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The kidney enzymes carbonic anhydrase
and glutaminase are believed to play an im-
portant role in renal electrolyte excretion
(1,2). An increase of renal glutaminase ac-
tivity has been observed in rats after admin-
istration of NH,CI1(3-6) and a reduction after
administration of NaHCO, or KHCO.,(3.4.6).
The carbonic anhydrase activity has been
found to be reduced after NH,Cl administra-
tion(3). On the other hand. both glutami-
nase activity(3.5.7) and carbonic anhydrase
activity (3.7) appear to be elevated in potas-
sium-deficient rats. The results of recently
reported studies on dogs(8) indicated the pos-
sibility that levels of kidney glutaminase and
carbonic anhydrase activities are influenced
by the dietary anion and cation content and
by adrenal cortical activity. Consequently.
the present studies were conducted with (a)
intact rats fed diets containing varied
amounts of K. Na or Cl. with and without
simultaneous administration of desoxvcorti-
costerone acetate (DCA), and (b) adrenalec-
tomized rats fed a control or a low-potassium
diet, with and without simultaneous adminis-
tration of DCA.

Methods. Young adult male rats of the
Wistar strain, of a uniform age and weighing
between 250 and 300 g. were placed on a
control diet for a period of 7 days before the
experimental periods of 14 days were begun.
The control diet was the same as the one em-
ploved in previous studies(3.7). The experi-
mental diets represented the control diet al-

* This investigation was supported by a research
grant from N.IL.H.

tered only with respect to the content of K,
Na or Cl. The adrenalectomized rats fed
the control and the low-potassium diets were
allowed 0.25 M NaCl ad libitum. The intact
and adrenalectomized rats given DCA re-
ceived 2 mg DCA (Percorten, Ciba Pharma-
ceutical Products) ‘rat/day by subcutaneous
injection. At the close of the dietary period,
the animals selected for the kidney enzyme
studies were killed by decapitation and ex-
sanguinated. The kidneys were quickly re-
moved and subjected to the enzymatic analy-
ses according to the procedures previously
described (7). The remaining animals were
placed under sodium pentobarbital anesthesia
for the collection of blood and skeletal muscle
(gastrocnemius from both hind legs). The
chemical analyses of plasma and muscle were
carried out by methods previously reported
(3).

Results. The results of the chemical anal-
vses of plasma and skeletal muscle and of
the analyses of kidney glutaminase and car-
bonic anhydrase activities of intact and
adrenalectomozed rats are presented in Table
I.

Kidney Glutaminase. With intact rats, the
kidney glutaminase activity was found in-
creased in animals fed the low-potassium diet,
and. following administration of DCA to ani-
mals maintained on (a) low-potassium, (b)
low-potassium and low-chloride, and (c) low-
potassium, low-chloride and low-sodium diets
(lines 3, 4, 6 and 8). On the other hand, re-
duced glutaminase activity was found when
the animals were fed the following diets: (a)
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low-potassium and low-chloride, (b) low-
potassium, low-chloride and low-sodium, and
(c) low-sodium and low-chloride (lines 5, 7
and 9). A perusal of the data will reveal a
lack of correlation between the glutaminase
activity and the plasma bicarbonate concen-
tration, or betweén the glutaminase activity
and the concentrations of skeletal muscle po-
tassium or sodium. In general, administration
of DCA tended to raise level of glutaminase
activity, particularly when the diet was defi-
cient in potassium.

Adrenalectomized rats maintained on the
control diet and allowed 0.25 M sodium chlor-
ide solution ad libitum exhibited a normal
level of glutaminase activity (line 11). Glu-
taminase activity was reduced in adrenalec-
tomized rats fed the control diet and adminis-
tered DCA, and ‘was increased significantly
when the adrenalectomized rats were main-
tained on the low-potassium diet, with or with-
out simultaneous DCA administration (lines
13 and 14). Tt is evident that in the absence
of the adrenal gland kidney glutaminase ac-
tivity can be increased, but the increase is
smaller than observed in intact rats under
comparable experimental conditions (compare
lines 13 and 14 with 3 and 4).

