater number of tests should be
conducted before this matter can be
settled.

One feature is very apparent in
the final analysis of the 18-hour
W.H.O. DDT tests. Table 1 shows
that the control paper which was
impregnated with mineral oil alone
produced a greater kill of D. mel-
anogaster than did any test at a
0.25% DDT concentration, conduet-
ed at the same time with the same
strain of flies, This difference was
very significant in three of the four
stocks and was prevalent in all con-
trolled tests. Survival for the 18-
hour W.H.O. test was low enough
that it did not warrant testing the
susceptible lines. The high percent-
age of kill appeared to be the result
both of DDT and of the mineral oil.
The oil definitely took the role of
a poison or toxic substance rather
than that of a neutral agent in the
control experiments. We assume
that there was also some effect from
the oil used with the DDT, this
would distort the data on the number
killed by DDT alone. We feel this
fact renders the W.H.O. test kit in-
effective as a standardized device
at 18 hours, for Drosophila, because
it measures two different results at
the same time with no diserimina-
tion. Although mineral oil did not
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appear lethal in our tests at 1 or 8
hours, its effect was outstanding at
18 hours.

It is possible that HL:-1 and HIL-2
were resistant to DDT by behavior,
in that they eould recognize DDT
and avoid it. Assuming this, it
would then seem likely that they
were unable to recognize the mineral
oil as being potentially lethal, and
thus did not avoid it in the control
tubes. But in the 0.25% DDT tubes
they may have recognized DDT and
thus avoided both. This testing
equipment would be improved by us-
ing a better solvent, such as acetone,
which evaporates readily.

Fluetuations in temperature and
humidity were occurring during the
tests, and undoubtedly affected the
results (Brown, 1958), although an
atltempt was made to regulate them.
With the equipment available such
errors were expected and must be
considered when reviewing the re-
sults.
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SUMMARY

1. A number of DDT resistant
and suseeptible strains of Drosophila
melanogaster were tested for resist-
ance to DDT and dieldrin, using the
W.H.O. mosquito test kits. The same
strains were also tested for DDT
resistance by a method designed for
Drosophila.

2. DDT and dieldrin resistance
appeared to be correlated, suggesting
some kind of eross reaction.
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3. Apparent DDT resistance, as
evidenced by ranked order of the
strains, changed markedly with ex-
posure time,

4. The mineral oil used as a car-
rier of insecticide in the W.H.O.
test kits proved highly toxic in the
18-hour exposure tests with DDT.

5. The mosquito test kits in their
present form are not suitable for
use with ). melanogaster.

6. The mest valuable aspect of
the kits, for use with D. melano-
gaster, lies in the provision of stand-
ardized insecticide impregnated pa-
pers for use in equipment available
locally.
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