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perforated appendicitis; of 72 cases in the age-group 1-2
years, 65 presented with the same complication. When
perforation has occurred, the prognosis is poor.

Peritonitis in the infant will hardly ever be diagnosed if
the classici! signs of adult peritonitis are looked for. Rigidity
and tenderness are unreliable in the infant. Generalized
increasing distention is often more in evidence. A tendency
to constipation is the rule.

The danger of purgatives in cases of suspected appendi­
citis is very generally stressed. Uncomplicated constipation
often arises as a possibility in the differential diagnosis
of these cases and an enema is often then recommended,
in the belief that such treatment will bring relief if con­
stipation is the cause of the trouble, and that it will cause no
harm if appendicitis really exists. S It would appear that,
if prescribed under these circumstances, an enema should
only be administered under medical supervision, in order

to ensure its correct use and so that the diagnosis may be
reconsidered afterwards and operative treatment proceeded
with if a strong suspicion of appendicitis remains.

SUMMARY

A case is reported of death from generalized peritonitis
due to perforation of an acute appendicitis in a male infant
aged 9 days. This followed administration of an enema.

The difficulty of diagnosis of early peritonitis in the infant
is stressed.

This paper is published with the permission of Dr. J. Parker,
Director of Provincial Medical Services, atal.
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THE SICK-BED OF THE INCURABLY ILL-
H. R. BAX M.D., Surgeon, from the Arnhem Municipal Hospital, tile Netherlands

Today medicine is scoring triumphs as never before. Our diagnosis
is more minutely accurate than ever. and our therapeutic re­
sources are considerable. As a result we are able to improve our
understanding of the essential nature of the disease, and to insti­
tute really effective therapy. The results are unmistakable. One
need only look at the average age as it appears from the death
notices in the papers. Assuming that these 70, 80 and even 9O-year­
old people have enjoyed a truly good old age, we can rightly feel
satisfaction at having contributed to their reaching this age of
the 'blessed'.

There is, however, another side to this picture. The old-fashioned
general practitioner-and many a specialist of a few decades
ago---did not always know the true character of the disease.
But this did not reduce his therapeutic efforts! It is precisely
because his therapy was often purely symptomatic that the practi­
tioner was often forced to be at the patient's bed-side to search
for such manifestations as might cause him to alter his thera­
peautic approach. By the very inadequacy of his knowledge he
found it necessary to give the patient his full attention from day
to day, until the very end. How different it is today! When a
patient's condition is to be diagnosed he is 'seized' by the indi­
vidual doctor or the team jointly, provided with a diagnosis,
and then referred to the therapist. During this period the patient
enjoys unlimited attention-at least physically-but the attention

. diminishes as soon as the patient has been through the medical
'mill'.

This is partly because a new group of patients immediately
require our attention. We have no time. Apart from this, however,
we should ask ourselves whether we have a sufficient measure
of the right mentality. In many cases diagnosis and treatment
do not call for painstaking observation or intensive sympathy
during a prolonged sick-bed. But let us ask ourselves, are we
capable of offering these in cases in which they are urgently needed ?
I am thinking, in particular, of the incurably ill.

Those who speak or write about a certain discipline of medicine
often do so on the basis of personal experience and with a certain
sense of self-respect. To impress on you the absence of such a
basis in this address, I will tell you that I work with two ward
sisters-heads of the surgical ward in my hospital. However
excellently these nurses may have adapted themselves to modern
trends, they are none the less of the old-fashioned school. Nothing
is more important to them than the correct care of the patients
under their management. They do not hesitate to criticize and
I am given to understand that I give insufficient attention to my
patients as human beings. This, they tell me. holds true par­
ticularly for two groups of patients, i.e. (1) those who in my
opinion-but not in the opinion of the patients themselves!-are
not particularly interesting, and (2) a group of patients who
have every confidence in the doctor, but who at the same time

• Address delivered to students at !be Medical School, University of
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are inclined to take up too much of his time. My nurse-critics
concluded that I devoted too little of my time to my visiting
rounds, and they found a solution to fill the gap. They themselves
took over this part of my duties, referring to me only when they
had to. Thus I am occasionally given to understand that my
presence at a sick-bed is required in this case or that. This arrange­
ment has proved to be very useful, and it has led me to certain
considerations which constitute the basis of this address.

