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Introduction

This thesis will describe the regulation of serum 

phosphorus at a time when the body is using bone calcium 

to maintain the level of the serum calcium. Such a state 

was induced by severe restriction in the dietary calcium 

intake. The general response of the body in respect to 

conservation and loss of both calcium and phosphate and 

the maintenance of the serum calcium will be discussed 

only as supplementary material.

It is known that the serum calcium is normally main

tained between 9 and 11 mgm per 100 cc of serum (1).

This total serum calcium represents contributions from 

calcium absorbed in the gut, calcium reabsorbed in the 

renal tubules, and calcium released from bone.

The calcium absorbed from the gut represents both 

the absorption of ingested calcium as well as calcium 

reabsorbed from the secreted intestinal juices (1). The 

intestinal absorption of calcium is dependent on two 

factors, parathyroid hormone and Vitamin D.

While the absorption of calcium is decreased in 

states of reduced parathyroid function, the exact mechan

ism responsible for the facilitation of calcium absorp

tion by parathyroid hormone is undefined (2). It appears 

that Vitamin D must be present for parathyroid hormone 

to show this ability to increased calcium absorption.
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Vitamin D appears to be the most important factor 

in calcium absorption. The intestinal mucosa in the 

presence of this vitamin synthesizes a protein specifi

cally to bind and transport calcium across the intestinal 

wall (3). In clinical states of Vitamin D deficiency, 

such as rickets and osteomalacia, most of the dietary 

calcium is not absorbed. Also, in the everted gut sac 

techniques, the addition of Vitamin D is required to 

allow calcium absorption (4).

The release of calcium from bone is primarily de

pendent on parathyroid hormone although some experiments 

show Vitamin D in pharmacologic doses has a similar 

effect (5,6). The mineral breakdown is the result of 

osteoclasts generated under the influence of parathyroid 

hormone (7). The breakdown of the hydroxyapatite mine)—  

al crystal releases twice as much calcium on a weight 

basis as phosphate (8).

The third source of calcium is that reabsorbed in 

the renal tubule. This mechanism which has not been 

clearly defined appears dependent entirely on parathy

roid hormone (9) .

All three of the above sources appear to contribute 

to total serum calcium. The relative amount of calcium 

from each source is dependent on the amount of parathy

roid hormone and the availability of calcium at each
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of the three sites. In addition, the presence of 

Vitamin D is required at the intestinal mucosa cell.

If one of the three sources of calcium were sudden

ly removed, a fall in serum calcium equal to the frac

tion contributed by that source would occur. Because 

the intake of food is not continuous, states of relative 

availability and relative deficiency exist at varying 

times with respect to the intestine as a source of cal

cium. Therefore, some factor which can vary its action 

is required to maintain a stable serum calcium.

Since there appears to be no feedback mechanism to 

control the effect of Vitamin D, it has an al1-or-none 

effect on calcium absorption (6). Therefore, in states 

where the serum calcium is low relatively little could 

be expected of physiologic quantities of this vitamin 

as to the restoration of a normal level. Indeed, in 

parathyroi dectomi zed rats and humans , usual levels of 

Vitamin D are associated with low serum calcium values 

(10). Therefore, at times when the sources of calcium 

are deficient or in excess little homeostatic control 

could be expected from Vitamin D.

Parathyroid hormone becomes more important at this 

time when homeostasis is disturbed. It is known that 

the stimulus to parathyroid hormone secretion is a
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reduction in the calcium concentration perfusing the 

parathyroid glands (11). Therefore, this reduction in 

serum calcium should cause parathyroid secretions to 

increase and the physiologic effects of the hormone at 

the three calcium sources would be augmented in an 

effort to restore the serum calcium to normal.

The serum phosphate varies from 3 to 6 mgm per 

100 cc of serum. In addition to phosphate absorbed 

from the gut, phosphate reabsorbed from the renal tubule, 

and phosphate released from bone, the soft tissue re

lease of phosphate appears to contribute to the total 

serum phosphate (12). In contrast to calcium where a 

reduced level leads to an increased secretion in para

thyroid hormone to restore homeostasis, no such effect 

is seen when serum phosphate is reduced and in fact no 

factor to restore a low serum phosphate to its normal 

value has been identified (13).

The intestinal absorption of phosphate is also dif

ferent. Even in the absence of Vitamin D , phosphate 

absorption continues. However, in the presence of 

calcium absorption, more phosphate is absorbed. It has 

been suggested that phosphate "follows calcium across 

the mucosa. " (14)
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The renal reabsorption of phosphate appears pri

marily dependent on two factors : 1) The total dietary

phosphate content ; 2) the amount of parathyroid hormone 

present.

In states with no phosphate intake, a marked re

striction of pnosphate excretion in the urine occurs 

and the tubular reabsorption of phosphate (TRP) goes 

up significantly (15). Even in states where the daily 

phosphate intake is reduced by 30% a similar conserva

tion of renal phosphate may be seen (16).

In contrast to this conservation of phosphate, the 

injection of parathyroid hormone causes phos phaturi a.

By direct perfusion of an isolated kidney this effect 

is believed to be due to a direct effect of parathyroid 

hormone on the renal tubule to inhibit phosphate reab

sorption (17). The decrease in TRP is used as a diag

nostic test in hyperparathyroidism, a state where an 

excess of circulating parathyroid hormone is seen (18).

The third source of both calcium and phosphate is 

the hydroxyapatite crystal of bone and has been discussed.

The final source of phosphate is the phosphate in 

the soft tissue of the body. This represents 20% of 

the total phosphate found in the body. However, most 

of this is present as organic phosphate. It is believed
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that only the inorganic phosphate of soft tissue can 

replenish a low serum phosphate (12).

With the understanding that the only exogenous 

source of calcium is that absorbed from the gastroin

testinal tract, this thesis will describe the response 

of 8 patients to a severe restriction in calcium intake. 

The purpose of the thesis is to note any change in the 

level of the serum phosphate as parathyroid hormone 

production is increased to correct the fall in serum 

calcium secondary to loss of the gastrointestinal source 

of calcium. Similar studies utilizing low calcium diets 

have been reported, but only two small studies have ob

served serum phosphate changes during the period of 

calcium restriction (19,20).

This paper will be divided into three large sec

tions; 1) the methods, 2) the results, 3) a discussion 

of both methods and results.
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Methods

tight normal subjects were studied as outpatients 

during three separate periods. In period I, an 8-day 

balance study with a calcium intake approximating each 

patient s usual calcium intake was performed. In period 

.1, a marked restriction in calcium intake occurred, 

inis second period lasted 8-14 days and was considered 

an adaptation period to a low calcium intake. Period 

III was an 8-day balance immediately following period II 

during which all subjects continued the markedly reduced 

calcium intake.

