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RATIONAL DESIGN AND TESTING OF NEW AND IMPROVED
ANTICHOLINESTERASE INSECTICIDES



NOTE

No formal papers were presented in Session XI of
the Conference, the entire Session being devoted to
discussion.



General Discussion-Session XI

CHAIRMAN: J. M. BARNES

INTRODUCTION

CHAIRMAN: I shall limit my opening remarks to a
consideration of compounds suitable for conven-
tional indoor application; not only is this the most
important means of controlling malaria in most
areas but it is an operation that cannot be carried
out without subjecting spray-men to severe, pro-
longed, and repeated exposure. ft is only because
human safety is a limiting factor in this type of
operation that, speaking as a toxicologist, I feel I
have any right to hold any views on this subject.
It must be made quite clear that under all reasonably
foreseeable conditions spray-men will be severely
exposed during indoor application. However good a
compound may be as a residual insecticide in labora-
tory or simulated field trials it is quite useless if it can-
not be applied without making the spray-men ill.
This does not apply to most other types of vector-
control application; it is possible to use the most toxic
pesticides for many operations-for example, ultra-
low-volume spraying of the neat compounds. The
fact that a compound has been extensively and
safely used in agriculture is no guarantee that it can
be used safely as an indoor spray; fenthion is a good
example of this. As far as I know it has never
caused any problem in agriculture, but you learned
from Dr Arnan's paper what it did when people
tried to spray it inside houses. I think we have also
learned that the margin of safety is not great even
with the apparently much less hazardous fenitro-
thion, although actual intoxication has not occurred.
However, malathion, which has been more exten-
sively used, with less care, does seem to be safe and
there is no evidence that toxic effects have occurred
when using wettable powder formulations. On the
basis of present knowledge, therefore, I think we
could consider advancing new organophosphorus
compounds in the scheme only if their acute oral
and dermal toxicity for mammals were at least as
favourable as that of fenitrothion. I can say " mam-
mals" here for my experience is-and I think it is
supported by the literature-that for the organo-
phosphorus insecticides rats still remain a reasonable
animal for predicting effects on man. Because of
their general behaviour as inhibitors we have usually

considered that dimethyl phosphates are better than
diethyl phosphates; perhaps someone would like to
discuss at some stage whether there are any alter-
native alkyl groups we should consider. Experience
with the carbamates has shown clearly that symptoms
such as discomfort, weakness, and sweating will
stop a man spraying but after half an hour's rest-at
least with propoxur-he can recover and with care
resume spraying for the rest of the day without
further upsets. This, of course, is excellent as far as
the safety of the spray-man is concerned, but no
effective programme of control could continue if
the operations were interrupted each day by men
having to stop work if they were feeling sick. It
would appear to me that propoxur represents a
carbamate that is just safe to apply with a minimum
risk of interruptions or more serious toxic effects,
and therefore at present no carbamate is likely to go
forward in the scheme unless its acute oral and
dermal toxicity for mammals are at least as favour-
able as those of propoxur. My own feeling is that on
balance the carbamates are to be preferred to the
organophosphorus compounds for indoor spraying.
As incapacitating agents they prevent a man becom-
ing dangerously exposed at work, whereas we know
that in agricultural use the development of symptoms
following exposure to organophosphorus com-
pounds can be highly undesirable, since the subjects
have already received what could be a potentially
dangerous or lethal dose. Most of the carbamates
are solids, so that they remain on the surface of walls
to a much greater extent than do the organophos-
phorus compounds-I think that for malathion it
was stated that only 14O% remained on the surface,
the rest having soaked into the walls. Finally, the
carbamates do not have objectionable odours, as do
the phosphorothioates, which are, consequently,
unsuitable for indoor spraying. A further point in
favour of the carbamates is that their direct action
makes it easier and safer to extrapolate from animal
experiments, and even from their inhibitory activity
against cholinesterase, to their relative toxicity for
man. In addition, such features as volatility or ease
of skin penetration should single out particularly
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dangerous compounds. Despite the well illustrated
differences in insect response to different carbamates,
it appears that similar differences in the sensitivity
of mammals have not been recorded and metabolism
has little effect on their toxicity for the latter.

However, it would be unwise to be dogmatic in
propagating any idea that the carbamates will always
be preferred to organophosphorus compounds; we
have heard that some phosphate oximes appear to be
virtually without toxicity to mammals. Another
development that I think might favour organo-
phosphorus compounds is that of the solid amidates
described by Dr Fukuto.
On balance I would still say that the carbamates

offer greater promise as residual insecticides for
indoor spraying and I hope a good deal more atten-
tion will be paid to looking for those with high
activity against mosquitos. Their cost is surprisingly
high for what appear to be rather simple compounds,
but I understand this is related to the difficulty of puri-
fying the substituted phenols before carbamylation.

Experience has shown how effectively a lethal
dose of DDT can be picked up from a surface by a
resting mosquito and it would seem to be important
to obtain more information on this process. No one
has discussed this during the last four days-that is,
the factors that determine the uptake of a lethal dose
of an insecticide by this route; we need far more
comparative data on the carbamates, coupled with
information on volatility and lipid/water parti-
tion coefficients. Compounds that show great
promise when judged by toxicity on topical applica-
tion in the solvent may be quite useless in the form
of a deposit on which a mosquito rests. I get the
impression that Dr Hadaway's group is rather on
its own in studying this particular phenomenon;
yesterday, in a couple of sentences, it seemed to me
he completely demolished any probability that some
of Mr Holan's DDT analogues might be used as
vector control agents.

In developing pesticides for agricultural and food-
storage use industry has to carry out a vast range
of trials of their effectiveness, quite apart from all the
work that must be done to satisfy regulatory agen-
cies on their safety. With vector-control agents, it
seems to me that all industry need do is to ensure the
production of a reasonable quantity of the com-
pound in a suitable formulation; all the relevant
trials will be carried out by WHO and the col-
laborating laboratories. Perhaps participants repre-
senting industry will take up this point.