After such an introduction it can be understood that this paper
is in fact based on my own failure. There is also another aspect
to which I must draw your attention. Although in the course
of my talk I may occasionally appear to give an indication of a
line of action, it is not by any means my intention to impose my
personal conviction on you. I expound my views. but only in the
hope that you in turn will form your own opinions on this subject.

SHOULD THE PATIENT BE TOLD?

In the first place. then, there is the question of the approach
to the incurably ill. Should these patients be tactfully informed
of the gravity of their condition or should they be left in ignor­
ance? There are differences between various countries in the
attitude taken in this respect. In the Scandinavian countries
many practitioners cautiously discuss their patients' conditions
with them. In the United States it is held that the patient who
is incurably ill should be told quite plainly that his life will end
within a relatively short time. The motivation of this attitude
is that every human being has the right to decide on his way of
life. Even if the remaining time is Short, the individual should
be enabled to decide how to spend it.

How do such people behave after having heard the 'verdict'?
In many films and novels personalities are described who accept
their fate with courage and manage to give a rich meaning to
the last days of their lives. I venture to say that this representa­
tion is not in accordance with reality. I am convinced that very
few individuals are able to cope with such a situation. Each of
us has encountered the patient who--at the very first contact­
immediately demands to be told the truth. In the past I occasion­
ally gave in to these demands, and my experiences were unfavour­
able. Even those who had been quite emphatic that they knew
better were greatly tortured by the certainty of the approaching
end.. I have become convinced that patients should be kept in
ignorance for as long as possible about the true nature of their
condition.

This view requires some justification. Man must die-even
if he is privileged never to be seriously ill or entailed in a fatal
accident. The cause of death from age lies in physical wear and
tear, but we become aware of wear and tear only as we advance
in age. In the same way, as a rule we hardly think of death until
age reminds us. Until then we are too young and too strong!
It is not until a di5aster shocks the nation, or until we have seen
the sadness of a departure in our own circle, that we begin to
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think of the fate tbat must overtake us, who knows how soon
and in what circumstances? One person of course, is better
equipped to cope with this knowledge than another. Some find
it easy to think of their own death on the basis of a philosophical
outlook on life. Others-and how very fortunate they are-know
no fear, in the certainty of a life beyond this life. Many rely on
the support afforded by the Church. But on the other hand
there is tbat large group of individuals for wbom any tbought
of death is a shock. Let us take counsel with ourselves! Many
among us are familiar with a feeling of fear leading almost to
despair. We are overwhelmed by grief because we shall have to
say farewell to all that is dear to us; feelings of helplessness and
desolation impose themselves on us. They often produce an
anxiety which we can hardly bear. It is for this very reason, that
thoughts of our own death are generally brief. We do not want
to concern ourselves with such thoughts for long and . . . we
need not do so. There are numerous ties to connect us with life
in its fullness: our family, our work, and the entire structure of
society make their full demands on us a few moments later. We
are carried away again by the stream of life as if no end awaited
us--especially us. Let us, then, concern ourselves with what
we do to our fellow men-the incurably ill-when we impose
on them all these feelings, not for a few seconds but perhaps
for weeks or months. In doing so, are we not committing them
to a strugle which increases the burden of an already grievous
sick-bed? aturally they too must at some time be confronted
with the certainty of the approaching el\d. When this comes,
will not that certainty be even more difficult to accept, and will
these patients not feel cheated? It may be that something of
importance can be observed here: in the fullness of life we soon
terntinate any thought of death. We put up resistance, and we
can do so because we still feel healthy and strong. Experience
has shown that the exhausted and deteriorated patient is no
longer capable of doing this and ... no longer wishes to do so.
To the extent to which the disease has destroyed the body, to
this extent it becomes less difficult to say farewell, and to an
equal extent the fear of the approaching end disappears, to be
replaced by a sense of resignation and peace in the face of things
to come. Should this not be regarded as a great Mercy given
us by Providence.

