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INTRODUCTION

Because of the important role phosphate plays
in many body functions and since phosphate ab-
sorbed in excess of body needs is excreted mainly
by the kidneys, detailed studies of renal excretion
of phosphate have been made in dogs and in adult
human subjects, especially by Pitts and his co-
workers (1-3). Mechanisms involved in renal
excretion of phosphate in young infants are of
interest for additional reasons. The serum phos-
phate concentration is higher in young infants than
in adults and especially so in infants receiving
cow's milk of high phosphorus content (4). This
high serum phosphate concentration in young in-
fants has been attributed to a limitation in renal
excretion of phosphate (4-7) and has been impli-
cated as a factor of importance in hypocalcemic
tetany of the newborn (8, 9). In addition, it has
been suggested that "the paucity of phosphates in
infant urines must be a great handicap to them
in excreting acids and may explain many of the
accepted facts about their susceptibility to an aci-
dosis" (10). A limitation in renal excretion of
phosphate in young infants is implied as under-
lying these physiologic consequences. However,
the renal mechanisms responsible for such a limi-
tation, if indeed it exists, have not been described.
The present investigations were undertaken to
examine more completely the renal excretion of
phosphate in young infants.
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SUBJECTS AND METHODS

Twenty-two series of observations were made on a
total of 19 subjects including two normal adults, one pre-
mature infant and 16 full-term newborn infants. The
clinical diagnosis of neonatal tetany had been made in
seven of the infants (TR, AC, EU, EN, MI, GU, and
BH) because of hypocalcemia and increased neuromuscu-
lar irritability with or without convulsions. In these
infants observations were performed prior to the institution
of specific therapy. The remaining nine infants were
normal newborn infants.

All infants received cow's milk formulas of similar ca-
loric, calcium, and phosphorus content. In addition
each received 14,000 units of Vitamin A, 2,500 units of
Vitamin D, and 50 mg. of ascorbic acid daily after the
sixth neonatal day. Observations were made in the
morning at least three hours after feedings, and subjects
were fasted throughout experimental periods. Blood
specimens were drawn from scalp and peripheral veins
into syringes coated with mineral oil. Hemolysis was
negligible. Standard technics were used for determina-
tion of calcium in serum (11) and phosphorus in serum
and urine (12).
With one exception (FL) in which only endogenous

creatinine clearances were done, glomerular filtration
rate (GFR) was measured in all observations on in-
fants by the clearance of inulin, using the catheteriza-
tion technic previously described (13). In I1 observations,
inulin was given by continuous infusion and in seven by
single injection. In observations on the two normal
adults, urines were obtained by spontaneous voidings.
To determine excretion of phosphate unaffected by ex-

perimental procedures (i.e., inulin infusion, parathormone
injection, etc.) GFR was estimated by the endogenous
creatinine clearance corrected by the creatinine: inulin
clearance ratio, measured later in the same observation in
all but one instance (FL). The creatinine: inulin clear-
ance ratio is derived from the average value for each of
these functions measured simultaneously during the ex-
perimental procedure. The validity of this method of es-
timating GFR in the absence of infusions is attested to by
CCZ: CIN mean ratio for the total observations of 1.03
(Table II).

PROCEDURES

The concentration in serum and rate of urinary excre-
tion of inorganic phosphate was measured simultaneously
with estimations of GFR under the following conditions:
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1) At endogenous serum inorganic phosphate concen-

tration in nine infants and in the two adults. The serum

phosphate concentration was below the accepted upper

limit of normal, 2.5 mM/L., in five infants, all of whom
were normal; it was above this value in four of the in-
fants, three of whom had neonatal tetany, and one of
whom was normal.

2) In six normal newborn infants (VA, MC, GO, RI,
HO, RY) whose serum phosphate concentration was ele-
vated by a single oral dose of phosphate (0.5 to 1.5 gm.
Na2HPO,/Kg.) administered in water by savage. The
larger dose regularly produced frequent loose stools. Se-
rum phosphate was elevated to levels of 4.0-4.7 mM/L.
in one to two hours. The change in serum phosphate
during individual collection periods (15-20 minutes) did
not exceed 0.7 mM/L. and was 0.3 mM or less in most
periods. Hypocalcemia of varying degrees developed in
association with the induced hyperphosphatemia. Though
serum calcium fell to as low as 1.6 mM/L. (6.4 mg./100
ml.) no infants developed clinical signs of tetany.