Table I shows a description of each subject and his 

usual dietary intake as determined by questionnaire. On 

the basis of age, two groups are seen: 1) Three females 

and two males between ages 29-39, and 2) three females 

age 19. In three cases (R.R., K.H. , and M.W.), the 

usual daily calcium intake was less than that recommended 

in 1964 by the Food and Nutrition Board of Academy of 

Sciences (21). The phosphate intake in all cases exceed

ed the calcium intake and would be considered a satis

factory intake by the same Board. '

Periods I and III were separated into equal 4-day 

periods. Stools and urine were collected daily. With 

each meal a nonabsorbable compound, chromium sesquioxide,
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TABLE I.

PATIENT DATA, USUAL DAILY INTAKE OF 
CALORIES, CALCIUM AND PHOSPHORUS

Ag e Sex
Weight

RPH 39 M 151

JUS 29 M 180

RR 35 F 157

SR 39 F 1 20

JO 32 F 114

MW 19 F 165

KH 19 F 125

RD 19 F 142

Calories

2177

3232

1164

1702

2543

1171

1449

Calci um 
in gms .

Phosphorus 
in qms .

1 . 2 2 1 .24

1.18 2.15

.31 .69

oo

1.17

1 . 1 2 1 .60

.47 .84

.40 1 .09

o

1 . 1 11582
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was taken. The amount of this substance present during 

the stool collection periods was used to evaluate the 

completeness of each 4-day stool collection. Fasting 

blood was drawn at least 4 times during each period. One 

hali of a day's diet was analyzed during period I and III 

During period II, several blood samples were drawn for 

calcium and phosphate determinations, and 24 hour urine 

samples were collected daily for calcium analysis

Serum calcium was determined by EDTA titration (22). 

Urine, stool, and diet calcium, and stool chromium were 

determined by atomic absorption spectrophotometry (23,24) 

Phosphate analysis was done by the method of Fiske and 

SubbaRow (25). Two 2-hour clearances of phosphate and 

creatinine were performed at the termination of periods 

I and III, and the tubular resorption of phosphate ex

pressed as the complement of the clearance (26).

During period I, an attempt was made to match the 

usual calcium intake as closely as possible. No such 

consideration was given to approximating phosphate or 

total calories. In fact, in most instances, a reduction 

in the usual caloric intake was present in all intake 

studies. Subject M . W . (Table III) received less calc i urn 

daily than considered sufficient by the 1964 finds of 

the Food and Nutrition Board of the National Academy of
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Sciences (21). All subjects received sufficient phos

phate intakes.

At a variable time after period I , each subject 

began to eat a low calcium diet. From the foods listed 

in Table II, a diet with less than 150 mgm of calcium 

per day was selected. A typical day's diet was: Break

fast -- del 1o prepared with distilled water; Lunch -- 

Hamburger, catsup, Italian bread, butter, cranberry sauce, 

lettuce salad, vinegar, oil, lemonade and strawberry 

jello; Supper -- Turkey, sweet potato, peach , brownie, 

ham; Night Snack -- Cranberry juice, crackers. The above 

diet contained an estimated 116 milligrams of calcium and 

1003 milligrams of phosphate. At meals, 1-2 grams of 

Rochelle Salts (sodium potassium tartrate) were taken 

either as a salt substitute or dissolved in water. This 

compound was used in an attempt to bind ingested and 

secreted calcium in the gut and prevent its absorption(27, 

28). Total daily urine collections were continued and 

frequent blood samples drawn.

Immediately after this adaptation period to the low 

calcium intake, a second 8-day balance study, period III, 

was started. The low calcium intake and Rochelle Salts 

were continued. All other features of period III are 

similar to pe ri od I .
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LOW CALCIUM DIET LIST

TABLE II

Vegetables
10 mg in of calcium
per serving______

Potatoes 
Whole Corn 
Cucumbers 
Mush rooms 
Green Peppers 
Pickles 
Potato Chips 
Peas 
Beets
Lima Beans 
Brussel Sprouts 
Lettu ce 
Cauliflower 
Asparagus 
Tomatoes

Meat (6 o z .)
24 mgm per serving

Chicken 
Hamburger 
Tu rkey 
Po rk 
Ham 
Tuna

Cereal
7 mgm per serving

Cooked Rice 
Cornf1akes 
Macaroni 
Noodles 
Pop Corn 
Spaghetti

Italian Bread 
6 mgm of calcium 
per slice_____

Frui t
8 mgm of calcium 
per serving_____

Apple
Apples auce 
Banana
Fruit Cocktail 
Nectarine 
Peach 
Apricot
Cranberry Juice

Dess e rts
10 mgm per serving

Brownies 
Sugar Cookies 
Apple Pie 
Cherry Pie 
Peach Pie

Miscellaneous
Figure in parenthesis is
mgm of calcium per serving

Egg (27)
Beer (15)
Diet Pop (21)
Peanuts (11)
Oleo (1 )
Ri tz Cracker (1)
Jello (0)
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During periods I and III, the only form of water 

allowed for drinking or cooking was distilled water.

The Wilcoxon Signed Rank Test, the Two Sample Rank 

Test, and the Student 111" Test were used to evaluate 

the data (29,30) .
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Results

Dietary changes in each period. Table III presents 

the differences between the usual dietary intake of cal

cium and phosphorus and that of periods I and III.

In period I, it was planned to make this differ

ence as small as possible while insuring a calcium intake 

of at least 500 mgm daily. The average calcium intake 

of 835 mgm per day was 12% greater than the usual intake. 

Subject MW failed to ingest 500 mgm of calcium daily, 

but all other subjects had sufficient intakes of calcium. 

In subjects RR and KH, the calcium intake of period I 

was 70% greater than the usual intake. In the case of 

RR, a deliberate increase in dietary calcium was made 

to satisfy recommended minimum requirements. Subject 

KH probably underestimated prior calcium intake.

Phosphorus intake in period I was only 21% above 

the usual intake in spite of no efforts to have it approx

imate the usual. The facts that calcium and phosphorus 

are commonly found in the same foods and that calcium 

intake was approximated to the usual probably also 

caused phosphorus intake in this first period to be 

similar to the usual intake.

In period III, a severe restriction of the calcium 

intake to 15% of the usual was seen. In subject RR, the



DAILY CALCIUM AMD PHOSPHORUS INTAKE IN GRAMS 
DURING PERIOD I AND III AND 

THEIR RELATIONSHIPS TO THE USUAL INTAKE

TABLE III.