In view of this, then, can we be justified in informing our fellow
man of the approaching end while the body, and therefore also
the mind, is still incapable of accepting it? Would it not be pre­
ferable to let events take their natural course? It must be admitted
that many arguments can be presented against such an attitude.
One of these I myself will mention: The patient may enter his
last sleep without ever having become aware of the approaching
end. This would not be right, for every human being is entitled
to know when he must take the long stride. Many will wish to
settle certain matters with themselves and with their Creator,
and to say farewell to those who are dear to them; and there
may be other reasons why they wish to face death knowingly.
Fortunately, experience has shown that the truth nearly always
asserts itself shortly before death occurs. If, however, this should
not be the case, then it is doubtless our task to inform the patient
at that moment. In my opinion, anyone who bears this clearly
in mind, and considers himself capable of coping with tliis task,
can accept the attitude now outlined, viz. that patients should
be kept in ignorance for as long as possible and, in fact, until
death is imminent. ,

This means that our attitude at the sick-bed of the incurably
ill will be characterized by deceit, and it may well be asked whether
the deceit can be kept up. As a rule, the patient himself is a great
help. Experience teaches us, almost daily, that these patients
are only too eager to hear optimistic expressions and encouraging
words-sometimes even against their own better judgment!
Yet it must be admitted that things are not always easy for us.
Many a patient is extremely distrustful. And often there are
depressions-nearly always dependent on physical deterioration--:­
which submit the patient to the gravest doubt. ]n such cases It
is difficult to keep up a convincing approach. Failure threatens..
More than ever it is then our duty to persevere in our attitude,
which we must not change in spite of what the patient says or his
attitude to his surroundings. Only too often the patient attempts
to test us at such a moment. Some time ago I experienced a
striking example:

A man developed a carcinoma of the caecum at the age of 40.
The tumour was extirpated and it was found that metastases had

already formed in the mesentery. The expected relapse occurred
and soon a large growth had developed, which was clearly palpable
through the abdominal wall. ]n this case our task for several
months WllS to encourage the patient as much as possible. One
day the patient's nurse told me that pretence was no longer neces­
sary; the patient was aware of his condition and had accepted
it. I allowed myself to be thrown off my guard, and must admit
that I also felt relieved at being able to stop pretending. A few
moments later, 1 stood by his bedside, laid my hand on his shoulder
and asked him if he had been able to find peace. His reaction
was very peculiar. He looked at me with aversion, shook off my
hand, and turned his back to me. I was of course embarrassed
and hurried away, feeling that a human being who had just had to
cope with such a weighty decision should not be disturbed. I
was not satisfied, however, and that evening 1 returned to him
and did something which, I fear, is only too seldom done by
any of us: I found a chair and sat down to talk ,vith him. His
words, as I recall them, were as follows: 'When a man has been
in hospital as long as 1 have, he can estimate the seriousness of a
patient's condition from the behaviour of the doctors and nurses.
The severely but curably ill are given the most attention. Less
attention is paid to those who cannot be saved and patients whose
illness is uneventful receive no attention at all.' And he added:
'You and the nurses have perhaps been rather busy of late. Can
you imagine that I sometimes find it a bit difficult to believe in
my recovery when 1 notice your indifference'? And finally: 'I
am sorry for having let myself go a bit this morning. I know very
well that you would long ago have stopped taking any trouble
over me if I were really incurable.' These were words spoken
by a man who, shortly before, had emphatically said that he was
aware that he was dying! At the same time, however, this incident
proved how seriously the doctor had ·failed in his attitude towards
the patients in general! It may be said that patients of this type
are demanding. They are! But is this not understandable? Is
not our attention the bnly straw left to which they can cling?
Is not the.ir often so childlike, moving faith in our skill the cork
which keeps them afloat?

At the Sick-bed of the Incurably III
At the sick-bed of the incurably ill the accent should be placed

on this: whatever we say or do, it should always be with such
conviction as to enable the patient to be confident in our attempts
to cure him. What these attempts are matters less. The main
thing is that we say something, that we speak with them, and
that we do something. It is beyond doubt that many among us
fail in this respect. Whatever our position may be in the medical
world, the circumstances in which we ;'vork have one thing in
common: we have to cope with a lack of time. We are diligently
busy throughout the day and we are unable to give to all our
patients the time to which they are entitled. This lack of time has
placed its stamp on all our activities. Some patients we visit in
too much of a hurry, others not at all. What is more natural
than that, under these conditions, the slowly dete,iorating and
the incurably iIl-bed-ridden for a long time-are- the first to
be·neglected? Yet this is wrong! Whoever we may miss on our
rounds, it should certainly not be these patients. However difficult
it may be, we must always give them our attention, listen to the
often monotonous tale of their complaints; and prescribe for
them with conviction. Yes, prescribe for them! Let us not fail
to give them the best medication we can, planned especially
against their particular' affection. Let us also bear in mind that
the medicine should be altered from time to time. And, before
anything else, let us see to it that it is we who take the initiative.
It has repeatedly happened to me that a patient has suggested
that I should try something else, or that 1 should di.scontinue a
certain medicine. This in itself is proof of shaken confidence,
and'little is needed to upset it completely. The same holds true
for the patient who suggests that we 'might get somebody else
in on the case'.