It is clear that the production of formulations

capable of providing suitable deposits on sprayed
walls continues to present problems. One feels that
there might be more collaboration among industrial
people in the exchange of information, although
there may well be secret technical procedures in-
volved; nevertheless, much more information
is needed to ensure good formulations of new
materials. If the exposure of man when making
indoor applications is to be reduced, new methods of
applying a uniform deposit of, say, 2 g/m2 must be
devised. More expensive methods of application
might be more economical if they led to a much
smaller proportion of an expensive ingredient landing
on the floor, the furniture, and the clothes and body
of the spray-man.

Leaving the essentially practical side for a moment,
I think we should consider the possibility of making a
more rational approach to the design of better insec-
ticides, and it was agreed that this discussion would
concentrate on the anticholinesterase compounds
because there is so much general knowledge about
their behaviour and their physiological and biological
effects. If no rational basis could be devised for this
type of compound, there is not much hope of
developing one for other compounds of which we
know far less. The aim of this session is practical
suggestions rather than total speculation; until
comparisons are made between structure and activity
in relation to contact with the resting mosquitos, no
very useful conclusions can be drawn. One might
ask whether many people use mosquitos in this way
as test organisms in laboratories, and if so what
attention should be paid to tests on particular kinds
of anopheline and culicine.

Turning to the more academic studies upon which
technical advances may be made, it is perhaps more
realistic to suggest that academic studies have often
advanced on the basis of unusual-that is, toxic-
effects observed in empirical studies; I think there
is much to recommend the "seek it and see"
approach of industry relying on its chemists. One of
the purposes of this Conference is to interest more
academically orientated laboratories in the practical
problems of the World Health Organization. Speak-
ing with a little experience in this field as an academic
I find it a continual stimulation that many interesting
advances in understanding biochemistry and physio-
logy have arisen from the use of toxic materials; this,
I am sure, applies to studies on insects as well as on
mammals.
We must never go on assuming that the utterly

rational approach will produce the ideal solution.
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We must proceed by amassing sound information
and by paying close attention to the exceptional and
particularly to the mentally unacceptable evidence.
As we all know, we tend to reject observations that
do not fit in with our own ideas. This is a great

virtue of the WHO collaborative scheme-that it
draws workers from many laboratories who meet
regularly to discuss and criticize the observations
that have been made and thus, we hope, arrive at
reasonable conclusions.

SELECTION OF CANDIDATE PESTICIDES FOR APPLICATION IN THE FIELD

SCHOOF: First, of course, any compound must be
toxic to the insect. This, unfortunately, is often
interpreted to mean toxic by topical application,
and it is then assumed that the compound would be a
suitable insecticide for use under the conditions
encountered in malaria eradication campaigns.
However, the primary requirement for an insecticide
is that it provide high mortality for a long period
of time.

Initially our laboratory tests consist of the
exposure of four species (Anopheles quadrimaculatus,
An. albimanus, Culex pipiens fatigans, and Aedes
aegypti) to insecticides deposited on plywood at
0.5-2.0 g/m2. The materials that are effective for
20-26 weeks are tested in huts with mud walls to
simulate field conditions. During the sprayings we
are able to detect compounds with a fumigant or
repellent action; and sometimes, although the extent
of spraying is small, we can detect effects on the
spray-men. Other undesirable properties of the
formulation, such as instability, also become
apparent. We are now examining biodegradable
materials such as methoxychlor and are finding
remarkable species differences.

Thus, before an active insecticide may become
useful in vector control, many conditions must be
satisfied. In addition, I consider that unless there
is a market for the compound in agriculture, it has a
very small chance of being used commercially in
public health programmes.

HADAWAY: First of all I wish to correct any impres-
sion that I was condemning Mr Holan's compounds
on the basis of tests with just a few of them, which,
as it happened, proved ineffective. Dr Barnes gave a
very thorough and sensible survey of the situation
with respect to the practical use of residual insecti-
cides against adult mosquitos. The houses are made
from a variety of materials-grass, straw, thatch,
palm leaves, banana leaves, bamboo, dried muds,
and so on. They may be whitewashed, they may be
decorated by soot from the fire, they may be closed
or built on the open plan. Changes in construction

methods-such as the use of imported corrugated
sheet metal for roofing-may alter the required pro-
perties of a pesticide (in this example, by increasing
the temperature under the roof). Whether the
houses are clustered together or widely scattered,
and whether or not the tribe is nomadic profoundly
influence the organization required for effective
application of the insecticide. Several factors
affect the performance of insecticides, but most of
them are closely linked to formulation. Despite
much effort there have been relatively few advances
in methods of formulation in the last 25 years. Cost
is an ever present problem. An alternative to DDT
will probably be expensive and dosage is closely
related to cost. The " airborne" effect of propoxur
has been reported; I am quite sure we could have
obtained the same effect with lindane if we had been
allowed to use it at 2 g/m2 instead of 0.2 g/m2.
However, our aim should be to reduce dosage.
Perhaps we should look at the use of repeated
applications. This can be useful for stable carba-
mates, but it is not possible with the more unstable
(on mud walls) organophosphorus compounds.
Instead of trying to mix two compounds in one
formulation, it might be better to spray a com-
pound satisfactorily in one situation and another
elsewhere; it might be possible by this means to
make use of our knowledge of the ecology of the
vector by putting the insecticide where it will have
most effect. So there are a number of ways in which
we can look at formulating and using new com-
pounds-for example, residual fumigant dispensers.
We might also have a look at the organization of
stage IV testing in the WHO scheme, and supplement
the present evaluation by a standard method and one
application at the dose of 2 g/m2 by including addi-
tional studies on perhaps a compound that has
already passed Stage IV in this way and is being
used in Stage V or Stage VI. We should see how
we can make the best use of our knowledge with
respect to some of the things I have mentioned,
such as dosage, formulation, and frequency of
application.
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BRUCE-CHWATT: Prevention of the transmission of
malaria is an exercise in probability. After a female
mosquito bites an infected person, it is vulnerable to
insecticide in the house during the 12-18 hours when
the blood is being digested. Development of the
infected parasites into sporozoites takes, on average,
12 days at 26°C, and each time the mosquito feeds
indoors during this period (approximately 4 times) it
is at risk from the insecticide on the walls of the
house. To prevent the transmission of infective
sporozoites, approximately 50% mortality of mos-
quitos of the African type, such as Anopheles gambiae
or An. funestus, is required. With other mosquitos
that do not bite man to the same extent, the required
mortality might be much lower.

