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Immediate Decrease in Respiratory C1402 Excretion Following 
Simultaneous Intravenous Administration of NaHCl40:; and 

Acetazoleamide in the Rat. (26633) 

JAMES L. SPRATT** AND G E ~ R G E  V. LEROY (Introduced by L. 0. Jacobson) 
Argonne Cancer Research Hospital* and Depts. of Pharmacology and Medicine, 

University of Chicago, Chicago, Ill .  

Speculating on the metabolic sequelae of 
carbonic anhydrase inhibition, Berliner and 
Orloff ( 1 )  concluded that the effects of car- 
bonic anhydrase inhibitors on C02 elimina- 
tion would be an immediate, though tran- 
sient, decrease in COs output and the ap- 
pearance of a difference between alveolar 
C 0 2  tension and that found in arterial blood. 
Since that time different authors have re- 
ported variable effects of the potent carbnic 
anhydrase inhibitor, acetazoleamide, on out- 
put of respiratory C02(2-9). The consensus 
of these various studies is that although ace- 
tazoleamide causes an initial hyperventila- 
tion that may produce an increased COP out- 
put of brief duration, CO2 output is usually 
transiently depressed due to inhibition of 
erythrocyte carbonic anhydrase. The inves- 
tigation reported here concerns the influence 
of acetazoleamide on excretion of C1402 de- 
rived from C14-labeled bicarbonate using a 
device which continuously measures the ra- 
dioactivity of expired air. Our method al- 
lows direct demonstration of Berliner and 
Orloff’s hypothesis in the intact animal, with- 
out necessitating recourse to indirect esti- 
mates of COZ movement based on applica- 
tion of acid-base equations. 

Methods. Female Sprague-Dawley rats 
weighing 65-85 g were starved overnight 
prior to experiment. Four experimental ani- 
mals were injected intravenously with 0.1 
pc of NaHC1403 (2.39 mC/mmol in 0.1 cc), 
followed immediately by acetazoleamide- 
sodium+, 70 mg/kg (in 0.5 cc/lOO g body 
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weight). Nearly-simultaneous injection of 
NaHC1403 and acetazoleamide-Na (or sa- 
line) was accomplished by means of a double 
syringe with a 3-way stopcock. This pro- 
cedure allowed essentially simultaneous ad- 
m,inistration of the two materials with no 
variation in NaHC1403 dosage. Four control 
animals were injected with NaHC140:< and 
saline in the same manner. 

Similar animals were pretreated with in- 
traperitoneal acetazoleamide (20 mg/kg) at 
30 minutes prior to administration of intra- 
peritoneal NaHCI4O3 ( 5  pc/kg) 2nd their 
production of respiratory C1402 likewise 
studied. 

Immediately after injection of the radio- 
tracer each animal was placed in a sealed 
container attached to a continuous C1402 
monitor. The apparatus, described in detail 
elsewhere ( lo), supplies the animal chamber 
with a constant flow of C02-free air. The 
outflow of the chamber passes through a 
4 T G-M counter# connected to a scaler§, a 
rate meter/! and a graphic recordern. The 
graphic data are correlated with the total 
counts accumulated on the scaler. After cor- 
rections for background and counter effi- 
ciency, the per cent of dose recovered per 
unit of time can be calculated. 

Results. The results are presented in Fig. 
1 and Table I. When NaHC1403 and ace- 
tazoleamide (70 mg/kg) were given nearIy 
simultaneously i.v., there was an obvious dis- 
parity between the curves for treated and 
control animals (Fig. 1 ) . The difference be- 
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tween the rate curves at 5 minutes was highly 
significant ( ~ ~ 0 . 0 1 ) .  Similarly: the differ- 
ence between the cumulated curves at  10 
minutes was significant at  p<O.O5. Ry 15 
minutes the marked changes had subsided. 

