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SIlnneEs- In rats during NH4Cl acidosis the renal adenosine and guanine 
deaminasee Increased by 2 and 2.5-fold respectively. The renal DNA and 
RtfA aontents were f-d to decrease considerably but the protein content 
of the kidney did not undergo any chaage in acidotic rats. It is suggested 
that both adenosine and guanine deaminasesmightplayan important role in 
the renal regulation of acid-base balance. 

IRTRODJCTION 

During acidosis the increase in the renal ammonia production (2, 5, 

6, 7, 15, lQ, 21 and 24), and the inductive increase of a number of renal 

ammonia-producing ensyams (1, 4, 8, 9, 10, 14, 16 and 17) are well established. 

Incmased amonia fomation is aoacmpanied by a decrease in the nucleic acid 

amtent of tissues (10, 22 and 25), indicating an increased catabolism of 

mmleic acids, and consequently, an increase in the aativities of the ensymes 

of nuuleic aofd oatabolism aan be expected. Rence, during acidosis when 

there is a deerease in the renal nucleic acid oontent (10) as well as an in- 

orease in renal snmmia-prodtmtion, an inductive increase in the activities 

of renal adenosine and guanine deaminases may be anticipated. The purpose of 

the present investigation was to study the induction of these two en-es in 

rat kidney during acidosis. 

gighteen male albino rats weighing 180 to 210 g. uere divided into 

*Present address :- Industrial Toxioology Research Centre, Chattar Maneil, 
Ltmknou, U.P., India. 
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three groups of 6 rats eaoh, nsmely, the normsl (K), cont& (C)P and eJcpe- 

rimentel (B) grcups~ oh ddle ~6 bused separately in uetabolio cages 

at 25 ,+ 3’~. 

Diets and Feeding of anime5s 

1n over to obviate variations in read acid s~~rddon due to altm- 

tions in dietars intake (17) the rats uezw tube fed constant =amts of lisuid 

diets. Group N received 10 ml. of the norraal diet, uontainiing 1.C g* protein, 

0.75 g. fat, 1.0 g. glucose and requisite auounts of essential salts and vita- 

mins, every 24 hcurs. Grasp C vss fed 10 al. of a standard eleotrolyte defi- 

cient diet (SKDD), having a eonposition similar to the normal diet except in 

that It, was deficient in the standard eleatrolytee, via., Na’, K+ and Cl-, 

everg 24 hours. Group E received 10 ml. of SKDD every 24 hours for 5 days, i.e., 

till the urinary aumonia excretion had beoape and ranained constant for two 

a~secutive days. Fmpl the 6th day and onuards the diet of grcaap E was supple- 

mented ulth 4 ulllimoles of NH4Cl every 24 hours. 

Group B was fed SKDD so as to produce acidosis in the shortest possl- 

ble time. Group C was kept on SEDD as a contlpl to check whether the ohanges 

ocaurring in grcup E were merely due to a deficiency of Na+ and K+ or due to 

NH4Cl acidosis. All animsls had aooess to distilled water ad libi&rs. -- 

Urlnarp ammonia ertiaaatlon 

Daily 24-hour urines fHm~ each rat uere colleated under mineral oil 

Using t-01 and toluene as presemtives. Tb urinary aumonIa wss detexufned 

by a modification of the mlorodif’fuslon resthod of Conway (3). 

&mvme assavg 

On the 13th day, I.e., after 9 days of NH4Cl rcbeiniatratlon, uhen the 

dnarg amonia OXCIWAO~ of gr~1~) K had reached a m and reanslned eons- 

tant for three aonsecutlve days, all animals of the three grasps were 8acrffi- 

Cd+ their kidneps excised, and the vhole haaogenates and 15,000 x g gt~m 

UUIW of the gridne~s from each rat uere prepared separately according to 

Kuaw & & (ii). 

1057 



Vol. 43, No. 5, 1971 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

(i) bdenorine deam%naw - Assay of the enqmia aotivity in whole 

hcmogenatee was according to Mzstaia and Tewarl (13). 