D a i l y  

. I n t a k e

C a l c i u m  

in g r a m s
P e r c e n t  o f 

U s u a l  I n t a k e

D a i l y  P h o s p h o r u s  

I n t a k e  in g r a m s

P e r c e n t  of 

U s u a l  I n t a k e
P e r i o d

I

P e r i o d

III
Peri od 

I

P e r i o d

III

P e r i o d

I

P e r i o d

III

Peri od 

I

P e r i o d

III

A v e r a g e .835+.240 . 109+.031 1 12.33+40.70 1 5.1 3 + 5.81 1.453+.382 .732+.151 121.29+17.01 63.80+19.41

JJS 1 .242 .149 105.0 13.0 2.264 .999 105.0 46.4

RPH .888 .122 72.0 10.1 1 .580 .860 127.0 69.0

RR .588 .087 189.0 28.0 1.130 .736 163.0 106.0

SR .942 .121 94.2 12.1 1 .392 .860 119.0 73.0

JO 1 .050 .152 97.1 13.5 1 .751 .660 109.0 41 .3

MW .464 .086 98.7 18.3 1 .000 .593 119.1 70.5

RD .828 .0 88 72.6 10.6 1 .289 .612 116.14 55 .1

KH .680 .070 111.9170.0 17.5 1 .220 .536 49.1
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previous low intake of calcium allowed a reduction of 

period Ill's calcium intake by only 72% in contrast to 

80% for the whole group. In this last period, an aver

age of 109 mgm of calcium were ingested daily in con

trast to the usual intake of 843 mgm daily.

The phosphorus restriction to 64% of the usual in 

period III was much less than the concomitant calcium 

restriction. This reduction in the phosphorus intake 

introduced a second variable into this low calcium 

regimen. No attempt was made to supplement this reduc

tion in dietary phosphorus. It is the purpose of this 

thesis to evaluate the changes in the serum phosphorus 

during a period of low calcium intake. To add phos

phorus to this diet would possibly have hidden any 

serum phosphorus changes secondarily caused by factors 

compensating for the low calcium intake.

Daily serum calcium and phosphorus. The daily 

values and the average daily values for serum calcium 

and phosphorus are given in Table IV(a-d). All sera 

were drawn in the fasting state. Values of both ele

ments in period I were contrasted to , thos e in period III 

and examined for significant changes between periods by 

the Two Sample Wileox on Rank Test (30).
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TABLE IV(a).

SERUM CALCIUM AND PHOSPHATE
(in mqm/100 cc of serum)

RPH JJS
Ca. P04 Ca. p o4

Period I Ave. 10.17+.26 3.70+.21 10.20+.24 3.50+.27

Peri od III Ave. 10.09+.40 3.24+.27 10.23+.24 3.56+.40

Peri od I
Day 1 10.00 3.57

2 10.24 3.98 10.11 3.77

3

4

5 10.24 3.31

6 , 9.71 3.81

7 10.59 3.84 10.47 3.57

8 10.11 3.68 10.47 3.55

9 10.11 3.59 10.19 3.83

Period III
1 10.19 4.35

2

3 9.37 3.10

4 10.69 3.25 10.29 3.54

5 1 0 . 0 0 3.30

6 10.13 3.28 1 0 . 0 0 3.23

7

8 10.36 3.35 10.71 3.20

9 1 0 . 0 0 3.14 10.06 3.25
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_________RR SR

TABLE I V(b).

SERUM CALCIUM AND PHOSPHATE
(in mgm/100 cc of serum)

Ca.
Péri od I Ave. 8.83+.25

Péri od III Ave. 9.36+.31

Period I
Day 1

2 9.20

3

4

5

6

7 8.51

8 8.85

9 8.76

Peri od III
Day 1 9.35

2

3 9.72

4

5 9.36

6 9.55

7 9.66

8 8.82

9 9.07

P04 Ca. P04
.73+.44 9.39+.25 3.57+.

. 04+ . 3 6 9.47+.36 4.11 + .

9.18 4.14

2.87 9.36 3.69

9.24 3.51

9.94 3.66

2.82 9.34 3.16

2.51 9.28 3.24

2.73 9.26 4.06

3.43 9.94 5.10

9.41 4.71

3.23

2.76 9.94 3.41

3.56

2.97 9.29 3.88

2.50 8.99 3.52

2.81 9.26 3.52
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TABLE IV(c) .

SERUM CALCIUM AND PHOSPHATE
(in mgm/100 cc of serum)

JO MW
Ca. P04 C a . PO4

Period I Ave. 9.39+.50 3.52+.08 9.42+.32 4.28±.58

Period III Ave. 9.11 + .45 3.24+. 34 9.97+.38 4.03+.38

Period I
Day 1 9.24 5.13

2

3 1 0 . 0 0 3.61

4

5 9.29 3.60 9.47 4.34

6 8 . 8 6 4.21

7 9.81 4.86

8 9.63 3.43 9.36 3.71

9 8.63 3.44 9.74 3.45

Period III
Day 1 8 . 8 6 3.54 9.93 4.90

2 9.24 3.27 10.36 3.86

3 8.43 3.09

4 10.60 4.18

5 8.97 3.87 9.67 3.56

6 9.23 3.02

7 1 0 . 1 2 4.27

8 9.04 2.71 9.44 3.85

9 1 0 . 0 0 3.19 9.67 3.58
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TABLE I V(d).

SERUM CALCIUM AND PHOSPHATE
(in mqm/100 cc of serum)

KH RD
Ca. P04 Ca. P04

Period I Ave. 9.52+.47 4.42+.42 9.62+.28 3.83+.23

Period III Ave. 9.44±.15 3.96± . 13 9.69± . 25 4.0 2 ± . 16

Period I
Day 1 9.37 4.30 . 9.68 --

2

3

4

5 8 . 8 6 5.27 10.13 3.89

6 9.05 4.55 9.75 3.99

7 10.19 4.29 9.42 4.10

8 9.94 4.03 9.29 3.72

9 9.68 4.09 '9.42 3.45

Period III
Day 1 9.53 3.90 1 0 . 1 2 3.94

2 9.23 3.90 1 0 . 0 0 3.75

3

4 9.53 4.11 10.18 4.11

5 9.17 4.12 9.17 4.30

6

7 9.47 4.08 9.67 4.27

8 9.56 3.79 9.28 3.89

9 9.56 3.82 9.44 3.87
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In subject JJS, while the average serum calcium 

and phosphorus values increased during period III, they 

were not significantly different from the period I 

values.

In subject RPH, the average values of both serum 

calcium and phosphorus were decreased in period III.

The reduction in serum phosphate was significant (P <

.0 1 ).

In subject RR, both serum calcium and phosphate 

increased in period III. The elevation in serum cal

cium was significant (P < .05).

In subject SR, both the average serum calcium and 

phosphate values increased in period III. Neither 

change was significant.

Subject JO had lower average serum values for 

both elements during period III. However, neither 

change was significant.

The average serum calcium increased in subject MW 

during period III while the average value for serum 

phosphate decreased. The elevation of the serum cal

cium was significant (P < .10).

In subject KH, both serum calcium and phosphate 

averages decreased in the latter period. The decrease 

in the serum phosphate was significant (P < .05).



