
D I S C U S S I O N — S E S S I O N III 

SEYMOUR S. KETY, Chairman 

W . D. MCELROY: AS Dr. Quastel knows, in 1947 we postulated that the action 
of the narcotics was either to uncouple phosphorylation or to accelerate the break
down phosphate esters or other energy-rich groups in equilibrium with phosphate 
esters. I still think this is a reasonable hypothesis for explaining narcosis. Using mito
chondria, one can show an inhibition of phosphorylation without necessarily greatly 
affecting the electron transport. There is, therefore, no a priori reason for thinking 
that inhibition of oxygen uptake is a necessary consequence of narcotic action in 
all cases. 

Also, I am willing to go on record saying that I doubt very much whether you 
will find an enzyme that is really sensitive to all the different narcotic subsatnces. A 
variety of results indicate a physiochemical interaction, and this can best be ex
plained by assuming that the site of action of the narcotic is in a structural system 
such as the mitochondria. 

The other point that Dr. Quastel makes that I cannot agree with is that there 
are dual pathways of respiration. It is easy to demonstrate in the cortex of the brain 
that you have a resting respiration that depends primarily on the concentration of 
inorganic phosphate as well as phosphate acceptors in the cell. Anything one does to 
liberate inorganic phosphate internally, and at the same time liberate phosphate ac
ceptor centers, is bound to stimulate respiration. Narcotics do this and many other 
agents can do it. It is not necessary to call upon a new pathway but merely a change 
in the rate-limiting steps of existing pathways to explain this phenomenon. 

R. W . GERARD: I can't resist getting in this argument. I am delighted that Dr. 
Quastel is now separating sharply the active and resting portions of metabolism of the 
nervous system, since there is evidence these use qualitatively different substrates; but 
I find difficulty with his belief that carbohydrates remain the essential fuel involved, 
especially that it is the interference with carbohydrate metabolism that brings on 
functional depression. For some years it has been clear for peripheral nerve that, 
whereas carbohydrate serves as part of the resting substrate, none is used to support 
the increased oxygen consumption of activity. Even for the brain, evidence is now 
pointing strongly in the same direction. Perfusion experiments on the isolated cat 
brain by my colleague, Dr. Geiger, have shown conclusively that convulsive activity 
of the brain can occur with no glucose utilization, or any carbohydrate substrate. 
Even with glucose present and an increased oxygen consumption, the glucose is used 
later on and mostly becomes lactate. There is, however, a considerable and reversible 
increase in nonprotein nitrogen under convulsions. 

Another difficulty—and this applies, unfortunately, not only to the mechanism of 
narcotic action, but to our entire concept of the nature of activity and the metabolic 
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energy turn-over that underlies it—is the fact that evidence from all directions con
sistently indicates that the decrease in energy-rich phosphates associated with in
creased physiological activity is a result not primarily of increased break-down, as we 
have always believed, but of decreased synthesis. This is shown by direct experiments 
on phosphate, showing a decreased turn-over in mitochondria, nerve, muscle, and 
isolated brain slices on electrical stimulation, and in brain in vivo under drug or 
audiogenic convulsions. A depression of energy turnover as the mechanism of narcosis 
becomes, on these grounds, rather questionable. 

Finally, I refer to the evidence from two laboratories, in the literature some years 
now, that nerve can maintain complete functional efficiency for many hours, with 
millions of impulses conducted, under the influence of azide, with no increase in 
oxygen consumption; indeed, convulsive activity of the perfused cat brain can occur, 
under the action of a number of agents, with no increased oxygen consumption. 

J. L. AMBRUS (Departments of Pharmacology, Philadelphia College of Pharmacy 
and Science and Jefferson Medical College): Dr. Seevers presented a theory on the 
mode of action of tolerance to the morphine group, based on the assumption of a 
dual receptor system. This theory appears to resolve most contradictions in the inter
pretation of the phenomena of morphine tolerance. It may be of some interest to 
consider indications of a dual receptor system in unrelated groups of drugs. 

