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Summary - In rats during NH,Cl acidosis the rensl adenosine and guanine

deaminasges increased by 2 and 2,5-fold respectively. The renal DNA and
RNA contents were found to decresse considerably but the protein content
of the kidney did not undergo any change in acidotic rats. It 1s suggested
that both adenosine and guanine desminases might play an important role in
the renal regulation of acid-base balance.

INTRODUCTION

During acidosis the increase in the renal ammonia production (2, §,
6, 7, 15, 19, 21 and 24), and the inductive increase of a mmber of renal
ammonie~producing ensymes (1, 4, 8, 9, 10, 14, 16 and 17) are well esteblished.
Incressed ammonia formation is accompanied by a decrease in the nmucleic acid
content of tissues (10, 22 and 23), indicating an increased catebolism of
nucleic acids, and consequently, an incresse in the activities of the enzymes
of micleic scid catabolism can be expected, Hence, during acidosis vhen
there iz a decrease in the renal mucleic acid content (10) as well g an in-
creese in renal ammonia-production, an inductive inerease in the activities
of renal adenosine and guanine desminases may be anticipated., The purpose of
the present investigation was to study the induction of these two ensymes in

rat kidney during acidosis.

TERL ND METHO
Animal s
Bighteen male albino rats weighing 180 to 210 g. were divided into

*Present address :- Industrial Toxicology Research Centre, Chattar Manzil,
Lucknow, U.P., India.
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three groups of 6 rate each, namely, the nommal (N), control (C), and expe-
rimentel (E) groups., The animals were housed separately in metabolic cages
at 25 + 3%.

Diets and Feeding of enimals

In order to obviate variations in renal acid excretion due to altera-
tions in dietary intake (17) the rats were tube fed constant amounts of liquid
dlets. Group N received 10 ml. of the normal diet, containing 1,C g. protein,
0.75 g. fat, 1.0 g. glucose and requisite amounts of essential salts and vite-
ning, svery 24 hours. Group § was fed 10 ml. of a standard electrolyte defi-
cient diet (SEDD), having a composition similsr to the normal diet except in
thet 1t wes deficient in the standerd electrolytes, viz., Na', X' end G1°,
every 24 hours, Group E received 10 ml, of SEDD every 24 hours for 5 days, i.e.,
till the urinary ammonia excretion had become and remsined constant for two
oonsecutive days. From the €th day and onwards the diet of group E was supple-
mented with 4 millimoles of NH401 svery 24 hours.

Group B was fed SEDD g0 as to produce acidosis in the shortest possi-
ble time, Group C was kept on SEDD as a control to check whether the changes
oceurring in group B were merely due to a deficiency of Na+ and K+ or due to
NH,Cl acidosis, All animals had access to distilled water ad 1ibitum.
Urinary smmonis estimation

Daily 24-hour urines from each rat were collected under mineral oil
using thymol and toluene as pressrvatives. The urinary ammonia wes determined
by & modification of the microdiffusion method of Conway (3).

Engyme assays

On the 15th day, i.e., after 9 days of rm4c1 administration, vhen the
urinary ammonis excretion of group E had reached a maximum and remsined cons-
tant for three conmsecutive days, all animals of the three groups were sacrifi-
ced, their kidneys excised, and the whole homogenates and 15,000 x g superna-
tants of the kidneys from each rat were prepared separately according to
Kumer et al. (11).
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(1) Adenosine deaminase - Assay of the enzymic activity in whole
homogenates was according to Mastafa and Tewari (13),

(11) Guanine degminage - The guanine deaminase activity of the rat
kidney 15,000 x g supernatant represents the "total" enzymic activity, where-
as the actual "effective” enstymic sctivity, 1.,e., the smount of ensyme actual-
ly effective in the intact kidney is reflected in the activity of the whole
homogenate (11). Therefore, guanine deaminase was assayed in both the whole
homogenats and 15,000 x g supernatent of the rat kidney by the spectrophoto-
metric method of Roush and Norris (18) as modified by Kumer et al. (11).

DNA and ENA determination

Both DNA and RNA were estimated in the kidney homogenates according
to Santen and Agranoff (20),

Protein estimation

The protein in the kidney preparetions was estimated according to
Lovry ot al. (12).

RESULTS

Urinary smmonie

The 24-hour urinary ammonia excretion in animals of group N remained
constant throughout the 14-day experimental period. The rats of groups C
and E showed a slight increase in the urinary ammonia excretion which became
constant on the 4th day and remained at this level on the S5th day also, In
group C animels the urinary ammonis excretion remained constant fram the 4th
day onwards, The group E rats exhibited a further gradual increase in urine-
ry ammonie production from the 6th day onwards (-due to NH4cl administration-)
ti11l it reached & maximum on the 12th day, (-i.e., after being fed NH,C1 for
7 days-) and remained constant thereafter till they were sacrificed, The
group B rats had developed maximum acidosis possible on the acid load ad-
ministered which was clear from the increased and constant urinary ammonia
excretion (6, 19 and 21). A slight acidosis was also developed by the group
C animals,
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TAELE 1. Re enosine and ne desminase activities of the
normal, control and experimental rats.

