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Summary The amount of phosphorus contained in food as food additives is currently increasing

and a high intake of phosphorus can cause various diseases. To determine the effects of a

prolonged high phosphorus diet, here we investigated the phosphorus and calcium balance

and expression of type IIa sodium-dependent phosphate transporter (Npt IIa) in mature rats.

Wistar male rats (8-weeks old) were divided into five groups and fed diets containing 0.6%

calcium plus 0.3, 0.6, 0.9, 1.2 or 1.5% phosphorus for 4 weeks. Urinary and fecal phosphorus

excretions were significantly increased by the high phosphorus diets (from 0.6 to 1.5%),

dependent on the amount of dietary phosphorus. The net absorption of intestinal phosphorus

was also significantly increased by high phosphorus diets. As a result, a negative phosphorus

balance was observed in rats given the 1.2% or 1.5% phosphorus diets. Serum parathyroid

hormone and 1,25-dihydroxyvitamin D3 concentrations were increased by high phosphorus

diets. In addition, high phosphorus diets decreased the expression of Npt IIa mRNA and

protein in the renal brush border membrane. Taken together, these results suggest that diets

containing 1.2 or 1.5% phosphorus plus 0.6% calcium have potentially adverse effects on

phosphorus homeostasis in mature rat.

Key Words: high phosphorus diet, mature rat, phosphorus balance, parathyroid hormone (PTH),

sodium-dependent phosphate transporter (Npt)

Introduction

Phosphorus additives are used as flavor stabilizers in all

popular cola beverages and as chemical additives. Soft drinks

and fast food containing a large amount of food additives are

a growing feature of current food styles, and the frequency

with which we eat fast food has increased markedly since the

early 1970s [1]. As a result, this increasing consumption of

food containing phosphoric acid can lead to an excess intake

of phosphorus. In addition, a high phosphorus intake has been

shown to cause hypocalcemia, hyperphosphatemia, secondary

hyperparathyroidism with enhanced bone resorption and

bone loss in several animal models [2, 3].

Phosphorus balance involves the absorption of dietary

phosphorus in the intestine, its distribution in body fluids

and tissues, especially bone, and its excretion largely by the

kidney. The plasma level of phosphorus is mainly controlled

by renal epithelial sodium-dependent phosphorus (Na/Pi)

transporters that are located in the proximal tubules of the

kidney [4–6]. Several mammalian renal Na+-dependent Pi

cotransporters have recently been isolated and characterized

[4–6]. The cDNAs of these transporters can be divided

into three types in the kidney cortex, termed types I-III
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[5, 6]. Type II Na/Pi cotransporters belong to a unique class

of Na+-coupled cotransport proteins and can be further

subdivided into three subgroups termed IIa, IIb and IIc [5,

6]. Type IIa and IIc Na/Pi cotransporters (Npt IIa and IIc) are

expressed in the proximal tubules of the kidney, whereas

type IIb are expressed in several tissues including the lung

and small intestine. The functional characteristics, proximal

tubular location of their mRNAs, and apical expression of

Npt IIa and IIc suggest that these proteins represent the most

likely pathway of proximal tubular apical Na+-dependent

uptake of phosphorus, although the type IIc cotransporter is

a minor component in adults [5, 6].

Because increases in serum phosphorus have physiological

consequences that could be harmful if sustained over time, we

need to give some consideration to the increasing phosphorus

content of present-day diets. Studies in rodents have been

instrumental in establishing that a high intake of phosphorus,

independent of calcium intake, increases bone resorption and

reduces bone mass [7–10]. An excess of dietary phosphorus

has similar effects in other species including rabbits, pigs,

dogs, cats, horses and primates [2, 3]. By contrast, phosphorus

balance in mature rats remains to be elucidated. Thus, to

determine the effects of high phosphorus diets, here we have

studied phosphorus and calcium balance and estimated the

expression of renal Npt IIa in male mature rats fed the

various diets containing from 0.3 to 1.5% phosphorus.

