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ABSTRACT. The renal phosphate (Pi) transport system 
matures during the 3rd postnatal wk in the rat by an 
increase in the carrier affinity for sodium-cotransported 
phosphate. This study examines the ability of pups to 
adapt their renal Pi transport to the dietary phosphorus 
content during this period of carrier affinity maturation, 
corresponding to the weaning period in the rat. Clearance 
experiments and brush border membrane studies were 
performed on 21-d-old rats weaned early on d 16 onto a 
low phosphate diet (LPD, 0.19 g/100 g), a normal phos- 
phate diet (control, 0.78 g/100 g), or a high phosphate diet 
(HPD, 1.5 g/100 g). In LPD rats, the Pi fractional excre- 
tion (0.3 f 0.1%) was lower than in controls (18 f 3%, 
p < 0.001). It remained very low (0.21 f 0.05% in LPD 
rats versus 40.5 2 6.3% in controls, p < 0.001) after Pi 
perfusion (1.5 pmol.min-'. 100 g-') and the reabsorbed Pi 
per min, corrected for the glomerular filtration rate. was 
higher than in the two othergroups. The calcium fractional 
excretion (12.6 2 1.02%) in the LPD rats was much higher 
than in the controls (0.42 2 0.2%, p < 0.001). In contrast, 
HPD rats had an elevated Pi fractional excretion (41 f 
4%, p < 0.001), whereas reabsorbed phosphate per min 
corrected for the glomerular filtration rate was not in- 
creased by a Pi load. The membrane vesicles from 21-d- 
old LPD rats had a higher V,,, (1 1 466 2 1 840 pmol. mg 
protein-'.I0 s-') than the controls (7 019 f 1 112 pmol. 
mg protein-'. 10 s-', p < 0.01), whereas those from HPD 
rats had a lower V,,, (5 161 2 956,p < 0.01). The apparent 
Km values were unchanged. The LPD rats had high plasma 
calcium levels. The parathyroid hormone level was de- 
pressed by this hypercalcemia 121.97 2 1.9 pg/mL (2.31 f 
0.2 pmol/L) in LPD and 38.54 f 2.01 pg/mL (4.05 2 0.21 
pmol/L) in normal Pi diet rats, n = 8, p < 0.001j. This 
plus their LPD explains the lower Pi fractional excretion 
of these rats and the low Pi V,,, in their brush border 
membrane. The plasma parathyroid hormonal level of 
HPD rats was normal (35.07 f 2.23 pg/mL (3.69 f 0.23 
pmol/L), n = 81. We conclude that the young 3-wk-old rat 
can adapt its renal Pi transport capacity to the dietary 
phosphorus content during the weaning period by varying 
the number of functional units of the sodium Pi cotrans- 
porter or by increasing its turnover rate. Changing the Pi 
content of the diet induces no apparent change in Pi trans- 
port maturation during this period, as there was no change 
in the carrier affinity. (Pediatr Res 32: 704-709, 1992) 

Abbreviations 

Pi, phosphate 
LPD, low phosphate diet 
HPD, high phosphate diet 
NPD, normal phosphate diet 
PiR, phosphate reabsorption 
GFR, glomerular filtration rate 
PTH, parathyroid hormone 
BBM, brush border membrane 
FE, fractional excretion 
QR, quantity reabsorbed 
PCT, proximal convoluted tubule 
HEPES, N-2-hydroxyethylpiperazine-Nr-2- 

ethanesulfonic acid 

Animal studies have shown that the renal tubule of the adult 
rat is able to change its capacity to transport inorganic Pi in 
response to dietary Pi (1-3). Under these conditions, tubular 
transport of Pi is controlled by a PTH-independent mechanism 
that responds to changes in the Pi uptake. Several authors have 
shown that young growing rats, about 2 mo old, can also adapt 
to a low Pi intake by changing tubular Pi reabsorption (4, 5). 
Mulroney and Haramati (6) have shown that young weaned rats 
are hypersensitive to Pi deprivation and moderately resistant to 
the phosphaturic effects of high dietary Pi intake. The high rate 
of Pi transport in the kidney of developing rats and the ada~tation 
to an increase in Pi suppiy are like& t'be independent of the 
effects of PTH. The Pi transport rate in guinea pigs, evaluated 
in BBM, is very high and does not increase on an LPD (7). 
However, the effects of changes in Pi supply in all these studies 
on rats and guinea pigs were tested after the system had matured. 