Similar observations with single feedings of phosphate
were made in one normal infant (RY), before and after
a period of ingestion of aluminum hydroxide gel (daily
dosage of 6.4 ml./Kg.) for five days.

3) Before and after intravenous injection of parathy-
roid extract in three normal infants (SH, GO, and' FL)
and in four infants with neonatal tetany (TR, AC, EN,
EU).

RESULTS

A. Observations on renal phosphate excretion in
relation to endogenous serum phosphate con-

centration
Values for serum phosphate concentrations and

rates of filtration, reabsorption and excretion of

phosphate together with- the creatinine: inulin
clearance ratios and corrected creatinine clearances
in nine infants who had no preceding treatment
which might affect these functions are presented
in Table I.
The results show rather wide variations in indi-

vidual values for rates of filtration, reabsorption,
and excretion of phosphate in the nine infants.
Differences in rates of excretion (and reabsorp-
tion) of phosphate were not related, however, to
differences in endogenous serum phosphate con-

centration. In the five infants whose serum phos-
phate concentrations were 2.5 mM/L. or less, mean
values for rates of phosphate filtered, reabsorbed,
and excreted were 17.9, 15.4, and 2.5 micromols/
min. compared with values of 17.4, 15.1, and 2.3
in the four infants with higher concentrations of
serum phosphate. If the rate of phosphate excre-

tion is expressed as the fraction of filtered phos-
phate excreted, a similar range and mean value is
found in the two groups. Thus, though the two
groups differ in their serum phosphate concen-

trations they show no related differences in filtered
phosphate load or its disposition. Since filtered
phosphate is the product of serum phosphate con-

centration and glomerular filtration rate, the fact
that the groups fail to show differences in filtered
phosphate implies that glomerular filtration rate is
lower on the average in those infants with higher
serum phosphate concentrations.

TABLE I

Renal excretion of inorganic phosphate in relation to endogenous serum phosphate concentrations in newborn infants
CCR/CIN represents the ratio of mean values for CCR and CIN for all periods (3-11) in each observation during which

simultaneous measurements were made. Corrected CCR is the mean CoR of the pre-infusion periods (1-3) corrected by
this ratio. Values given for phosphate also represent mean values for the pre-infusion periods.

Phosphate (micromols/min.)
Subject Clinical Serum COR/CIN Corrected CP/CINstatus CC/CN CCR.

Filtered Reabsorbed Excreted

mM/L. ml./min.
FL Normal 2.2 6.3* 13.9 12.1 1.8 .13
SH Normal 2.3 0.95 7.8 17.9 15.6 2.3 .13
GO Normal 2.3 1.05 9.1 20.9 18.8 2.1 .10
RI Normal 2.4 1.06 8.6 20.6 16.5 4.1 .20
GD Normal 2.5 1.00 6.5 16.3 14.0 2.3 .14

Mean 2.3 1.02 7.7 17.9 15.4 2.5 .14

AC Tetany 2.7 0.88 6.7 18.1 15.9 2.2 .12
BO Normal 2.8 1.02 6.9 19.3 17.1 2.2 .11
EU Tetany 2.9 0.90 6.2 18.0 15.4 2.6 .14
EN Tetany 2.9 1.00 4.9 14.2 12.0 2.2 .15

Mean 2.8 0.95 6.2 17.4 15.1 2.3 .13

* In this single instance in which no inulin clearance was done, the endogenous creatinine clearance was corrected
by the mean creatinine:inulin ratio (1.03) determined in observations on the other infants (see Table II).
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TABLE II

Relation of endogenous serum phosphate concentrations to glomerular filtration rate in newborn infants

Subject Clinical Age Weight S. A. Serum CIN CCR CIN/CCR

days Kg. mg mM/L. mi.1/mi. m .1min.
VA Normal M 10 3.46 .23 2.1 6.3 6.7 1.06
MC Normal M 14 4.10 .27 2.3 8.4 9.3 1.11
SH Normal M 10 3.25 .22 2.3 8.5 8.1 0.95
GO Normal M 11 3.60 .24 2.3 8.6 9.0 1.05
RI Normal M 14 3.78 .25 2.4 7.1 7.5 1.06
GD Normal F 6 3.30 .23 2.5 6.5 6.5 1.00

