CO2 RETENTION AFTER CARBONIC ANHYDRASE INHIBITION

water content of the tissue were not a factor
in the present investigation since no change
was detected with acclimation. Stangenberg
(9) reports a significant increase in samples
of muscle tissue taken from animals kept at
6°C. These had a higher water content than
those at 20°C. If water is a factor, does this
mean that metabolism could be increased by
artificially increasing water content of a given
tissue?

Summary. Total body metabolism of Rana
pipiens and Triturus viridescens was deter-
mined in animals acclimated to cold and warm
environments. Those animals adjusted to
cold had a higher oxygen uptake when meas-
urements were made at an intermediate tem-
perature. Thyroidectomy had no effect on
respiratory metabolism of Triturus. Tissue
metabolism of skeletal muscle and stomach
bad higher oxygen consumption when taken
from cold acclimated (5°C) animals than
when obtained from warm adjusted (25°C).
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Liver showed no significant changes. Ven-
tricle responded just the opposite from skele-
tal muscle and stomach. The wet/dry weight
ratios of all 4 tissues did not change during
acclimation.
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CO. Retention in Anesthetized Dogs after Inhibition of Carbonic
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Berliner and Orloff (1) pointed out that an
immediate effect of inhibiting the carbonic an-
hydrase of the blood “would be expected to
be a diminution of the elimination of CO, and
the accumulation of CO, in the body until a
new steady state was reached.” Such a steady
state would require that elimination of CO,
equaled its metabolic production. Measure-
ments of CO, output 30 minutes or more after
administration of carbonic anhydrase inhibi-
tors revealed no such diminution(2,3). Mith-
oefer (4) made frequent measurements prior
to 30 minutes, but found CO, output to be
below the control measurement only in a dog
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in which ventilation was held constant. In the
experiments reported here, particular atten-
tion was paid to the changes in CO. output oc-
curring during the first 30 minutes after in-
jection of a carbonic anhydrase inhibitor.
Methods. Dogs anesthetized with sodium
pentobarbital were intubated with a tracheal
cannula having an inflatable cuff so that an
airtight seal was made within the trachea.
Expired gas was collected in a Douglas bag
from a respiratory valve attached to the can-
nula. Analyses of COs and O: in duplicate
samples of expired gas were made with a
thermal conductivity type of CO. analyzer
(Gow-Mac Gas Master) and a Beckman
Model C oxygen analyzer. The volume of gas
remaining in the Douglas bag was measured
by a dry test meter, and corrected for the vol-
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and respiratory exchange ratio were calcu-
lated from these data. Two series of experi-
ments were conducted. The 6 dogs studied in
Series A ventilated spontaneously. Collections
of expired gas were made at least twice during
the control period, at the end of which 30
mg/kg of acetazolamide: were injected intra-
venously. Five-minute collections of expired
gas were completed at 5, 15, 25, 35, and 100
minutes after injection. In Series B, 7 dogs
were used. Ventilation was kept constant
with an intermittent positive pressure respira-
tor supplied from a compressed air line. The
dogs were not curarized, but were moderately
hyperventilated in order to reduce voluntary
respiratory efforts. Analyses and collections
of expired gas were the same as for Series A

I The drug was injected as the sodium salt and
contained 1.6 moles of NaOH for each mole of aceta-
zclamide.
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dogs, except that the f{inal collection was made
65 minutes after injection of actazolamide.

Results. Because there was little variation
in the control measurements of individual
dogs, and because collections of expired gas
during the control periods of different dogs
were not made at set intervals, all control
measurements were pooled into a single aver-
age for each series (Fig. 1). After injection
of acetazolamide, the ventilation of series A
dogs increased within 5 minutes and was
double the control value by 30 minutes. Be-
cause ventilation was artificially regulated in
Series B dogs, there was little change from
the control level.

O. uptake of Series A dogs tended to in-
crease, but the greatest individual increase
amounted to only 189% above the control. The
dogs of Series B, on the other hand, showed
a general trend toward a decrease in Oy up-
take after the drug. Much of the decrease
was accounted for by one dog, in which O, up-
take decreased 40% by the end of the experi-
mental period. The other dogs in Series B
showed much less change.

