
General Discussion-Session IX

DDT ANALOGUES: INSECTICIDAL ACTIVITY AND ASSESSMENT OF SAFETY

BARTHEL: The mere fact that a compound is a
chlorinated hydrocarbon does not mean that it
will not readily undergo biological degradation-
for example, the monobromo analogue of hepta-
chlor is so rapidly degraded that it is of little use
as an insecticide. This compound is even more
fugitive than the pyrethrins, yet it is an excellent
insecticide when applied topically. Therefore, I
believe we should be more concerned with the
design of insecticides for a particular purpose-
" tailor-making " them-than with terms like " per-
sistence" and " biodegradation ".

Biological degradation does not imply the complete
removal of the hazard. It has been shown earlier
in the programme that some of the degradation
products of various pesticides are quite dangerous.
This is particularly true of chlorinated compounds
that can be converted into phenols. Some of these
phenols cause porphyria. Others can readily be
converted by heat into dibenzodioxanes that are
more toxic, by a factor of 1000, than the phosphate
insecticides. Therefore, we should be interested
not only in biological degradation but also in the
ultimate fate of every degradation product, and in
what the biological effects of each product may be.
The ideal is for degradation to proceed to low-
molecular-weight compounds having no effect on
the environment. One of the oldest chlorinated
hydrocarbons, methoxychlor, may find a useful
place in vector control programmes. This substance
seems to have many of the necessary properties,
but it presents a very small environmental hazard.
Furthermore, the patent situation of methoxychlor
should by now be such as to encourage competition,
with resulting lower prices.

GYSIN: It may be appropriate at this stage to say
a few words about the compound that prompted
the organizers to call this Conference-namely,
DDT. This compound was found to have a wider
spectrum of activity and longer persistence than
any other organic insecticide; it also has low toxi-
city for mammals, is relatively nonvolatile, is only
slightly soluble in water, and is low in cost. All
these characteristics have made DDT the most
widely used insecticide ever produced: over a 30-

year period about 1.5 million tonnes have been
used. But DDT has received more adverse publi-
city in the last few years than have all other insecti-
cides together.
When DDT was used during, and in the years

just after, the Second World War, troops in various
theatres of war were protected from epidemic
diseases and millions of lives were saved in malarious
regions. It became possible for people to live in
areas where the rates of death from typhus, plague,
and Chagas' disease had been high for centuries.
Subsequently, DDT, like other compounds used
in vector control programmes, found large-scale
application in the control of insects detrimental to
agricultural crops, and in this field of application
it was found to have certain shortcomings that
became known only after a number of years.
Certain insects, such as houseflies and codlin moths,
showed signs of resistance as early as 1948 in areas
where DDT was used extensively. Furthermore,
analytical methods were developed to such a
high degree of sensitivity that minute quantities
of DDT and its metabolites could be detected in
drinking water, in the air, and in the tissues of
plants and of animals, including man. A wide-
spread fear developed that man would be exposed
to an irreversible intoxication.

In spite of numerous studies, no serious adverse
effects have been found in man, and no correlation
has yet been demonstrated between DDT levels
in the tissues of man and diseases such as cancer.
It is true, however, that some animals other than
insects are affected by small quantities of DDT.
This is particularly true of cold-blooded animals
such as fishes and crabs, which are seriously poi-
soned by DDT, and some birds that live mainly
on a fish diet may be seriously harmed. These
findings have caused widespread alarm.
Where do we stand in crop protection today?

Alternative pesticides can be found to meet most
situations, although the substitutes are not harmless.
In the developed countries, farmers soon learned
to handle highly toxic materials, such as parathion,
and certain organophosphorus compounds control
insect pests more effectively than do DDT or other
chlorinated hydrocarbons. However, the use of
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these compounds leads to increased costs for the
farmer, and these costs are passed on to the consumer
in the form of higher prices for fruit and vegetables,
although this is not a major disadvantage in deve-
loped countries, where good agricultural practices
and the use of high-quality seed and adequate
fertilizers can lead to considerably increased crop
yields.
Where do we stand in vector control today ?

Two speakers at this Conference have explained
why new alternatives to DDT are required. I have
very serious doubts whether the scope of the investi-
gations should be limited to acetylcholinesterase
inhibitors. It is true that of about 1300 compounds
that passed through the WHO programme only
carbamates and organophosphorus compounds were
considered in the last stages of evaluation. But
none of these compounds has all the required
characteristics, and much work will have to be done
before we achieve a full understanding of the
selectivity and mode of action of cholinesterase
inhibitors. I believe we should continue to use
DDT as long as it kills mosquitos effectively, and
should do our utmost to ensure its continued pro-
duction, until a real alternative becomes available.

PEARCE: It seems to me that efforts to develop DDT
analogues with more suitable properties are very
much in accord with the principal objective of this
Conference. I wish to express some thoughts about
research directed towards the development of new
chemicals for use in controlling mosquito vectors of
disease. With the exception of DDT and related
compounds, most insecticides have been derived
from chemical groups known to be toxic to higher
animals. Moreover, the specific compounds useful
against mosquito vectors have been selected initially
by screening large numbers of compounds, using
dosage-mortality curves based on 24-hour mortali-
ties of adults or larvae. It has often occurred to me
that some useful and less hazardous compounds
might be found if chemicals were tested for their effect
on the life-cycle and on the behavioural patterns of
insects, rather than for the mortality they cause over
a 24-hour period at a given stage of the life cycle.
Effects on the life-cycle must, of course, be tested
when one is dealing with hormones, and I suggest
that there must be some reasonably simple, or at least
highly specific, compounds in addition to hormones
that could be used to interrupt the life-cycle or to
disturb the behavioural pattern of a mosquito vector
so that the transmission of disease would not occur.
While this approach may not be suitable against