This point should be pursued for a moment. However much
one mav do his best at the sick-bed of the incurably ill, it is in­
evitable- that one fails in some cases. This may be due to wrong
tactics, in that we have been too profuse in venturing encouraging
remarks which have not come true! Or the sick-bed 'may have
been too prolonged, as a result of which a certain irritability has
arisen between patient and doctor. At such moments it becomes
necessary ta. resort to the assistance of others. The object of
such a consultation is to create new hope and, above all, to restore
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confidence in the practitioner in charge of the case. obody
who can see this in the right perspective need ever be ashamed
to appeal to a colleague. It is, however, of paramount importance
that the suggestion should come from the doctor. In many cases
it may come not so much from the patient as from his relatives.
Again tbe same point of view should be taken, even if the sugge _
tion is not made in the direction of the person who-in our opinion
-would be the most suitable. I am referring to the tendency to
appeal-in very sad and hopeless cases-to those who are special
representatives, or not representatives at all, of official medicine
such as yrofessors, homeopathi ts, nature-healer, mesmerists,
etc. Among these the professors are the authorities par excellence
to restore shaken confidence in the doctor in charge. A profes­
sorial consultation, therefore, should alway be welcomed unless
death can be expected at any moment Of the other consultants
only a few can. be expected to behave' in such a way as to plac~
themselves besIde the therapist rather than in his place. Yet
tbelT help shou~d nOl always be refused although no suggestion
to resort t~ theLT aSSISlance should be made by us. If the patient
or hiS relatIves request It, then under certain conditions we should
cooperate. In the first place it should be understood that this
cooperation is based exclusively on our willingness to withhold
nothing from the p~tient which may give him peace. Secondly,
It must ~ made qUite certarn that the therapist's line of action,
and especIally the care of the patient, can be continued undis­
turbed. In addition the therapist should claim his right of super­
vision and to interfere if it becomes clear that the patient is being
harmed rather than deriving benefit. By this attitude we are
serving our patients' inter~sts better than by withdrawing in­
dignantly or by threatenrng to do so if the assistance of these
representatives of non-official medicine is desired. We must not
forget that we ourselves have been unable to cure the patient,
and that such a consultation is again exclusively a measure of
encouragement and revival of hope.

Much could be said about the application of medicaments.
It is important to give the patient something that seems to be
directed against his illness. We all know that in the slowly de­
teriorating incurably ill it is our task to ensure the normal function­
ing of the organs for as long as possible. Inconveniences such as
coughs, vomiting, singultus, urinary or faecal retention or in­
continence, dyspnoea, 'sweating, bed-sores, insomnia, anorexia,
etc. should be, and can be, controlled. The appropriate agents
are well known, and should be only too welcome to us. For it
is precisely these aids that enable us to do something for our
patients. But symptom and agent must correspond; the patient
may be very surprised if a therapy is continued long after the
original complaint has disappeqred.

Pain. A subject which merits more detailed discussion is pain
and its alleviation. We are well familiar with the benefits of
morphine and its derivatives, and with drugs such as meperidine
hydrochloride, etc. Unfortunately we are equally familiar with
their untoward side-effects-and I do not mean the possibility
of addiction. This possibility need hardly be taken into account
in the case of the incurably ill. It is quite a different matter, how­
ever, if long continuance of the pain controlling remedy is liable
to cause considerable physical and mental harm, and even shorten
the patient's life. This constitutes a difficult problem, which must
be solved in accoJ"dance with the individual conscience. My own
opinion is that generally speaking, it is nOl our task to prolong
life to the utmost limit of time but rather to make life bearable.
With this in mind I have at times rliscarded the thought of surgical
intervention when I was firmly convinced that it would merely
prolong life \vithout sufficiently alleviating the suffering. This
implies that I am in favour of a liberal use of analgesics, started
in time and gradually increased in dosage to the requirements
of the circumstances.