Mean 10.8 3.60 0.24 2.3 7.6 7.9 1.04

TR Tetany F 8 3.00 .21 2.7 4.2 3.7 0.88
AC Tetany M 7 3.37 .23 2.7 6.7 5.9 0.88
BO Normal F 16 4.48 .29 2.8 6.5 6.6 1.02
EU Tetany M 12 3.83 .25 2.9 7.0 6.3 0.90
EN Tetany M 5 3.20 .22 2.9 5.2 5.2 1.00
MI Tetany F 19 4.20 .27 3.0 6.5 7.8 1.20
GU Tetany M 14 3.72 .25 3.0 7.5 8.3 1.11
BH Tetany F 8 3.20 .22 3.1 4.9 5.7 1.16

Mean 11.1 3.63 0.24 2.9 6.1 6.2 1.02

The values for glomerular filtration rates and The two groups have the same mean value for sur-
endogenous serum phosphate concentrations in 14 face area, 0.24 M2; hence the difference in rate of
of the infants are presented in Table II, together glomerular filtration is not a reflection of differ-
with pertinent clinical data. Inulin clearances for ences in surface area.
six infants, whose endogenous serum phosphate
concentrations were known but whose control B. Effect of induced acute elevation of serum phos-rates of phosphate excretion were not measured, hate on renal mechanisms of phosphate
are included in this table. excretion
The mean value for inulin clearances in the six

infants whose serum phosphate concentrations Since we failed to observe a relationship between
were 2.5 mM/L. or less was 7.6 ml./min. com- the rate of tubular reabsorption of phosphate and
pared with a value of 6.1 in eight infants with se- endogenous serum phosphate concentration in
rum phosphate concentrations above 2.5 mM/L. these infants, the study of the maximal or limiting

TABLE III

Effect of rapid elevation of serum phosphate concentration on renal excretion of phosphate in an infant

P (micromolsfmin.)
Subject Period EId Seru CINCm CP CPCtime cI c .c pc

Filtered Reabsorbed Excreted

mix. mM/L. ml./min. ml./min. ml./min.
RI 1 0-30 2.5 8.3* 8.8 20.8 16.6 4.2 1.68 .20

2 weeks 2 31-58 2.4 8.8* 9.3 21.1 17.1 4.0 1.67 .19
3.78 Kg. I

3.78Kg. Single injection of inulin at
65 m.in

1.8 gm. Na2HPO4 at 72 min.
3 121-143 3.5 7.3 7.7 25.6 14.3 11.3 3.23 .44
4 144-163 4.1 7.1 7.6 29.1 13.7 15.4 3.76 .53
5 164-185
6 186-205 4.4 6.8 7.6 29.9 12.4 17.5 3.98 .59
7 206-225 4.2 7.5 7.2 31.5 13.9 17.6 4.19 .56

* Values calculated from endogenous creatinine clearance corrected on the basis of subsequently determined
creatinine:inulin clearance ratio.
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rate of tubular reabsorption of phosphate was
attempted.

Pitts and Alexander (1) demonstrated a rela-
tively stable limiting rate of phosphate reabsorp-
tion in dogs when sufficient inorganic phosphate
was infused to increase rate of filtration of phos-
phate well above the maximal rate of tubular reab-
sorption of phosphate. Assuming that differences
in maximal or limiting rates of phosphate reabsorp-
tion (as distinguished from rate of reabsorption at
endogenous serum phosphate concentrations)
could exist in these infants, observations on in-
fants were made before, during, and after rapid
elevation of serum phosphate.
The protocol of a typical observation (RI) is

shown in Table III. The calculated rate of reab-
sorption did not change significantly though a
marked increase in rate of filtration of phosphate
occurred with elevation of serum phosphate. The
increase in rate of filtration of phosphate was con-
sequently associated with an equivalent increase in
phosphate excretion. The significant finding was
the absence of an increase in rate of tubular reab-

