
General Discussion-Session VII

ALLEGED EFFECTS IN MAN OTHER THAN THOSE
CAUSED BY CHOLINESTERASE INHIBITION

VANDEKAR: I shall attempt to summarize the
observations on the safety of fenitrothion made
during a Stage VI trial in the Kisumu area of
Kenya by the WHO Anopheles Control Research
Unit located there. This trial-completed last
year-consisted of 4 rounds of spraying at approxi-
mately 3-monthly intervals. Three different formu-
lations of fenitrothion water-dispersible powder
were tested-namely, Folithion, Sumithion, and
Accothion-each of them being applied indoors
as a residual spray with the aim of obtaining deposits
on the wall of 2 g of active ingredient per M2.
The first 3 rounds of spraying each lasted for
approximately 6 weeks and the fourth round lasted
for 8 weeks. Each week consisted of 5 working
days.
The protective clothing worn by the spray-men

consisted of overalls, broad-brimmed hats, tennis
shoes, and gauze surgical masks. All protective
clothing was washed daily and each spray-man was
issued with soap and instructed to wash his hands
after each pump charge. At the end of the working
day the spray-men took a shower.
For the first round, apart from 3 weeks' initial

training, neither the squad chiefs nor the spray-men
had any previous experience of handling or spraying
insecticides.
The blood cholinesterase of the spray-men was

determined tintometrically twice weekly to find
out if there was a cumulative effect on the enzyme
during prolonged exposure.
While no complaints attributable to the exposure

to the insecticide were recorded during a total of
more than 2 000 man-days of spraying, slight to
moderate depression of cholinesterase activity was
observed towards the end of the spraying rounds.
During the first 2 spray rounds certain spray-men
were instructed to spray without face masks, to
ascertain the effectiveness of the latter in preventing
absorption of insecticide. When the values were
compared, the cholinesterase activity in these
spray-men was somewhat more inhibited, but in
only a few cases was it below 7000 of the normal
level. There were, however, a few exceptions to
this general picture; for example, during the first

spray round one spray-man had to be removed
from the schedule with more than 50% inhibition
and two others showed 40% inhibition of cholin-
esterase towards the end of the trial; one of the
latter had been spraying with a mask and the
other without a mask.

In the fourth round of spraying, the inhibition
of cholinesterase activity found in spray-men was
generally less pronounced: this was largely attri-
butable to improved safety precautions and spraying
techniques and to supervision of workers in the
field. Only one spray-man showed any marked
cholinesterase depression (about 60%). His work
output, as measured in pump charges, was the
highest in that round and he also gave the impression
of being rather careless in his handling of the insecti-
cide.
No complaints whatsoever were received from

the 20 000 inhabitants whose houses had been
repeatedly sprayed.
On the basis of these results it has been concluded

that this insecticide can be used safely as a residual
spray in houses providing precautionary measures
similar to those used in this trial are taken. In view
of the slight to moderate depression of blood
cholinesterase activity established in most spray-men
towards the end of the spraying round, a check
cholinesterase determination would be useful when-
ever the spraying operation lasted longer than 2
months.

BARNES: There have been many references to the
possibility that anticholinesterases might have impor-
tant toxic effects unrelated to their activity against
cholinesterase. We have heard that organophos-
phorus compounds can phosphorylate many pro-
teins other than cholinesterase, so other toxic effects
might be expected. However, apart from delayed
neurotoxicity, I know of no good evidence that
such effects have been found in the many toxicity
tests that have been carried out.

DuBois: We have no evidence that other biochemical
effects are of any importance in connexion with the
toxic effects of organophosphorus compounds. Fur-
ther comparative studies should be made of the inhi-
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bitory effects of these compounds on cholinesterase
and on other hydrolytic enzymes, but only in con-
nexion with the problem of interactions with, or
potentiation of, the toxicity of other compounds.

HOLAN: Psychological effects have been observed
during the application of DFP t in subacute doses
during eye surgery. We used the balance of the
action of catecholamines and acetylcholine for the
synthesis of antihallucinogens that were lipid-
soluble choline acetyltransferase inhibitors-that
is, they prevented the accumulation of acetyl-
choline at effector end-plates, which occurs after
the action of an anticholinesterase in the central
nervous system. While this is no proof, it does indi-
cate that long-term psychological effects could result
from the continuous application of subacute doses of
organophosphorus compounds. Conducting tests
for such effects would be an extremely difficult
undertaking.

ARNAN: Have there been any recent epidemiolo-
gical studies of the possibility that organophosphorus
compounds might cause mental disease? It does not
seem an important issue, but it has already caused
some unwanted public reaction.

