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Discussion
SESSION 2

Chairman: DR C. M. FLETCHER
(Chairman ASH)

DR. C. M. FLETCHER (Chairman, ASH): Do residents
at high altitude have an increased incidence of athero-
sclerosis?
PROFESSOR P. ASTRUP (Professor of Clinical Chemistry,

Righospitalet, Copenhagen): It has not been published
and it is very difficult to evaluate, because most residents
live at high altitudes in the Andes mountains, where they
have very low levels of serum cholesterol.
DR W. GRIFFEL (Banbury): If experimentally you

expose rabbits to low barometric pressure you find indeed
cholesterol increase and lipid increase. These investiga-
tions of 1928 have not been followed with histology,
because in only three rabbits which we dissected were
atherosclerotic plugs present. Why the people who live
there do not develop arteriosclerosis I do not know, but
this is really a fact, even when you start at 4000 and go
up to the Andes. These people possibly have a different
diet and exercise, but the combination of hypoxia and
hypocholesterolaemia is the most important fact. It
creates really a viscous circle. Later on we can discuss
this.
DR PETER COLE (St Bartholomew's Hospital): I would

like to ask Professor Astrup a question. In his talk he
spoke of the effects of between 2 and 18% COHb on
various physiological parameters, impaired diminution
of light and effects of myocardium etc.; has he ever been
able to differentiate what this is really due to? There are
two or even three well-known effects that it could be due
to; it could be a shift of the dissociation curve to the left,
it could be a direct effect of carbon monoxide on the
tissues, or it could be an increase in venous admixture
due to the carbon monoxide. Do you know of any work
that has actually shown that these effects are due to one
or other of known effects of carbon monoxide?

PROFESSOR AsTRup: No, we have not. I am quite sure
that it is really a hypoxic effect of carbon monoxide. It
is a competition between oxygen and carbon monoxide
for certain enzyme systems. We do not know what kind
of enzyme system it is. We do not think it is the cyto-
chrome 150 system, because the concentrations in the
liver after carbon monoxide exposure is not changed.
We believe that the main effect of carbon monoxide is
this change in permeability. We do not know what
system is affected. It might be the kininogen system, it
might be the renin angiotensin system, or serotonin
system. We are trying to evaluate it at the time being but
it is not easy.
DR L. H. CAPEL (London Chest Hospital): May I just

ask Professor Astrup to sharpen the point by also saying
that it is not a defect in oxygen transport but a defect in
oxygen utilization by cells.

PROFESSOR AsTRuP: Yes, it is a changed oxygen
utilization. You cannot measure any decrease in oxygen
uptake in animals exposed to carbon monoxide in
reasonable low levels. We just measured it a month ago
there was no change at all, so it is a change in some
system we do not know too much about.

DR K. M. CITRON (Brompton Hospital): I would like
to ask Professor Astrup about factors which influence
the clearance of carboxyhaemoglobin from the blood,
in other words, factors which influence the level. He
showed a very eloquent correlation between the level of
carboxyhaemoglobin and the incidence of occlusive
vascular disease and arteriosclerosis. Does he know
whether the mere presence of arteriosclerosis influences
the rate of clearance of carbon monoxide from the
blood. The obvious possibility is that the level of carbon
monoxide in the blood induces arteriosclerosis but it
could also be that people with arteriosclerosis have a
slower clearance and therefore have a higher level of
carboxyhaemoglobin merely because they have arterio-
sclerosis.
PROFESSOR AsTRup: No, I do not think so. Clearance

of carbon monoxide depends exclusively on the degree
of ventilation and the carbon monoxide concentration,
of course, in the ambient air. It is exclusively the degree
of ventilation. Would you like to come in on that,
Professor Lawther?-I do not know how important this
is. I can say that in a normal resting man the decrease in
carboxyhaemoglobin level per hour is approximately
15%, that means that if he starts with 20% carboxy-
haemoglobin he has after 1 hr 17 %, a decrease of approxi-
mately 15 %. That is the usual.
DR A. J. WOOD (London Borough of Brent): I should

be very interested to know if there are any devices for
checking people's statements about their smoking
habits by testing the expired carbon monoxide, as this
could be useful in surveys in schools and the community.

PROFESSOR P. J. LAWTHER (Director, MRC Air Pollu-
tion Unit): We had that sad task to do with Professor
Walter Holland. I liaised with him on the comparison
between the blood method and the air method, precisely
for that very sad task-to see whether school children
were lying. Not a very pleasant bit of clinical research.
They do.
DR H. 0. WILLIAMS (Chest Clinic, Whittington

Hospital): Has Professor Astrup done work on the effect
of nicotine on experimental animals?
PROFESSOR AsTRuP: I have performed one experiment

and we saw a small increase in atherosclerosis, in the
accumulation of cholesterol, but nothing in comparison
to the effect of carbon monoxide. There have been several
publications in the literature concerning the effects of
nicotine administration. Some have been able to find an
effect and others not. If the nicotine has an effect on the
development of atherosclerosis it is at least a very small
effect. I am absolutely sure that the changes are reversible.
They might be influenced by the oxygen concentration
in the air. The early lesions are reversible, not the later
ones.
DR N. MACDONALD (Clare Hall Hospital): Could the

high level of carbon monoxide in the blood of smokers
also play a part in the causation of emphysema, where
an enzyme system may also be involved?
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Discussion