In subject RD, while the average serum calcium and 

phosphate values increased in period III, these changes 

were not significant.

Therefore, in five subjects the average serum 

calcium value in period III was greater than that found 

in period I. In three subjects (RPH, JO, and KH), the 

average calcium in period III was below that of period 

I. However, in no case was the decrease significant. 

Therefore, in all subjects compensatory mechanisms were 

able to maintain or increase the usual level of serum 

calcium in spite of the low calcium intake.

Four subjects had a decrease in the average serum 

phosphate value in period III. Only in two subjects 

(RPH and KH) was this decrease of a magnitude greater 

than could be explained by chance alone. Therefore, 

six subjects were able to prevent significant changes 

in the serum phosphate values in the presence of a 

presumptive increase in parathyroid hormone.

Calcium and phosphorus balances. Calcium and 

phosphorus balances were calculated by subtracting the 

urine and stool outputs of these elements from their 

respective dietary intakes (Table V). The average 

daily fecal output of each element was calculated 

from the last four days of each balance period.

21 .
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TABLE V.

DAILY CALCIUM AND PHOSPHORUS BALANCE IN GRAMS

Period I Period III
Ca . p o 4 Ca . *3-

oQ
-

Average .038+.025 -.148+.031 -.1 1 2+. 0 34 -. 1 0 3+.0 5 8

JJS - . 0 0 1 -.114 -.128 - .064

RPH -.089 -.138 -.107 -.185

RR + .095 - .255 -.171 -.099

SR -.015 - .076 -.085 -.179

JO + .034 + .059 -.043 -.039

MW -.090 -.226 - . 1 0 1 -.023

KH - .053 - . 2 2 1 - .140 -.076

RD -.189 - . 2 1 1 -.117 -.156
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Chromium markers were used to demarcate stool periods 

and to prorate fecal excretion on the basis of dietary 

intake. For example, if 3 mgm of this nonabsorbable 

marker were given during a four day period but only 

2 mgm were present in stools passed during this collec

tion period, then only two-thirds of the dietary intake 

during this period has trans versed the entire gut. So 

the amounts of calcium and phosphorus found in the 

stool collection represent only two-thirds of that 

amount found if the stool period were extended to in

sure collection of 100% of the chromium. For this ex

ample, the reciprocal of the fraction, two-thirds, 

would be used to correct upwards those values for 

calcium and phosphorus found in the stool collections. 

During the first four days of the balance period, 

chromium was also taken at meals to try to create a 

state of equilibrium in the gut where the daily intake 

of chromium approximated that found in the stool.

Seven subjects either changed a positive calcium 

balance of period I to a negative balance in period III 

or during this latter period increased the degree of 

negative calcium balance already present in period I. 

Subject RD was able to change from a daily calcium 

balance of -189 mgm in period I to a balance of only 

-117 mgm per day in period III.
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The average calcium balance was -34 mgm per day 

in period I and -112 mgm per day in period III. This 

change in calcium balances is significant (P < .05).

Despite the fact that all eight subjects consumed 

more phosphate in period I than the usual , only one 

subject (JO) was in a positive phosphorus balance.

The average phosphorus balance in this first period 

was -148 mgm per day.

With the reduction in dietary phosphorus seen in 

period III, all subjects were found to be in negative 

balance. The average phosphorus balance in period III 

was -103 mgm per day. This represents a significant 

increase over period I when the eight pairs of phos

phorus balances are compared by the Wilcoxon Signed- 

Rank Test (30). Subjects JJS RR, MW, KH, and RD were 

able to lessen the degree of negative phosphorus bal

ance seen in period I.

Calcium absorption. The total and the net calcium 

absorption are presented in Table VI. The classical 

balance technique discussed previously was used to cal

culate net absorption. Total calcium absorption was 

estimated by allowing 2 0 0 mgm per day for the total 

intestinal calcium secretion (31).
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TABLE VI.

CALCIUM ABSORPTION IN GRAMS PER DAY 
AND PERCENT OF DIETARY CALCIUM IT REPRESENTS

Net Ca 
i n grns

. Abs .
per d a.y

Total 
in grns

Ca. Abs. 
per day

Total Ca. Abs. in 
Dietary+Intestinal 

mg m per

mgm per day 
Calci um in  ̂

day
Period Period Period Period Period Period

I III I III I III

Average ;o94+.no - . 0 2 1 + .024 .294+.111 .1 80+.027 29.13 + 11 .12 58.52+8.50

JJS . 2 2 1 -.019 .421 .181 30.0 51 .9

RPH - .007 -.041 .193 .169 17.7 52.5

RR . 2 1 1 -.070 .411 .130 52.2 45.3

SR .127 - . 0 1 0 .327 .190 28.6 59.2

JO .217 + .013 .417 .213 33.2 60.5

MW -.015 + .00 3 .185 .203 27.9 71 .0

RD -.077 - .038 .123 .162 1 2 . 0 56.3

KH + .077 -.007 .277 .193 31 .5 71 .5
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In period I, the average total calcium absorption 

was 294 mgm per day. This represented almost 29% of

i.ne dietary calcium plus the 2 0 0 mgm of intestinal 

secretion. One subject, RR, absorbed 52% of the cal

cium intake. This subject had the lowest usual calcium 

intake which possibly was compensated for by an increase 

in the calcium absorbing efficiency of the gut. Subject 

KH who also increased the calcium intake in period I 

by 70%, but who was believed to have underestimated 

the previous dietary intake, absorbed 31% of the cal

cium intake, a value egual to the mean for the entire 

group. Subjects RPH and RD had the lowest value for 

one Total Calcium Absorption to D i etary Calcium ratio. 

Both consumed only 70% of the previous intake and pro

bably the inability of the gut to adapt to the low cal

cium intake can be used to explain the low relative 

absorption in these two subjects.

In period I, all subjects except RPH, MW and RD 

had a positive value for the net calcium absorption. 

However, in period III only MW and JO had a positive 

value for this quantity. A positive value here means 

that the stools contained less calcium than the diet 

during the particular period studied.



27.

During period III, the total calcium absorption 

fell to an average of 180 mgm per day. However, this 

represented an increase in the percent of total calcium 

absorbed from the period I value of 29% to the period 

III value of 58%.

Urine Calci urn. The daily urine calcium is shown 

in Table VII. The decrease in average daily calcium 

excretion from 132 mgm per day in period I to 96 mgm 

per day in period III is not significant.

Two subjects (MW and KH) were _unab1e to decrease 

the amount of calcium lost in the urine and their 

period III urine calciums exceeded the period I values.

Effect of Rochelle Salts and the low calcium diet 

on calcium loss in the stool. In all subjects, period 

III saw a marked reduction of stool calcium (Table VIII). 