The question is therefore whether the Pi transport system can 
adapt before it matures. The sodium-dependent Pi transport 
increases during the 3rd postnatal wk in the rat, as the result of 
an increase in the affinity of the carrier for Pi (8). The present 
work was carried out to determine the Pi transport capacity of 
2 1-d-old rats weaned early, on d 16, onto normal, low, and high 
Pi diets. The capacity was measured in vivo by clearance experi- 
ments. The circulating level of immunoreactive PTH was also 
measured. Changes in the kinetics parameters of Pi transport 
were checked using BBM isolated from young rats weaned early 
onto the same diet. 

MATERIALS A N D  METHODS 

Received November 21, 1991; accepted July 21, 1992. Animals. Pregnant Sprague-Dawley rats were housed individ- 
Correspondence: Dr. M. ~elievre-pegosier, INSERM ~ 3 1 9 ,  Universitt. Paris 7, ually and maintained on a standard laboratory diet (A03, UAR, 

2, place Jussieu. 7525 I Paris. France. Epinay sur Orge, France, containing 0.8 g/100 g Pi) with water 
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Table 1. Body weight, kidney weight, GFR, plasma Pi ([Pi]), amount of Pi filtered ([Pi]. GFR), FE % Pi, and reabsorbed phosphate 
per rnin corrected for GFR (RQ PiIGFR) in 21-d-old rats weaned early on d 16 onto low, normal, or high Pi diets* 

Pi weight weight GFR [pi] [Pi]. GFR RQ Pi/GFR 
Diet (g/lOo g) (g) (mg) Period (@L/min) (mmol/L) (pmol/min) FE % Pi (wmol/mL) 

LPD ( / I  = 6) 0.19 4 9 k 1  3 1 5 k 1 1  1 138 k 12 2.47 + 0.06t 341 k 308 0.34 k 0.10t 2.47 5 0.06 
2 195k154 3.05+0.15t$ 591k3111 0.21+0.05t 3.07+0.16$(( 

NPD ( n  = 6) 0.78 53 k 2 369 t 15 1 151 + 12 3.26 + 0.09 492 + 43 17.7 -1- 2.6 2.70 k 0.14 
2 193 + 1711 3.76 + 0.121( 728 + 6711 40.5 k 6.311 2.29 + 0.20 

HPD (n = 6) 1.5 5 4 + 1  3 8 2 k 1 8  1 2 2 4 k l O t  2.49+0.09? 5 5 3 k 3 0  41 .3+4 . l t  1.49k0.131 
2 221+18  3.03+0.181)lI 6 6 0 k 4 4  45.4k5.1  1 . 6 1 k 0 . 1 5 ~  

* Physiologic saline was perfused at 30 pL/min/100 g body weight during period 1 (mean of two clearance periods of 30 rnin each); 1.5 wmol/ 
min/100 g Pi were added to the perfused solution during period 2 (mean of two clearance periods of 30 min). n is the number of rats. 

t 11 < 0.001 compared to NPD rats. 
$0 < 0.05 compared to NPD rats. 
3 11 < 0.01 period 2 compared to period 1 in each group. 
11 p < 0.05 period 2 compared to period 1 in each group. 
lI 11 < 0.01 compared to NPD rats. 
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rat age (days) 
8 

Phosphate consumption (mg/dayl 

1 LPD *** 

0.100 
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0 

rat age (days) 

0 
Fig. I. Daily food (a )  and phosphorus ( h )  consumption of early- 

wcaned rats from d I6 to d 2 1 on LPD, NPD, and HPD. 

ad libitum throughout gestation. They were allowed to deliver 
spontaneously. All litters were reduced to eight pups at birth. 
The pups were kept with their mothers under normal conditions 
until d 16, when they were divided in three groups and weaned 
early onto laboratory food containing 0.78 g/100 g Pi for the 
NPD, 0.19 g/100 g Pi (LPD), or 1.5 g/100 g Pi (HPD). The daily 
food and Pi intakes were determined in all three groups of rats. 
Experiments were carried out on 2 1 -d-old rats. 