sorption of phosphate as serum phosphate was ele-
vated. The pattern of response in six normal in-
fants (VA, MC, GO, RI, HO, RY) is shown
graphically in Figure 1. All values were corrected
to 1.73 M2 for comparison. The linear relation-
ship between increasing rates of filtration and ex-
cretion of phosphate defines a limited rate for phos-
phate reabsorption. The finding of a limited or
maximal rate for phosphate reabsorption in these
infants is in agreement with the observations of
Pitts and Alexander (1) and Harrison and Har-
rison (14) in adult human subjects and dogs. The
maximal rate for phosphate reabsorption at ele-
vated serum phosphate concentrations in these in-
fants receiving cow's milk of high phosphate con-
tent did not differ significantly from the rate of
reabsorption at their endogenous concentrations
of serum phosphate. Since the rate of phosphate
reabsorption is apparently independent of rapid
increases in serum phosphate, the endogenous value
for tubular reabsorption under these circumstances
is identical with the physiologic maximal or limit-
ing rate of phosphate reabsorption.
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FIG. 1. ErFnCT OF RAPID ELEVATION OF SERUM PHOSPHATE CONCENTRATION ON RENAL
EXCRETION OF PHOSPHATE IN SIX INFANTS

Symbols designate values for rates of filtration (open squares), reabsorption (dots)
and excretion (open circles) of phosphate.
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C. Effect of reduced intestinal absorption of phos-
phate on renal excretion of inorganic phos-
phate

The administration of aluminum hydroxide gel
has been shown to reduce markedly the amount of
dietary phosphorus available for intestinal ab-
sorption and to decrease urinary excretion of phos-
phate (15, 16). Accordingly this drug induces
a state which may be considered comparable to
that obtaining with low dietary intake of phosphate.
Advantage was taken of this effect to examine the
accompanying changes in renal excretion of in-
organic phosphate in one normal infant (RY).
Values for serum phosphate, glomerular filtration
rate and renal excretion of phosphate observed in
subject RY before and after he had received alumi-
num hydroxide gel for five days are given in Table
IV. In addition after control periods in each
observation, serum phosphate was elevated by
phosphate ingestion. Although serum phosphate,
glomerular filtration rate and consequently filtered
phosphate are quite comparable in the two ob-
servations, a striking difference is observed in
phosphate reabsorbed and excreted. In the second

observation at endogenous serum phosphate con-
centrations, almost no phosphate was being ex-
creted into the urine, which in the presence of an
unchanged rate of filtration of phosphate repre-
sents a marked increase in rate of tubular reab-
sorption of phosphate. At both endogenous and
elevated concentrations of serum phosphate the
rate of tubular reabsorption is markedly increased
following aluminum hydroxide gel. This change
in rate of tubular reabsorption has reduced by over

50 per cent the rate at which a large load of phos-
phate is excreted.
These data indicate that reduction in dietary

phosphorus is accompanied by decreased phos-
phate excretion due to increased tubular reabsorp-
tion of phosphate with no change in serum phos-
phate concentration. Furthermore, it appears that
the limiting rate of phosphate reabsorption which

5 It should be pointed out that these changes in reab-

sorption have been demonstrated to be independent only
of the fasting endogenous serum phosphate concentration.
It is possible that reduction in dietary intake might influ-
ence diurnal variations in serum phosphate (16), which in
turn might be concerned in the factors regulating reab-

sorption.

TABLE IV

Renal excretion of phosphate at endogenous and rapidly elevated serum phosphate concentrations before (A)
and after (B) administration of aluminum hydroxide gel

P (micromols/min.)
Subject Period Elapsed Serum CIN CCR P_ CP/CIN

Filtered sorbed Excreted

min. mM/L. ,nl./min. d.1/min. mi./min.
RY 1 0-24 2.3 4.5* 4.5 10.4 8.2 2.2 0.96 .21

3 mos. 2 25-57 2.3 4.6* 4.6 10.6 8.7 1.9 0.83 .18
2.10 Kg.
Norma7 50l | Continuous infusion of inulinpremature at 48 min.A 3/17/SO 0.63 gm. Na2HPQ4 at 67 min.