However, in all subjects the ratio of stool calcium to 

diet calcium increased, and only in two subjects (JO 

and MW) was this ratio less than 100 - percent. There

fore, in six subjects the regimen of a low calcium diet 

plus Rochelle Salts was accompanied by a greater amount 

of daily fecal calcium than daily ingested calcium. In 

these six subjects, the gastrointestinal source of cal

cium was removed and either increased renal reabsorp

tion of calcium or increased bone dissolution would be
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TABLE VII.

DAILY URINE CALCIUM IN GRAMS

Daily Urine Calcium 
in grams

Period I Period III

Ave rage . 1 36+ . 048 .096+.026

JJS . 2 2 2 .109

RPH .109 .066

RR .124 . 1 0 1

SR .142 .075

JO .183 .056

MW .070 .105

RD .113 .079

KH .132 .134 ,
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DAILY FECAL CALCIUM IN GRAMS AND 
THE PERCENT OF DIETARY CALCIUM IT REPRESENTS

TABLE VIII.

Daily Stool Calcium Stool Calciurn ■ X 100%i n g rams Dietary Calcium
Peri od 

I
Period 

111
Period

I
Peri od 

III

Average .763+.21 .133+.03 89.73+13.8 124.82+.20

JJS 1 .021 .168 82.21 112.75

RPH .895 .163 100.79 133.61

RR .369 .157 62.76 180.46

SR .815 .131 86.51 108.26

JO .871 .139 82.95 91 .45

MW .479 .084 103.23 99.00

KH .719 .077 90.32 101.00

RD .938 .126 109.06 143.11
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needed to maintain the level of the serum calcium. In 

subjects JO and MW, although some dietary calcium was 

still being absorbed, the amount absorbed in period 

III was less than that in period I and unless one or 

more of the compensatory mechanisms mentioned above 

were activated, the serum calcium in these two individ

uals also would have fallen.

Phosphorus absorption. During period I, the net 

absorption of phosphorus was 58% of the dietary phos

phorus (Table IX). This was an average of 844 mgm per 

day. All subjects showed a greater absorption than 

stool loss of the element. An average of 598 mgm of 

phosphorus per day was found in the stool during 

period I.

During period III, while the net absorption of 

phosphorus decreased to an average of 547 mgm per day, 

this value represents an increase to 75% of the dietary 

phosphorus.

All subjects showed trends in phosphorus absorp

tion similar to that expressed by the average values 

above. However, the increased efficiency in absorp

tion of phosphorus of period III was unable to compen

sate for the total phosphorus reduction in the diet and 

no subject was found to be in positive balance.
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TABLE IX.

DAILY STOOL PHOSPHORUS AND 
DAILY PHOSPHORUS ABSORPTION IN GRAMS PER DAY

Stool Phosphorus Phosphorus Absorption

Period
I

Period
III

Period
I

Period
III

Average .598+.037 .185+.021 .844+.307 .547+.132

JJS .733 .168 1 .531 .831

RPH .665 .213 .915 .647

RR .417 .233 .513 .503

SR .657 .310 .735 .550

JO .760 .220 .991 .440

MW .461 .123 .539 .470

RD .577 .128 .819 .484

KH .511 .089 .709 .447
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Phosphorus loss in the urine. The amount of 

phosphorus found daily in the urine and the percent 

of daily phosphorus absorption it represents are given 

in Table X .

An average of 991 mgm of phosphorus was lost 

daily in the urine during period I. This is 23% 

greater than the average daily absorption of 844 mgm 

(Table IX). During this period, only one subject (JO) 

excreted less than 100% of the absorbed phosphorus. 

This was the only subject in positive phosphorus 

balance in period I (Table V).

In period III, five subjects increased the ratio 

of urine phosphorus to absorbed phosphorus. Subjects 

RR, MW, and KH decreased this ratio. The Wilcoxon 

Signed-Rank Test shows no significant differences in 

the changes between the period I and period III 

values (30). In subject RPH,who had a significant re

duction in serum phosphate in period III , this ratio 

increased from 114% to 129%. However, in subject MW, 

who also had a significant lowering of the serum phos

phate, the ratio decreased from 142% to 105%.
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PHOSPHORUS IN URINE IN GRAMS PER DAY 
AND PERCENT OF ABSORBED PHOSPHORUS IT REPRESENTS

TABLE X.

Urine Ph osphorus
in qrams per day

Period Peri od
I III

Average .991+.269 .651+.145

JJS 1 .645 .895

RPH 1 .053 .833

RR .968 .602

SR .811 . 729

JO .932 .489

MW . 765 .493

RD .822 .641

KH .930 .523

Urine Phosphorus 
Absorbed Phosphorus

Peri od 
I

Peri od 
III

123.58+20.40 119.09+10.38

107.2 107.8

114.5 129.0

188.8 119.9

110.2 130.8

94.0 111 .1

142.7 104.8

100.0 132.5

131 .2 116.8
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Tubular reabsorotion of phosphate. The tubular 

reabsorption of phosphate showed no significant change 

between period I and period III (Table XI). In six 

subjects , an elevation of the tubular reabsorption of 

phosphate occurred in period III. In the one subject 

(RPH) with a significant reduction in serum phosphate 

in period III, the TRP increased also. In both sub

jects with a reduction in TRP in period III, no sig

nificant reduction of serum phosphate was seen in the 

same period.

The greatest increase in TRP in period III was 

seen in subjects RR and RD. Subject RR at this time 

was consuming 106% of the usual phosphorus intake;

RD, 55% of the usual.

Subject RPH and KH had the next greatest in

crease in TRP. Their phosphorus reductions were to 

69 and 49%, respectively.

The lowest increase in TRP was seen in subjects 

JJS and MW where the respective reductions in phos

phorus intake was to 46 and 70% of the usual intake.
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TUBULAR REABSORPTION OF PHOSPHATE IN PERCENT

TABLE XI.

Period I Period III

Average 85.31+2.92 89.10+3.06

JJS 86.90 89.30

RPH 83.95 89.35

RR 85.74 93.35

SR 90.58 86.53

JO 85.84 83.00

MW 89.70 90.70

RD 80.75 88.33

KH 87.05 92.20
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Discussion

Dietary changes in period I and III. It was rea

sonably easy to prepare a diet with less than 150 mgm 

of calcium daily. The diet was palatable, but for the 

most part lower in calories than the usual dietary in

take.

One feature of particular importance was that al

though the calcium intake was reduced to 15% of the 

usual, the phosphate intake was only reduced to 64% 

of the usual . In all cases, the phosphate intake re

mained above the minimum recommended (32), although in 

no case was it sufficient to establish or maintain a 

positive phosphate balance.