I am well' aware that this line of action in fact means a low
poisoning of the person entrusted to our care, and I am prepared
to admit that there is little to separate me from the advocates of
so-called euthanasia in the form of an abrupt. forced termination
of unbearable suffering. In my country euthanasia is a crime
punishable by law. Man has not been given the right to decide
on life and death; the 'medical man', however, i bound by duty
to do for his fellow man-the incurably ill and moribund-that
which can be considered justifiable in accordance with honour
and conscience. To me, effective analgesia seems not only per­
missible, bur even indispensable'.

The Patient's Last Hours
However, even if we so ucceed in alleviating to ome degree

the bodily and mental uffering of the incurably ill, yet the time
will come when the \ eakened body can no longer re i t, and the
sick-bed becomes a death-bed.

Can anything be expected from the practitioner at that time?
During these la t hours, does he till have a ta k to perform?
Many are in lined to maintain that he has not. The con ider it
befitting tbat the doctor hould then withdraw. Death is 0

olemn an occa ion as to justify the presence only of those who
are really intimately related to the dying human being. This
mean his relati es and, if any other presen e i ju tified, a mini ter
of religion. For a long time I hared thi view which at lea t
seemed to me to be the correct one for a ho pi:al urg~on. Th~
hospital doctor-unlike the hou e doctor-has been in relatively
brief contact with the patient. J my elf used to remain a\ ay
from the death-bed but J must confess that it was not only re pect
for the dying which motivated this withdrawal. Only too well
do I know that I sometimes lacked the mental courage. It is
difficult to admit failure tanding by a death-bed. It i also difficult
to be among those who have great orrow. There i a ri k that
we may be too much influenced by this lack of moral courage­
a risk which was pointed out to me by one of my ward- i ters.
And well she might! For do not many of u -a soon a we
believe that our task has ended-leave the remaining necessary
arrangements only too readily to the nur e with whom we work,
whether hospital nurse or vi iting nur es? Can they be expected
always to have the knowledge and wisdom to carry out their
duties in the right way in these difficult hour? Is it right that we,
who for 0 long carried the responsibilities, and regarded this as
our proud right, hould now withdraw completely? It is obvious
that there is at least one thing still to be done by the practitioner­
to see that many of the mea ures he bas ordered are discontinued.
I have just urged that the incurably ill hould be given as much
attention as possible, and until the end. In this way we have
fought death. Jne itably the moment comes when we must admit
defeat; when we must bow our heads and hope that the patient
may be allowed to leave in peace, without further interference
from us. J am afraid that this rule i often broken, especially so
in a hospital. Dietetic measures, injections with antibiotics,
analeptics or cardiotonics, blood transfusion and so on, are not
appropriate at a death-bed. However, it i the doctor who must
decide when these measures hould be discontinued. And this
alone is ufficient reason why he should be present at the death­
bed.

Some may believe that after having completed these arrange­
ments the doctor can permanently withdraw. It is true that all
further measures are within the competence of the nurse. How­
ever, the dying patient is not always assisted by a nurse, and then
relatives may have to take over the task. But will they be able
to do so? Will tbey not be powerless through ignorance of illness
and death, and especially through overwhelming grief? Then should
the patient depart after having been denied these last acts of love?
Cannot the doctor be expected to make him elf available during
these last bours? But will he be competent to do so? What do
we know about the requirements of the dying? We learn little
about this at our universities. And subsequently, in practice, how
often have we been active and present to the end and when one
of our patients died? J do not know how thi is in this country.
I myself have been through a long period during which I was not
more often confronted with the needs of the dying than perhaps
once a year.