Kidney carbonic ankydrase. With intact
rats, carbonic anhydrase activity was found
increased in animals fed a potassium-deficient
diet, with or without simultaneous adminis-
tration of DCA (lines 3 through 8). It will
be noted that while the enzyme activity was
increased in rats fed the low-potassium, low-
chloride and low-sodium diet, with or without
simultaneous DCA administration (lines 7
and 8), the carbonic anhydrase activity was
not significantly increased in comparable ani-
mals maintained on a diet deficient only in
sodium and chloride (lines 9 and 10). How-
ever, there appears to be a species difference
regarding the influence of DCA on kidney
carbonic anhydrase activity when given to
animals on low-potassium or low-potassium
and low-chloride diets. A reduced activity
was observed in dogs(8) and a very slight
increased activity in rats. There is no evi-
dent explanation for this difference. An in-
spection of the data will reveal that the car-
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bonic anhydrase activity cannot be correlated
with the plasma bicarbonate concentration
(for example, compare lines 2 and 3) nor
with the muscle sodium or potassium contents
(compare lines 2 and 7). On the other hand.
carbonic anhydrase activity was found re-
duced in adrenalectomized rats fed a low-
potassium diet (line 13) and in adrenalec-
tomized animals maintained on the control
or the low-potassium diets and administered
DCA (lines 12 and 14). It therefore appears
that the same experimental conditions which
result in decreased carbonic anhydrase activ-
ity in adrenalectomized rats lead to a signifi-
cantly increased activity in the intact rats
(compare lines 13 and 14 with 3 and 4).
Discussion. The results of the present ex-
periments revealed that the kidney glutami-
nase activity and the carbonic anhydrase ac-
tivity can be altered independently. by fac-
tors which are not clearly identifiable.
Neither the glutaminase activity nor the car-
bonic anhydrase activity could be definitely
correlated with the plasma bicarbonate con-
centration or with the composition of skeletal
muscle in respect to potassium and sodium.
Similar conclusions were arrived at by other
workers(2,9) studying changes in kidney glu-
taminase activity. The present results indi-
cate some relationship between dietary po-
tassium and carbonic anhydrase activity.
since with intact rats significant elevations of
this enzyme were encountered only under cir-
cumstances of dietary potassium deficiency.
It has been previously reported(10,11) that
the renal glutaminase activity is unchanged
in adrenalectomized rats. Wilson and Seldin
(11) found further that the adaptation of the
glutaminase enzyme system following NH,Cl
loads was unimpaired in adrenalectomized
rats. They therefore concluded that adrenal
hormones are not required either for the
maintenance or optimum activation of the
glutaminase enzyme system in the rat. The
results of the present experiments also indi-
cated that kidney glutaminase activity can
increase in the absence of the adrenal gland.
However, such increases were of less magni-
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tude than those observed in intact rats under
comparable experimental conditions. In con-
trast, the carbonic anhydrase activity in
adrenalectomized rats became reduced in ex-
perimental situations which in intact rats led
to increased enzyme activity. Perhaps inade-
quate renal carbonic anhydrase activity may’
be a factor in the impaired ammonia produc-
tion noted in adrenal-insufficient rats(12).

Summary. Kidney glutaminase and car-
bonic anhydrase activities were determined in
intact and adrenalectomized rats maintained
on normal and potassium-deficient diets, with
and without simultaneous administration of
DCA. The changes of enzyme activity could
not be related to plasma or muscle electro-
lvtes. The activities of the 2 enzymes were
found unaltered in adrenalectomized rats.
Experimental conditions resulting in increased
glutaminase activity in adrenalectomized rats
had the same effect to a greater degree in in-
tact rats. Kidney carbonic anhydrase activ-
ity failed to increase in adrenalectomized
rats under circumstances which in intact rats
led to increased activity.
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