BARTHEL: There is no doubt that insecticides behave
differently when they are spread out on a surface.
If they are spread out in a thin enough layer they
will evaporate very rapidly. The rate of loss also
varies with the type of surface (e.g., heptachlor is
lost from bare soil within 24 hours, but when applied
to grass it is lost only after 1 week). The rate of loss
may be greatly modified by the addition of certain
compounds (e.g., pure rosin added to heptachlor can
decrease the rate by a factor of 20). However, not
all nonvolatile additives are effective. More work
ought to be done on this aspect of the surface
chemistry of insecticides. Good formulation might
make it possible to preserve for 3 months a residue
of a pesticide that might not otherwise be considered.

CHAIRMAN: Does anyone know of studies on the
mechanism by which insecticides move up the legs of
mosquitos?

NARAHASHI: This is an important question and I hope
someone will be able to answer it. Is it practicable
to control anophelines at the larval stage?

BRUCE-CHWATT: I think it might be practicable but
only in exceptional circumstances-for instance, in
Somalia and in some parts of the Sudan where the
only breeding places are well known water areas.
These areas could be treated by larvicides and this
would be more logical and more economical than
residual spraying. But such areas are few and far
between; throughout most of Africa and many other
malarious areas, it would be impossible to treat
every single possible potential breeding place with
larvicidal compounds.

METCALF: Might I add a word about larvicides.
One of the virtues of using residual insecticides
indoors is that this is putting the insecticide only in a
specific location where the insect, by its behaviour
pattern, is forced to go. From the standpoint of the
contamination of the environment, it is far better to
have localized contamination of the insides of houses
than to spread larvicides throughout the aquatic
environment.

SCHOOF: I agree with Dr Metcalf that the use of
larvicides results in the contamination of a larger
area. However, we must keep in mind that in areas
where we have restricted ourselves to two residual
treatments for malaria eradication, there are still
many endemic areas, particularly in Central Ame-
rica, where the disease is very prevalent. Here we
must try other means to supplement the residual
treatment; I look to larvicides as one of these and
possibly other types of treatment such as space
applications if we are to eradicate the disease.

NEAL: With respect to decreasing the volatility of
insecticides, it would seem that they should be
mixed with other substances having highly aromatic
characteristics. The high interactions between the
aromatic insecticide and such substances might be a
chemical approach to the reduction of volatility.

SYNERGISTS IN VECTOR CONTROL

CHAIRMAN: One of the areas in which the insect the commercial insecticide, except for pyrethrum
does seem to differ from the mammal is the effect and possibly a few others. (2) Commercial synergists
of synergists. Although synergists may not, at the are often combined with the insecticide in a 10: I
moment, have many practical applications in the ratio; only rarely is the ratio used 1: 1. (3) Such
field, they seem to be interesting to study. synergists do not improve the toxicity for insects of

insecticides that are already considered to be among
KENAGA: From a practical viewpoint the use of the most effective. They often improve the insecti-
synergists is limited by a number of factors. (1) The cidal activity of relatively poor insecticides to an
cost of the synergist is usually greater than that of acceptable but not to a superior level. (4) The
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synergist and the pesticide are likely to show dif-
ferential distribution and persistence in the environ-
ment. (5) We have very little knowledge of useful
synergism of pesticides in the field.

METCALF: The availability, safety, and low cost of
carbaryl make it attractive for use in synergized
combinations for the residual control of flies and
mosquitos, insects for which it is not sufficiently
toxic when used alone. In Stage I of the WHO
screening programme, combinations of 1 part of
carbaryl with 5 parts of synergist have been evaluated
by topical application to sensitive and resistant
houseflies, in water against Culex and Anopheles
mosquito larvae, and as a residue on filter paper
against adult mosquitos. A variety of methylene-
dioxyaryl, propargyloxyaryl, benzothiadiozole, and
other synergists have been found to increase the
toxicity of carbaryl in these evaluations. Field
evaluations have been made in Stage II of the more
promising compounds as residual sprays for the
control of flies and mosquitos. However, after a
short period (1-2 weeks) of enhanced activity, the
applications became relatively inactive, suggesting
that the synergist was much less persistent than car-
baryl. This complicating factor has made it difficult
to evaluate toxicant-synergist combinations for
vector control in any useful way and points to the
great practical difficulties inherent in formulating and
applying residual sprays with more than one active
ingredient. It should be pointed out, in view of
previous discussion about the relative merits of using
synergists at constant ratio to the toxicant or at a
constant dosage, that the constant ratio is relevant
to the practical use of insecticide-synergist com-
binations.
HADAWAY: In my tests with synergists against
mosquitos and tsetse flies, I can rarely get a syner-
gistic factor greater than 2. Does this result from the
absence of oxidative detoxification systems in these
species, or from differences in techniques of applica-
tion that result in different rates of penetration?