Clearance experiments. Six pups from each group, taken from 

six litters, were used for clearance experiments, which always 
started at the same time in the morning. They were anesthetized 
with an intraperitoneal injection of 100 mg.kg-I body weight 
Inactin (Byk Gulden Pharmaceutical, Konstanz, Germany) and 
placed on a heated table to maintain their body temperature at 
37-38°C. Tracheotomy was performed, but the thyroid gland 
was left intact. Polyethylene catheters (PE 50, Intramedic Clay- 
Adams, Parsippany, NJ) were inserted into the right external 
jugular vein for infusion, the right femoral artery for monitoring 
blood pressure and blood sampling, and the two ureters for urine 
collection. After surgery, the rats were infused with saline (1.3% 
of body weight) and given a priming dose of 3H-inulin (New 
England Nuclear, sp act 8.5 GBq/g), followed by an appropriate 
sustaining dose of the marker in saline solution, perfused at 30 
pL. min-I . lo0 gil throughout the experiment. After a 1 -h equil- 
ibration, urine was continuously collected from each animal for 
two 30-min periods. The perfusing solution was then replaced 
by the same solution containing Pi for a final delivery of 1.5 
pmol . min-I . loo.  g-I. This solution contained mono- and diso- 
dium Pi to obtain a pH of 7.4. After an equilibration period of 
30 min, urine was collected for two additional 30-min periods. 
Arterial blood was sampled for each period and immediately 
centrifuged. The plasma was kept for analysis. The erythrocytes 
were suspended in an equal volume of normal saline and rein- 
jected at the end of the period. Arterial blood pressure was 
constant throughout the experiment. At the end of the experi- 
ment, the two kidneys were removed and weighed. The %I-inulin 
concentrations in the plasma and urine samples were determined 
by liquid scintillation in Instagel solution (Packard, Downers 
Grove, IL). The Pi concentration was measured according to 
Chen et al. (9), and the sodium, magnesium, and calcium con- 
centrations were determined with an atomic fluorescence spec- 
trometer (Baird, Bedford, MA). The fractional urinary excretions 
of calcium and magnesium were calculated, assuming an ultraf- 
ilterability of 0.68 for calcium and 0.86 for magnesium, as 
specified by Bailly and Amiel (lo). 

BBM isolation and transport measurement. Rat renal BBM 
vesicles were prepared by the calcium precipitation method (I I). 
The kidneys from 24 NPD rats and 24 LPD or HPD rats aged 
21 d were used for each experiment. The kidney cortical tissue 
was dissected out and treated by the method of Evers et al. (12) 
as modified by Jean et al. (13). The quality of the final BBM 
preparations was evaluated by enzyme markers. Pi uptake was 
measured at room temperature by the filtration technique (14). 
All experiments were conducted in the presence of a sodium or 
potassium gradient. The final membrane buffer contained 100 
mM mannitol and 20 mM HEPES-Tris (pH 7.4). All solutions 
were filtered (Millipore filter) before use. The incubation solution 
contained 100 mM mannitol, 100 mM NaCl, 20 mM HEPES- 
Tris (pH 7.4), and 3'P-sodium-Pi (CEA, Saclay, France, sp act 
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Table 2. Plasma calcium ([Ca]), FE of calcium (FE % Ca), plasma sodium ([Nu]), FE of sodium (FE % Nu), plasma magnesium 
([Mg]), and FE of magnesium (FE % Mg) in 21-d-old animals weaned early on d 16 onto low, normal, or high Pi diets* 

Pi [Gal [Nal [Mgl 
Diet (g/100 g) Period (mmol/L) FE % Ca (mmol/L) FE % Na (mmol/L) FE % Mg 

LPD (n = 6) 0.19 1 3.43 + 0.131 12.6 + 1.0$ 139.3 + 1.2 0.31 + 0.039 0.6 + 0.031 23.4 a 4.2 
2 3.15 + 0.15 11.6 + 1.34 141.8 + 1.8 0.25 + 0.05 0.56 + 0.03t 15.9 + 1.4 