(ii) Chmnlne deaminese - The guanine deaminase activity of the rat 

kidney 15,000 xg supernatant represent6 the %ot.aln enrgaic activiQ, where- 

as the actual aeffectlve” en&c activity, i.e., the mount of en- actual- 

ly effeative in the intact kidney is refleoted in the activity of the whore 

homogenate (11). Therefore, guanine deaminase waa arsapsd in both the whole 

homogenate and 15,000 x g 8uperxMant of the rat kidney by the spectrophotc+ 

metric method of Rub and lorris (18) a@ modified by Eumar eA el_. (11). 

DNA and IflU deteminatian 

Both DNA and RNA were estimated in the kidney horPogenatee acCoH.ing 

ta Santen and Agranoff (20). 

Protein ertimation 

Ths protein in the kidney prepalatlons wae eetimated acaarding to 

LowrJl fi j& (12). 

RESULTS 

The 24hca.r urinarJr apmmonla exoretion in ar&mal~ of graup N remained 

aonstant throughout the 14day experimental period. The rats of grarpa C 

and B showed a slight increase in the urinary ammonia excretion whiich became 

constant on the 4th day and remained at this level on the 5th day also. In 

group C aaiaals the urinary anmonla exaretfon remained Constant fran the 4th 

day onwards. The grcup E rats exhibited a fhrther gradual increase in urina- 

ry ammoais prodnction fFom the 6th da7 onwards (-due to NH4C1 administration-) 

till it reached a mMmum cm the 12th dq, (-i.e., after being fed NH4Cl for 

7 days-) and remained aonstant thereafter till they were eaorificed. The 

grazp f rats had developed maximum acidasia possible on the aaid load ad- 

ministered which was clear from the Increased and aonatant urinary ammonia 

exaretion (6, 19 and 21). A slight aaidosis we4 also developed by the group 

c anilnds. 
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TABLE l. Final dumine andmminedsudnamaotivitiee of the 
gomal, ooatrol and eqwrimental rata. I _---- 

EnsJrme Kidney 
fraction 

Ensymi.0 activity, udte/g. fedI weight 
equivalent (Mean value ,+ S. D.) 

Normal Control ?+cpfMmental 

Adtmcaine whole 18.3 f 5.1 22.8 ,+ 5.8 43.9 f  4.5 
deeminase haaogenate 
------------------------------------ 

Gdne tile 
deeminase hmogenate 

12.9 ,+ 2.4 17.12 3.9 32.32 3.9 

15,ooo xg 19.0 ,+ 3.5 23.9 2 4.4 37.5 2 4.5 
supernatant 

The result. reparted am for the separate whole hcmogenates of kidneys 
frail 6 rats in each group. 

lbmuic aatirltleq 

T& st,riradard EMUI values of the renal adenoeiue aud guanine deemina- 

18 mtirities sxprea~ed aa units/g. freeh weight equivalent kidney have been 

reported in table 1. 

The renal adeuoslne deamInaso aatirfty of the Broups C and E wwo 

respectively 1.24 and 2,kfold higher than that of group N. 

The atotal* renel guauine deaminase aetirfty of the groups C and E 

exhibited respectively 1.26 and 1.98-fold inmeaae a8 ocaspared to group N. 

The "effectimP reaal guauine deaminam activitg of grasp C was L&-fold 

higher than that of group N, whereas the increase in the 'effecti%+ renal 

gnat&e deaminam activity of ahronlcally acidotiu rats (group g) as ccmpa~ 

red to the control and nomal. aninalr vaa 1.89 and 2.50-fold reapeotively. 

DNA aud RNA eontent 

The 8tmkd mean value8 of the reual DNA aud XNA contents in mg/g. 

freeh weight equivalent kidney are reported in table 2. 

Although the reuel nucleic mid content of both the groups C and E 

uaf~ lover than that iu group 1, this dewease in the nualeic a&d eontent 

vaamuohrarkedinthe experimentel, group, The nmal DNA eontent of the 
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TA6LE 2. MA and RNA oontent of the kidass ofnosmal.oontr& 
and exwrlmental rate. 

