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0 4 12.4 3.3 30.6 41.2 3.0 6.5 
1 3 13.4 4.8 29.2 42.7 1.1 6.8 
2 1 10.6 3.4 27.2 47.6 2.4 7.5 
3 2 12.6 3.2 26.3 49.3 1.0 5.6 
4 4 13.1 5.6 27.4 42.1 1.6 7.3 

study should reveal whether these differences 
may be explained by changes in diet. 

Summary. Analysis otf lipids of the intima 
and media of aortas with progressive stages 
of atherosclerosis reveals an increase in sterol 
and sterol ester fractions and a decrease in 
phospholipids. I t  is proposed that these 
changes reveal a very low rate of lipid turn- 
over in this tissue. The fatty acid composi- 
tion of the cholesterol esters did not change 
with advancing atherosclerosis. 

The authors gratefully acknowledge the assistance 
of Mr. Dirk Tollenar in the initial phases of this 
study. 
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A Ventilatory Effect of Carbonic Anhydrase Inhibition in Man. (26219j 

STEPHEN M. CAIN (Introduced by Richard W. Bancroft) 
Physiologv-Riophysics Branch, School of Aviation Medicine, Brooks Air Force Base, Texas 

An increase in resting ventilation has been 
a consistent finding in dogs given the car- 
bonic anhydrase inhibitor acetazolamide ( 1 ,  
2,3 j .  In man, however, no1 increase in rest- 
ing ventilation has been reported even though 
doses of the drug were well within the range 
which produced a marked effect in dogs(4,5, 
6) .  In seeking a reason for the absence of 
an effect in man in the reports, i t  was noticed 
that the drug was usually given intravenously 

into the dogs but invariably was taken orally 
by the human subjects. If insufficient time 
during the experiment was allowed for ab- 
sorption and attainment of a sufficient con- 
centration of drug in the blood, the ventila- 
tory response of man to carbonic anhydrase 
inhibition might well not have been seen. In 
the experiments described below, the results 
obtained in man with the same dose of drug 
given orally and intravenously are compared. 
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Methods. The subjects were 5 normal 
males ranging in age from 21 to 36 years. 'To 
collect expired gas, the subject wore either a 
rubber gas mask with a hose adapter on the 
expired valve port or a mouthpiece and valve 
arrangement and a nose clip. The expired 
gas was led through a mixing cylinder of 1 .5  
liters and from there through a dry test gas 
meter. The  mixed expired gas sample was 
taken through a 13 gauge needle inserted into 
the rubber tubing a t  a point adjacent to the 
distal opening of the mixing chamber. The 
sample gas was pulled serially a t  a Imown 
rate through a drying tube, a Beckman 
Model E3 oxygen analyzer. and a Liston- 
Becker Model 16 C 0 2  analyzer. From read- 
ings of the dry iest gas meter and the gas 
analyzers, the minvte volume of veil tilatjon. 
C02  output and oxygen uptake were calcu- 
lated. Frequency of respiration was also re- 
corded. 

Experiments were always run in the morn- 
ing. The  subject rested in the supine p s i -  
tion on a cot for approximately 30 minutes 
prior to beginning the experiment. The gas 
mask or valve and nose clip were adjusted 
during this period and the subject was al- 
lowed a t  least 10 minutes to become accus- 
tomed to it. Control measurements were 
made for 30 minutes after beginning the ex- 
periment. The dry test meter was read every 
6 minutes during which gas analyzers were 
read every 2 minutes and the 3 readings were 
averaged for the 6-minute period. Frequency 
of respiration was recorded during second 
and fifth minutes and averaged. 

At the end of control period, the subject 
either ingested acetazolamide in tablet form 
or the sodium salt of the drug was infused in 
saline into an antecubital vein. In both 
cases, subject received 2 5  mg,kg of body 
weight. For the infusion, the requisite 
amount of drug was dissolved in approxi- 
mately 250 cc of physiological saline and was 
allowed to drip into the vein over a period of 
1 2  minutes. Every subject received the drug 
by both routes in 2 separate experiments. In  
the experiments in which drug was adminis- 
tered orally, data were collected for 3 hours 
after ingestion. When the drug was given in- 
travenously, experimental period was contin- 

ued for 2 hours after beginning of infusion. 
Two of the subjects, in a third experiment, 

were given 50 mg/lig of acetazolamide intra- 
venously. The same procedure as described 
for the lower dose was followed. 