NPD (n = 6) 0.78 1 2.69 + 0.1 1 0.42 + 0.21 142.4 + 1.5 0.08 + 0.03 0.76 + 0.02 30.6 t 3.8 
2 2.76 + 0.09 0.21 + 0.03 139.5 + 1.6 0.27 + 0.09 0.69 + 0.02 23.4 + 4.4 

HPD (n = 6) 1.5 1 3.02 k 0.13 0.31 + 0.06 139.6 + 1.3 0.19 + 0.06 0.71 + 0.07 38.1 f 11.9 
2 3.03 + 0.23 0.31 rt 0.07 143.8 f 1.6 0.53 + 0.1511 0.74 + 0.03 27.6 + 4.9 

* Physiologic solution was perfused at 30 fiL/min/100 g body weight during period I (mean of two 30-min clearance periods); 1.5 pmol/min/lOO 
g Pi were added to the perfused solution during period 2 (mean of two clearance periods of 30 min). n is the number of rats. 

t p < 0.0 1 compared to NPD rats. 
$ p < 0.001 compared to NPD rats. 
ji 17 < 0.05 compared to NPD rats. 

1 1  p < 0.05 period 2 compared to period I in each group. 

Table 3. Serum PTH concentration in NPD, LPD, and HPD 
rats* 
NPD LPD HPD 

PTH (pnlmL)t (n = 10) 38.5 + 2.0 22.0 r 1.91 35.1 + 2.2 

* Values are means + SEM for 10 determinations. 
1' Conversion factor to SI units: 1 pg/mL = 0.1053 pmol/L. 
$ p < 0.001 vs NPD group. 

7400 GBq/mg). Uptake was initiated by adding 5 pL of BBM 
suspension (about 10 mg protein/mL) to 50 pL of incubation 
medium. After 10 s, the suspension was diluted by adding 2 mL 
ice-cold stop solution (100 mM mannitol, 150 mM NaCI, 20 
mM HEPES-Tris pH 7.4, 10 mM arsenate), filtered through a 
0.45-pm Sartorius filter, and washed three times with 3 mL ice 
cold stop solution. All incubations were carried out in triplicate. 
For the time-course experiments, 30 pL of BBM vesicle suspen- 
sion was mixed with 320 pL of incubation medium. Aliquots 
(40 pL) were removed at 15 and 30 s, and 1, 2, 5, 20, and 60 
min, and filtered as described above. Correction for nonspecific 
binding to the dried filters was made by subtracting the blank 
value, obtained by filtering incubation medium without vesicles, 
from all data. The radioactivity of the dried filters was deter- 
mined by liquid scintillation counting (LKB Instruments Inc., 
Rockville, MD) in Instagel solution (Packard). 

Enzyme assays. The activities of maltase and alkaline phos- 
phatase, the marker enzymes for BBM vesicles, and Na+-K+- 
ATPase and glucose-6-phosphatase, the marker enzymes for the 
basolateral plasma membrane and endoplasmic reticulum, re- 
spectively, were measured. Maltase activity was assayed by the 
method of Dahlquist (15) with maltose as substrate. Samples 
were incubated in 0.60 to 20 mM maltose and 50 mM acetate 
buffer, pH 6.0, at 37°C. The reaction was started by adding 100 
pL diluted BBM vesicles (0.60 pg protein/mL) to 300 pL maltose- 
buffer mixture and was terminated after 30 min by adding 40 
pL cold 8% perchloric acid. The glucose released was measured 
as described by Bergmeyer (16). Alkaline phosphatase activity 
was determined according to Hiibsher and West (17) using 
p-nitrophenyl phosphate as substrate. Na+-K+-ATPase and glu- 
cose-6-phosphatase were assayed by the methods of Quigley and 

Gotterer (18) and Hiibsher and West (17). Protein was measured 
according to Bradford (1 9) using BSA as the reference. 