HAYES: Tests of mental alertness were conducted
during 1960-62 on groups of persons with varying
degrees of exposure to organophosphorus pesticides
(Durham et al. (1965) Arch. environm. Hlth, 10, 55).
Two methods of measuring alertness-pencil and
paper tests and a complex reaction test-gave compa-
rable results. Performance varied widely from one
person to another, but the performance of a given
individual was relatively constant at different
times. Little learning was evident. Both the exposed
and the control groups scored about as well during
periods of exposure as during periods when they
were not exposed. The differences were small for
both the exposed and the control groups and for
the latter they were as large as, or larger than, for
the former. There was no indication that exposure
to organophosphorus insecticides at levels insuffi-

cient to produce clinical illness had any important
effect on mental alertness. In a clinical study of
187 cases of suspected poisoning by organophos-
phorus compounds in persons who were not parti-
cipating in the controlled study, each case was
evaluated on the basis of the relative severity of
somatic illness and of mental effect. In no case
was a mental effect observed in the complete absence
of physical signs or symptoms of illness. Two cases
were observed in which an effect on mental alert-
ness was the presenting and/or predominating
symptom. Mental alertness tests were given to
11 individuals who had recently shown symptoms
of poisoning by organophosphorus insecticides.
In the 9 cases for which comparisons were available,
the poisoned subjects scored poorly in the acute or
early recovery stage of poisoning and then showed
progressive improvement during and after convales-
cence.

These test results are consistent with the accepted
opinion that organophosphorus compounds may
affect mental alertness if they are absorbed in
amounts large enough to cause clinical signs or
symptoms of systemic illness.
The constant rate of accidents for the pilots of

crop-dusting aircraft during the period when the
production and use of organophosphorus pesticides
were increasing rapidly suggests that exposure to
these chemicals was not the principal cause of such
aircraft accidents.

BARNES: A report from Australia some years ago
on persons who had developed mental illnesses
included data on blood cholinesterase levels; no
depression was found, therefore the illnesses were
not caused by an organophosphorus insecticide.
Effects on the nervous system have been studied
and reported by R. W. Russell et al. They were
able to detect changes in the behaviour of trained
rats to which organophosphorus compounds were
administered, but only at levels of intake that pro-
duced 50% or greater depression of brain cholin-
esterase activity.

CHOLINESTERASE INHIBITION AS AN INDEX OF EXPOSURE AND OF TOXIC EFFECTS

BRUCE-CHWATT: When I was connected with
malaria-eradication pilot projects in Nigeria during
1949-57, dieldrin, HCH, and DDT were used by
spray-men without elaborate protective clothing,

t Names against which this symbol appears are identified
in the Glossary on pages 445-446.

largely because we were not at that time aware
of the toxic effects of these compounds, particularly
dieldrin. Nevertheless, we had no mishaps, pro-
bably because we insisted on elementary measures
of hygiene, such as the washing of clothes. Familia-
rity with compounds of low toxicity undoubtedly
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breeds contempt for any elaborate protective meas-
ures. Furthermore, the wearing of respirators or even
rubber gloves is impractical under conditions of
high temperature and humidity. Protective measures
for field situations must be as simple as possible.
In my opinion the WHO testing programme is
fully adequate and the criteria need not be more
complicated than they are at present. I do not
think that anyone would accuse WHO of laxity with
respect to the protection of its field workers. I
should like information on the studies that were
made of clinical symptoms and cholinesterase
activity during the course of field trials of dichlorvos
in Africa. To the best of my recollection no direct
relationship was found between the two factors.

HAYES: At least four studies have been made of
the value of dichlorvos for malaria control. In
three of them, the concentration of the insecticide
in the air of treated dwellings was measured. In
Upper Volta, the concentration ranged from
0.007 to 0.840 mg/m3 (Funckes et al., Bull. Wld Hith
Org., 1963, 29, 243) and exposure continued for
3 years. In Western Nigeria, the variation was only
0.004-0.56 mg/m3 and exposure continued for
18 months (Gratz et al., Bull. Wld Hlth Org., 1963,
29, 251). In Haiti, concentrations in the presence of
fresh dispensers were 0.09-0.17 mg/m3 (Stein et al.,
Amer. J. trop. Med. Hyg., 1966, 15, 672) and the
exposure period was 2 years. The differences in the
concentration ranges in the four studies were
partly the result of differences in construction and
ventilation of the houses and partly the result of
intentional differences in the dosage of dichlorvos.
The earliest studies involved small villages, but
the work in Haiti (Stein et al., 1966) and Northern
Nigeria (Foll & Pant, unpublished report to WHO,
1964) involved large villages in which 10000 and
25 200 people, respectively, were living. People of
all ages and conditions were represented in all
the studies. No complaints were made by, and no
illness referable to dichlorvos was observed in, the
inhabitants of treated houses. In two of the studies,
it was possible to measure cholinesterase activity,
but no abnormality was found among residents,
even in the plasma enzyme (Funckes et al., 1963;
Gratz et al., 1963). The situation was somewhat diffe-
rent among the men who prepared the dispensers or
installed them in the houses to be treated in Haiti.
Daily dermal exposure plus exposures to air con-
centrations of dichlorvos ranging from 0.29 to 2.13
mg/m3 during working hours produced no effect on

