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Inhibition of Aminonucleoside Nephrosis by Adenine.* (24556) 

S~ARY ELLEX HAHTMAN, JOHX D. HARTMAN AND ROBERT C. BALDRIDGE 
(Introduced by Morton J. Oppenheimer) 

DvPts o! . Inatort ig  atid Physiologiral (‘heil1j.ytry, Teiiiple lrniversity School of Medicine, 
Philaddphia, Pa. 

Repeated injection of 6-dimethylamino-9- 
( 3 ’ -am i n 0- 3 ’ -d eos y -p-D - r i 1) of u ran os y 1 ) p u r - 
ine. (hereinafter referred to as aminonucleo- 
side 1 a derivative of the antibiotic. I’uroniy- 
cin. produces a disorder in rats characterized 
by hyperlipeniia. azotemia. hypoproteineniia 
and proteinuria ( 1-5). This disorder resem- 
Ides the nephrotic disease of children and the 
experimental disease produced in rats by in- 
jection of a rabbit anti-rat kidney serum(6-9). 
Several metabolic manifestations of the he- 
teronephrotosic type of nephritis have been 
reported. ‘These include: ( a )  impaired phos- 
phorylation during anaerobic glycolysis using 
kidney slices ( 10 ) , (11 ) gros4y n!)rmal carlm- 
hydrate metabolism ( 1 1 ) . ( c )  priniar>- pro- 
tein loss followed 11y an increased protein 
turnover, increased utilization of carbohy- 
drate and accelerated amino acid metabolism 
( 12 ) .  (d )  mobilization of body fat following 
the primary protein loss ( 13 ) . Since nephro- 
sis is induced by minute amounts of amino- 
nucleoqide. and as i t  is related structurally to 
adenine and adenosine. it seemed likely that 
this compound could be acting as a metabolic 
antagonist i n  some phase of purine metalml- 
isni including reactions involving A‘TT’. The 
aminonucleoside has an anti-trypanosoma1 ei- 
fect in mice infected with lrypanosoma equi- 
perdium( 14). This effect is partially re- 
versed by a number of synthetic purine de- 
rivatives and by adenine but not by adeno- 
sine. Additionally. the aminonucleoside is 
effective against other orqanisnis. and vari- 
ous purines serve to reverse its growth inhih- 
iting activity( 15) .  As the compound a])- 
pears to he a metabolic antagonist whose ac- 
tivity is reversed by purines in lower form..;. 
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it seemed desirable to determine whether i t  
acted similarly in mammalian species. The 
esperiments to be described were designed to 
determine the effect of adenine and adenosine 
on the production of the aminonucleoside-in- 
duced nephrotic syndrome in the rat, with the 
hope that the information gained would be of 
value in elucidation of the basic etiology of 
heteronephrotoxic kidney disease and lipoid 
nephrosis of children. 

58 female Sher- 
man strain rats ranging 70 to 123 g were di- 
vided into 5 groups. Each rat received the 
following compounds by subcutaneous injec- 
tion in amounts indicated/g of body weight/ 
day. Those in Group 1 received 0.015 mg of 
aminonucleoside. Those in Group 2 received 
0.015 mg of aminonucleoside plus 0.056 mg 
of adenine suspension. Those in Group 3 
received 0.0 15 mg of aminonucleoside plus 
0.8 mg of adenosine suspension. Those in 
Group 4 received 0.056 mg of adenine sus- 
pension and those in Group 5 received 0.8 mg 
of adenosine suspension. The animals in 
Groups 2 and 3 received adenine or adenosine 
just prior to the aminonucleoside at  a sepa- 
rate subcutaneous site. The animals were 
held for 14 or 15 days during which time they 
were given 10 injections, the last on day of 
sacrifice and the day preceding sacrifice. On 
final day of experiment urines were collected, 
tested for presence of protein by heat and 
acetic acid test and the results gauged on a 
0 to 4+ scale. The animals were anesthe- 
tized and a midline laparotomy incision was 
made. U’hen present, the amount of ascites 
was measured by withdrawing as much of 
tluid as possible into a small graduate. The 
animals were killed by exsanguination and to- 
tal serum lipids determined by the turbido- 
metric method of de la Huerga c>t (zL.( 16). 
Kidney samples were taken for sectioning and 
staining with HPrE and PAS. The sections to 

Materials and methods. 
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be stained with H&E were cut a t  7 p and 
those to be stained with PAS were cut at 
4-5 p. Comparative statistical studies were 
made between appropriate groups. The t 
test was used to compare data for lipid levels 
and amounts of ascitic fluid. A value was 
considered to be statistically significant when 
its F’ value was .05 or less. The chi square 
test was used to evaluate the significance of 
proteinuria data taking into account the 5 
values ranging from 0 to 4+. 

