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findings of Shima and Sugahara 7 on Balb/c mice during 
aging. However in our Balb/c-nu strain, where the recessive 
nude mutation has been introduced, ploidity classes higher 
than 4 C have not been found. These findings, together with 
the increase of the mean nuclear volume of hepatocytes 
during aging, strongly support the hypothesis according to 
which a strict correlation should exist between the nuclear 
volume and the degree of polyploidization 3-6. On the other 
hand, thymus-grafted old mice display a statistically signifi- 
cant decrease in the percentage of tetraploid nuclei in 
comparison with the untreated controls (table), although 
the corrective action of the thymus on the polyploidity level 
is 0nly partial. 
The complex physiological role of the thymus is far from 
clear. Nevertheless, a hypothesis may be suggested regard- 
ing the mechanism that is responsible for the regulatory 
action of the thymus on the ploidity level of hepatocytes. 
The thymus is able to modulate either the blood levels of 
certain hormones, or the adaptive responsiveness of the 
cells to beta-adrenergic stimulations during aging 9,1~ Since 
polyploidization is controlled by the endocrine system, as is 
generally accepted I1,~2, it may well be that the thymus acts 
through the modulation of hormonal levels. Nevertheless, a 
direct action of the thymus on the hepatocytes cannot be 
excluded either. The findings revealing a regulation of the 
physicochemical state of liver cell chromatin by some 
thymic factors ~3-16 are in good agreement with such an 
assumption. 
Our previous experiments showed that athymic young nude 
mice possessed an increased mean volume of hepatocyte 
nuclei as compared to their normal littermates, and this 
alteration was prevented by grafting neonatal thymus into 
the nudes 17. Therefore, it seems to be acceptable that 
thymic regulation may play a role during both the develop- 
ment and aging 17-I9. It should be emphasized, however, that 
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the thymus is able to modify the ploidy level of hepatocytes 
even in old animals where the general hormonal and 
metabolic conditions may be considered to be rather unfa- 
vorable. This agrees with the general concept regarding the 
primary role of the thymus in the aging process 18'I9. 
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Summary. While a diet deficient in phosphorus has a protective effect against kidney deterioration in uraemic rats, this 
effect, in fact, is more closely related to the reduction of food intake than to the phosphorus load itself, even though the 
latter influenced the pattern of the renal lesions. 

Nutritional factors have been thought to be implicated in 
the rapidity of the kidney deterioration subsequent to 
subtotal nephrectomy. Two main factors have been stud- 
ied; the protein 3'4 and the phosphorus (p)5,6 content of the 
diets, In the former studies, however, proteins were sup- 
plied by fish flour and had a high P content. In the paper of 
Ibels et al. s demonstrating the preservation of renal func- 
tion in rats fed a diet deficient in P, the total amount of 
food ingested was not measured so that any change of 
appetite resulting from the various P diets was not taken 
into consideration. 
The present experiment was aimed at separating the role of 
P per se from the role of total food ingested on the survival 
of uraemic rats. 
Material and methods. Male Sprague-Dawley rats (150 g 
b.wt) underwent a subtotal nephrectomy and were distributed 
into 5 groups (A-E). They were matched according to their 
serum creatinine, so that the mean initial serum creatinine 
concentration was 152_+12 ~tmoles/1 in all groups. 3 diets 
were used. They were dry, isocaloric, had the same protein 

(18 g/100 g bovine fibrin), vitamin and mineral content except 
for phosphorus which was 0.03%, 0.2% and 0.5 g%. Phosphorus 
was supplied by calcium phosphate and calcium was main- 
tained constant (0.5 g%) by the addition of calcium carbo- 
nate. 3 groups of rats (A,B,C) were fed ad libitum the 
0.03%, 0.2% and 0.5 g% phosphorus diets respectively. The 
D and E groups were fed the 0.2% and 0.5 g% phosphorus 
diets, but each rat was matched with one of the A group 
and was pair-fed with his A counterpart (table). Hence 
group A, D and E had the same nutritional intake as far as 
calories, proteins, sodium and calcium was considered, and 
they differed exclusively in their phosphorus intake. 
The experiment lasted for 36 weeks. Food consumed was 
weighed daily and serum creatinine, calcium and phospho- 
rus concentrations were determined monthly. At time of 
death the remnants of the kidneys were taken for histologic 
examination. 
Results. Main results are summarized in the table. As 
expected, food consumption rapidly decreased in the 
P-deficient group A rats and was significantly lower than 
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Rats A B C D E 
n= 10 n= 10 n= 10 n= 10 n=9 

Phosphorus diet (g/100 g) 0.03 0.2 0.5 0.2 0.5 
Feeding ad lib• ~ ad lib• ad libitum pair-fed with A pair-fed with A 
Food intake (g/day) 13.1 • 0.9 19.6 • 9.8 a 18.2 _+ 0.9 a 13.1 _+ 0.9 13.1 • 0.9 
Phosphorus intake (mmoles/day) 0.131+_0.08 1.16• a 2.89• a 0.90 • 0.06a, b 2.25 +-0.15a. b,c 
Plasma phosphorus concentration (mmoles/1) 0.70• 1.31 • a 2.00 • a 1.31 • b 1.74 • 0.02a, b 
Surviving rats at week 36 8 1 d 1 d 7 5 