the red-cell cholinesterase of workers and no ill-
ness among them. These concentrations did gra-
dually reduce the plasma enzyme levels to about
320% of normal in 16 days, after which there was
no further decrease in spite of continued exposure
for 5 additional days (Stein et al., 1966).

AUGUSTINSSON: Studies of plasma cholinesterase
depression in rats following poisoning with an
anticholinesterase agent (an organophosphorus com-
pound or a carbamate) cannot be used as the basis
for conclusions as to what will occur in humans
or other higher animals. The plasma cholinesterase
of the rat differs from that of man in several res-
pects (susceptibility to inhibition, substrate speci-
ficity, and enzyme kinetics).

HOBBIGER: Some persons have no plasma cholin-
esterase and as far as I know they show no abnor-
mality apart from a prolongation of the action of
certain drugs, such as suxamethonium, that require
this enzyme for metabolism. It is likely, therefore,
that inhibition of cholinesterase in man, even for
long periods, might have few or no consequences
apart from those involving the metabolism of certain
drugs. Nearly complete inhibition of cholinesterase
in animals certainly produces few minor symptoms.
Another point worth making is that the time has
come to stop correlating, in anticholinesterase
poisoning, the level of plasma cholinesterase
inhibition with the intensity of symptoms. The
reduction in the level of blood acetylcholinesterase
should be used for comparisons. However, even
if this is done, we must remember that enzyme
inhibition in tissues-i.e., at sites where inhibition
does matter-lags behind the inhibition in the blood.

REINER: Is the concentration of acetylcholine
in brain in situ known, and if so is it sufficiently
high to cause an appreciable decrease in the rate
of phosphorylation or carbamylation of cholin-
esterase ?

HOBBIGER: The important aspect in this context
is the concentration of acetylcholine not in the
brain but in the synaptic gap of the cholinergic
synapses. We do not know the concentration of
ester that is attained there during the transmission
of impulses in the absence of acetylcholinesterase
inhibition. As enzyme inhibition progresses fol-
lowing the administration of an anticholinesterase
agent, the concentration of acetylcholine must
increase and it is quite possible that a point is
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reached when the accumulation of acetylcholine
slows down phosphorylation and carbamylation.
However, it is not possible to obtain experimental
proof of this with existing techniques. Choline is
quite effective as a reactivator of dimethyl phos-
phoryl-acetylcholinesterase. Thus, if enough choline
were to accumulate (as a result of acetylcholine
hydrolysis) this could curtail progress of enzyme

inhibition by organophosphorus compounds that
form dimethyl phosphoryl-acetylcholinesterase. Cho-
line is not effective as a reactivator of other types
of phosphorylated acetylcholinesterase.

NAMBA: Since the manifestations of poisoning
by anticholinesterase compounds result from the
inhibition of synaptic cholinesterase, quantitative
studies of the latter are significant. Synaptic cho-
linesterase in the brain has been studied on the
" synaptosome ", a particulate fraction isolated from
brain homogenate. We have determined the cholin-

esterase activity of the neuromuscular junction by
isolating the muscle membrane. By staining for
cholinesterase activity this fraction was demonstrated
to contain neuromuscular junctions but no non-

synaptic cholinesterase. From measurements of
cholinesterase activity and of the number of neuro-

muscular junctions, the cholinesterase activity of
a single neuromuscular junction of the intercostal
muscle was calculated to be 1.21 x 108 (molecules
of acetylcholine hydrolysed per msec) in man and
2.69 x 108 in the rat. The cholinesterase activity
ofneuromuscular junctions was estimated to be about
2% of the total muscle cholinesterase in man and
20% of the total muscle cholinesterase in the rat.
Using specific substrates and inhibitors, about 90%
of the activity was estimated to be acetylcholin-
esterase and about 10% to be the other cholinesterase
(Namba, T. & Grob, D. (1970) J. clin. Invest.,
49, 936; Namba, T. & Grob, D. (1968) J. Neurochem.,
15, 1445).
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