Materials and Methods

Experimental design

Thirty 7-weeks old Wistar male rats were purchased from

Clea Japan (Tokyo, Japan) and individually housed in meta-

bolic cages (KN-646B, Natsume Seisakusyo Co., Tokyo,

Japan) in a room maintained at 22°C with a 12 hour light/

dark cycle (lights on from 8:00 to 20:00). The experimental

diets were based on the AIN-93G diet [11], from which

five diets containing 0.6% calcium plus 0.3, 0.6, 0.9, 1.2, or

1.5% phosphorus were prepared (Table 1). All rats were

fed the 0.3% phosphorus diet for a 7-day acclimatization

period. After 7 days, the rats were randomly divided into

five experimental groups of six rats each and were fed one of

the five different phosphorus diets for 4 weeks, respectively.

The animals were allowed to eat ad libitum and were given

free access to distilled water. On the last 3 days of the

experimental period, their urine and feces were collected

for analysis. At the end of the experiment, all rats were

sacrificed, and blood and kidney samples were collected for

analysis.

All animal experiments in the present study were approved

by The Committee for the Care and Use of Animals in The

University of Tokushima School of Medicine and performed

by the Institutional Animal Care and Oversight Committee

according to established guideline principles.

Table 1. Composition of the experimental diet1

Dietary calcium and phosphorus concentration

Calcium (%) 0.6 0.6 0.6 0.6 0.6

Phosphorus (%) 0.3 

(control)

0.6 0.9 1.2 1.5

g/100 g diet

Cornstarch 39.7486 39.7486 39.7486 39.7486 39.7486

Egg white 20.0000 20.0000 20.0000 20.0000 20.0000

Dextrinized cornstarch 13.2000 13.2000 13.2000 13.2000 13.2000

Soybean oil 7.0000 7.0000 7.0000 7.0000 7.0000

Fiber 5.0000 5.0000 5.0000 5.0000 5.0000

Mineral mix2,3 1.5645 1.5645 1.5645 1.5645 1.5645

Vitamin mix2 1.0000 1.0000 1.0000 1.0000 1.0000

L-Cyatine 0.3000 0.3000 0.3000 0.3000 0.3000

Choline bitartate 0.2500 0.2500 0.2500 0.2500 0.2500

Tert-butylhydroquinone 0.0014 0.0014 0.0014 0.0014 0.0014

CaCO3 1.4984 1.4984 1.4984 1.4984 1.4984

KH2PO4 1.2664 2.6232 3.9800 5.3369 6.6937

Sucrose 9.1708 7.8139 6.4571 5.1002 3.7435

Total 100.0 100.0 100.0 100.0 100.0

1 Modified from the AIN-93G diet.
2 The composition of the mineral and vitamin mix has been described [11].
3 Excluding calcium and phosphorus salts from the AIN-93G mineral mix.
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Blood, urine and feces analyses

The blood samples were centrifuged and the supernatants

were used as serum samples. Each urine sample was diluted

with H2O to adjust the volume to a constant amount. Serum

and urine were stored at −80°C until needed for analysis. To

measure the calcium and phosphorus contents, the urine and

feces were dried, ashed and then demineralized with 1 mol/l

HCl solution. Calcium was analyzed by atomic absorption

spectrophotometry (Z-8100; Hitachi, Tokyo, Japan) as

previously described [12]. Phosphorus was assayed with a

Wako Phospha C-test (Wako Pure Chemical Industries,

Osaka, Japan). Serum parathyroid hormone (PTH) was

assayed with an enzyme-linked immunosorbent assay kit

(Immutopics, San Clemente, CA). Serum 1,25(OH)2D3 was

measured with a 1,25(OH)2 Vitamin D EIA kit (ALPCO

Diagnostics, Salem, NH). The amount and the rate of net

intestinal absorption of calcium and phosphorus were

calculated as follows:

Net absorption (mg/day) = intake − fecal excretion

Balance (mg/day) = net absorption − urinary excretion

Isolation of total RNA and northern blot analysis

Total RNA was isolated from a homogenized kidney by

using ISOGEN RNA extraction regent (Nippon Gene,

Tokyo, Japan). The amount and purity of the RNA were

assessed by spectrophotometry. Samples of total RNA

(20 µg) from each group of rats were denatured in 10 mmol/l

morpholinopropanesulfonic acid (pH 7.0), 5 mmol/l sodium

acetate, 1 mmol/l EDTA, 2.2 mol/l formaldehyde, and 50%

formamide at 65°C for 15 min, separated by electrophoresis

through a 1.2% agarose/2.2 mmol/l formaldehyde gel, and

transferred to a nylon membrane (Hybond-N, Amersham

pharmacia biotech, Piscataway, NJ). The membrane was air-

dried and the RNA samples were crosslinked to the nylon

membrane by UV irradiation. Migration of 28S and 18S

ribosomal RNA was determined by ethidium bromide staining.

Rat Npt IIa (GeneBank accession number, NM_013030;

sense primer 5'-GAGCTCCGCCATTCCGATAA-3', antisense

primer 5'-AAAGGGTGTGCCCACACCGA-3', nucleotides

+543 to +1639 relative to the translation start site) [13] and

rat GAPDH (GeneBank accession number, NM_017008;

sense primer 5'-CCAGTATGACTCTACCCACGGC-3', anti-

sense primer 5'-GAAGGCCATGCCAGTGAGCTTC-3', +135

to +693 relative to the translation start site) cDNA probes

were prepared by polymerase chain reaction using kidney

total cDNA and specific oligonucleotide primers. The PCR

conditions were: an initial 2 min denaturation at 95°C,

followed by 35 cycles of 60 sec at 60°C, 40 sec at 94°C, and

a final 7 min extension at 72°C. Each probe was radiolabeled

with [α-32P]-dCTP (9.25 MBq/mmol; Amersham pharmacia

biotech, Piscataway, NJ) by using a random-primer DNA

labeling kit (Takara, Tokyo, Japan). Prehybridization was

carried out for 3–4 h at 42°C with a prehybridization buffer

containing 50% formamide, 40 mmol/l Tris/HCl (pH 7.5),

1% SDS, 10 × Denhardt’s solution, 10 mg/ml salmon sperm

DNA and 0.01 mol/l EDTA. The labeled probe was then

added to the prehybidization buffer, and the membrane was

incubated overnight (16–18 h) at 42°C. The membrane was

washed first for 30 min at 42°C in a buffer containing

0.1 × SSC (SSC is 0.15 mmol/l NaCl, 0.015 mmol/l sodium

citrate) and 0.1% SDS, and then for 30 min at 65°C in

the same buffer. The relative abundance of Npt IIa and

glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was

quantitatively determined by a BAS1500 system (Fuji Photo

Film, Tokyo, Japan). Each result is expressed as the ratio of

Npt IIa mRNA to GAPDH mRNA.

Immunoblotting analysis

Brush-border membrane vesicles (BBMVs) were prepared

from rat kidney by the Ca2+ precipitation method as described

previously [14]. The levels of leucine aminopeptidase, Na+K+-

ATPase, and cytocrome c oxidase were measured to assess

the purity of the membranes. The procedure is based on the

principle that leucine aminopeptidase cleaves a substrate L-

leucyl-β-naphthylamide to leucine +β-naphthylamide, which

can be measured spectrophotometrically. To confirm the

preparation of BBMVs, leucine aminopeptidase activity was

assessed and detected. Na+K+-ATPase as the basolateral

membrane marker and cytocrome c as the mitochondrial

marker were not detectable by the method of Scharschmidt

et al. [15] and Beaufay et al. [16], respectively. These results

indicate that BBMVs would be enriched in the preparation

and it can be utilized for further analyses in this study.