The diet change, however, implies that more than 

one variable has been introduced into this experiment, 

e.g., in addition to a low calcium intake most of sub

jects also were undergoing an adjustment to a low phos

phate intake. The ramifications of these two dietary 

changes will become clear in subsequent sections of 

the discussion.
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The serum calcium and serum phosphate during 

periods of negative calcium balance. As mentioned in 

the discussion section on the changes in calcium bal

ances, seven of our eight subjects can be considered 

to have satisfied the requirements of this thesis, e.g., 

of having undergone a period of negative calcium bal

ance or having undergone a further degree of negative 

calcium balance during period III. Therefore, in 

these seven, who demonstrated continued loss of stool 

(Table V) and urine (Table VII) calcium, a fall in serum 

calcium would be expected unless an endogenous source 

of calcium was mobilized. By all standards of normal 

human physiology, this calcium must have come from in

creased bone breakdown under the influence of an aug

mented parathyroid secretion (11,33).

It has been shown that a low calcium diet will 

lead to parathyroid hyperplasia by DeRobertis in 1941 

(34), and Baumann and Sprinson (35) were able to in

duce hyperparathyroidism when rabbits were on such a 

diet for a protracted period. In addition, it is 

known that parathyroid hyperplasia accompanies both 

Vitamin D deficiency and steatorrhea where calcium 

absorption is poor (36).
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However, in spite of this presumed increase in the 

secretion of parathyroid hormone, no reduction of the 

serum phosphate was seen in five of the seven patients 

who were in negative calcium balance.

It is also known that parathyroid hormone causes 

a decrease in the serum phosphate. Albright, et al. 

(37), in 1929 demonstrated this by injections of para

thyroid hormone and others have done similar work sub

sequently with purer parathyroid preparations (38,39).

In addition, approximately 1/2 of the cases of primary 

hyperparathyroidism have a low serum phosphate, and 

cases of hyperparathyroidism have been reported with 

restoration of the serum phosphate to normal shortly 

after the hypersecreti ng parathyroid gland is removed 

(40,41).

Two classic works on low calcium diets in humans 

have been published. In Malm's study of prison in

mates on 1ow calcium diets for prolonged periods, no 

mention is made of the serum phosphate (42). In Bauer's 

work, the changes in the serum phosphates cannot be 

interpreted because of supplemental injections of 

parathyroid hormone (43). Similar low calcium diets 

have been tried in rats (44) and monkeys (45) without 

reporting serum phosphate changes. One short term
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study by Thomas, et a 1., in 1 957 , in rats, did report 

no change in serum calcium and phosphate after a low 

calcium diet (46). In this study, bone morphology re

sembled that seen after parathyroid injections. In a 

short term, low calcium intake study by Horwith, four 

normals failed to develop a reduction in the serum 

phosphate even though they were also consuming antacids 

which prevented the absorption of phosphates from the 

gut (47).

The failure of the phosphate level to drop in the 

face of presumptive evidence of increased PTH secre

tion may be discussed from several points of view.

First, several years ago it was believed that at 

least two potent principles were released by the para

thyroids. One hormone was to cause mobilization of 

bone mineral , the other hormone was to cause phospha- 

turia. In experiments with rats, Munson presented 

work supporting this concept (48). After destruction 

of the parathyroid glands by electrocautery,a rapid 

fall in the serum calcium occurred long before an 

elevation of serum phosphate was seen. Both of these 

effects he believed were due to loss of parathyroid 

hormone, with the phosphaturi c principle having a 

longer one-half life. Work is also cited in dogs by
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Collip, et al. , whose results were similar to Munson's 

work (49). Munson also claimed that the loss of the 

phosphaturic effect seen in the Lilly preparation of 

PTH which still possessed the ability to raise serum 

calcium was further evidence of a complex hormone 

secretion from the parathyroid.

Truly if one could expect a parathyroid secre

tion with a dual effect, then the possibility of main

taining serum calcium without affecting urinary phos

phate loss could be a tenable explanation for our re

sults in this thesis. However, Munson's work must be 

criticized in light of further work. First, he used 

crude parathyroid preparations and the purer prepara

tions of Auerbach show no separation between the cal

cium mobilizing and the phosphate losing principles (38). 

Second, Munson cauterized the parathyroid glands in his 

experiment. In later work, Munson has shown that the 

hypocalcemi c principle, Calcitonin, is released by 

this maneuver (50). Therefore, the early drop in serum 

calcium was probably not due to absence of PTH but 

rather to Calcitonin. Therefore, the chronological 

separation between the calcium mobilizing effect and 

the phosphaturic effect of parathyroid hormone was pro

bably an artifact due to Calcitonin.



The second possible explanation for the failure of 

serum phosphate to fall in period III, is that large 

amounts of soft tissue phosphate may have been called 

on to supplement a falling serum phosphate. Approxi

mately 10-20% of the body phosphate is in soft tissue 

and the intrace 11u1ar inorganic phosphate is thought 

to be in equilibrium with extracellular phosphate (51). 

It was Howard's feeling that the level of serum phos

phate is maintained by soft tissue phosphate rather 

than bone phosphate (52) and the serum phosphate level 

is preserved until some specific soft tissue phosphate 

level when a breakdown in this mechanism occurs. Pre

sumptive evidence of soft tissue release of phosphate 

is seen in the work of Lotz, et al. (53). Here the 

absorption of phosphate was prevented by the use of 

non-absorbable antacids. Their patients after variable 

periods developed decreased levels of serum phosphate.

In spite of a continuation of this therapeutic regimen, 

periods occurred when the serum phosphate returned to 

normal values. Rapid bone breakdown might be a possible 

explanation but the absence of an increase in urinary 

calcium at these times suggest that it was the soft 

tissue source that spontaneously released phosphate to 

replenish the low serum level.

41 .



42.

Therefore, it seems there is an ability of the 

tissue phosphate to maintain the serum phosphate level 

in spite of increased parathyroid secretion. Most pro

bably our short term experiment fail.ed to exhaust the 

tissue stores. In Lotz's work, approximately 40 days 

of phosphate depletion were necessary before a signi

ficant reduction in the serum phosphate occurred (53).

There is another point of view to explain the 

failure of the serum phosphate to fall. If parathyroid 

hormone is considered to be the most important stimulus 

to bone resorption,then there have been studies where 

an increased bone resorption is knowrl to occur but 

where the serum phosphate has been elevated. This 

breakdown of bone mineral should release twice as much 

calcium as phosphorus on a weight basis. Therefore, 

for every 100 mgm of calcium released about 50 mgm of 

phosphate would be released. Since in period III an 

average of 113 mgms of calcium had to be mobilized 

from bone daily to maintain the serum calcium, approxi

mately 57 mgms of phosphate also were released from 

bone (54). This by itself would not have been enough 

phosphate to maintain the serum phosphate in period 

III at its period I value. Therefore, a soft tissue 

source of phosphate is needed to explain the failure of 

the serum phosphate to decrease in this study.
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However, in a study on 26 patients with idiopathic 

osteoporosis , a positive correlation was found between 

resorption as demonstrated- by au toradi og raphy and the 

serum phosphate (55). Also, Heaney had shown higher 

serum phosphates in cases of disuse osteoporosis (56). 