Results. Comparisons of data obtained 
from each group of rats and from 12 normal 
animals of similar weight are shown in Tables 
1 and TI. When compared to results obtained 
with rats which received aminonucleoside 
alone, concomitant administration of adenine 
with the aminonucleoside 1) prevented ac- 
cumulation of ascitic fluid, 2 )  resulted in a 
highly significant decrease in number of ani- 
mals with 3+ or 4+ proteinuria and 3 )  led 
to markedly lower serum lipid levels. Con- 
comitant administration of larger amounts of 

TRRLE 11. Statistical Comparison of Data. 

Total wruiii Protein- 
lipids uria 

Groups Diff. P P 
Groii1) comp:irrd * S.E. vnlllc v:1lue 

1 Aiiiinoriiiclcosidc 
2 Atiiir~oii~i~lcosid~. 423 4 123 <.Ol < . O l  + ntlciiiiic~ 

2 Aniiiioriuclcosic.Lc + adciiiiic 
4 Aileiiinc 289 * 72  <.Ol >.05 

X Aininoiiuclcoside 
3 Aminonucleoside 255 129 >.05 >.05 + adenosine 

:1 Aniinonucleosidc + adenosine 
5 Adenosine 470 82 <.Ol <.Ol 

the more soluble adenosine (over 8 times as 
much adenosine as adenine on a molar basis) 
with the aminonucleoside, was not followed 
by similar manifestations of reversal of tox- 
icity of the aminonucleoside. At the level of 
adenine administered (molar ratio of adenine 
to aminonucleoside 8 : 1 ) reversal of toxicity 
was not complete. However, it did not seem 
feasible to increase the molar ratio of adenine 
to aminonucleoside, since in preliminary ex- 
periments adimnistration of larger amounts 
of adenine alone led to toxic manifestations. 
Neither adenosine nor adenine were totally 
innocuous compounds at  the levels used, inas- 
much as administration of either compound 
was followed by a significant change in de- 
gree of proteinuria. Administration of aden- 
ine alone did not cause 3+ or 4+ proteinuria 
but was followed by more than the expected 
incidence of 1+ and 2+ reactions. 

Serum lipid levels of animals which re- 
ceived aminonucleoside plus adenine were sig- 
nificantly lower than those of animals which 
received only aminonucleoside. Levels in ani- 
mals which received both compounds however, 
were significantly higher than those in ani- 
mals which received adenine alone. Thus the 
aminonucleoside effect was not totally 
blocked. Lipid levels in serum of animals 
treated with adenine alone, were not signifi- 
cantly different from those of normal animals. 

Administration of adenosine with amino- 
nucleoside did not result in significant dif- 
ferences in lipid levels from those of animals 
which received aminonucleoside alone. It is 
interesting that injection of adenosine alone 
resulted in significantly lower lipid values 
than those observed in normal animals. 

Administration of aminonucleoside pro- 
duced an injury of the basement membrane, 



manifested t)y ;I deposit of f’AS positive i i i i i -  

t erial. Either adenine or adenosine also 
caused early changes in basement membranr 
characterized by splitting and fraying. I ‘h r  
appearance of basement membrane was not 
altered by addition of either adenine or adeno- 
sine to aminonucleoside. The P.\S positive 
material deposited in the glomerulus did not 
appear as dense as that seen in the nephro- 
toxic nephritis, however. the tubular lumina 
contained prominent PAS positive casts. 

Iliscussion. The data herein presented pro- 
vide evidence that the mode of action of 
aminonucleoside in production of the ne- 
phrotic syndrome in the rat is that of an an- 
timetabolite. Reversal of toxicity of the ~ 0 1 7 1 -  

pound by adenine would implicate a block i n  
some phase of nucleotide or nucleic acid me- 
tabolism. The question is thus raised as to 
whether other types of nephrotoxic disease 
may have a similar etiology. i . ~ . ,  deranged nu- 
cleic acid or nucleotide metabolism. In a 
yeast system it has been observed(l7) that 
aminonucleoside inhibited AT I’ formation. 
The negative results obtained with adenosine 
do not necessarily exclude the possibilit!. of H 

defect in the phosphorylation mechanism. 
Adenosine deaminase has been found to lie 
very active in mammalian tissues( 18) and it 
is possible that rapid conversion of adenosine 
to inosine might account for its lack of effect 
in the present study. Brown et aZ.( 19) noted 
greater incorporation of exogenous adenine 
than of adenosine into the nucleic acids of the 
rat and proposed that the route for incorpora- 
tion of the free base is different from that of 
nucleotides synthesized de n o w .  Buchanan 
(20) has related that aminonucleoside doer; 
not inhibit any of the enzyme systems in- 
volved in the de nozw synthesis of purine rle- 
rivatives. 