Protein samples were heated at 95°C for 5 min in sample

buffer in 5% 2-mercaptoethanol and subjected to SDS-

polyacrylamide gel electrophoresis. The separated proteins

were transferred electrophoretically on Hybond-P poly-

binylidene deifluoride transger membranes (Amersham

pharmacia biotech, Piscataway, NJ). The membranes were

incubated with diluted affinity-purified anti-Npt IIa (1:4000)

or β-actin (1:5000) antibody, and then with horseradish

peroxidase-conjugated anti-rabbit or -mouse IgG as the

secondary antibody (Jackson ImmunoResearch Laboratories,

Inc., West Grove, PA), respectively. The signals were

detected using an ECL Plus system (Amersham pharmacia

biotech, Piscataway, NJ).

Anti-peptide antibody

Oligopeptides LALPAHHNATRL (corresponding to resi-

dues 321-331 of the rat Npt IIa) were synthesized [14].

Mouse monoclonal anti-β-actin antibody (Cat. No. A5411)

was purchased from sigma.

Statistical analyses

Date are presented as the mean ± SEM for each group of

six rats. Normally distributed variables were compared by
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the Student’s t test and non-normally distributed variables

by the Mann-Whitney U test. Differences are considered

significant for a p value of less than 0.05. Statistical analyses

were performed by Stat View 5 software (SAS Institute,

Cary, NC).

Results

Relationship between dietary phosphorus intake and body

weight gain

To determine the effects of the excess dietary phosphorus

on mature rats, we administered five diets containing 0.3,

0.6, 0.9, 1.2 or 1.5% phosphorus to 8-weeks old Wistar male

rats for 4 weeks. Food intake was decreased in rat given the

high phosphorus diets (containing 0.6 to 1.5% phosphorus)

as compared with the control diet (0.3% phosphorus) group

(Table 2). The high phosphorus diets tended to induce a

decrease in body weight gain (g/4 weeks). In addition, the

1.5% phosphorus diet significantly affected body weight

gain per 100 g of intake as compared with the control diet.

Serum concentration of calcium, phosphorus, PTH and

1,25(OH)2D3

The high phosphorus diets slightly increased the serum

phosphorus concentration and did not changed the serum

calcium concentration (Table 3). Serum PTH and

1,25(OH)2D3 concentrations were increased in rats given the

high phosphorus diets. In particular, the 1.5% phosphorus

diet increased the serum PTH concentration 9.6-fold as

compared with the control group.

Effects of high phosphorus diets on phosphorus and calcium

balance

The high phosphorus diets significantly increased the

amount of phosphorus intake by the rats (Table 4). Urinary

and fecal phosphorus excretions were significantly increased

by the high phosphorus diets, dependent on the amount of

dietary phosphorus. In particular, urinary phosphorus excretion

was increased approximately 65.5-fold in rats given the 1.5%

phosphorus diet as compared with the control diet. Intestinal

net phosphorus absorption was also significantly increased

by the high phosphorus diets, dependent on the amount of

dietary phosphorus. In addition, a negative phosphorus

balance was observed in rats given the 1.2 or 1.5%

phosphorus diet. The intake amount of calcium tended to be

lower in rats given the 1.5% phosphorus diet than in those fed

the control diet. Urinary calcium excretion was decreased in

the high phosphorus diets groups. Fecal calcium excretion

was not affected by dietary phosphorus intake. Intestinal net

calcium absorption was significantly decreased in rats given

the 1.5% high phosphorus diet as compared with the control

diet. On the other hand, a positive calcium balance was

Table 2. Food intake and body weight gain in rats fed high phosphorus diets1

Dietary calcium and phosphorus concentration

Calcium (%) 0.6 0.6 0.6 0.6 0.6

Phosphorus (%) 0.3 0.6 0.9 1.2 1.5

Intake (g/4w) 507.9 ± 13.9 453.8 ± 15.6*,2 451.1 ± 13.4* 467.0 ± 7.1* 421.4 ± 4.6**

Body weight gain (g/4w) 95.0 ± 5.1 82.3 ± 0.9 73.3 ± 4.4** 84.0 ± 4.4 58.7 ± 6.0***

Body weight gain/100 g intake 18.78 ± 1.24 18.21 ± 0.48 16.21 ± 0.63 18.01 ± 1.14 13.88 ± 1.3*

1 Results are expressed as the mean ± SEM (n = 6) in each phosphorus diet group.
2 Significantly different from those of the 0.3% phosphorus diet group (*p<0.05; **p<0.01; ***p<0.001).