agricultural pests that must be destroyed before they
cause extensive damage, it could certainly be used
in developing new compounds to control mosquitos,
and possibly other disease vectors. Weare primarily
interested in interrupting disease transmission and
not necessarily in killing adult or larval mosquitos.
It is to be hoped that those in a position to do so
will give some consideration to this approach.
NARAHASHI: I wish to comment on the structure-
activity relationships for DDT analogues. When
the insecticidal activity of many derivatives is
compared, the results represent the structure-
activity relationships for cuticle penetration, detoxi-
fication, toxic action at the target site, etc. In order
to study structure-activity relationships for the
toxic action per se, direct action at the target site
would have to be compared. These two types of
structure-activity relationship must be clearly
distinguished.
The second comment I wish to make is related

to the mode of action of DDT-type compounds
at the target site. Recently we have found that
certain DDT analogues-e.g., one in which amino
groups are substituted for the p,p'-chlorine atoms-
exert an effect on the nerve that is entirely different
from that ofp,p,'-DDT. It should be emphasized that
the amino analogue is insecticidally inactive. In
other words, there may be at least two different
groups of DDT analogues, which affect two distinct-
ly different receptors in the nerve membrane. It
would be dangerous to draw conclusions about
structure-activity relationships for toxic action from
superficial observations of toxicity.
My third comment is related to the effect of

temperature on the insecticidal activity of DDT and
cyclopropanes, which were mentioned by Mr
Holan. In 1954 Yamasaki and I demonstrated that
the most important factor responsible for this pheno-
menon is the sensitivity of the nerve to DDT. The
sensitivity of the cockroach sensory neurones to
directly applied DDT increases 5-fold as the tempe-
rature is lowered by 10°C. Furthermore, the effect
of temperature on the action of DDT on the nerve
is completely reversible. This reversibility can fully
account for the reversible symptoms of DDT-
poisoned cockroaches when the temperature is
varied. Detoxification contributes to some extent
to the negative temperature correlation of the
insecticidal activity of DDT, but it cannot account
for the reversibility of the symptoms. Thus, the
temperature effect observed by Mr Holan with his
compounds can be assumed to represent the negative
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temperature correlation of the nerve action. It is
most important to remember this in interpreting
his data.

BARNES: Are all Mr Holan's analogues as effective
as DDT in killing mosquitos that are resting on
a treated surface?

HADAWAY: The few compounds we have tested
against Anophleles stephensi are less effective than
DDT, both by topical application and by contact
with residues on treated surfaces.

HOLAN: Additional compounds with higher activity
are being submitted for WHO screening.

NARAHIASHI: In developing new compounds of the
DDT or cyclopropane types, it is extremely impor-
tant to study the acute and chronic toxicity for
mammals together with their insecticidal activity.
I strongly recommend that appropriate organi-
zations or laboratories carry out such studies, in-
cluding chronic toxicity studies in wildlife.

RESISTANCE TO DDT AND TO DDT ANALOGUES

BRUCE-CHWATT: Is there any cross-resistance be-
tween DDT and methoxychlor?

METCALF: Methoxychlor is substantially more active
against DDT-resistant insects than is DDT, espe-
cially when the strain is protected primarily with
DDT dehydrochlorinase. Most of the new DDT
analogues with electron-donating groups show sub-
stantial activity against DDT-resistant strains.
Methoxychlor is still somewhat effective against
DDT-resistant houseflies for field control in the USA.

OPPENOORTH: It has been shown by Keiding and
others that DDT-resistance in the housefly in Europe
is not primarily dependent on DDT dehydrochlorin-
ase but on the presence of the kdr gene. This gene
also protects against methoxychlor, and this resis-
tance may be responsible for the lack of success
(mentioned by Dr Gysin) of methoxychlor in Europe
as contrasted to North America.

NARAHASHI: In the early 1950s we found that many
colonies of Musca doniestica vicina in Japan were
extremely resistant to p,p'-DDT. Some of them were
collected from areas where DDT had never been
sprayed. However, o,p'-DDT, methoxychlor, and
technical DDT were more effective against these
strains.

OPPENOORTH: We have tested Mr Holan's com-
pounds on DDT-resistant strains. Although the
compounds were not attacked by DDT dehydro-
chlorinase and were attacked only to a slight extent
by microsomal detoxification, the kdr gene caused

complete resistance. I think that some of the
analogues you have discarded should be retested;
they were inactive because they were of the wrong
size, but the size requirement might be different for
kdr mutants.

HOLAN: I agree that they should be tested against
the kdr strain, particularly as there is a possibility
that the mode of resistance of this strain could
result from morphological changes in the nerve
membrane or its enveloping structures.

NARAHASHI: As Dr Oppenoorth has pointed out,
resistance to knock-down by DDT is the dominant
factor in certain strains of the housefly. In 1965,
Tsukamoto, Yamasaki, and I found that in addition
to the detoxification factor, which is controlled
by a gene on the fifth chromosome, there is a nerve
sensitivity factor, which is controlled by a reces-
sive gene located on the second chromosome.
This indicates that the low nerve sensitivity to DDT
in resistant houseflies is not the result of detoxi-
fication of DDT in the nervous tissue but is caused
by other factors, such as poor penetration through
the nerve sheath or intrinsic low sensitivity of the
nerve membrane to DDT. This type of study should
be carried out more extensively with other strains
of insect showing resistance of the knock-down
type, because synergists may not be effective against
such strains. It is clearly important to study the
nerve sensitivity to newer DDT analogues and to
cyclopropane-type compounds in such resistant
strains.
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