Kelly offers the explanation that the early release of 

calcium and phosphate from bone tends to shut off the 

parathyroid, to decrease phosphaturi a and allow the 

serum phosphate to become elevated.

There are also some unexplained results from 

parathyroid hormone injections reported in the liter

ature. The Harrisons in 1941 found that large doses 

of parathyroid hormone elevated the serum phosphate 

of dogs (57). Also, Bodansky and Jaffe had reported 

similar results with smaller chronic parathyroid hor

mone injections given to guinea pigs (58). However, 

Hunter feels that this effect of parathyroid hormone 

was seen only if renal damage either secondary to hy

percalcemia or parathyroid hormone per se was present, 

both of which may have been present in the dog and 

guinea pig experiments (59).

In summary, for this section, it can be stated 

that no consistent reduction in the serum phosphate was 

seen in period III. The most reasonable explanation is 

that soft tissue phosphate maintained the serum phosphate 

level.
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Adaptation to the low calcium intake. None of the 

eight subjects was able to adapt to low calcium intake. 

All developed either a negative calcium balance in 

period III, underwent further increases in previous 

negative balances, or remained in negative calcium 

balance.

In studies in rats and hamsters, a period of three 

months is required before the animal is able to adjust 

to the low calcium intake and restore a positive cal

cium balance (60).

In Malm's series (42), two-thirds of the men stud

ied required at least 90 days to lower calcium loss in 

the stools and urine to the point where positive cal

cium balance was achieved. Some individuals had failed 

to adapt after 280 days.

It would seem that the greatest mechanism employed 

in correction of the negative calcium balance is an 

increase in efficiency of gastrointestinal calcium ab

sorption. This mechanism involves the utilization of 

a greater amount of intestinal surface in active calcium 

absorption so that not only the duodenum but the jejunum 

and the ileum are sites of calcium absorption (61).

It would be thought that RR with the lowest usual 

intake of calcium probably would have had the greatest
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amount of intestinal surface ready to absorb calcium. 

This probably explains why she absorbed almost twice 

as much calcium in period I as the average subject ab

sorbed. In contrast, subjects RPH and RD who reduced 

their calcium intake by 30% absorbed only 18 and 12% 

respectively. This low absorption probably represents 

an inability of the gut to adapt in this short term 

experiment.

Between period I and III, the net calcium absorp

tion dropped from 81 to -35 mgm per day. This situa

tion, where more calcium is lost in the feces than is 

ingested daily, has been described in adaptation to 

low calcium intakes and will be discussed under the 

section on Rochelle Salts.

The average calcium absorption of 29% in period I 

is a value similar to that found by Cameron (62).

In summary of this section, our eight patients all 

failed to adapt to the low calcium intake and all but 

one (RD) were unable to maintain or improve previous 

calcium balances.
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Urine calcium. With the introduction of the low 

calcium, the urinary excretion of calcium dropped by 

2 7% (Table VII). This excretion averaged 96 mgm per 

day in period III and still represented a substantial 

portion of dietary calcium.

It would seem that if parathyroid hormone were pre

sent in increased amount in period III that less calcium 

would be lost in the urine. However, it has been re

ported that diets with reduced phosphate cause the body 

to lose the ability efficiently to conserve calcium.

In a study in rats, Borens tei n and Schwartz found 

that a diet containing 7% phosphate prevented rickets 

in animals fed a low cal cium-rachitogenic diet (63) and 

successfully allowed the rat to prevent urine calcium 

1 oss .

In seven subjects, Spencer, et al., found a con

tinued loss of calcium in the urine while on a low cal

cium (200 mgm) , low phosphate (500-800 mgm) diet (64). 

The addition of glycerol phosphate to the diet, to a 

total of 1500 mgm of phosphate, saw five of seven sub

jects able to retain 50% more of. the calcium initially 

lost in the urine.

A similar reduction in urinary calcium and improve

ment in the calcium balance is seen in Fahrquharson‘s
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work on low calcium diets supplemented with NaH2 P0 4 * 2 H2 O 

(65). Here again a fall in the urine calcium and a change 

from a negative to a positive calcium balance occurred 

when phosphates were added to the diet. It was this 

group's feeling that a change in the acid-base balance 

by the phosphate salt was responsible for the effect on 

calcium metabolism.

Although tnese reports have usually presented their 

data without much speculation on the reason a reduced 

phosphate intake is accompanied by significant urinary 

calcium, a possible answer may be found in the papers

of Nag ant de Deuxchai snes and Krane (66) and Wilson, 

et al. (67).

In these two papers, groups of patients with low 

or subnormal serum phosphates usually secondary to some 

renal disturbance of reabsorption of phosphate were 

studied. Both groups showed large renal calcium losses 

even while the patients were on low calcium diets 

(2o0 mgm),and in both cases additions of phosphate to 

the diet or parenteral phosphate were associated with 

marked reduction in urinary calcium loss. Presumably, 

this latter condition occurred because of calcium and 

phosphate deposition in bone since healing of the 

rachitic lesions occurred.
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From this, it would seem possible that in our eight 

subjects who had not yet developed a reduced serum phos

phate, but who were partaking of a reduced phosphate 

intake, that perhaps a critical level at the site of 

bone deposition could not be reached. Consequently cal

cium which normally would be deposited here was not 

being trapped and subsequently was being lost in the 

urine.

Effect of Rochelle Salts and the low calcium diet 

on the fecal calcium. In six of the eight patients, the 

regimen of low calcium intake and Rochelle Salts re

sulted in more calcium being found in the feces than 

was ingested. Our plan to use the tartrate (Rochelle 

Salts) was based on the relative solubilities of the 

inorganic calcium salts. In cold water calcium oxalate 

is the most insoluble salt (0.67 mgm per 100 cc of 

solution). However, the oxalates are quite toxic.

Calcium tartrate is slightly more soluble (3.2 mgm per 

100 cc) and tartrates are not toxic (68,69).

Later, a reference was found criticizing the use 

of tartrates to inhibit calcium absorption. In this 

criticism, Underhill, et al. , devised the first practi

cal chemical determination of tartrates and studied 

their behavior in several species as well as in man (69-71)
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In one experiment, they gave tartrates in the form of 

Rochelle Salts (15 grams daily). In all persons stu

died, approximately 25% of the oral dose appeared un- 

cnanged in the urine and in all subjects no tartrates 

could be found in the stool. Also, they found by mix

ing fresh feces with tartrates , a complete disappear

ance of tartrate occurred within 24 hours.

In 1932 , further work'by Pratt and Swartout con

firmed the destruction of tartrates by intestinal 

bacteria and pointed out that the alkalini zing effect 

attributed to tartrates could be explained by their 

breakdown in the gut with the release and absorption of 

C02 (72,73).