It is possible to induce histamine tolerance in animals either by the staircase 
type, increasing dosage schedule, or by a single injection of a high dose of histamine, 
given under the protection of antihistamines. The latter procedure resembles the 
induction of "acute tolerance" to morphine under the protection of anticonvulsants. 
Similar to morphine tolerance, acute histamine tolerance lasts only for about 24 
hours, while tolerance produced by chronic treatment is longer lasting. 

Acute tolerance to histamine can be produced in smaller time intervals than the 
relatively short life span of tissue proteins. Thus, phenomena of selection, even at the 
cellular component level, are not likely to be involved. 

We found no biochemical difference in the organs of histamine-tolerant or con
trol guinea pigs and rats. There was no change in diaminooxidase (histaminase) 
levels. No histamine metabolite was found that would competitively antagonize the 
effects of the parent compound. The only significant difference was a higher protein-
bound histamine level in certain organs of tolerant animals, compared with the con
trols (Am. /. Physiol 167, 268, 1951; 173, 95, 1953). 

Since histamine is a normal component of all cells, tolerance to this substance 
represents a special problem. Preliminary findings indicate that histamine liberators 
(e.g., 48 /80) are able to change the sensitivity to histamine of normal as well as 
tolerant animals. 

CHAIRMAN KETY: Before I ask Dr. Seevers to comment on that question, I 
should like to ask Dr. Quastel if he has any comments on the two previous discussants. 

J. H. QUASTEL: Of course I am perfectly aware of Dr. McElroy's work and 
views. 

My point is that with the concentrations of narcotics that are pharmacologically 
active, we have not observed any interference with the utilization of ATP. This may 
be seen in the lack of effect of narcotics on anaerobic glycolytic systems or on anaer-
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obic acetylations. As far as I can see, the evidence leads one to conclude that the 
so-called uncoupling of phosphorylation by narcotics is due to an interference with 
oxidative synthesis of phosphate ester. As far as pyruvate oxidation is concerned, we 
already know that the potassium stimulation of this process is practically obliterated 
by the presence of malonate, which has little effect on the unstimulated respiration. 
A phase of metabolism is operating in the resting cortex that is not so much to the 
fore when the brain is stimulated. We have to do more research work to find out 
what is happening in the resting as well as in the stimulated phase. We still have to 
explain the new fact that small concentrations of Pentothal and other barbiturates, 
which have been supplied previously as uncouplers, vary about definite inhibition of 
stimulated respiration. 

CHAIRMAN KETY: Dr. Seevers, would you like to comment? 

Μ. H. SEEVERS: I am sorry that I didn't have time to read all my paper. We 
have been interested in the possibility that substances originating in the periphery, 
such as epinephrine and histamine, may be responsible for the changes in the nervous 
system. 

Dr. Woods has conducted a series of experiments in the laboratory with both of 
them. In both instances a certain degree of tolerance can be developed. That either 
one of these substances is responsible for the development of physical dependence 
seems exceedingly unlikely for several reasons. In the first place, once tolerance is 
developed, morphine no longer liberates either one of these substances. Furthermore, 
at the height of physical dependence and during withdrawal, neither one is capable 
of bringing the state back to normal. So that although tolerance can be demonstrated 
with these two substances, as with many, many compounds, they do not appear to be 
related to the phenomena of dependence. 

CHAIRMAN KETTY: We have time for one more question. 

W. D. MCELROY: Dr. Quastel misunderstood the statement. It is not a question 
of utilization of energy-rich groups but rather the question of inhibition of their gen
eration. I think your own work actually shows that chloretone depresses ATP syn
thesis, but not its utilization in the acetylation reaction. Dr. Grennell and I have been 
able to show by direct analysis that the ATP concentration in brain tissue is depressed 
by chloretone. 

J . H. QUASTEL: The difference between us is that you say the uncoupling takes 
place without any interference with oxidative events, and I suggest that the uncoup
ling is due to an interference with an oxidative event. The DNOP result was given to 
indicate that a typical uncoupler is not working in the same way as a narcotic. It 
does not disprove the suggestion that the narcotic is a uncoupler. But the mode of 
uncoupling is different. 