It was when examining our nur es that I heatd the theory of
the death-bed expounded. As a rule I was impressed by the
candidate's considerable knowledge. But equally often I was
overcome by a sen e of uneasin when I considered the demands
which these young women would have to meet. Thi cannot be
right. The physical well-being of our patients is our concern ...
until the very end. I have not even mentioned, so far, thepiritual
care of the dying. Whether anything can be expected from the
doctor in thi respect depend on the phil ophy of life accepted
by the patient and his relatives. On the other hand, it may well
be that the practitioner himself is convinced of having a mission.
without being asked by anybody. However thi may be, we mu t
all regard it as our duty to see to it that spiritual comfort i offered
to the dying. Often, therefore, we hall have to give up our place



894 S.A. MEDICAL JOURNAL 6 September 1958

to the pastor or priest but . . . in some cases the patient prefers
to be assisted by his relatives or a trusted friend. Let us bear in
mind that we, too, can be such a trusted 'friend'.

I do not know whether many among us will be capable of

dignified behaviour under such conditions. But let us be aware
of the fact that we may be called upon. If so, let us make ourselves
available and let us be grateful. Is it not this very task which
may be regarded as the most sublime duty of our profession?

TIIE TREATMENT OF POISONING WITII ALKYLPHOSPHATE (ORGANOPHOSPHATE)
INSECTICIDES

Douw G. STEYN, Professor 0/ Pharmacology, University 0/ Pretoria, Pretoria

I recently drew attentionl7 to important new work on the mode of
action of alkylphosphates (organophosphates) and the treatment
of cases poisoned by them. The large, and ever-increasing number
of cases of acute poisoning, many of them fatal, with alkylphos­
phate insecticides (parathion, Paraoxon, etc.) compel us to do
everything in our power to improve the present methods of treat­
ment of this type of poisoning. The alkylphosphate insecticides
are extremely toxic and may cause poisoning in various ways.
They may be lised in malicious poisoning, may also cause poison­
ing through careless handling when they are being prepared and
applied as insecticides (this is the chief source of poisoning).
Poisoning may also result if fruit and vegetable growers do not
follow the instructions issued by the Department of Agriculture,
namely, that no fruit or vegetables should be marketed within
3 weeks after application of the alkylphosphate insecticides.
Accidents have also resulted when insecticidal preparations in
oily vehicles have been mistaken for edible oils, and when bottled
preparations of these insecticides have been mistaken for a cool
drink.' Accidents due to such mistakes can be reduced by more
appropriate labelling and by the addition of SOme repulsive
tasting or smelling substance. A warning should also be issued
to parents, and others in charge of children, who frequently use
these dangerous insecticides as fly-killers on their tables and in
their pantries and dairies.

MODE 0F ACTION OF THE ORGANOPHOSPHATES AND OF THEIR
ANTIDOTES

The symptom-eomplex induced by alkylphosphates may include
nausea, vomiting, abdominal cramps, perspiration; salivation,
myosis, diarrhoea, tenesmus, urinary incontinence, disturbances
of vision, acute glaucoma. asthma, oedema of the lungs, muscular
tremors, restlessness, dizziness, headache, apprehension, ataxy,
disorientation, hallucinations, coma with absence of reflexes,
convulsions, and death from respiratory paralysis or circulatory
failure. These are the result of their pronounced cholinergic
action which, in turn, is the result of the inactivation of the enzyme
cholinesterase.

Hitherto the only pharmacological treatment has been with
the anti-cholinergic agent, atropine which has been used with
satisfactory. results in less serious cases. However, this has not
been the case in serious cases of poisoning with the alkylphos­
phates and, consequently, constant attempts have been made
to improve our methods of treatment. A search has been made
for a substance which would reactivate the cholinesterase (CliE)
inactivated by the alkylphosphates. Atropine is only a sympto­
matic antidote.

The value of oximes in the treatment of organophosphate
poisoning has been demonstrated by Askew,"" Kewitz, Wilson
and Nachmansohn (1956) and Hobbiger.·

According to Childs et al.' oximes (1) are potent reactivators
of both red cell and rat brain CbE inhibited by TEPP (tetra­
ethylpyrophosphate), sarin (isopropyl methylphosphonofluori­
date) or dyflos (di-isopropyl fluorophosphate, DFP), and (2) 'are
generally superior to the hydroxamic acids, particularly against
sarin-inhibited CbE'. Many organophosphate compounds are
active inhibitors of CbE and the inhibition is to a large extent
irreversible. The actions of these compounds are summarized
as follows by Childs et af.5: 'In contrast to other specific inhibitors
such as eserine and neostigmine, their action is non-competitive
and not readily reversible. It is now generally believed that these
inhibitors phosphorylate SOme vital group of the active centre
of the enzyme and that reversal of inhibition requires the rupture
of the phosphorusenzyme bond'.