However, these are bacteria which should be found 

only in the colon. It is known that if calcium gets 

as iar as tne colon, it probably will not be absorbed 

(31). So, pernaps the Rochelle Salts were effective 

in binding calcium and inhibiting its absorption at 

least through the small bowel.

Since these reviews, little work has been done 

with tartrate. One of the last papers, however, shows 

an increase in calcium absorption after tartrates were 

given orally (74).



50.

However, there are reports of studies without the 

use of tartrates where individuals reacted in a manner 

similar to that seen in this group. In Malm's long 

term studies on low calcium diets, several individuals 

reacted in just this manner, e.g., the fecal calcium 

always remained greater tha.n the dietary calcium.

Also in a short term study, similar to ours , Bauer, et 

al . , found that while on 100 mgm of calcium intake per 

day 12 of 14 normal subjects were unable to prevent 

the fecal calcium from exceeding dietary calcium (43). 

Therefore, the low calcium intake in our subjects, by 

itself, could explain the similar gastrointestinal 

loss of calcium seen in six of the eight subjects.

One unsolved problem is that if parathyroid activ

ity was increased by the negative calcium balance, then 

why was not an increased absorption of gut calcium seen. 

This is known to be one of the physiological effects of 

parathyroid hormone (2). Perhaps the explanation 

offered by Malm as well as by McCance and Widdowson (75) 

that a seasonal variation in calcium absorption presum

ably related to Vitamin D availability is applicable 

here, and our experiments conducted in the fall and 

winter months are an expression of this relative defici

ency .



It would have been more practical to use the oxa

late of spinach or phytate to reduce the calcium absorp

tion (76). The oxalate content of spinach is known, 

but the calcium content is also high although presumably 

bound to the oxalate which is in excess. One subject, 

JJS, ate 500 grams of spinach daily during an eight 

day period. In this case, the stools contained more 

calcium than the diet, but the high calcium content of 

the spinach was considered a possible source for calcium 

absorption and an obstacle to the maintenance of the 

low calcium intake.(77).

Phytate has been used also to prevent calcium ab

sorption (78). However, there is evidence that this 

compound, the hexophosphate of inositol, is broken down 

in the intesti ne by phytases and that the released phos

phate is absorbed (79). Indeed in Henneman's paper, 

a significant elevation in the serum phosphate is seen 

when hypercalcemi c patients were treated with phytates. 

Therefore, this compound could not be used since the 

purpose of this thesis was.to evaluate changes in serum 

phosphate while on the regimen outlined in the introduc

tion.

In summary of this section, it seems that the low 

calcium diet alone was enough to explain the fecal losses

51 .
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of calcium, and the Rochelle Salts had an undetermined 

effect on preventing the absorption of calcium, since 

no subject was tried on a control low calcium period 

without tartrates.

Adaptation to the low phosphorus intake. A strik

ing reduction of stool phosphate to 31% of period 11s 

value was seen in period III. During the same period, 

the diet phosphate was reduced to only 64% of the usual 

value. A relative increase in the efficiency of phos

phate absorption from 58% to 75% occurred between the 

same periods (Table IX). However, these changes were 

not enough to effect a positive phosphate balance in any 

subject (Table V).

In studies of women of age similar to the subjects 

in this experiment, three separate studies by McKay (80), 

Schofield (81), and Secular (82) found that an intake 

of 850-1170 mgm of phosphorus per day was necessary to 

maintain a positive phosphate balance. No female sub

ject consumed 1170 mgm of phosphorus per day in period 

III .

In a study on normal men, age 20-30 , accustomed to 

a high intake of phosphorus (over 1600 mgm per day), 

Johnston, et al. (16), found that all subjects went 

into a negative phosphorus balance when the intake of 

phosphorus was reduced by 65%. These subjects, who were
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also on a 200 mgm calcium diet remained in negative phos 

phorus balance for at least 16-20 days. Both males in 

this experiment developed a negative phosphate balance 

with a similar reduction in phosphate intake.

The absorption of phosphate by the intestine has 

not been as adequately studied as calcium absorption.

In Johnston's studies on low calcium, restricted phos

phate diets, approximately 75% of dietary phosphate was 

absorbed; a figure identical to our value (16).

There is one peculiar feature of gastrointestinal 

phosphate which may make it difficult to absorb. If 

intestinal secretions are removed and allowed to separ

ate into liquid and solid portions, approximately 95% 

of the phosphate content is found in the solid portion. 

The presence of only 5% of the phosphate' in the liquid 

portion may seriously restrict the ease with which phos

phate is absorbed (83).

The urine phosphorus during period III was reduced 

to 65% of the period I value. This was equal to the 

reduction in phosphorus intake during the same period.

In summary of this section, it seems that the phos

phate ingested during period III was not enough to main

tain a positive phosphate balance in any of the subjects 

studied. A feature of the gut phosphate--the presence
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of most, of the phosphate in the solid form— may restrict 

the ease with which gastrointestinal phosphate is avail

able for ready resorption.

Tubular resorption of phosphate. As presented in 

Table XI, the TRP in period III was greater than in 

period I. Both the period I and period III average TRP 

values fall within the normal range (80-90%) (84). The 

tubular resorption of phosphate is known to be decreased 

in primary hyperparathyroidism (85) and, therefore, 

probably should have been decreased in period III when 

increased levels of PTH were thought to be present.

Also, Becker, et a 1., have shown TRP reduction with PTH 

injections (86). It was thought by Pullman, et al., that 

a direct effect of PTH on the renal tubule produces the 

phosphate leak (17).

The failure of the TRP to fall is probably related 

to the introduction of a second variable into this ex

periment, e.g., the reduction in dietary phosphate. Bern

stein, et al . , showed a marked increase in TRP when the 

diet contained only 350 mgm of phosphate per day (15). 

Also, in a review of the literature by Irving (87), other 

studies with reduced phosphate intakes with a marked in

crease in TRP are cited.
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Therefore, it would seem that even in the face of 

an elevation of PTH which would maintain a normal serum 

calcium the TRP could rise. Presumably this is a re

flection of the body's ability to adjust to a reduced 

phosphate intake present in addition to the low calcium 

intake of this study.

.2 !•;#/? c .
661 0
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Summa ry

The changes in the serum cal.ci urn and phosphorus 

were studied during a period of low calcium intake.

While the serum calcium level was maintained, presumably 

because of an increase in the secretion of parathyroid 

hormone, no change in serum phosphorus levels were 

seen consistently.

The ability of the serum phosphorus to remain at 

a normal level at this time possibly is due to release 

of phosphorus from the soft tissue's stores of the 

el ement.

The body of the text also discusses the adaptation 

of the body to the dietary reduction of both calcium 

and phosphorus, the use of tartrates to prevent absorp

tion of calcium, and the tubular reabsorption of phos

phorus during adequate and reduced calcium intakes.
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