D ~ S G U S S ~ O ~ .  These experiments indicate 
that the effect of a potent carbonic anhydrase 
inhibitor on excretion of carbon dioxide can 
be demonstrated when such an inhibitor, 
acetazoleamide, and bicarbonate are injected 
simultaneously intravenously. \Vhen the 
drug is administered 30 minutes prior to in- 
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FIG. 1. Rate of excretion of C140a in expired air fol- 
lowing intravenous injection of NaHC' '03. Experi- 
mental animals (broken line) were administered 
acetazoleamide, 70 mg/kg, simultaneously with bi- 
carbonate. Points on smoothed curves represent 

means ,k standard deviations. 

iection of the source of tracer Cl4O2,, the in- 
hibitory effect on expired Coal, although evi- 
dent, is not significant. The inconclusive re- 
sult may be due to the large variance of the 
experimental values (Table I ) ;  or may be 
the consequence of establishment of a new 
equilibrium among the different forms of car- 
lion dioxide in blood and tissues. The dis- 
crepancies between the 30-minute pretreated 
;i nd the simultaneously treated acetazole- 
amicle mimals are consistent with Mithoe- 
fer's observations in the dog(8), that the pri- 
mary effect of acetazoleamide on respiratory 

excretion is manifest very quickly and 
subsides in 20 minutes. 

Summary. The effect of acetazoleamide on 
rate of expiration of carbon dioxide was 
studied in rats using carbon-14 labeled bi- 
carbonate. A marked transient reduction in 
expired C1402 was observed during the first 
10 minutes after simultaneous intravenous in- 
jection of the drug (70 mgl'kg) and 
NaHC'40:I. The rate of appearance of 
("W2 was reduced 35 t 7% in the treated 
animals 5 minutes after injection. When the 
animals were pretreated (30 minutes) with 
acetazoleamide (20 mg/kg) and when the 
labeled NaHC1403 entered the blood slowly 
as a result of intraperitoneal injection, the 
reduction in rate of C I Q  elimination was 
not nearly as marked. 
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Factors Influencing Experimental Modification of Ehrlich Ascites 
Tumor Cells." (26634) 

JOHN PAUL KALTENBACH AND W. B. LYONS (Introduced by R. B. Jennings) 
Dept .  of Pathology, Northwestern University Medical School, Chicago, Ill .  

Previous studies have shown that the dye 
nigrosin can be used to differentiate unmodi- 
fied cells, whose membrane is intact (un- 
stained cells), from modified cells whose 
membrane permeability has been altered ex- 
perimentally or by death of the cell (stained 
cells) ( 1 ) . This differential staining technic 
has been used to quantitate metabolic data of 
ascites tumor cells and suspensions of cells 
obtained from solid tumor as to the propor- 
tion of activity due to stained or unstained 
cells ( 2 ) .  Recently, a modification procedure 
was described to increase experimentally the 
permeability of ascites tumor cells by brief 
exposure of the cells to a hypotonic medium 
(1). It is of considerable interest that the 
modification procedure does not result in 
uniform modification of all cells present, i.e., 
some cells are apparently resistant to such 
injury-provoking conditions as hypotonic 
shock. The following experiments were done 
to determine whether or not any of the vari- 
ables involved in experimentally increasing 
the permeability of Ehrlich ascites tumor 
cells would influence the resistance and/or 
lack of resistance of these cells to these ex- 
perimental conditions. 

Material and methods. Preparation of 
ascites tumor crZls. A hypotetraploid sub- 
line of Ehrlich ascites tumor cells (EAT 
cells): carired in Strong A mice, was used in 
all experiments. The ascites tumor from each 
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animal was collected in 15 ml centrifuge 
tubes containing 2 to 4 ml of cold buffered 
saline (9 parts of 0.9% NaCl + 1 part M/15 
phosphate buffer). Cold saline was used be- 
cause it partially prevents coagulation of the 
ascites fluid. The cells were centrifuged from 
the ascitic fluid, and twice washed in buffered 
saline. Centrifugation was carried out at 
about 125 to 150 X gravity for 3 minutes, 
then increased to about 2 0 0  X gravity for 
an additional 2 to 3 minutes. This centrifu- 
gation procedure aided in separating the tu- 
mor cells from the red blood cells and white 
cells; the latter tended to remain in the su- 
pernatant fluid. Tumors that were grossly 
contaminated with erythrocytes were dis- 
carded. 

Preparation of modified tumor cells ( M A  
cells). The ascites tumor cells were modified 
according to the following procedure: 0.5 ml 
of cells (about 20 x lo6 cells) in buffered 
saline were diluted with distilled water to 
4.0 ml. The cells were allowed to stand at 
room temperature for 4 minutes, then 4.0 ml 
of double strength saline ( 1 .S% ) were added 
to stop the modification. This procedure was 
altered only in those experiments described 
in the text that were designed to test the ef- 
fect of different salt concentrations on the 
modification procedure. 

Staining procedure: Cells were diluted 
with 0.2 % water-soluble nigrosin dissolved 
in buffered saline. Differential cell counts 
of stained and unstained cells were made in 