Green and Smith' state that reactivators of CbE 'may form
complexes at two distinct sites on the phosphorylated enzyme.

The anionic site will bind reactivators possessing cationic centres,
such as the pyridine-aldoxime-methiodides, while a second site
will bind reactivators possessing a carbonyl substituent, such as
2-oxo-aldoximes. These two classes of reactivator may be dis­
tinguished by the effect of electrolytes on the rate of reactivation.
Electrolytes retard reactivation by pyridine-2 aldoxime-methiodide,
probably by competition between the cation of the electrolyte
and the oxime for the anionic site on the phosphorylated enzyme.
In contrast, the cations of electrolytes accelerate reactivation by
2-oxo-aldoximes but the mechanism is nor known'.
Th~ same authorities' reported that '(1) kinetic studies on the

reactivation by 2-oxo-aldoximes (R.CO.CH:N.OH) of choline­
sterase inhibited with organophosphorus compounds show that the
formation of a complex between the reactivator and the inhibited
enzyme is a likely step in the reactivation process; and (2) varia­
tion of the alkyl group (R) has only a minor effect on the reactivat- ­
ing power of 2-oxo-aldoximes, which indicates that it is probably
the carbonyl group in the oxo-aldoxime which is linked to the
enzyme in the complex'. They further concluded:8 'Kinetic
studies of reactivation by pyridine-2-and-4-aldoxime methiodides
of erythrocyte cholinesterase inhibited. with organophosphorus
compounds indicate that a preliminary step is the formation
of a complex between the inhibited enzyme and the reactivator'.
In a later publication they reported that 'although reactivation
by isonitrosoacetone is also accelerated by complex formation,
the formation of this complex does not involve the anionic site
on the enzyme, in which case the slowing down of reactivation
due to cations, found with pyridine-2-aldoxime methiodide,
would not necessarily be expected'."

Holmes and Robins'· studied the actions of oximes on neuro­
muscular block due to anticholinesterases and found that block
in the isolated rat phrenic nerve and diaphragm preparation was
rapidly reversed by diisonitroso-acetone and monoisonitroso­
acetone. Pyridine-2-aldoxime methiodide also reversed block
due to anticholinesterases. 'The oximes have a direct toxic action
on muscle, causing a reduction of contraction height and a slow­
ing of conduction velocity'.'· Askew et al." also investigated the
nature of the toxicity of 2-oxo-oximes and established (1) that
the toxicity of the oximes monoisonitrosoacetone (MINA) and
diisonitrosoacetone (DINA) is due to the formation of hydrogen
cyanide, and (2) that there is no evidence to suggest that a similar
mechanism will explain the toxicity of diacetyl monoxime (DAM).

Askew' tested 23 oximes and 9 hydroxamic acids as possible
antidotes in anticholinesterase poisoning. It was found (1) that
both DAM and MINA are active in sarin-poisoned rats· even
when administered after the onset of anticholinesterase poisoning,
and (2) that 'DAM, because of its lesser toxicity, can be used at
a higher dose and therefore appears to be more effective than
MINA'. DAM is also less toxic than PAM (pyridine-2-aldoxime
methiodide).'" Askew'" states: 'PAM is relatively non-toxic and
can be given in doses up to 100 mg. per kg. to the smaller species
without apparent harmful side-effects. The maximum dose of
MINA which can be given to monkeys without producing toxic
signs is 20 mg. per kg. Nevertheless, with atropine, 10 mg. per
kg. of MINA will raise the L.D.5• of sarin about 7 times'. 'Death
from sarin poisoning in the rat appears to be due to the almost
simultaneous development of central respiratory failure and
neuromuscular block'.'"

Recently, Bethke et aI." conducted experiments upon anaesthe­
tized guinea-pigs and on the excised frog heart, the excised guinea­
pig heart, and the excised auricle of the rabbit heart in an attempt
to find the most effective substance in the reactivation of the
cholinesterase blocked by alkylphosphate insecticides. In their
experiments they used (1) nicotine-hydroxarnic acid-methiodide
(NHMI), (2) 2-pyridine-aldoxime methiodide (PAM), and (3)




