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Influence of dietary composition on the phosphate-binding ability of lanthanum
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Summary

As lanthanum (La) can bind phosphate in a wide pH range, it is used as a phosphate binder for patients with
chronic renal failure. To clarify the influence of dietary composition on the phosphate-binding ability of La, the bio-
accessibility of phosphorus (P) in different meals and feeds with or without supplemented La was measured. Lyophilized
powder of a hospital breakfast (mainly composed of bread and dairy products), a hospital lunch (mainly composed of
rice and grilled fish) and a hospital supper (mainly composed of rice and deep fried chicken), as well as powder of
animal feeds composed of casein, soybean isolate protein or wheat gluten were used. Lanthanum carbonate was
added at 5mg La/g for the hospital meals and at 5 to 20 mg La/g for the animal feeds. One g of each sample with
and without La was incubated with 10 mL of 0.1 M HCI containing 0.5% pepsin at 37C for 2h. After the pepsin
digestion, pancreatin (final concentration, 0.5%) was added and the digest was further incubated at pH 74 and 37C
for 8 h. After the pepsin digestion, the bioaccessibility of P in the lunch and dinner samples was reduced by La, and
was further decreased after the pancreatin digestion. In the breakfast sample, the effects of La were first noted
after the pancreatin digestion. The degree of reduction was in the order of dinner > lunch > breakfast samples. In
all meals, the amount of soluble La in water was less than 1%, but it increased to 71-94% with 0.1 M HCI. After
the pancreatin digestion, the amount of soluble La in the lunch and dinner samples returned to approximately 1 %;
however, that in the breakfast sample was 32%. In the case of animal feeds, the degree of reduction of soluble P by
La was in the order of gluten > soybean > casein, and the amount of soluble La after the pancreatin digestion was
significantly higher in the casein feed than in the other feeds. These results suggest that binding of La to phosphate
occurs either in the stomach or duodenum, but not in the stomach, and binding is considered to be low in the pres-
ence of dairy products. In addition, La may be solubilized by gastric juice and then be mostly re-precipitated in the

duodenum. On the other hand, when dairy products are present, some La remains soluble even in the duodenum.
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Table 1 Composition of hospital meals
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Meal C i Energy Protein Phosphorus
eals omposition
P (kcal/meal) (g/meal) (mg/meal) (mg/kg dry weight)
Breakfast i(;;ddog filled with canned tuna; milk, yogurt, radish 511 160 488 9807
‘Lunch  Cooked rice; salt-grilled Spanish mackerel; grilled
shlltakg mqshrooms W.lth ml?(ture of. soy sauce and 552 259 39] 2056
sudachi; miso soup with onions; boiled turnip leaf
oo Sbomatuna) with mustard
Supper Cooked rice; deep fried chicken thigh with boiled
broccoli; simmered dishes with carrot, French bean 690 30.5 399 1493

and fried tofu cake; lettuce salad

Energy, protein and phosphorus (mg/meal) were calculated based on the Standard Tables of Food Composition in Japan (7th revised
edition). Phosphorus (mg/kg dry weight) was determined by vanadomolybdate absorption photometry.
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Table 2 Bioaccessibility of phosphorus during in vitro digestion of hospital meals with or without lanthanum carbonate

St ¢ treatment Breakfast Lunch Supper
PO amme No addition  +Lanthanum No addition  +Lanthanum No addition  +Lanthanum

Distilled water” 328+04" 326+03" 472+05° 469+0.7° 487+1.3" 494+1.2°
After pepsin digestion” 225+0.3" 25419 475+6.9° 29.8+0.3" 539+6.1% 28.0+28™
After pancreatin digestion? 522+1.2° 332+2.3" 548 +36° 204 +0.8™ 55.6+3.3" 14.3+0.5™
Two-way ANOVA

Effect of treatment step $ <0.001 » <0.001 » <0.001

Effect of lanthanum » <0001 » <0001 » <0001

Interaction $ <0.001 » <0.001 » <0.001

Bioaccessibility of phosphorus (%) was defined as “(amounts of soluble phosphorus) / (amounts of total phosphorus) X 100”. Values are

means * SD for four tests. Values in the same column not sharing a common superscript differ significantly (p < 0.05).

* Significant difference was observed between “No addition” and “+ Lanthanum” at p < 0.001.

Y One gram of each sample was suspended in water and mixed thoroughly, and then soluble phosphorus was determined.

