LacTtic Acip DurinGg COz INHALATION

Summary. Oral administration of 100 mg
1-3-butyl-p-tolylsulfonylurea per kg body
weight to normal rats results in a marked
hypoglycemia within one hour which persists
for 4 hours. No significant change occurs in
blood sugar of similarly treated alloxan dia-
betic rats.
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Fenn and Asano(1l) have observed in cats
an increased acidity or fall in the alkali re-
serve of the blood during CO, inhalation,
which could not be.explained by movements

of sodium, potassium, or chloride between tis-

sues and plasma, and Shaw and Messer(2)
have similarly observed a fall in the bicar-
bonate level during CO; breathing.

These experiments were undertaken to help
clarify these findings and to identify if pos-
sible the acid mobilized by CO..

Procedure. The effect of high CO, tension
on blood lactic acid was investigated in cats.
Each animal was anesthetized by intraperi-
toneal injection of dial with urethane. Ure-
thane has been found to raise the blood sugar,
but not the lactic acid and allows for a large
and rapid effect of adrenalin on the blood lac-
tic acid(3). Four different gas mixtures were
used, 10%, 20%, 30%, and 40% CO. in
oxygen. Thus in every case the experimental
animal was assured of a sufficient supply of
oxygen to avoid -any possibility of anoxic lac-
tic acid formation. The desired gas mixture
was inhaled by ‘the cat from a spirometer
through respiratory valves and a tracheal can-
nula. Blood samples were taken from the
right carotid artery and were immediately de-
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proteinized with trichloroacetic acid to stop
glycolysis. After the tracheal and arterial
cannulation, heparin was injected (10 mg/kg
of body weight). One sample was .always
taken just before the onset of CO; inhalation.
The lactic acid was determined colorimetri-
cally by the method described by Barker and
Summerson (4). :

Results. The findings of these experiments
are illustrated in the accompanying graphs.
Increments of lactic acid in m. eq./liter above
the rather variable initial blood level are
plotted against time after the beginning of
CO, inhalation. To save space, a logarithmic
time scale has been used. In the graphs on
the left, the different concentrations of CO;
were inhaled for 10 minutes, (solid lines)
after which the cat breathed air, (dotted
lines) while in those of the right, the CO,
was inhaled for one hour or more and a few
curves ‘are continued as dotted lines during
recovery breathing air. The initial levels of
lactic acid corresponding to each curve are
indicated by points with appropriate symbols
plotted just to the right of each graph.

With 10% CO; there is often a slight fall,
but never a definite increase in lactic acid.
The increase with 30% and 40% CO, is on
the average somewhat greater than with 20%.
The cats were unable to take 40% CO. for
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FIG. 1. Changes in lactic acid concentration of blood resulting from inhalation of different

concentrations of CO,, as indicated on the graph. Abscissae represent time after beginning of

CO, inhalation in logarithmic units. Duration of CO, period was uniformly 10 min. in the

graphs on the left; in graphs on the right the duration is longer as indicated by length of solid

line. Broken lines represent recovery periods breathing air. The initial level of lactie acid

before CO, is indicated by the appropriate symbol for each experiment on the right of the
graph.

periods much longer than 10 minutes without
cessation or serious depression of respiration
and the possibility of anoxia. With 10 min-
ute exposures to CO- the lactic acid reached
a maximum at 15 minutes and then returned
to normal in about one hour. With longer ex-
posures the lactic acid continued to rise as
long as the CO> was breathed or at least for
one hour. In 3 out of 4 cases where recovery
was followed after a prolonged CO. exposure,
there was a slight additional rise of lactic acid
when the CO. was discontinued. A similar
“off effect” may account for the fact that the
15 minute values in short term exposures
(taken after 5 minutes of recovery) seem to
be on the average higher than the 15 minute
values during the prolonged breathing of COs.
No correlation was found between the initial
level of lactic acid and the magnitude of the
increase under similar CQO, concentrations
and no other single factor seems to account
for the wide variation in response that occurs
in different cats with identical CO. mixtures.
It is likely that a combination of experimental

factors and individual differences is in-
volved.
Discussion. The release of adrenalin by

CO; inhalation in cats has been observed by
the resulting contraction of a previously de-
nervated nictitating membrane by Fenn and
Asano(1). It is assumed that the rise in
blood lactate in these experiments is at least
partially due to the action of the liberated
adrenalin(5).

The rise in lactic acid found in these experi-
ments after inhalation of 30% CO. for 60
minutes was 0.5 to 2.9 m. eq. per liter. Fenn
and Asano(1l) under comparable conditions
found a decrease in bicarbonate (measured at
constant pCO.) of 4.16 m. eq. per liter. The
lactic acid therefore is only partially sufficient
to explain the acidity previously observed. In
the experiments of Shaw and Messer(2) it
was reported that inhalation of 10-119% CO
for 40 minutes caused a decrease of bicar-
bonate (at constant pCO.) of 1.9 m. eq. per
liter (4.2 vol %). This figure is in good
agreement with the results of the present ex-
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periments although there seems to be some
discrepancy in the threshold CO2 concentra-
tion required for lactic acid formation. In
the experiments reported here 10% COs
never caused a rise in lactic acid concentra-
tion, but this is close to the threshold and a
deeper anesthesia or a slightly larger respira-
tory dead space in the experiments of Shaw
and Messer might have increased the alveolar
CO., sufficiently to cause an effect.

In contrast to the results of these experi-
ments, high CO. tensions have been reported
to cause a fall in lactate in dogs(6), as well
as an increased breakdown of phosphocreatine
in isolated muscle(7). Further an increase
in lactate has been reported during a respira-
tory alkalosis in dogs(6) and in a heart-lung
preparation(8), and also following the injec-
tion of an alkaline solution in dogs(9,10).

This suggests a metabolic buffering mechan~

ism whereby more lactic acid is produced
when the pH rises, and less lactic acid when
the pH {falls. In consideration of such data, the
results of the present experiments, showing an
increase in lactic acid on inhalation of COs,
require some explanation, possibly on the
basis of a species difference. The data of
Giebisch. Berger, and Pitts(6) indicate a fall
of approximately 1.0 mMol of lactate per
liter in dogs that had been breathing 20%
C02-80% O for 75 minutes, while in the ex-
periments on cats presented in this paper,
there is never any evidence of a drop in lac-
tate at any time up to nearly 3 hours with
20%, 30%. or 40% CO; in the inspired air.
This apparent contradiction in the results
with cats and dogs may be explainable by a
greater dominance or influence of the sympa-
thetic nerves in cats(11). It is possible that

479

the metabolic buffering mechanism seen in
dogs tends to occur also in cats during COs; in-
halation, but is masked by a release of adren-
alin, which enhances the breakdown of muscle
glycogen to lactic acid. If there is any pur-
posefulness to be discerned in the reaction ob-
served in cats, it must depend upon some fea-
tures of the response other than the change in
pH since lactic acid enhances the acidity
caused by CO;. Guinea pigs apparently be-
have like cats in this respect since Schaefer,
King, Mego, and Williams(12) have reported
an increase of 5.3 m. eq./liter of lactic acid
1 hour after breathing 30% COy in O,.

Summary. Inhalation of 20-30% CO. in
oxygen by cats causes a progressive increase
in the lactic acid concentration of the blood,
due in part to the liberation of adrenalin.
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