Mean values of O2 consumption, 
C'O? output, and respiratory exchange ratio 
of the 5 subjects are plotted against time in 
experiment in Fig. 1. There appeared to be 
no consistent difference in metabolic gas ex- 
change as a result of different routes of ad- 
ministration of acetazolamide. 

Ventilation a t  the bottom of Fig. 1, in- 
creased approximately 15% at the end of in- 
travenous infusion of acetazolamide. Ap- 
proximately one hour later, ventilation had 
returned almost to control level although it  
was still slightly elevated. No such increase 
was seen with the oral dose. Mean values 
of tidal volumes, also in Fig. 1 indicated that 
the increased Ventilation after intravenous in- 
jection of acetazolamide was primarily due 
to an  increased tidal volume. 

As a more sensitive reflection of ventilatory 
status, ratio of ventilation to COa output (the 
ventilatory equivalent for COa)  was calcu- 
lated and mean values for the 5 subjects are 
shown in Fig. 2 ,  Approximately 2 hours 
after ingestion of drug, this ratio began to 
increase and showed evidence of a continu- 
ing increase 3 hours after ingestion. Means 
of the 5 determinations for each subject dur- 
ing control period and the last 30 minutes of 
experimental period were compared in a 
paired t-test by taking the difference for each 
subject. The  increase in the ventilatory 
equivalent for COa during the last 30 minutes 
was highly significant (P< .01 ) . The venous 
route of drug administration produced even 
more pronounced effects on the ventilatory 
equivalent for C02. Comparing the period 
of maximum effect, the first 30 minutes after 
end of infusion, with the control period, the 
ratio was increased over 25%.  After reach- 
ing a maximum, the ratio declined and ap- 
proached that obtained with the oral drug, 
in both cases greater than during the control. 

In  2 subjects given SO mg/kg of acetazola- 
mide intravenously, the results did not differ 
notably from those of the lower dose given in- 
travenously. Mean values of the ventilatory 

Rrsults. 
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FIG,  1. Mean values of respiratory cxchangc 
ratio (R), oxygen uptake (Po,), CO, output (VTCO~), 
tidal volume ( ?TBTpS), respiratory frequency (f ), 
and expired rniiiute volurnc of ventilation (?E,,,.,,,) 
of 5 male subjects vl io  were given 25 nig/kg of 
acetazolamide orally (0 j and intrav. ( 0 j .  

F I G .  2. Mean values of ventilatory equivalent 
for  COB ( ? E / ~ C O , )  of 5 subjects. 0, oral dose of 
25 ing/kg; 0 ,  intrar.  dose of 25 mg/kg. 

FIG. 3. Mean values of ventilatory equivalent 
for  CO, of 2 subjects who were given 25 mg/kg of 
:icetazolamide intrav. ( 0 ) and 50 mg/kg intrav. 
(0). 

equivalent for C02 for the 2 subjects with 
the 2 doses are shown in Fig. 3 and serve to 
illustrate this point. Similar correspondence 
was seen in comparisons of the other vari- 
ables. 

Discussion. In dogs, inhibition od carbonic 
anhydrase caused 2 transient reduction in 
C02  output and an increase in ventilation 
( I ) ,  or only an increase in ventilation with 
no change in COz output(3). For the pur- 
pose of this discussion, therefore, any signifi- 
cant increase in ratio of ventilation to CO:! 
output (the ventilatory equivalent for C O Z ) ,  
was considered to be a ventilatory effect of 
carbonic anhy drase inhibition. 

Acetazolamide given intravenously pro- 
duced a marked increase in ventilation and 
the ventilatory equivalent for COz The same 
dose taken by mouth, however, did not have 
an equaI effect on ventilation and the effect 
on the ventilatory equivalent was much de- 
layed and smaller in magnitude (Fig. 2 ) .  
The delay of approximately 2 hours was 
probably related to time required for absorp- 
tion of the drug into the bloodstream and 
build-up of a suitable concentration there. 
Two hours corresponds fairly well with the 
data of Maren and Robinson(7) who ob- 
tained peak plasma concentrations of drug a t  
that time in patients given 75-85 mg/kg by 
stomach tube. 