WILKINSON: Although the application techniques
employed can, for numerous reasons, considerably
modify toxicity data, it would appear likely that the
low degree of synergism observed is largely a reflec-
tion of low microsomal enzyme capability, at least
with the carbamate insecticides.
WRIGHT: We have tried the practical application of
synergists for control and have been unsuccessful,
except for the synergism of pyrethrum in aerosols and
of carbaryl for louse control. Many problems are

involved and I wonder whether Dr Wilkinson has
experienced the same type of problem as we have.
We must bear in mind that we are looking for per-
sistence as well as for enhanced toxicity. If the
synergist has low persistence, its effectiveness will
be related to that short period of time. The enhanced
toxicity will be limited and, more important, the cost
of bringing about enhanced toxicity will be very
high indeed.
The work of Dr Metcalf showed that the amount

of synergist that had to be added was so high as to
make the mixture impractical. In any application
on an operational scale one must think of the for-
mulation. Mixtures of insecticides and synergists
involve serious formulation problems. We can
work out the metabolism of these compounds singly
or together, but we must think of the practical
application of what we are doing in the laboratory,
otherwise this will develop into an academic exercise
in which we shall gather an enormous amount of
scientific information that we shall never be able to
put to practical use.
WILKINSON: All the synergists that have shown pro-
mise in small field trials seem to fail when they are
taken outside. This may be in part the result of
formulation problems. With a combination of a
synergist and an insecticide, there are two com-
pounds that must be transported to the same site
in the insect in the correct relative concentrations.
It is probable that much of the lack of success in the
field is the result of formulation problems.

In terms of practicability, a good synergist would
be one that was persistent-in complete contrast to
the problem of hazard raised by Dr DuBois. These
persistent compounds would not be accepted for
registration. We shall have to depend on synergists
that show some degree of selectivity. Two points
can be made here: (1) insect microsomal enzymes
seem to be 10-100-fold more susceptible to most of
the synergists than those from mammalian liver;
and (2) the metabolism of synergists in the mammal
appears to be quite rapid compared with that in the
insect, thus working in the right direction for
mammalian safety.

It is true that most of the existing synergists are
extremely expensive. However, I am pushing the
concept of synergism. I think we can design new
types of synergist that might be relatively cheap and
that might have some properties that would make
them attractive for public health use.
OPPENOORTH: Many people shrink away from the
complexities involved in the application of mixtures.
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On the other hand, I think that mixtures offer greater
possibilities of adaptation to precise needs than do
single compounds. Furthermore, it should not be
forgotten that many more substances may become
available as insecticides when synergists prevent
their rapid detoxification. I think it would be worth
trying to find out if solid synergists could be mixed
with solid insecticides and used against anophelines.

BRUCE-CHWATr: My question is related only pe-
ripherally to the synergism of insecticides. It has
often been postulated that the combination of DDT
with HCH or of DDT with an organophosphate
(diazinon or malathion) may have an additive effect
and that it also may prevent the development of
resistance to one or both compounds. What is the
present opinion of WHO on this matter?

WRIGHT: This has been given a lot of attention in the
WHO scheme. If we had an isolated population
of Anopheles gambiae and had adequate data on
its genetic characteristics with respect to two insec-
ticides (for example, HCH and malathion), the two
compounds could be applied in combination not
only to delay the emergence of resistance, but even to
prevent its appearance altogether. In Kaduna we
determined the mortality in a normal population of
Anopheles gambiae caused by this mixture and by
each of the insecticides alone. It was found that the
mixture of HCH and malathion caused about the
same mortality as did malathion alone. We also
had difficulty in applying the insecticides in com-
bination. If insecticides of such different chemical
and physical properties are to be formulated togeth-
er, a serious problem will result.

PROBLEMS OF INDUSTRY IN THE DEVELOPMENT OF PESTICIDES

CHAIRMAN: Mr Kenaga spoke to me earlier about
the manufacturer's problem of knowing what
criteria to adopt in studying compounds that might
find application in vector control. I wonder if he
would also discuss whether we can consider using
only materials for which there is an agricultural
market. This raises the problem of cross-resistance:
if malaria control is undertaken in an agricultural
area and the same pesticide is applied both on the
land and within houses, resistance may develop from
the agricultural use, complicating the malaria
control work.

KENAGA: Mr Wright has mentioned his fear that the
manufacture of DDT in the United States might
cease. The scientific aspects of vector control and
the toxicology of insecticides have been thoroughly
discussed during this Conference. I should like to
bring into focus the factors that tend to affect the
availability of insecticides at a cost within the range
recommended by WHO. We would very much like
to assist WHO in every way with this problem.
Industry has in fact made a great contribution, as is
witnessed by the fact that we have supplied 1 265 or

more compounds to be tested by WHO. These
represent the best of perhaps more than a million
organic insecticides produced by different com-

panies, universities, and agencies-the outcome of a

very great deal of research. Initially, industry does
its own testing, and perhaps we overlook some com-

pounds that might be of use. It has been asked
whether we use the correct test insects from the point
of view of WHO's problems; most companies use
either the housefly or Aedes aegypti-or both-as a
test organism for screening.
However, industry needs a financial incentive for

manufacture, and it is important that WHO appre-
ciate our problems and how we determine whether
it would be profitable to manufacture a given
pesticide. If, for example, agricultural use of a given
compound can be foreseen in addition to WHO uses,
our interest will be increased because we can make
more of it, and the price will be reduced. It has been
suggested that it does not cost much to produce a
small amount of material to be tested in the field,
but when you produce many small amounts this
adds up. We often synthesize a compound at a cost
of $1 000 per gram initially; in order to produce
larger quantities an entirely different method of
synthesis may be needed-and there is always the
gamble as to whether it is worth while in any case.
This is a difficult choice for industry to make.

In our criteria we have to meet a number of spe-
cifications, and from the standpoint of WHO cost
and toxicity are extremely important considerations.
For example, many phosphorothioates have been
submitted to WHO; some have failed at the labora-
tory stage and some have failed in the field. It has
been stated that fenitrothion is, perhaps, a standard;
but even here the criteria for success or failure are
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not clear to industry. For example, cholinesterase
depression is apparently used as a measure of
toxicity, which limits the use of the compound.
Does this refer to cholinesterase depression in the
spray-men or in the inhabitants of the village that is
sprayed? Is it based on plasma cholinesterase or red
cell cholinesterase? What is the permissible degree
of depression ?
These are matters on which industry needs better

guidance. It is rather difficult for us to wait for the
outcome of the long series of WHO vector-control
field tests if the compound involved is also to
be used for agricultural purposes. The Joint FAO/
WHO Expert Committee on Food Additives sets
acceptable daily intake figures, which are used to
set tolerance levels in food. For this committee cho-
linesterase depression is also important. Even here,
however, the requirements are not well defined. For
example, a given compound might cause 40%
depression, this being used as a no-effect level; to
this might be added a 100-fold safety factor-or, if
there has been some experience of human exposure,
perhaps a 10-fold safety factor. It would be well if
somehow we could collate all the toxicological
requirements that industry might have to meet in
working with the WHO programme. This would
help us in choosing compounds having a greater
chance of being commercially successful.