3 117-136 3.2 4.3 4.3 13.8 6.1 7.7 2.41 .56
4 137-156 3.4 3.9 3.7 13.3 5.8 7.5 2.21 .57
5 157-176 3.5 4.6 4.7 16.1 7.4 8.7 2.49 .54
6 177-196 3.3- 3.9 3.8 12.9 6.6 6.3 1.91 .49

RY 1 0-20 2.4 4.8* 4.8 11.5 11.4 0.1 0.04 .01
2.02 Kg. 2 21-39 2.4 5.7* 5.8 13.7 13.6 0.1 0.04 .01
3/24/50

Continuous infusion of inulin
B at 34 min.0.61 gm. N42HPO0 at 41 min.

3 118-137 3.8 4.3 4.2 16.3 12.8 3.5 0.92 .21
4 158-178 3.6 3.8 3.9 13.7 10.3 3.4 0.94 .25
5 179-198 3.4 4.0 4.0 13.6 10.3 3.3 0.97 1 .24

* Values calculated as explained in Table III.
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is demonstrable under given conditions is a physio-
logic reflection of homeostatic adjustments and
is not a specific tubular function independent of
hormonal and metabolic influence.

D. Effect of parathyroid extract on renal excre-

tion of phosphate
The effect of parathyroid extract on serum phos-

phate concentration, glomerular filtration rate and
renal excretion of phosphate was consistent in all
observations made on each of seven infants (SH,
GO, FL, TR, AC, EU, EN). The protocol of a

typical response is given in Table V (EU). Data
from an infant (GU) not given parathyroid ex-

tract but treated similarly in every other respect
are included in Table V as a control observation.
A significant increase in phosphate excretion regu-

larly followed the intravenous injection of 15 units
of parathyroid extract. In a single observation

(FL), no response followed 10 units of parathy-
roid extract given intravenously. The magnitude
of the response was independent of the endogenous
serum phosphate concentration. As can be seen

from Table V, the observed increases in phosphate
excretion could not be accounted for by increases
in glomerular filtration rate or serum phosphate
concentration but could be attributed only to sig-
nificant decreases in rate of phosphate reabsorp-
tion. The changes observed in phosphate reab-
sorption and excretion following parathyroid ex-

tract exceeded spontaneous or diurnal changes or

experimental variations as can be judged from the
control observation presented.

These observations support the findings of
Harrison and Harrison (14) and Michie and
Shorey (17) that one effect of parathyroid ex-

tract administered intravenously is to increase re-

nal excretion of phosphate by decreasing the rate

TABLE V

Afect of intravenous injection of parathyroid extract on renal excretion of phosphate
B. Control observation

P (micromols/min.)

Subject Period Elapsed Serum CIN CCR CP CPICINtime CP CR-Reab--Cp p/I
Filtered sorbed Excreted

min. mM/L. ml./min. ,n./mir. ml./min.
EU 1 0-26 2.9 6.2* 5.6 18.0 15.5 2.5 0.86 .14

12 days -

3.83 Kg. Continuous infusion of inulin
Tetany at 32 min.

2 27-50 2.8 7.7* 6.9 21.6 18.2 3.4 1.21 .16
A 3 51-74 2.7 8.4* 7.6 22.7 19.1 3.6 1.33 .16A | 4 75-115 2.7 6.2 6.1 16.7 13.5 3.2 1.19 .19

PTH 15 units at 117 min.

5 116-134 2.6 6.5 5.5 16.9 12.3 4.6 1.77 .27
6 135-154 2.5 7.3 6.5 18.3 12.9 5.4 2.16 .30
7 155-174 2.4 7.2 6.3 17.3 12.6 4.7 1.96 .27
8 175-194 2.4 8.4 7.3 20.2 14.8 5.4 2.25 .27

GU 1 0-11 3.0 7.9* 8.3 23.7 18.0 5.7 1.90 .24
14 days 2 12-36 3.0 8.6* 9.0 25.8 19.7 6.1 2.03 .24
3.72 Kg. 3 37-55 3.1 8.0* 8.4 24.8 18.9 5.9 1.90 .24

Continuous infusion of inulin
at 71 min.