The increase in ventilation caused by in- 
travenous administration of acetazolamide 
was more in keeping with results obtained 
from dogs. The magnitude oIf the increase, 
however, was much less. Both anesthetized 
and non-anesthetized dogs increased ventila- 
tion by approximately 100% (1,2,3). Maxi- 
mum increase was only 15% in these experi- 
ments on man. The fact that doubling the 
dose in 2 subjects did not produce a greater 
effect tended to rule out the possibility that 
carbonic anhydrase had not been completeIy 
inhibited. If inhibition was complete, then 
the results in man suggest a lesser role of the 
enzyme in man compared to the dog. 

I t  has been shown that in the dog, bicarbo- 
nate transport of COZ was reduced from 58% 
to 17% of total COz exchanged at  the lung 
after inhibition of carbonic anhydrase (8) .  
This necessitated that a greater proportion 
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of C 0 2  must be transported in carbamino 
combinations and in physical solution to 
maintain a steady state. For this to take 
place, the gradient for C02 from the tissues 
to alveolar air must have been increased, par- 
ticularly in the case of C02 in physical solu- 
tion. To accommodate for the inhibition of 
carbonic anhydrase, the subjects in these ex- 
periments neither increased their ventilation 
as much nor retained as much C02 as did 
anesthetized ldolgs ( 1 ) . This implied that al- 
veolar PCO2 was not lowered to the same ex- 
tent nor was tissue PC02 raised to the same 
extent. Since carbamino transport of C 0 2  
is less subject to changes in PC02 than the 
transport of C02 in physical solution(9), a 
possible expllanation for the different re- 
sponses of ma.n and the dog to carbonic anhy- 
drase inhibition was that a greater proportion 
of COZ exchanged at  the lung was derived 
from C 0 2  in carbamino combinations. It 
must be stressed, however, that this is purely 
speculative. 

Aside from raising an interesting question 
abolut CO2 transport, this study has demon- 
strated a ventilatory effect of carbonic anhy- 
drase inhibition in man when the inhibitor 
was given orally as well as intravenously. 
The delay in effect of an oral dose, due prob- 
ably to absorption time, has been pointed out 
as a pmsible pitfall for studies in man. 
Whether or not a species difference exists for 
the relative irnportance of carbonic anhydrase 
in C 0 2  transport remains to be settled. 

Five normal males were given Summary. 

25  mg/kg of the carbonic anhydrase inhibi- 
tor acetazolamide both orally and intrave- 
nously in separate experiments. The oral 
dose caused a significant increase in ratio of 
ventilation to C 0 2  output, but only after a 
delay of approximately 2 hours after inges- 
tion. The intravenous dose caused a greater 
increase in ratio of ventilation to COa output 
which was evident as soon as infusion of drug 
was completed. It was concluded that car- 
bonic anhydrase inhibition in man did pro- 
duce a ventilatory effect which had not been 
demonstrated previously when the inhibitor 
was given orally. 

The author wishes to thank Dr. Cloid D. Green 
for administering the drug intravenously and for 
exercising medical supervision of experiments. Excel- 
lent technical assistance of Mr. R. J. Ball is also 
gratefully acknowledged. 
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Effect of Pitressin on Clationic Exchange and Muscular Activity in the 
Dlibenzylene Blocked Rat Gastrocnemius.* (26220) 

F. A. SRBTER AND SYDNEY M. FRIEDMAN 
Department of Anatomy,  University of British Columbia, Vancouver, Canada 

We have previously reported that in rats, 
high doses of adrenergic blocking agents di- 
iiiinish rurining ability as iiieasuretl on a tread- 
inill ( 1). With this loss of ability to perform 

* This work was carried out with the aid of a 

work the transmembrane cationic exchanges 
ordinarily mirrored in the plasma in associa- 
lion wit11 m~~scular  exercise are propor- 
tionately reduced. Sillce these adrenergic 
blocking agents are equally effective in Stop- 
ping contraction of the isolated rat diaphragm grant from Muscular Dystrophy Assn. of Canada. 