The intraglomerular deposits of PAS posi- 
tive material seen here corroborate the find- 
ings of Frenk et aZ.( 1) but are a t  variance 
with the report of Fisher et  a 2 . ( 4 ) .  In the 
experiments of the latter workers injections of 
the aminonucleoside were stopped on day 9-1 1 
and the animals were held until day 14. The 
possibility exists that in the experiments of 
Fisher the PAS positive material had been 

})resent at the end of injection period and hat1 
decreased in amount in the 3 - 5  day period 
immediately prior to sacrifice. This would be 
i n  accord with the observations of Frenk e t  a/ .  
( 1 ) that structural alterations are reversible 
in animals receiving 5-20 consecutive daily in- 
jections of the aminonucleoside. Tt should 
also be noted in considering the results of 
these two authors and those presented here. 
that 3 different strains of rats were used. Thus 
genetic differences in susceptibility of the mu- 
copolysaccharides of the basement membrane 
to injury could have been responsible for the 
discrepancy in results. The fact that morpho- 
logical alleviation of the disease lagged be- 
hind the functional improvement may have 
heen due to the masking effect of the adenine 
which itself gave rise to early basement mem- 
hrane changes. 

Sztnznzat’y. Studies were made of the ef- 
fects of administration of adenine and adeno- 
sine on nephrosis of rats induced by injection 
of aminonucleoside obtained from Puromycin. 
Adenine partially reversed nephrotoxic ac- 
tivi ty of the aminonucleoside? while adenosine 
did not. These findings have been interpreted 
3s evidence that aminonucleoside acts as an 
antimetabolic agent in some phase of nucleo- 
tide or nucleic acid metabolism in production 
of the nephrotic state in the rat. 

Thc technical assistance of .Antoinette C. Ronfilio is 
Kratefully acknowledged. 
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Inhibition of Experimental Tumors by Orthophenylenediamine (OPDA) . 
(24557) 

VERNON RILEY* 
Sloan-Kettering Znstitute !or Cancer Research, N .  Y .  Ci ty  

The presence in animals of certain tumors 
has been observed to provide either biochemi- 
cal protection or liability in terms of survival 
time for the host when challenged with a le- 
thal dose of specific chemical agents such as 
the phenylenediamines( 1 ?2) .  The Cloudman 
S91 mouse melanoma protects its host against 
the acute toxicity of paraphenylenediamine 
(PPDA) whereas the same tumor is a disad- 
vantage to the host when the challenging com- 
pound is orthophenylenediamine (OPDA) . 
With the above experimental design this phe- 
nomenon extended to other combinations of 
tumor and compound variously to the advan- 
tage, disadvantage, or neither for the host. In  
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sistance of Elisabeth Booth, Vincent Nole, Alice Gale, 
Arthur Levin, and Editha Huerto. Through Volun- 
teer Dept. of Memorial Center the help of following 
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er, Miss Joyce Weisman, Mr. Robert Holtzman, Mr. 
Alan F. Arnold, Mrs. Frances Anderson, Miss Bernice 
Fisher, Mrs. Marcia Zapcr Mehr, Miss Helen Under- 
wood, Miss Imelda Ludder, Mrs. Neva Baine Murphy, 
Mr. Claude Arpels, Miss Helen Johnson, Mr. Arthur 
Liolin, and Mr. Henry B. Abrahams. Drs. Kanemat- 
su Sugiura, Joseph G. Fcrtner, and Paul Hochstein 
kindly supplied some cf the tumors. 
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possible correlation, i t  was also observed that 
PPDA combines with certain pigmented tu- 
mor constitutents in vitro as determined by 
oxygen-consuming reactions in the Warburg 
apparatus when added to melanoma tissue, 
urine, blood plasma, or pure dihydroxyphenyl- 
alanine (DOPA) (3,4,5). Further pursuit of 
these phenomena led to chemotherapeutic test- 
ing of phenylenediamines against melanoma 
and other tumors. The results with the ortho 
isomer, which is the least toxic and most ef- 
fective, are reported here with a variety of 
transplanted mouse and hamster experimental 
tumors. 

Materials and m.ethods. Several inbred and 
hybrid strains of mice were employed for car- 
rying the tumor types studied. Most mela- 
noma experiments utilized the Cloudman S9l 
(6)  although the Harding-Passey ( 7) ? the 
Fortner hamster melanoma( 8) ? and several 
non-melanoma tumors were used for com- 
parative purposes. The transplanted ham- 
ster melanoma is designated as Melanotic 
Melanoma No. 2 (H.M.M. #2) and originated 
“spontaneously” in a Syrian golden hamster. 
The histological and biological characteristics 
have been described (8 ,9) .  The Cloudman 
S91 mouse melanoma was carried in both maIe 
and female DBA/2 hybrid mice. The Hard- 
ing-Passey melanoma and the Ehrlich car- 