? One gram of each sample was incubated with 10 mL of 0.1 M HCI containing 0.5% pepsin at 37°C for 2 h and then soluble phospho-
rus was determined. After the pepsin digestion, the digest was adjusted to pH 74 and further incubated with 50 mg of pancreatin

at 37°C for 8 h, and then soluble phosphorus was determined.
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Table 3 Release of lanthanum (%) from lanthanum carbonate mixed with hospital meals in several treatments

Step of treatment Breakfast Lunch Supper
Distilled water" 04=0.1° 05x0.0° 05+0.1"
0.1 M HCI" 944+23° 84.1 3.1 70.7 =85
After pepsin digestion? 60.4 +1.5° 443 +38"™ 492+ 4.3
_After pancreatin digestion”  323+13 L7=0r 1400

Two-way ANOVA

Effect of treatment » <0.001

Effect of meal » <0.001

Interaction » <0.001

Release of lanthanum (%) was defined as “(amounts of soluble lanthanum) / (amounts of total lanthanum) X 100”. Values are
means * SD for four tests. Values in the same column not sharing a common superscript differ significantly (» <0.05). *,
Significantly difference from breakfast was observed at p <0.001. *, Significantly difference from lunch was observed at p <

0.001.

Y One gram of each sample was suspended in 10 mL of water or 10 mL of 0.1M HCI and mixed thoroughly, and then solu-

ble lanthanum was determined.

? One gram of each sample was incubated with 10 mL of 0.1 M HCI containing 0.5% pepsin at 37C for 2 h and then soluble
lanthanum was determined. After the pepsin digestion, the digest was adjusted to pH 7.4 and further incubated with
50 mg of pancreatin at 37C for 8 h, and then soluble lanthanum was determined.
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Table 4 Bioaccessibility (%) of phosphorus during in vitro digestion of animal feeds with or without lanthanum carbonate

After pepsin digestion

After pancreatin digestion

Lanthanum added

Casein Soybean Gluten Casein Soybean Gluten
None 358 +3.8" 33227 56.9 +3.6° 371+26" 39.7+£3.1° 47.3+44°
5mg/g 358 3.7 29.7 =45 534 23" 32.0+36" 12116 165+4.6
10 mg/g 35.5+34" 270+28" 50.1 =25° 34.3+4.7° 39+1.7° 25+05°
omgle 837432 228+18 6=l 104235 8718 =07

Two-way ANOVA

Effect lanthanum » <0.001 » <0.001

Effect of protein source » <0.001 » <0.001

Interaction » <0.001 » <0.001

One gram of each sample was incubated with 10 mL of 0.1 M HCI containing 0.5% pepsin at 37C for 2h and then soluble phospho-
rus was determined. After the pepsin digestion, the digest was adjusted to pH 7.4 and further incubated with 50 mg of pancreatin
at 37C for 8 h, and then soluble phosphorus was determined. Bioaccessibility of phosphorus (%) was defined as “(amounts of soluble
phosphorus) / (amounts of total phosphorus) X 100”. Values are means £ SD for four digestion tests. Values in the same column not

sharing a common superscript differ significantly (» < 0.05).

Table 5 Release of lanthanum (%) from lanthanum carbonate mixed with animal feeds in several treatments

After pepsin digestion

After pancreatin digestion

Lanthanum added

Casein Soybean Gluten Casein Soybean Gluten
5mg/g 585+ 34" 457 £4.5™ 434 23" 259 = 2.1° 9.1+1.6" 75%26"
0.29) 0.23) 0.21) (0.130) (0.046) (0.036)
10 mg/g 62.7£3.3" 60.0+28" 60.1+35 138 = 1.1° 39=17" 25+05™
0.63) (0.60) (0.60) (0.138) (0.039) (0.025)
20 mg/g 802+24° 768 +1.8° 756+ 1.7° 54 = 0.3° 1.7+0.8™ 1.1+0.7"
06O @Sy dsYy o 0108) 0039 0022
Two-way ANOVA
Effect of lanthanum » <0.001 » <0.001
Effect of protein source » <0.001 » <0.001
Interaction »=0.002 » <0.001

One gram of each sample was incubated with 10 mL of 0.1 M HCI containing 0.5% pepsin at 37C for 2 h and then soluble phospho-
rus was determined. After the pepsin digestion, the digest was adjusted to pH 74 and further incubated with 50 mg of pancreatin
at 37C for 8 h, and then soluble phosphorus was determined. Release of lanthanum (%) was defined as “(amounts of soluble lantha-
num) / (amounts of total lanthanum) X 100”. Values are means = SD for four digestion tests. Means in the same column not sharing
a common superscript differ significantly (p < 0.05). Values in the parentheses indicate concentration of lanthanum (mg/mL) in the
digests. *, Significantly difference from casein feed was observed at p < 0.001.
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