Serum PTH concentration. Serum PTH concentration was 
measured with an intact NH2-terminal-specific PTH RIA 
(Nichols Institute Diagnostics, San Juan Capistrano, CA). The 
intact NH2-terminal-specific PTH RIA kit contains chicken anti- 
PTH serum directed against the 1-34 region of PTH, h-PTH-(I- 
34) standards, goat antichicken gamma globulin precipitating 
antibody, and '251-bovine PTH-(1-84) as tracer. The use of this 
kit for measuring rat PTH has been validated by others (20, 2 1). 
All measurements were made in duplicate on 300 pL of rat 
serum stored at -20°C. 

Statistics. All values are means + SEM. The clearance data for 
the NPD, LPD, and HPD rats were compared by t test and 
variance analysis. The BBM vesicles data for the LPD and HPD 
rats and their corresponding NPD rats were compared by paired 
t test. The paired t test was used to take into account variations 
due to experimental procedure, because the kidneys of control 
rats were compared to the kidneys of one of the treated groups 
(HPD or LPD rats) in each experiment (BBM vesicle preparation 
and kinetics). 

RESULTS 

Animals. The body weight gain of the NPD rats between 16 
and 2 1 d was similar to that of normal pups not separated from 
their mother. The body weights of young NPD and normal rats 
were 37 + 3 g and 38 + 0.5 g on d 16, respectively, and 53 + 2 
g and 53 + 0.5 g on d 2 1, ( n  = 6). The body weights of the NPD, 
LPD, and HPD rats on d 2 1 were essentially the same (Table 1). 

Figure 1 shows the daily food and Pi consumption. The Pi 
consumption was correlated with the Pi content of the diet, 
whereas the food consumption was similar in all three groups of 
rats. 

Clearance Experiments. The means of the clearance data 
before (basal status) and after Pi perfusion are given in Table 1. 

Basal data (period 1). The plasma Pi of the LPD rats 
was significantly lower than that of the NPD rats and their GFR 
were similar, whereas the Pi filtered load of the LPD rats was 

Table 4. Enrichment factors of marker enzymes in kidney homogenates and BBM vesicles isolated from NPD and LPD rats and 
from NPD and HPD rats* 

- 

Enr~chment factors 

Enzymes NPDl LPD NPD2 HPD 

Maltase (n = 6) 10.73 + 0.91 1 1.08 + 0.72 10.00 + 1.10 11.11 + 0.73 
Alkaline phosphatase (n = 6) 9.88 + 0.53 8.60 + 0.98 8.30 + 0.62 9.20 + 0.55 
Glucose-6-phosphatase (n = 6) 0.10 + 0.03 0.09 + 0.02 0.78 + 0.29 0.50 a 0.26 
Na'-K'-ATPase (n = 6) 2.32 2 0.40 1.60 t 0.23 1.60 + 0.50 2.70 + 0.40 

* Values are means + SEM for n experiments in each group. Each experiment pooled kidneys of 24 animals. 
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Fig. 2. Time-course of Pi uptake by isolated renal brush border vesicles. O11en sq1rurc.s and hluck  diamond.^ represent Pi uptake in renal brush 

border vesicles isolated fiom NPD and HPD rats (a )  and NPD and LPD rats (h),  respectively. 

significantly lower. The LPD rats also had a very low FE % of method (12). These results, plus the virtual absence of contami- 
Pi (Table 1). nation by basolateral or endoplasmic reticulum membranes, 

The HPD rats also had a lower plasma Pi than the NPD rats. confirm the purity of the membrane preparations. 
However, a concomittant increase in GFR resulted in a similar Pi uptake by the BBM vesicles of 21-d-old rats was rapid at 
Pi filtered load. The Pi FE of HPD rats was very high (Table 1). 0.12 mM Pi, with an overshoot phenomenon, and reached a 

Table 2 shows the data for other ions. The plasma calcium of maximal value at 1 min in all groups (Fig. 2). The initial rate of 
LPD was higher than in NPD rats; this hypercalcemia was Pi entry into the vesicles of LPD rats and the maximal intra- 
accompanied by a large increase in the FE of calcium. The FE vesicular content were about 74% greater than that of controls. 
of sodium was above normal in LPD and HPD rats, but the Conversely, it was about 57% lower in HPD rats than in controls. 
difference was significant only in LPD rats. The plasma magne- However, the same equilibrium values were reached at 60 min. 
sium was lower in LPD rats, with no change in the FE of this The overshoot was abolished in the absence of a sodium gradient, 
ion. when sodium chloride was replaced by potassium chloride in the 