Rats were randomly divided into five experimental groups and fed one of the five different phosphorus diets for 4 weeks. In-

take and body weight were measured twice a week.

Table 3. Serum concentration of calcium, phosphorus, parathyroid hormone and 1,25-dihydroxyvitamin D3
1

Dietary calcium and phosphorus concentration

Calcium (%) 0.6 0.6 0.6 0.6 0.6

Phosphorus (%) 0.3 0.6 0.9 1.2 1.5

Calcium (mg/dl) 10.95 ± 0.56 10.38 ± 0.33 11.39 ± 0.69 10.95 ± 0.32 10.72 ± 0.41

Phosphorus (mg/dl) 7.52 ± 0.74 8.13 ± 0.32 7.83 ± 0.46 8.52 ± 0.85 9.39 ± 1.71

PTH (pg/ml) 7.82 ± 3.81 33.76 ± 11.43 32.53 ± 19.48 25.06 ± 10.35 75.12 ± 0.28***,2

1,25(OH)2D3 (pg/ml) 65.4 ± 4.7 102.6 ± 25.9 115.8 ± 12.4** 124.9 ± 51.4 112.3 ± 19.0

1 Results are expressed as the mean ± SEM (n = 6) in each phosphorus diet group.
2 Significantly different from those of the 0.3% phosphorus diet group (*p<0.05; **p<0.01; ***p<0.001).

PTH, parathyroid hormone; 1,25(OH)2D3, 1,25-dihydroxyvitamin D3.
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observed in rats given the 1.5% phosphorus diet, whereas

the phosphorus balance was negative in rats fed the high

phosphorus diets.

Effects of dietary phosphorus intake on the expression of

renal Npt IIa

Npt IIa mRNA, detected as a 2.6-kb transcript, was

decreased in the kidney of rats given the high phosphorus

diets (Fig. 1). The amount of Npt IIa mRNA in the 1.5%

phosphorus diet group was decreased to 57% of that in the

control diet group. Moreover, the amount of Npt IIa protein

in the 1.5% phosphorus diet group decreased to 21% of that

in the control group (Fig. 2). In addition, the reduction in

Npt IIa protein tended to parallel the increases in dietary

phosphorus intake.

Discussion

The amount of phosphorus contained in food as food

additives is continually increasing [17, 18]. A high phosphorus

intake causes hypocalcemia, hyperphosphataemia, secondary

hyperparathyroidism with bone resorption and bone loss [2,

3, 19, 20]. In previous studies, many experiments have

estimated the phosphorus balance in young and older rats

[21–25]. However, the effect of high dietary phosphorus on

phosphorus balance in mature rats is not well understood. To

determine the effects of high phosphorus diets in the long-

term, we studied phosphorus and calcium balance in mature

rats fed diets containing from 0.3 to 1.5% phosphorus. We

found that the high phosphorus diets significantly increased

urinary phosphorus excretion in mature rats as compared

with the control diet (Table 4). It has been reported that

urinary phosphorus and fecal phosphorus excretion increases

significantly in weaning and adolescent rats with a high

phosphorus intake [22, 26, 27]. In our study, intestinal

phosphorus absorption and urinary phosphorus excretion

were also significantly increased with higher intakes of

phosphorus. In particular, mature rats fed the 1.2 or 1.5%

phosphate diet for 4 weeks showed a significant decline

to give a negative phosphorus balance (Table 4). More

specifically, urinary phosphorus excretion increased above

intestinal phosphorus absorption in rats given the 1.2 or

1.5% phosphorus diet. These results suggest that a reduction

in renal phosphorus reabsorption, leading to excess of

phosphorus excretion, was responsible for the negative

phosphorus balance observed in mature rats exposed to

prolonged excess dietary phosphorus.