Enzyme Kidney Bnaymic activity, units/g. fresh weight
fractlon equivalent (Mean value # S.D.)
Normal Control Experimental
Adenosine Whole 8.3+ 5.1 22,8+ 5.8 43,9 +4.8
deaminase homogenate
Guanine Whole 12,9 + 2.4 17,1 £ 3,0 R,313.9
deaminase homogenate
15,000 x g 19.0 + 3.6 25,9+ 4.4 37.5 + 4,5
supernatant

The results reported are for the separate whole hmmogenates of kidneys
fram 6 rats in esach group.

Enzymic activities
The stundard mesn values of the renal adenosine and guanine deamina~

se activities expressed as units/g. fresh weight equivalent kidney have been
reported in table 1,

The renal adenosine deaminase activity of the groups C and E were
respectively 1.24 and 2,4-fold higher than that of group N,

The "total® renal guanine desminase activity of the groups C and B
exhibited respectively 1,26 and 1,28-fold increase as compared to group N,
The "effective" renal guanine deaminase activity of group C was 1.Z2-fold
higher than that of group N, whereas the incresse in the "effective” renal
guanine deaminase activity of chronically acidotie rats (gromp E) as compa-
red to the control and normal animals was 1.89 and 2,50-fold respectively.
DNA and RNA content

The standard mean values of the renal DNA and RNA contents in mg/g.
fresh weight equivalent kidney are reported in table 2.

Although the renal nucleic acid content of both the groups C and E
was lower than that in group N, this decrease in the nucleic acid content

vas much marked in the experimental group, The renal DNA content of the
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TABLE 2. DNA end RNA content of the kidney of nommal, control
and experimental rats,

Nucleic acid Content, mg./g. fresh weight eqivalent
(Mean value + S.D.)
Normal Control Experimental
VA 2,27 + 0,28 2,07 +0.22 1,88 + 0,16
RNA 2,72 + 0.49 2,28 4 0.18  1.61 # 0,19

The results are for € animals in each group.

groups C and B was respectively 8.8 and 17.2 % lower than that of group N,
The renal RNA contents showed greater variations and were 18,2 and 40.8 %
lower in the groups C and E respectively as compared to group N,
Protein content

There wvas no change in the protein content of the kidney in the rats

of groups C and B as compared to the normal rats,

DISCUSSION

The authors have demonstrated that there is an inductive increase in
the renal adencsine and guanine deaminase activities of acidotic rets recei-
ving a Ne* and X' defictent diet supplemented with MH,Cl. These incressed
renal enzymic activities are not solely due to a deficiency of Na+ and K+ is
clear fram the fact that although the group C rats kept on a Na+ and K+ defi-
cient diet showed an increase in the urinary ammonia exoretion as well as in
the adenosine and guanine deaminase activities, they were much less than that
in the group E rats.

The renal mucleic acid content of acidotic ravs exhibited a signifi-
cant decreass, The increase in the renal adenceine and guanine deaminase ac-
tivities together with a decrease of the renal mucleic acid content indicates
an increased catabolism of renal nucleic acids in acidotic rats., Jainicki and
Argyris (10) reported a decrease in the renal DNA content together with an in-

crease in the renal glutaminase (~-an ammonis producing ensyme-) activity.
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Vrba and FPolbergr (22 and 23) demonstrated that during increased ammonia pro-
duction in both the guinea pig and rat brain, the nucleic acid content dec-
reased while the glutamine content increased. A similar mechanism may be
operstive in case of rat kidney during acidosis when renal ammonia produc~
tion 1s increased. A tentative pathway for ammonia production by the kidney
during acidosis 1n which adenosine and guanine deaminases are involved is
envisaged and has been deploted in the scheme of reactions illustrated in
Chart 1. The ammonia produced by the action of the two deaminases on their
respective substrates (-available in greater quantities due to an increased
catabolism of nucleis acids-) may dirsctly enter the urine, and/or it mesy be

incorporated in the form of amide nitrogen of glutamine and then agaln relea-

NUCLEIC
ACIDS

ADENOSINE GUANINE
ADENOSINE GUANINE
DEAMINASE | ,H,0 H,0_ | DEAMINASE

INOSINE XANTHINE
+ +
NH,\\\ _~=NH,

FROM OTHER > NH,

sounces ———~—~>NHy-—----c---- > TO URINE

A '
DE NOVO SYNTHESIS NH, >

AND ~
PROTEIN CATABOLIS

4

\J
ATE GLUTAMATE + NH,

GLUTAMINE
N
v, ~
rd ~
FROM ’,’ ™ GENERAL METABOLIC

BLOCD POOL

CHART 1. A possible pathuay involving renal adencsine and guanine
deaminages for the production of uringry ammonia,
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sed (-to enter the urine-) by the action of glutaminase, which also increases
during acidosis (4, 9, 10 and 17),

The protein content of the kidney exhibited no variations in acido-

tic rats, Hence, whether the increase in the renal adenosine and guanine

deaminases 1s a result of de novo synthesis or of the modification of exlsting
protein moleties or a cambination of the two can not be assumed from the exis-
ting data. However, the results strongly suggest that both adenosine and gus-
nine deaminases of the rat kidney are inducible engymes and are involved in
the renal control of acid-base regulation by ammonia production, which is in

addition to the roles played by them in nucleic acid catabolisnm,
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