CO. elimination dropped sharply, on the
average, in both series of dogs after injection
of acetazolamide, although one individual in
Series A showed no reduction. During the
first 5 minutes, mean values for CO. elimina-
tion were 789% of control value in Series A
and 699% of control value in Series B. Both
of these changes were highly significant (P<C
0.01). Following the initial drop, COs elimi-
nation gradually rose. After about 60 min-
utes, the dogs of Series A reached control level
of CO., output, but Series B dogs had not re-
turned to control level by the end of the ex-
perimental period.

The respiratory exchange ratio decreased
sharply in both series of animals after injec-
tion of acetazolamide, and then gradually re-
turned toward normal. On the average, the
dogs in which ventilation was held constant
dropped to a lower ratio and were slower to
return toward the control ratio. The indica-
tions were that both series would return to
the control ratio, but during the experiment
only Series A dogs actually reached it at 100
minutes.
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Discussion. A decrease in CO, output when
O, uptake is steady or rising and when ven-
tilation is increasing can only mean an inter-
ference with the elimination of COs.. The de-
pression of CO» output in Series A dogs when
ventilation was increased, and the greater de-
pression in the dogs in which ventilation was
controlled, show not only a retention of CO.
relative to the ventilation, but also an abso-
lute retention of metabolically produced COs.
Mithoefer (4) reported similar experiments on
one dog and found no reduction in CO. out-
put, although alveolar ventilation increased 2-
fold. Of the 6 dogs in Series A, only one was
able to maintain CO, output at control level
after acetazolamide. The other 5 dogs all had
a decrease in CO, output in spite of increasing
the total ventilation as much as 2-fold.

The CO. which was retained was the dif-
ference between rate of CO, production by the
tissues and rate of CO; elimination at the lung.
By assuming that metabolic production of
CO. continued in the same proportion to O,
uptake after acetazolamide as before, it was
possible to estimate the volume of CO, re-
tained. This was done by extending a line
from control CO; output in Fig. 1 parallel to
O. uptake. The area between the extrapo-
lated line and the CO. output curve at any
time was the volume of CO, retained at that
time. For Series A mean volume of retained
CO, at 60 minutes was 23 cc/kg, and for
Series B, at 65 minutes, 79 cc/kg.

By assuming that the retained CO. would
increase the CO, stores of the body just as
any CO, loading, it was possible to estimate
the rise in mean tissue Pcos. Before this could
be done, 2 corrections had to be applied to
volume of CO, retained. The first was for
amount of CO, bound by the NaOH injected
with the acetazolamide. The second correc-
tion was to account for the CO, which would
remain in the blood. The remainder of the
retained CO, presumably was taken up by the
tissues. When the volume of COs retained in
the tissues was divided by the slope of the dis-
sociation curve for the tissues of the dog as
determined by Farhi and Rahn(5), the rise
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in mean tissue Pco, was 10 mm Hg for Series
A and 47 mm Hg for Series B.

Because the only difference in treatment of
the 2 groups of dogs was maintaining ventila-
tion constant in Series B, the increased ven-
tilation of Series A evidently was an impor-
tant factor in compensating for inhibition of
carbonic anhydrase. If the gradient for Pco,
from the tissues to the alveolar gas is consid-
ered, it is clear that it can be increased either
by raising the Pco, of the tissues or by lower-
ing the alveolar Pco,. Series A dogs increased
the gradient by both means. There was a
greater rise in mean tissue Pco. of Series B
dogs who could not lower alveolar Pco. by
increasing ventilation. The conclusion reached
is that when carbonic anhydrase is inhibited,
an increase in the gradient for Pco, from the
tissues to the lungs is essential for reestablish-
ment of a steady state of COs elimination.

Summary. CO, elimination of anesthetized
dogs was temporarily reduced after injection
of carbonic anhydrase inhibitor. Reduction
was greater for dogs in which ventilation was
held constant than for dogs ventilating spon-
taneously. Results indicate that increased
gradient for Pco. from tissues to the alveolar
gas is essential for reestablishing a steady
state of CO, elimination when carbonic anhy-
drase is inhibited. The required increase in
this gradient can be produced by means of
augmented ventilation, by increased tissue
Pcos, or by combination of these 2 factors.
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