The primary regulation of phosphorus balance occurs at the

kidney through the Npt IIa transporter, which is responsible

for phosphate reabsorption, in the brush border membrane of

proximal tubules [4–6]. Expression of Npt IIa is regulated by

many factors involved in phosphorus homeostasis, such as

PTH [28, 29] and dietary phosphorus [30, 31]. Our results

indicated that rat Npt IIa mRNA expression and protein

Table 4. Phosphorus and calcium balance and net absorption after different dietary phosphorus intake1

Dietary calcium and phosphorus concentration

Calcium (%) 0.6 0.6 0.6 0.6 0.6

Phosphours (%) 0.3 0.6 0.9 1.2 1.5

Intake (g/day) 17.3 ± 0.6 15.1 ± 0.7*,2 14.6 ± 0.7* 15.2 ± 0.4* 13.2 ± 0.9**

Phosphorus

Intake (mg/day) 51.8 ± 4.4 90.8 ± 10.2** 131.5 ± 13.9** 182.8 ± 15.2*** 197.6 ± 29.3**

Fecal (mg/day) 23.8 ± 2.9 30.6 ± 3.7 32.4 ± 2.3* 45.2 ± 6.2* 47.5 ± 3.9***

Urinary (mg/day) 4.2 ± 0.4 56.5 ± 5.8*** 102.1 ± 9.0*** 179.4 ± 0.1*** 274.9 ± 15.6***

Net absorption (mg/day) 28.0 ± 2.2 60.2 ± 4.8*** 99.0 ± 6.8*** 137.6 ± 7.1*** 150.1 ± 12.3***

Balance (mg/day) 23.8 ± 2.3 3.7 ± 5.0** −3.1 ± 12.1 −41.9 ± 7.1*** −124.8 ± 21.3**

Calcium

Intake (mg/day) 103.6 ± 8.8 90.8 ± 10.2 87.6 ± 9.3 91.4 ± 7.6 79.0 ± 11.7

Fecal (mg/day) 68.7 ± 6.9 59.2 ± 7.6 59.0 ± 5.0 68.0 ± 9.1 72.6 ± 5.7

Urinary (mg/day) 0.53 ± 0.04 0.23 ± 0.02*** 0.17 ± 0.01*** 0.10 ± 0.00*** 0.09 ± 0.02***

Net absorption (mg/day) 34.9 ± 5.7 31.5 ± 7.1 28.7 ± 7.4 23.3 ± 8.5 4.7 ± 6.6**

Balance (mg/day) 34.3 ± 5.7 31.3 ± 7.1 28.5 ± 7.4 23.2 ± 8.5 4.7 ± 6.6**

1 Results are expressed as the mean ± SEM (n = 6) in each phosphorus diet group.
2 Significantly different from those of the 0.3% phosphorus diet group (*p<0.05; **p<0.01; ***p<0.001).

Intestinal absorption and balance were calculated as follows:

Net absorption (mg/day) = intake − fecal excretion

Balance (mg/day) = net absorption − urinary excretion

Balance levels of phosphorus and calcium were markedly reduced by the high phosphorus diet.
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abundance were reduced with increasing concentrations of

dietary phosphorus (Figs. 1 and 2). At the same time, serum

PTH concentration was significantly increased in rats given

the high phosphorus diets (Table 3). Previous studies have

reported that high phosphorus diets directly stimulate PTH

secretion [32]. Furthermore, a chronic excess of dietary

phosphorus intake and PTH secretion decrease renal

phosphate reabsorption by endocytotic internalization of

Npt IIa protein in the brush border membrane with transcrip-

tional regulation [28, 29]. Thus, these results suggest that the

increase in urinary phosphorus excretion was due to a

decrease in Npt IIa protein.