After Pi perfusion (period 2). The plasma Pi and GFR of LPD incubation medium, and the Pi uptakes of LPD rats and their 
rats increased significantly (Table I). The Pi FE remained lower controls, and HPD and their controls, were very similar although 
than in the other groups. The Pi transport capacity (QR Pi/GFR) much reduced. 
increased significantly and became higher than that of the other The kinetics of Pi transport as a function of the Pi concentra- 
groups (Table 1 ). tion in the vesicle incubation medium was studied by measuring 

The plasma Pi and GFR of the NPD rats increased signifi- Pi uptake at 10 s for Pi concentrations of 0.1 to 2.95 mM. 
cantly. The Pi transport capacity remained the same, and the FE Because Pi uptake was linear up to 15 s, the 10-s value was 
of Pi increased significantly. chosen for comparing the various groups of rats. The sodium- 

The plasma Pi also increased significantly in the HPD rats. independent influx component was estimated by replacing So- 
Neither the Pi filtered load nor the Pi transport capacity was dium chloride with potassium chloride. After removal of this 
altered by the Pi infusion. component, the kinetic parameters were calculated from Hanes- 

The plasma calcium was no longer above normal in LPD rats Woolf plots (S/V versus S, where S is the substrate concentration 
after Pi perfusion. The Pi perfusion induced increases in the and V is the intravesicular Pi uptake per rnin per mg protein) 
FE of sodium in NPD and HPD rats, so that there was no differ- (Fig. 3). In each of the six series of experiments, the V,,, value 
ence among the three groups. Plasma magnesium remained was lower in HPD than in control rats and was higher in LPD 
low in the LPD rats, but the FE % was similar in all three groups rats than in their controls, whereas the apparent Km values were 
(Table 2). very similar (Table 5). 

The serum PTH concentrations in these rats are summarized 
in Table 3. The PTH level in LPD rats was significantly lower DISCUSSION 
than in NPD and HPD rats. 

BBMStudies. Enzymes were routinely used to check the purity The data reported here show that early weaned rats can adapt 
of the membrane preparations. Table 4 shows the enrichment their PiR capacity to the Pi content of the diet during the 3rd 
factors in BBM vesicles of maltase, alkaline phosphatase, NaC- postnatal wk, when carrier afinity matures. 
K+-ATPase, and glucose-6-phosphatase. The sp act of these Clearance data. The PiR capacity of adult rats varies in 
enzymes were not significantly different in the two groups of rats response to a change in Pi intake, and this phenomenon persists 
and their corresponding controls, nor was the enrichment of in thyroparathyroidectomized rats (1, 2, 22). PiR also increases 
brush border enzymes over the homogenate activity (Table 4). when growing weaned rats are placed on an LPD (4, 5). As in 
This indicates that the quality of the membrane preparations the adult, the response to change in Pi diet persists when the 
was not different. These enrichment factors were similar to those animals are thyroparathyroidectomized (6). 
reported for mature rat BBM vesicles prepared by the same The pups used in this study were weaned early, on d 16, onto 
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Table 5. Kinetic parameters of Pi transport in renal BBM vesiclesfvom 21-d-old LPD and HPD rats and the corresponding NPD 
rats* 

NPD 1 LPD NPD2 HPD 

V,,,.,, (pmol/mg protein/lO s) (n = 6) 7019k 1 1 1 2  1 1 466 + 1 8401 7 248 + 1 946 5 161 + 9561- 
K,,, (mM) ( n  = 6 )  0.24 + 0.03 0.22 + 0.03 0.22 + 0.05 0.25 + 0.07 

Fig. 3. Hanes-Woolf plots of sodium-dependent Pi influx into BBM 
vesicles obtained from NPD (solid line) and LPD (dashed line) rats (a)  
and NPD (solid line) and HPD (dashed line) rats (b), respectively. S, Pi 
concentration in incubation medium; V, intravesicular Pi uptake per 
min per mg protein. 

diets with different Pi contents. The data for 2 1-d-old rats fed an 
LPD or an HPD were compared with those for rats on an NPD. 
Estimations of the daily food intake indicate that the rats were 
not subjected to starvation during the days before the experi- 
ments, which would have induced a decrease in the renal Pi 
transport (23), and that the food intakes of all groups were 
similar, although the Pi intakes were significantly different. 