Perhaps the phosphorothioates are passe com-
pared with some of the other compounds that are
being developed. Odour seems to be a limitation;
I do not know of any phosphorothioate that has no
odour, and I should be surprised if fenitrothion had
none. They are all volatile, they all cause cholin-
esterase depression.

CHAIRMAN: Dr Vandekar, would you deal with the
question about fenitrothion?

VANDEKAR: Depression of cholinesterase, of course,
is not the only criterion for making a decision about a
particular compound. Changes in plasma cholin-
esterase activity have been found to be a good index
of exposure to organophosphorus insecticides. When
the residents of houses sprayed with fenitrothion
(Stage V trial) were examined, no changes in their
plasma cholinesterase were found I day, 7-10 days,
and 21-42 days after spraying. The whole-blood
cholinesterase of spray-men in a Stage VI trial rarely
showed less than 70% of normal activity. At all
stages of theWHO evaluation programme, the manu-
facturer is informed of the results and the reasons
for any decision.

GYSIN: I cannot speak for all of industry, but there
is nothing miraculous about patents. Industry
spends, in the agricultural field, roughly 5-8y%
of its receipts from sales. This is a lot of money
if you take the entire pesticide industry, but it
seems to me impossible for the pesticide industry to
survive if its profit rates are the same as those of the
sulfuric acid or the sodium chloride manufacturers.
In order to survive it is necessary to have patents.
With respect to agriculture, industry has to decide

whether it wishes to evaluate a given compound
through the different stages, including chronic
toxicity testing, and then decide whether or not to
build a plant: at that stage the company takes the
risk. If, however, WHO desires the manufacture of a
compound for which there is agricultural use, some-
body has to make the decision and take the risk.
It is entirely possible that the chemical industry can
manufacture such a compound because they do not
have distribution and other problems if WHO takes
all these risks; but still, at the end, somebody must be
willing to share the risk with industry: can the com-
pound be sold in sufficient quantities to pay back the
cost of the plant that produces it?
GAGE: I am not sure that I feel myself very com-
petent as a spokesman for industry, as I am a little
too much on the periphery; nevertheless, I think
all the compounds that have passed through the
early stages of the WHO programme have been
produced by industry. Perhaps it is appropriate to
consider how industry goes about its job of finding
new pesticides. I must underline what Dr Gysin
has said-we are in it for the money and we want
to be sure that we are going to get a good return
on investment. There are various ways of going
about it and I think we have to ask ourselves whether
the full potential of industry is being tapped in the
design of new chemicals and-possibly even more
important-in production of formulations. The
first thing is to get valid and significant biological
screening tests under way. Such tests must be of the
type that can handle large numbers of compounds
with relatively simple labour. The first approach is
then to take randomly any chemical from any source
and put it through these screening tests; and any
big chemical concern has a wide variety of chemicals
going through these screens. The second approach
is to take a compound-it may be a natural com-
pound or a synthetic compound of known activity-
and make changes in the molecule, looking for
improved activity and lower cost, with an eye open
for a watertight patent. The third approach is to
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work on theoretical structure-activity relation-
ships.

It is a fact, in the drug industry at any rate, that
whereas most research chemists go through their
whole professional lives without producing a new
drug, there are one or two who seem to produce
far more than their share; they appear to have a
certain flair, a certain background knowledge of the
rather vague, uncertain principles that lead to drug
activity and low toxicity.
When an active chemical has been produced it

immediately undergoes toxicological screening. If it
passes, the really extensive work starts. A patent is
taken out and development work is undertaken; at
the same time, further toxicological studies are car-
ried out. The whole process may take up to 5 years
and cost several million dollars. The toxicological
studies in animals may account for 10(200% of
that sum. However, their emphasis is completely
different from that of the toxicological studies
required for the WHO programme. With a pesticide,
the ultimate aim is a product whose permitted
tolerance in edible crops is such as to permit the
crops to be treated effectively. We are less con-
cerned with the hazards of application, whereas in
the WHO programme for evaluating insecticides this
is the primary toxicological concern. The demands
made by regulatory authorities are continually
increasing, as are the requirements for toxicological
studies; but these do not account for a large part of
the cost. What is perhaps overlooked is time, and
this is in a way much more important than money.
One has a patent, of which perhaps 5 years are taken
up by development. Thereafter the product has a
limited life, partly because resistance may develop,
partly because competitors may produce a more
advantageous product. If, because more refined
tests are required, the time taken for toxicological
studies is longer, valuable years are lost. Industry
will tolerate expensive tests provided the time
required to carry them out is foreseeable. This is
usually a period of 2-3 years. This is a difficult
proposition; it is expensive and risky, and a number
of firms have ceased to develop new pesticides simply
because they consider that this risk is not justifiable.
How can one get the message across to industry

that it has a valuable contribution to make to this
particular programme? The approach of industry
has to be quite different. I am not sure whether it is
necessary that a patent be taken out; I am not sure
that it is necessary for there to be another outlet in
agriculture. What I am sure of is that there is a very

large number of chemicals lying around that might
well be of value to this programme-chemicals that
were rejected in the earlier days, perhaps forgotten,
because they failed the somewhat irrelevant tests
imposed by regulatory authorities. Because of the
costs described above, pesticide manufacture is
aimed at the " semi-luxury " markets where high
prices can be obtained. Furthermore, I doubt
whether all firms test all their products as contact
poisons against mosquitos, because they know very
well there is no money in it. The first step, I think,
is to get across the message to industry that for this
programme it no longer has the regulatory author-
ities breathing down its neck, but that there are other
considerations.

