
General Discussion-Session VI

OXIMES IN THE TREATMENT OF POISONING BY ORGANOPHOSPHORUS COMPOUNDS

HOBBIGER: I wish to discuss three points that are
relevant to the papers that have just been presented.

Conclusions that can be drawn from determinations
of acetylcholinesterase inhibition in tissues
Studies were made of the relationships between

the level of acetylcholinesterase inhibition and
changes in function (i.e., intensity of symptoms),
and of the relationships between reactivation of
phosphorylated acetylcholinesterase by quaternary
oximes and return of function (i.e., reversal of symp-
toms). These studies, which were based on the
acetylcholinesterase activity of homogenates, have
shown that only part of the acetylcholinesterase pre-
sent at a synapse is involved in terminating the
action of acetylcholine after its release from the
nerve terminal. This fraction of acetylcholinesterase
is generally referred to as " functional acetylcholin-
esterase ". It seems reasonable to assume that a
knowledge of the inhibition of functional acetyl-
cholinesterase could be more important than a know-
ledge of the inhibition of total acetylcholinesterase.

In my laboratory during the past few years, we
have carried out a number of experiments concerning
functional acetylcholinesterase. Briefly, the basic
design of the experiments and their results are as
follows. Functional AChE was determined by incu-
bating intact, isolated rat diaphragms or 0.8-mm-
thick slices from the temporoparietal surface of the
rat brain in a medium containing substrate (acetyl-
choline or acetylthiocholine). Under these condi-
tions, the substrate reaches the acetylcholinesterase
by diffusion, a process that mimics the route of acetyl-
cholinesterase after its release from a nerve terminal.
Enzyme activity was determined by measuring either
the disappearance, with time, of the substrate from
the medium, or the rate of appearance of the
alcoholic metabolite in the medium. Using different
concentrations of substrate, it was found that enzyme
activity increased with concentration of the sub-
strate, even in the range where substrate inhibition
of hydrolysis occurs when homogenates are used.
Furthermore, when tissues from rats that had been
given injections of DFP t were used, the level of
enzyme inhibition was always less than that recorded
in parallel experiments with homogenates; this dis-

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

crepancy was inversely related to the substrate
concentration.
From these and other observations it was con-

cluded that functional acetylcholinesterase is not a
fixed proportion of the total enzyme at a synapse, and
that the amount of functional enzyme is propor-
tional to the amount of acetylcholine and inversely
related to the level of enzyme activity. Thus, a chol-
inergic junction protects itself within limits against
the consequences of enzyme inhibition, and studies
of inhibition based on homogenates give over-
estimates of the prolongation of acetylcholine activ-
ity associated with a given level of inhibition.

Tolerance to acetylcholine associated with repeated
administration of an anticholinesterase
We have observed that rats given subcutaneous

injections of 0.6 mg of DFP per kg of body weight
for 5 consecutive days every week for 8 weeks
showed a progressive marked inhibition of acetyl-
cholinesterase in the blood and diaphragm. Inhibi-
tion in blood approached a maximum (>80%) at
the end of the first week and thereafter remained
constant, whereas inhibition in the diaphragm was
progressive throughout the experiment. The sen-
sitivity of the diaphragm to acetylcholine, assessed
by its depressant effect on twitch responses elicited
by indirect stimulation, increased during the first
2 weeks and thereafter declined slowly. The decline
in sensitivity over 3 weeks represented less than a
2-fold change. Similarly, at the end of the experi-
ment, the toxicity of intraperitoneal carbachol (car-
bamylcholine chloride), assessed by its LD50, was
approximately 50% of that in control animals.
Thus, prolonged administration of DFP, which
leads to a marked inhibition of acetylcholinesterase,
causes a desensitization of acetylcholine receptors,
but the desensitization-i.e., tolerance-is rather
small by comparison with that observed in acute
experiments subsequent to the administration of a
large dose of acetylcholine. This desensitization is
the most likely reason why prolonged administra-
tion of anticholinesterases at certain dosage levels
initially produces symptoms-e.g., central and mus-
carinic symptoms-that gradually decrease in inten-
sity as treatment continues.
The desensitization tolerance should not be con-

fused with the " tolerance " described by Dr Van-
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dekar; in his experiments, constant levels of enzyme
inhibition and intensity of symptoms were obtained
during the infusion of an anticholinesterase of the
carbamate type. This resulted from an equilibrium
being reached between carbamylation and decarba-
mylation of acetylcholinesterase and it has nothing
to do with desensitization tolerance.