In the LPD rats, the basal FE of Pi was much lower than that 
of controls; nevertheless, their Pi filtered load was lower and the 
Pi QR/min, corrected for GFR, was not different from that of 
controls. The Pi transport capacity is closely correlated with 
GFR. It was therefore expressed in terms of GFR to remove the 
contribution of GFR to its variation (24). The reabsorption 
capacity of rats on the LPD increased when the Pi-filtered load 

riment pooled kidneys of 24 animals. 

was increased by Pi perfusion. The maximal transport was not 
reached in the basal state, as was indicated by the increase in Pi 
QR/GFR after the Pi load. In agreement with the reports of 
Caverzasio et al. (4) and Karlen (5) on 2-mo-old rats, the plasma 
Pi of early weaned 21-d-old rats fed an LPD was higher than 
that of adult rats, although it was lower than that of control rats 
of the same age. Pi depletion, which is accompanied by the 
release of calcium and Pi from bone, may explain the maintained 
phosphatemia (25). The elevated plasma calcium in LPD rats 
may reflect this increase in bone resorption. It may explain the 
decrease in PTH level and hence the lower Pi FE observed. The 
high calciuria of LPD rats also indicates Pi depletion. The 
importance of this calciuria is specific to the young animal (5) 
and accounts for the severity of Pi depletion due to an LPD in 
rapidly growing animals. This might be compared to the hyper- 
calciuria observed in the Pi depletion of premature infants fed 
human milk (26). The greater sensitivity of young growing rats 
to an LPD compared to adult animals (6,7,27) may be attributed 
to the fact that, for a given Pi deprivation, Pi depletion is much 
greater in these young growing animals. Lastly, the slight hypo- 
magnesemia of LPD rats, without the increase in the FE of this 
ion that normally occurs in Pi depletion, suggests that these rats 
were also suffering from magnesium depletion. 

In the HPD rats, the FE of Pi, which was already very high, 
increased 2.3-fold over that of controls, whereas the Pi filtered 
load was not different. The QR/GFR ratio decreased by 50% in 
these HPD rats. This ratio was not changed by the Pi load, 
suggesting that the maximal transport had been reached. The 
increase in the GFR may help to maintain normal phosphatemia 
in rats on an HPD. This increase in GFR was not associated 
with an expansion of extracellular volume, inasmuch as neither 
the FE of sodium nor the arterial pressure was increased. 

BBM studies data. The Pi uptake by preparations of BBM 
vesicles shows that the PCT PiR is regulated by the Pi content 
of the diet during the 3rd postnatal wk, as it is in older growing 
rats and adult rats (7, 27-30). The initial rate of intravesicular 
accumulation was higher in LPD than in NPD rats and lower in 
HPD rats. As in the adult rat kidney, kinetic analyses showed 
that only the V,,, was modified (7, 28, 31). The low plasma 
PTH may have caused the decrease in the V,,, in the LPD rats, 
as PTH is known to regulate Pi transport by modifying the V,,, 
(32, 33). There was no change in the carrier affinity during 
adaptation of the PCT to the dietary Pi content. The Km values 
were identical whatever the Pi content ofthe diet. Thus, changing 
the Pi intake does not prevent this maturation. 

The alteration in the number of functional units of the sodium 
Pi cotranmorter or an increase in its turnover rate observed here 
can accoint for the variations in the Pi FEVobserved in vivo. 
However, an LPD may stimulate the distal reabsorption of this 
ion in the adult (34). This cannot be excluded in the young 
animal, because this nephron segment is proportionally more 
expanded than is the PCT at this developmental stage (35). 
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