Industry does a considerable amount of theoretical
work on the mechanisms of action in areas where the
rewards are high, such as the drug field. For example,
fairly extensive biochemical work on inflammation is
going on in several laboratories, because an anti-
rheumatic drug would be a winner, but this does not
apply to pesticides. I cannot imagine that any indus-
try would undertake research into insect physiology
or the properties of purified cholinesterase. But
although I am not in a position to give an authori-
tative opinion I think industry would be prepared to
screen its compounds up to shall we say your
stage IV, and then, if it could get patents, proceed
with formulation. It also, of course, would be pre-
pared to consider manufacturing a chemical on
behalf of WHO, with no risk.

CHAIRMAN: The animal tests carried out at Carshal-
ton on new compounds coming into the scheme are
simple. Acute oral and dermal toxicities are deter-
mined in rats in order to confirm that a compound
behaves as a typical anticholinesterase and does not
display unusual side-effects or show unduly pro-
longed effects. Tests on hens to exclude delayed
neurotoxicity have been performed with some
organophosphorus compounds. Repeated doses
over short periods are sometimes added if the effects
of single doses are not unduly protracted.

If a compound appears to behave typically as an
organophosphorus compound or carbamate, advice
as to further progress in the scheme is based on a
comparison with similar data for compounds already
used in Stage V trials in which human exposure has
occurred.

KENAGA: Very little has been said in this Conference
about effects of pesticides on the environment, and
I should like to describe the pressures that are being
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brought to bear on industry and the effect that they
have on our development of new compounds. In the
United States an environmental quality act was pas-

sed in 1969 to control governmental activities of all
types that might affect the environment. This act re-

quires that an environmental impact statement be
filed, stating whether the proposed activity will upset
the environment in any way, whether such an effect is
reversible or not, and whether there will be long-
term effects. Every government agency must do
this, including the Department of Defense and the
Atomic Energy Commission. In the pesticide area

this implies a lot of new decisions because these
compounds must be put into the environment if
they are to reach their target. The US Department
of Agriculture and other US agencies, such as the

Environmental Protection Agency, are requiring
greatly prolonged tests, including long-term toxi-
cological tests-say 18-month tests-to see what
effects a compound has on the reproduction of fish
and other aquatic organisms and birds; data on

nonlethal effects on lower organisms may also be
required. For certain types of compound we may

soon be required to have data on residues in fish and
birds, and this has serious implications for the type
of programme operated by WHO, where a residual
type of insecticide is desired. We are being forced
into producing compounds that are nonpersistent,
that are not allowed to build up a residue, or that
do not show long-term toxic effects. All of this may
be highly desirable, but it greatly restricts us in the
development of new insecticides.

THE DESIGN OF NEW INSECTICIDES

CHAIRMAN: On the basis of the discussions that have
taken place this week we might discuss where further
research might be directed, new types of compound,
new information on cholinesterase and insect
behaviour, and toxic effects on insects.

FUKUTO: We have been interested in selectivity for a

number of years in our laboratory and I shall
describe one of our approaches to the development
of selective materials. A number of years ago we

learned from Dr Metcalf that m-isopropylphenyl
methylcarbamate is highly effective for the control of
mosquitos, its one drawback being its high toxicity
for mammals. About 1964, when Dr Fahmy was

working in our laboratory, we decided to search for
carbamate derivatives whose metabolic degradation
would be different in insects than in mammals. We
acylated the carbamoyl moiety and put different
groups on it and found that the resulting com-

pounds showed insecticidal activity but also were

selective: their toxicity for mammals was somewhat
reduced. When Dr Fahmy came back after a period
of stay in Egypt we decided to pursue this problem
further. We have spoken in this Conference about
trying to develop new materials based on differences
in anticholinesterase activity, but our approach was

to try to develop materials based on differences in
metabolism in mammalian and insect systems. We
went back to some early work on malathion done
by Dr O'Brien, Dr Dauterman, and Dr Marsh in
our laboratories and we noted that malathion is safe
to mammals mainly because of the presence of an

esterase that can degrade it rapidly, whereas in
insects this enzyme is either of low activity or

possibly not present at all. We also noted from some

of Dr Dauterman's work that insects have an enzyme

that can hydrolyse amido groups. So we decided to
take one of the very active carbamates-for example,
m-isopropylphenyl methylcarbamate-and try to
form derivatives of it. We decided to put a group

on the nitrogen; this kind of work is not new, but
the groups we have put on are new (see the accom-

panying figure). We added a dimethoxy thiono-

phosphoryl group and then examined the biological
activity of the compound. Our reasoning was that
in mammalian systems the O-C bond (marked Ma)
would be broken, leaving two nontoxic fragments,
whereas in insects the P-N bond (marked In) would
be broken, generating the original carbamate. We
hoped that the latter reaction would take place

(Ma)

11 11
U-C.NHCH_3 0-,-r-CNCH3

P(OCH3)2

CH CH S

H3C CH3 H3C CH3

1I
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rapidly in insects and that the former would take
place rapidly in mammals. The results of the
toxicity tests were as follows.

Compound

I
11

LD50 for houseflies
(Ag/g)

S flies R flies
40 >100
32 30

LD50 for mtzice
(nmglkg)

By this change from compound I to compound II

we slightly increased the toxicity for susceptible
houseflies and increased the toxicity for resistant
houseflies. Compound 11 is more active against
resistant than against susceptible houseflies, possibly
indicating that the former are able to degrade this
material faster at the P-N bond. The change in
toxicity for mammals is very satisfactory, the LD50
being increased to 760 mg/kg, making this a rather
safe compound. We have made derivatives of other
carbamates such as propoxur and carbofuran, and
these have been submitted to Dr Metcalf for initial
screening. Their activity against mosquitos appears
sufficient to warrant further testing. We are now

making larger amounts for further testing by WHO.