In a recent report, fibroblast growth factor-23 (FGF-23)

has been implicated in the physiological regulation of

phosphorus homeostasis independent of PTH, in particular,

in response to dietary phosphorus load [33]. Here, we found

that Npt IIa protein decreased in parallel with increasing

of dietary phosphorus intake; however, the serum PTH

concentration was not changed by the middle range of

phosphorus diets (0.6 to 1.2%). Therefore, one of the

phosphorus regulating factors, including FGF-23, may partly

assist in PTH-mediated regulation of Npt IIa expression.

On the other hand, we found that high phosphorus diets

increased the serum PTH concentration. In the previous

studies, nutritional secondary hyperparathyroidism also occurs

in rats fed a high phosphorus diet [34], which induced

by parathyroid cell proliferation [35] and secretion [36].

Hyperparathyroidism has been linked to progressive bone

loss in a number of species [18]. In cell cultures, inorganic

phosphate causes osteoblast apoptosis [37]. Increased

Fig. 1. Amount of renal Npt IIa mRNA in rats fed high

phosphorus diets. Mature rats were fed a 0.3, 0.6, 0.9,

1.2 or 1.5% phosphorus diet for 4 weeks. The composition

of each diet is listed in Table 1. Total RNA extracted

from the kidney of these rats was subjected to northern

blot analysis, as described in Materials and Methods (A).

The amount of Npt IIa mRNA was normalized to the

amount of the internal standard (GAPDH) mRNA and

then expressed as ratio of the value obtained for the

0.3% phosphorus diet (B).

Fig. 2. Amount of renal Npt IIa proteins in rats fed high

phosphorus diets. Mature rats were fed a 0.3, 0.6, 0.9,

1.2 or 1.5% phosphorus diet for 4 weeks. The composition

of each diet is listed in Table 1. Immunoblotting analysis

of rat Npt IIa protein in the brush border membrane

vesicles (BBMVs) of the rat renal cortex was performed,

as described in Materials and Methods (A). The amount

of Npt IIa protein in BBMVs was normalized to the

amount of the internal standard (β-actin) protein and

then expressed as ratio of the value obtained for the

0.3% phosphorus diet (B).
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osteoblast apoptosis reduces bone formation and increases

fracture risk [38]. Experiments with aging mice and rats

show that excess dietary phosphorus accelerates bone

resorption [8, 39]. Furthermore, previous studies have

shown that a high phosphorus diet induces extensive PTH-

dependent nephrocalcinosis [34, 40]. These findings suggested

that the various organs might be affected by nutritional

secondary hyperparathyroidism in rats fed, especially, the

1.2 or 1.5% phosphate diet.

In our study, food intake and body weight gain were

decreased by the high phosphorus diets; in particular, the

1.5% phosphorus diet significantly affected body weight

(Table 2). Previous studies also indicate that food intake and

body weight gain decrease when young and old rats are fed

high phosphorus diets [26, 27, 41]. In contrast, Landsman

et al. reported that 0.02–0.04% low phosphorus diets

decreased food intake and body weight in 5-weeks old

male rat, and then phosphorus addition led to an immediate

increment in body weight associated with an equally rapid

effect on food intake [42]. Therefore, the concentration of

dietary phosphorus exerts a real effect, either directly or

indirectly, on appetite [43]. Taken together, these results

suggest that a high phosphorus diets is important for food

intake and body weight gain; however, further studies are

necessary to elucidate this hypothesis.

In conclusion, the Npt IIa transporter, which mainly

regulates phosphorus balance, was decreased by prolonged

high phosphorus diets in mature rats. This decrease could,

at least in part, be due to an increase in PTH caused by

phosphorus intake, but other mechanisms cannot be ruled out.

Consequently, a negative phosphorus balance was observed

in rats given the 1.2 or 1.5% phosphorus diet. Therefore,

the present study highlights a potentially adverse effect of

phosphorus homeostasis in rats given diets containing 1.2 or

1.5% phosphorus plus 0.6% calcium. Further studies to

determine the upper safe limit of dietary phosphorus are

warranted.
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