PROFESSOR ASTRUP: Well, we have done some studies
on guinea pigs exposed to carbon monoxide and seen
that there are changes in the aveoli and the bronchi and
it might have something to do with the development of
bronchitis, at least, but I am not saying that it has any-
thing to do with the development of emphysema.
DR J. W. PATERSON (Brompton Hospital): Is there

any difference between the number of cigars smoked per
day by those who inhale and those who do not?
DR J. COWIE (Central Middlesex Hospital): We went

to great lengths not to interfere with the normal smoking
habits. We gave them little information about the study.
They had blood samples taken with an indwelling
cannula and a three-way tap and they had complete
freedom otherwise. They were asked to record when they
smoked. That particular man who seemed to have one
cigar every hour, he did smoke one cigar on the hour;
this was not manipulated on our part. We have not as
yet found any ex-cigarette smokers who have not inhaled
a cigar. The life-long cigar smokers we think in fact are
very light smokers; they have one cigar in the evening
after dinner. It is difficult to believe them at times.
DR K. H. LIM (Barnet General Hospital): On the

evidence produced regarding carboxyhaemoglobin levels
in ex-cigarette smokers who change to cigar smoking,
what are the speakers' views about advising cigarette
smokers to change to pipe smoking?
PROFFESOR ASTRUP: Well, we have measured carboxy-

haemoglobin in several smokers who have changed from
cigarettes to cigars and to pipes. Our experience is the
same as Dr Cowie's. We find the highest carboxy-
haemoglobin concentrations in ex-cigarette smokers who
have changed to cigars or to pipes, and that is because
they continue to inhale and because the carbon monoxide
concentration in the smoke from pipes and cigars is
approximately twice as high than in the smoke of
cigarettes.
DR P. COLE (St Bartholomew's Hospital): I have

smoked a pipe for 5 years. I have measured my level of
COHb every week; it has never exceeded 2 %. I have also
made over twenty measurements of COHb in smokers
and I have never made a measurement of COHb more
than 2 5 %, which is about the same level as the maximum
of the non-smoker in the urban environment that we
have made in my laboratory. So in my experience, pipe-
smoking, even though I agree with Paul Astrup that in
fact the CO concentration of the pipe smoke is high, I
find that most pipe smokers do not in fact inhale and
as far as carboxyhaemoglobin is concerned in my
opinion it is a fairly safe procedure.

QUESTION: Can you say how many were ex-cigarette
smokers?
DR COLE: I can't say exactly how many, but there

were some ex-cigarette smokers amongst them.
DR D. N. MITCHELL (Central Middlesex and Brompton

Hospital): Professor Astrup discussed the mechanical
and metabolic factors in the pathogenesis of athero-
sclerosis, could I ask if he has any experimental observa-
tions on the genetic aspects? For instance, are these
lesions more readily induced in inbred strains, and con-
versely, do they arise with greater spontaneity in offspring
of those animals severely affected, or after a shorter
exposure to the same concentration of carbon monoxide?

PROFESSOR ASTRUP: We have not done this kind of
experiment, but we know from the literature that there
is a relation to genetics.
DR A. J. WOOD (London Borough of Brent): Does

carbon monoxide have effects which make its inhalation
attractive and does it contribute to the attractiveness of
the smoking habit?
DR FLETCHER: We do not know, if they would smoke

other things apart from tobacco. They might be addicted
to the gas stove, etc. They only smoke cigarettes.
DR WOOD: Except that cigarettes are the most con-

venient form of smoking.
DR LAWTHER: In gassing all my colleagues and myself

up to 10% saturation and fairly large populations of
people, we have not had a reported vision in the whole
time.
WENDY RICHES (Reader's Digest): I would like to ask

Professor Lawther how much smoking contributes to
air pollution.
DR LAWTHER: It is extremely difficult to measure.

There are some good works on the carbon monoxide in
rooms, there is a very good paper by Martin Coy in
Environmental Research, showing the amount of carbon
monoxide that a smoky atmosphere can give as in fact
Dr Russell has shown, but with respect to other con-
stituents it is extremely difficult to measure them. We
have tried this and it is very difficult to get an indicator.
We thought we would start with being able to measure
the stain on filter papers, but of course there are two
things that interfere with that. One is that the yellow
stain rapidly turns brown because of the oxidation of
some of the phenolic compound, and the other is of
course that in the old days it was obscured by black
smoke. I would have thought that in general the figures
that Dr Russell has given and that are in the literature
with respect to carbon monoxide levels in small rooms
should suffice. The contribution made by smoking in the
open air is absolutely negligible.
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