ALDRIDGE: I was most interested to hear of Dr Fuku-
to's and Dr Fahmy's work because I think that
greater selectivity will probably be obtained by ex-

ploiting differences in mammalian and insect meta-
bolic potentialities, but we know so little about insect
cholinesterase that we should try to build up multiple
selectivity by developing it at several levels. One
thing that came up in the discussion was some dis-
agreement as to the importance of using purified
enzymes. I think there are two aspects of this
study of cholinesterase, which-although they
supplement one another-are not the same approach.
The first, where we require absolutely pure crystalline
enzyme, is concerned with the establishment of the
catalytic mechanism. Of course I agree that it
would be very valuable to have this, but I somehow
part company when it is suggested that when we have
this information we shall be able to design better
selective inhibitors. My reason for saying this is that
I think that one still has a tremendous problem
even when one knows the catalytic mechanism to
predict rates of reactions; this is a problem that
bedevils the organic chemist, and this enzymic
selectivity is a matter of rates. We do know a lot
about the kinetic behaviour of cholinesterase and I
can find no evidence whatsoever, providing one has
a preparation of the particular cholinesterase with
a selective substrate-clearly one has to clean up

the preparation so that one is not studying five
enzymes-that purified and unpurified enzymes show
any basic difference in rates of reaction with inhibi-
tors. Quite a lot could be done in the systematic
determination, for a variety of compounds, of the
constants of the different steps. We can perhaps use
these compounds to map out and define differences
between various insect cholinesterases. I think we
must accept, also, that cholinesterase will differ from
insect to insect. Perhaps I could return for a moment
to something I raised in my paper. The determina-
tions of kinetic constants must be carried out very
carefully, with due regard to all existing knowledge.
I hope I made it clear that if the experimental evi-
dence we provided for another site on cholinesterase
is accepted, there are some very important implica-
tions with regard to the use of standard kinetic plots
for deriving the constants.
DONNINGER: Dr Aldridge, I think, sees the problem
from the point of view of a kineticist and, of course,
we are interested in the information that this
approach brings to bear on the inhibition of acetyl-
cholinesterase. I am forced to see the problem from a
slightly different point of view. I am taxed with the
problem of designing new molecules, very often of
unique structure, able to interact with and inhibit
acetylcholinesterase. I am not afforded the luxuLry of
having a known inhibitor to study in its interaction
with the enzyme. My problem is to attempt to
innovate on the basis of knowledge of the acetyl-
cholinesterase reaction and I am therefore interested
in such problems as the detailed conformation of
molecules in their interaction with the enzyme. I feel
that more definite knowledge of the active centre of
the enzyme, the sort of knowledge that is provided by
X-ray crystallography, could be of some use to me.
Precisely what use it would be to me I cannot tell,
but I should very much like to have it.

I should also like to make a few personal remarks,
which do not necessarily reflect the views of the
organization I represent. First, there are alternative
approaches to the development of novel chemicals
for vector control or for agricultural use. The
random screening of chemicals by biological tests
is a classical approach that originated in the 1930s
and was developed basically after the Second World
War, reaching its peak in the 1950s and early 1960s.
Generally speaking, this approach does not take
into account the dramatic increase in knowledge of
the chemistry of life processes over the past two
decades. The alternative approach tries to take into
account this new knowledge; in this strategy we
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attempt to define a goal in terms of a life process with
which we wish to interfere. We attempt to under-
stand the chemistry or the biology of that life process
and select a specific site, perhaps an enzyme, perhaps
a receptor protein, with which to interfere selectively.
This sort of approach requires a multidisciplinary
team if it is to be effective. Although the random
screening and selection of chemicals has been of
great success, it has certain disadvantages. One
disadvantage is that it often produces molecules of a
type whose mode of action on life processes we do
not understand; therefore, it is very difficult to
predict what effects these materials might have
on the biological environment as a whole.
My last point is that I think that carbamate-based

insecticides have considerable potential, owing to
the more favourable pattern of toxicity for mammals
that is beginning to emerge. I think, too, that the
pyrethroids have a lot to offer from the point of
view of future research.

GAGE: I wish to comment on the remarks of Dr Don-
ninger. Industry is not wallowing in ignorance. We
are aware of what is going on, but the information
is difficult to use. I do not think our primary respon-
sibility is to increase the fund of scientific knowledge.
I do not know how Shell finance their research-I
should be interested to know whether the views of
those representing other firms here are similar to
mine-but I find Dr Donninger's proposal most
extraordinary. One can support random testing by
the fact that the chemicals discovered are often
those that the company concerned is technologi-
cally capable of producing in quantity. It is not
coincidental that the organophosphorus compounds
prepared by Shell contain chlorine atoms, and I
think that the considerable advances made by ICI
in antimalarial drugs resulted from their great
knowledge of pyrimidine chemistry.
The modification of molecules of known activity

is very important, and to me one of the most exciting
papers presented during the Conference was that of
Dr Bowers. I hope industry will back him up.

HOBBIGER: I entirely agree that what Dr Aldridge
has outlined is quite sensible, but I still doubt very
much if it is sensible to use anticholinesterases as
insecticides. From what I have heard here I have
been convinced that the use of anticholinesterases is
similar to the situation in which I want to produce
in man a muscular paralysis and use a high dose of
centrally acting general anaesthetic. The site of
action of anticholinesterase is far removed from the

final target organ. This is interfering with the mecha-
nism in a most complex way in a highly sensitive
area, which is obviously the governing centre; but
what is ultimately important is the site that is
supplied by this centre, alteration of which is res-
ponsible for death. I think we are too far removed
from the site of action that should be attacked.
When the cause of death is known it may be possible
to devise an insecticide with greater safety to man
than any anticholinesterase agent could ever have.

CHAIRMAN: I think the question of finding the exact
mode of death is often extremely difficult even in
mammals; I do not know about insects.

REINER: I do not understand the suggestion made by
Professor Hobbiger that organophosphorus com-
pounds should not be used because they interact
primarily with the same mechanism in insects and
mammals.