Main characteristics of the 5 experimental rat groups. A vs B, C, D, E: a p<0.001; B vs D and C vs E: b p<0.01; B vs E: c p<0.001 
(Student's t-test). A vs B, C: d p<0.01 ~2-test); A vs D, E: p>0.05 (Z2-test). The 5 groups differed either in the P content of the diet 
or in the daily allotments (ad lib• or restricted to the quantity of food consumed by A rats). The mean values • SEM were calculated 
during the first 14 weeks of the experiment, before a significant number of animals developed terminal renal failure. The number of 
surviving rats in that of the end of the experiment, 36 weeks after its beNnning. 

that of the 2 other groups fed ad libitum, which had a 
similar food intake. Group A rats gained no weight during 
the experiment. Pair-fed group D and E rats gained signifi- 
cantly more weight despite an identical amount of food 
ingested, and gained less weight than group B and C rats 
fed the same diets without restriction. 
Plasma phosphorus concentration showed an important 
decrease in P-deficient A rats, was moderately lower than 
normal in B and D fed the 0.2% P diet and was normal in C 
and E rats fed the 0.5% P diet, at least until week 18. At that 
time, it markedly increased in most of the C rats fed the 
0.5% P diet ad libitum, and was associated with deteriora- 
tion of renal function, Plasma calcium remained within the 
normal range in C and E rats, was slightly elevated in B and 
D rats, and was significantly high (3.50_+ 0.08 mmoles/1) in 
A rats. 
Serum creatinine concentration rose in some but not in all' 
rats. A marked increase often occurred suddenly just before 
death. Samples taken at that time showed creatinine levels 
compatible with those of terminal renal failure 
(300-600 gmoles/1) in 2 P-deficient group A rats, 3 and 
4 rats of the pair-fed groups D and E, and in all but one of 
both groups B and C fed ad libitum the 0.2% and 0.5% P 
diet (A vs B or C: p < 0.05, z2-test). 
The survival curve differed markedly from one group to 
another. The earliest deaths occurred in group C rats fed 
the highest P diet ad lib• their mortality rate reached 
50% at week 20, but group B rats who received the 0.2% P 
diet experienced a similar high mortality a few Weeks later. 
At the end of the study, 2,3 and 4 rats were dead with 
terminal renal failure in groups A, D and E respectively; 
these rats had the same food consumption with different P 
intakes: these differences were not significant. Mortality 
was 90% among group B and C rats (B and C vs A and D: 
p < 0.01; vsE: p < 0.05, z<test). 
The kidneys of rats that died from renal failure could be 
examined in 1, 9, 9, 2 and 3 rats of groups A, B, C, D and E 
respectively. Of these, most rats of groups A, B and D given 
the deficient or low P diets showed prominent glomerular 
lesions and dilatation of tubules without calcium deposits. 
In contrast, tubular dilatation was the major finding in 
group C and E rats, fed the normal P diet, and they were 
associated with diffuse calcium deposits impregnating all 
tubular basement membranes in group C rats. The lesions 
were less impressive in group E rats. Calcium deposits, 
however, were absent or few in the single group C and in 
the 5 group E rats killed at the end of the experiment when 
their plasma creatinine concentrations ranged from 110 to 
210 ~moles/1. 
Discussion. The present experiment demonstrates that the 
preservation of renal function in uraemic rats given a 
phosphorus-deficient diet, as described by Ibels et al. s, was 
related much more to the reduction of food ingested than 
to the amount of phosphorus ingested; survival was signifi- 

cantly higher in group E than in group B rats, although 
there was a higher daily phosphorus intake in the former 
group. From our previous results 3,4, it is likely that the 
amount of protein ingested played the major role. It cannot 
be asserted, however, that phosphorus intake had no in- 
fluence, The mortality was somewhat higher in group E 
than in group A and D rats, and deaths occurred earlier in 
group C than in group B rats. These differences, although 
not significant, cannot be neglected. Several mechanisms 
may be suggested; a) the enhanced weight gain increasing 
the amount of metabolic waste products to be cleared by 
the kidney; b) the enhanced hyperparathyroidism; c) the 
direct toxicity of phosphorus load per nephron as suggested 
by Haut et al. 6. The differences in histological lesions 
strongly favour the last 2 hypotheses. In the experiment by 
Haut et al. 6, however, as in those showing the occurrence of 
renal lesions in rats fed a diet with excessive phosphorus, 
the phosphorus/calcium ratio of the diet was far above the 
normal value, a well-known cause of severe hyperparathy- 
roidism resulting in renal lesions, even in the presence of 
normal serum phosphorus levels and normal renal func- 
tion. It has been shown that such lesions do not occur in 
parathyroidectomized animals v. In a previous study 4 rats 
given the highest protein and phosphorus (1.6%) diets had 
no calcium deposits, despite a phosphorus intake 3 times as 
high as that of group C rats, associated with terminal renal 
failure. The phosphorus/calcium ratio of the diet was 
normal (4~ 1) in our previous study as well as in the 0.5% 
phosphorus diet of the present experiment. The parathor- 
mone levels under these conditions would be of signifi- 
cance in the understanding of the formation of lesions. 
In conclusion, the variations of phosphorus intake play but 
a minor r61e in comparison with that of total food ingested, 
particularly protein, in the renal deterioration of rats with 
reduced kidney mass. The r61e of calcium deposits and the 
toxicity of phosphorus itself, its relation to the calcium 
intake and absorption, to the parathyroid response, and to 
other factors involved in the progression of renal failure, 
are not yet clearly delineated. 
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