Nucleio aoid content, a&/g. fkeeh weight OquiTalent 
(Mean Tab30 ,+ S.D.) 
Nona control Exk3eriiQental 

DNA 2.27 ,+ 0.28 2.07 ,+ 0.22 1.88 f 0.18 

RHd 2.72 ,+ 0.49 2.28 f 0.18 1.615 0.19 

The results are for 6 animals Sn each group. 

group8 C and B we reepeotitely 8.8 and 17.2 % louer than that of group N. 

The renal KNA oontents showed greater variationa and were 16.2 and 40.8 $ 

lower in the graups C and E respectively M oceqared to group N, 

~rotlein oontent 

There was no ohange in the protein oontent of the kidney in the rata 

of @xxps C and K aa canpared to the no-1 rata. 

DI66USSION 

The authors have danomtrated that there la an induotiw inorea8e la 

the renal aden-ine and guanine deamiaaae aotititier of aoidutic rate recei- 

ving a Na+ and K+ defloient diet aupplaneuted with Nfi&l. These inoreaeed 

renal enaymic aetivitie8 are not solely due to a defiolenoy of Na' azul K+ ia 

clear frcm the fact that although the grasp C rats kept on a ??ai and K' defi- 

oientdietahoved aainoreaasin theurinaxy ammoniaexoretion aa well aa in 

the adenosine and gusnine deaminase aotivitiea, thq were auah less than that 

in the graup E rats. 

The renal nuclei0 aoid content of acidotio raw exhibited a c@aifl- 

cant decrease. The increase in the renal adeneelne and guaaine deaminaee ao- 

tivitiea together with a decrease of the renal nuoleic acid content indicates 

an increased catabolism of renal nuclelo aclda in aoidotic rats. Jainickiand 

-8 (10) reported a decrease in the renal DNA oontent together with an in- 

crease in the reual glutaminase (-an maa producing en-e-) aotidty. 
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V&a and F~lbergr (22 and 23) demonstrated that during imreased ammtia pro- 

duction in both the guinea pig and rat brain, the nucleic add oonteut deo- 

reased while the gluteuldne content increased. A sfiaflar aeohanism may be 

operative in case of rat kidney during acidosis when renal amonia produc- 

tion is lnoreased. A tentative pathway for ammonia production by the kidney 

during acidosis in which adenoslne and guanine deaminases are involved la 

envisaged and has been depioted in the scheme of reactions illustrated In 

Chart 1, The ammonia produced by the action of the two desmkmses on their 

respective substrates (-available in greater quantities due to an increased 

catabolism of nualelo acids-) may dire&Q enter the urine, and/or it may be 

Incorporated in the form of aadde nitrogen of glutandne and then again relea- 

ADENOSINE GUANINE 

;:,$i?::~“aO .,O+%kE 

INOSINE XANTWINE 
+ 

N%, 
I’ 

,-N+H, 

\ 
. N ‘\ \ I f  1’ 

FROM OTHER 
i 

SOURCES 
-- _-_- +NH,--T--w----+ TO UR,,,E 

Ilk 
‘. f 

I 

DE NOVO SYNTHESIS I 
I 

I 

I 
I 

,/f ‘\\ 
FROM _ .’ - GENERAL METABOLIC 

BUM0 POOL 

CHlRT 1. L rmslble wthua~lnvolvlpa renal adonorlns aadmanig 
deamhase8 for the moducrtion of urinary maia, 
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sed (-to enter the urine-) by the nation of glutamiuase, vhlah also lnmeaser 

during aoldaeis (4, 9, 10 and 17). 

The protein content of the Iddnsp exhibited no mriatious in a&% 

tio rata. Home, whether the increase in the renal adenoslne and guaulne 

deaminases is a result of de uovq synthesis or of the modlfioation of saistiug 

protein moieties or a cakbination of the two oan not be assumed fmm the exis- 

ting data. However, the results strongly suggest that both adenoaine and gua- 

nine deaminaaee of the rat kiduey are induaible ensymes and am lmmlved in 

the renal control of acid-base regulation bp ammonia production, which is in 

addition to the roles played by them In mueleic a&d oatabollm. 

The authors are grateful to Professor P.S. Krlshnan for his Valuable 

help aud for providing laboratory fadlitiee. 
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