HOBBIGER: I consider that there is reasonable evi-
dence that the anticholinesterases used as insecticides
do probably act in some insects by inhibiting acetyl-
cholinesterase or a corresponding enzyme, that as a
result there is a discharge in neurones that are not
cholinergic and substances are released at the other
end, and that the release of these substances ultima-
tely results in death. It would be much more sensible
to use a substance that acted peripherally (and that
was, therefore, a much more selective substance) than
one that fired off all the neurones to which it had
access. If a transmission process in the peripheral
neurones in insects were different from that in
mammals, we might have a substance with very low
toxicity indeed for mammals and we would not have
to rely on selective detoxification for selective
toxicity.

BOWERS: Most of our knowledge of the chemistry
and physiology of the life process is based to a
great extent on what has been discovered about
vertebrates. Even though insect biochemistry and
physiology have been studied for quite a number of
years, these studies have been largely concentrated
on subjects such as acetylcholinesterase and methods
of poisoning it, because these were known before-
hand from vertebrate work. The processes that we
might be able to poison in insects but not in man
are probably those that have resulted from divergent
evolution. These have received little serious study,
principally because experiments in biochemistry and
physiology are based on comparative vertebrate
work. I have no recommendations for looking for
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such processes, but the insect must be studied for and
by itself, totally apart from vertebrates, and we must
look for differences and try to exploit them when
they are observed.

HOLLINGWORTH: I think that many differences are
known that are exploitable. Obviously the whole
cuticular structure and the chemical mechanisms of
its formation and degradation are different. We
know that the neuromuscular junction is different,
and there are differences in flight muscle metabolism.
The difficulty, I think, is not in finding systems that
are different but in finding ways of exploiting these
differences, and particularly in finding irreversible
inhibitors for these processes that do not contain
alkylating moieties, which would obviously have
bad toxicological effects in mammals.

YAMAMOTO: In a general way the physiological
action of the anticholinesterases takes place at the
synaptic membrane. We have tried to work from
acetylcholine as a toxicant-i.e., to find a compound
that interacts directly with the post-synaptic mem-
brane. Nicotine is, of course, one such insecticide
that occurs naturally. Everyone knows that nicotine
is more toxic to mammals than to insects. This
is largely the result of differences between the
nervous systems of insects and of mammals. The
peripheral neuromuscular junction in insects, as
Dr Hollingworth said, is not mediated by acetyl-
choline, whereas in mammals it is. A further
problem is that of penetration: as nicotine is ioni-
zable, it has difficulty in penetrating the insect's
nervous system. If these difficulties can be avoided,
improved insecticides can be developed.

NARAHASHI: I would like to emphasize the impor-
tance of undertaking pharmacological and toxico-
logical studies of pesticides in mammals; information
about the real site and mode of action and about the
toxicity of insecticides in mammals is very poor.
The trouble is that unless we know the exact mode
and site of action in both insects and mammals we
can never detect the cause of selective toxicity, nor

can we get any clues useful for designing new insec-
ticides. Much progress has been made in studies of
the biochemical aspects of the mode of action,
including the detoxification and inhibition of cholin-
esterase, but very little has been learned about the
more pharmacological and physiological aspects,
which are equally important. There are many able
pharmacologists throughout the world, but only a
few of them are interested in insecticides or pesticides
in general, so the question is how to mobilize their
talents for work on pesticides; this is also true in
insect physiology.

ALDRIDGE: May I return to the matter of exploiting
differences between insect and mammalian physio-
logy and biochemistry? One of the problems here
is the slow progress of knowledge about these parti-
cular systems. I am impressed by how often unex-
pected toxicity to mammals has demonstrated a
biological control mechanism we did not know
existed: I am sure this must be true of insects also.
Is there any way in which materials that are screened
in industry and found to have a lethal effect on
insects, but that are discarded for various reasons,
could be used for studies of the mechanism whereby
they killed the insects that is, for studies of insect
physiology and biochemistry? It might then be
possible to exploit the information so obtained in
the same way as has been done with the organophos-
phorus compounds. It is a real problem to get your
hands on materials like this.

BOWERS: I agree with everything that Dr Aldridge
has just said. Tests of chemicals of all kinds fre-
quently show differences that at the time are inex-
plicable. I am sure that such differences would be
exploited to a much greater extent if they were
detailed somewhere. Is there a way to publish these
things? Dr Fukuto was saying how he wished that
information about inactive pyrethrins could be made
available. It is almost impossible to publish informa-
tion today unless it is extraordinarily positive and
applicable.

WHO FACILITIES AVAILABLE TO LABORATORIES

CHAIRMAN: Mr Wright, would you speak on the help with " services to research ", in which a number of
that WHO can give to laboratories working on the standardized materials and strains are provided to
study of vectors? collaborating laboratories. A standard strain of the

housefly that is completely susceptible is maintained
WRIGHT: Part of the WHO programme is concerned by Dr Milani at the University of Pavia; anyone
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wishing to have the strain receives a new batch every
6 months, on the understanding that when the new
batch arrives the old one will be destroyed. We are
also able to provide Culexfatigans and Aedes aegypti
to those who wish them, and in addition we have a
document listing all the laboratories throughout the
world that maintain strains of insects of public
health importance, together with the characteristics
of each of these strains. We have also been providing
standard insecticides and there is a list of those
available for those who are interested. In the past
we have also provided a certain amount of labelled
insecticides-we must have given 20-30 batches of
different types to different laboratories-but this is
falling off owing to budgetary limitations. We issue
periodically an Information circular on the toxicity

of pesticides to man; this contains information
collected by Dr Vandekar from the literature
from all over the world, including eastern European
sources. We also issue an Information circular on
insecticide resistance, insect behaviour, and vector
genetics, which includes an annual list of all the
mutants that have been reported and of those being
maintained by laboratories in different parts of the
world. Finally, we have an Information circular on
vector control, which shows, by means of abstracts
of the literature, just what is going on in this field,
what the problems are, and the types of solution
that are being sought. If anybody wants any of
these services, he has only to write to us and we
shall be delighted to provide what he requires-and,
of course, it is all free.
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