Effects of anticholinesterases other than those arising
from the inhibition of acetylcholinesterase
It is well known that anticholinesterases can have

an effect on the post-synaptic membrane and on
other sites that contribute to the symptoms, but
these effects are usually seen only with higher dos-
ages. The carbamates phytostigmine and neostig-
mine are known to be active in this way. With
organophosphates such as DFP and TEPP, other
effects are much less pronounced. I wonder whether
some of the anticholinesterase insecticides perhaps
possess other activity that could modify the con-
sequences arising from the acetylcholinesterase inhi-
bition they produce; this possibility should be kept
in mind.
MEETER: In agreement with Dr Namba's results in
man, Wolthuis has found pralidoxime to be superior
to obidoxime for the treatment of the peripheral
effects of anticholinesterase agents in the rat. Only
against tabun t was obidoxime found to be better
than pralidoxime. I have found obidoxime to be
superior to pralidoxime only for the treatment of
central signs in the rat. The results of Dr Heilbronn
show that the protective effect of obidoxime (and
of trimedoxime) is better than that of pralidoxime
for the treatment of male mice poisoned with sarin t
and tabun (Biochem. Pharmacol., 1965, 14, 73).
When equimolar doses of reactivators were used,
obidoxime produced more rapid reactivation of
blood cholinesterase after tabun poisoning than did
pralidoxime; following poisoning with sarin, the rates
of reactivation seemed to be equal with both oximes.

HEILBRONN: Dr Namba indicated that pralidoxime
is more effective than obidoxime in the treatment of
poisoning by organophosphorus compounds in man.
Was this observation based on the overall clinical
effects of large doses of the oximes, or was there
really any basis for comparing the effects of the
two compounds? Were equimolar doses of the
oximes given, was the power to reactivate erythrocyte
cholinesterase at comparable concentrations com-
pared, and were the patients at equivalent initial
stages of poisoning (i.e., did they show the same
severity of symptoms, were they treated at the same

time after intoxication, and had they been poisoned
by the same organophosphorus compound)? If not,
I feel that it is not safe to draw conclusions about the
relative effectiveness of the two oximes from these
observations.
NAMBA: The clinical evaluation of the effectiveness
of drugs is based on experience with patients, in
whom-in contrast to animal experiments-com-
parable conditions are not always possible. As stated
in my paper, a review of more than 20 patients with
poisoning by organophosphorus compounds showed
obidoxime treatment to be effective in at most only
3 cases, and in no case was a dramatic recovery of
consciousness observed. On the basis of these
results, one would not recommend the use of
obidoxime instead of pralidoxime. The effectiveness
of pralidoxime, particularly in poisoning with para-
thion and parathion-methyl, and its lack of side-
effects have been established in a large number of
patients. This is the basis for my statement that
obidoxime does not at present appear to be superior
to pralidoxime for the treatment of poisoning by
organophosphorus insecticides in man. Professor
W. D. Erdmann, who has made the greatest con-
tribution to the development of obidoxime and who
has reported it to be the more effective compound
in some patients, expressed a similar opinion in a
letter to me, although he feels that obidoxime may
be more effective than pralidoxime in poisoning by
DFP t and nerve gases.
HOBBIGER: The observation that obidoxime is infe-
rior to pralidoxime in the treatment of poisoning by
organophosphorus insecticides that form a dialkyl
phosphoryl-acetylcholinesterase is surprising. Data
from animal studies indicate that, on a weight basis,
the effectiveness of obidoxime as an antidote is about
10 times that of pralidoxime. In line with this are
the observations of Erdmann et al. on the reactiva-
tion of phosphorylated acetylcholinesterase by obi-
doxime in patients with parathion poisoning. I feel,
therefore, that there is need for further evaluation
of the therapeutic effects in man of obidoxime and
pralidoxime, if possible by the methods normally
used in the evaluation of drug action. A substitute
for pralidoxime is needed, since this oxime must be
given in such large doses. Some recent reports
indicate that obidoxime in large amounts can pro-
duce liver toxicity. Whether this would also apply
to pralidoxime we shall never know, since it is
quite impossible to administer amounts of this oxime
that are equally active (in terms of reactivating
power) to the levels ofobidoxime that are hepatotoxic.

270