4 56-96 3.0 6.8* 7.2 20.4 15.8 4.6 1.53 .23
5 97-125 2.9 8.0* 8.4 23.2 18.0 5.2 1.79 .22
6 126-145 2.8 7.9 8.6 22.1 16.9 5.2 1.86 .24
7 146-165 2.7 6.9 7.2 18.6 14.2 4.4 1.63 .24
8 166-185 2.7 7.8 7.9 21.1 16.4 4.7 1.74 .22

* Values calculated as explained in Table III.
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TABLE VI
Comparison of renal excretion of phosphate at endogenous serum phosphate concentrations in infants, children, and adults

Phosphate
(mscromods/mmi.f1.73 MU)

Subjects Number GFR Stnru_ Clearance CPICu
Filtered sorbed Excreted

1.73 M2 mM/L. 1.73 Ms
Newborn infants (cow's milk) 5 55.5 2.34 129.0 111.0 18.0 7.7 .14
Newborn infants* (cow's milk) 3 38.2 2.55 97.4 79.2 18.2 7.1 .19
Newborn infantst (human milk) 9 1.98 -6.0 3.0
Children* 6 116.6 1.65 192.4 167.0 25.4 15.4 .13
Adults 2 133.3 1.15 153.3 144.7 8.6 7.5 .06
Adults$ 10 113.2 1.04 117.7 113.3 4.4 4.2 .04
Adults 4 - 1.03 1- 13.3 12.9 -

* Richmond, Kravitz, Segar, and Waisman (7).
t Dean and McCance (6).
$ Lambert, van Kessel, and Leplat (22).
J Ollayos and Winkler (23).

of tubular reabsorption. This effect has been dis-
puted by others (18, 19). These data also con-
firm the unpublished observations of Crawford,
Osborne, Talbot and Terry (20) that in newborn
infants, an increased rate of renal phosphate excre-
tion occurs in response to exogenous parathyroid
extract.

E. Comparison of renal excretion of phosphate in
newborn infants and adults

The finding of Dean and McCance (6) that
phosphate clearances are much lower in newborn
infants than in adults has been interpreted as evi-
dence of a limitation of the infant's ability to ex-
crete phosphate in comparison with adults. Table
VI shows interesting quantitative differences be-
tween infants and normal adults in the mechanisms
for renal excretion of inorganic phosphate. Sur-
face area appears to provide the best standard of
reference for comparing renal functions in sub-
jects of different sizes (21). Mean values for
rates of filtration, reabsorption, and excretion of
phosphate and phosphate clearances corrected to
1.73 M2 observed in the five infants whose en-
dogenous serum phosphate concentrations ranged
from 2.1 to 2.5 mM/L. are included in Table VI.
These data are chosen for comparison with adult
values because the serum phosphate concentrations
in these infants represent the normal range for
infants receiving cow's milk. Included in Table
VI are mean values for ten normal adults reported
by Lambert, van Kessel, and Leplat (22) ; for three
normal adults and one with mild essential hyper-

tension reported by Ollayos and Winkler (23);;
for six older children and three newborn infants
reported by Richmond, Kravitz, Segar and Wais-
man (7); and for nine infants observed by Dean
and McCance (6) ; together with two normal adults
studied by the present authors.

It is apparent from Table VI that, on the basis of
surface area, newborn infants can excrete phos-
phate at a higher rate than fasting adults even
though glomerular filtration rate in the infants is
less than one-half that of adults. In the infants re-
ported here higher rates of excretion are due to
higher serum phosphate concentrations and lower
rates of tubular reabsorption of phosphate. Phos-

6 Ollayos and Winkler (23) have demonstrated a marked
diurnal variation in rate of phosphate excretion. Al-
though it it not known whether infants show similar
fluctuations, for purposes of comparison the values taken
from Ollayos and Winkler represent their control pe-
riods (1 to 4) extending from 65 to 360 minutes after
the observations were begun (about 7:00 a.m.). This
range of time covers the period during which observa-
tions on infants and adults were made in the present
study.

It is not possible to compare the values given in Table
VI with those on adults reported by Dean and McCance
(6). They confirmed the finding of diurnal variations in
adults but did not give values for individual periods for
most of their adult subjects. In their subjects Nos. 14
and 15, for whom forenoon values were given, the phos-
phate clearances were 6.5 and 6.6 ml./min., respectively,
which are in the same range as those of Richmond, Kravitz,
Segar, and Waisman (7), Lambert, van Kessel, and
Leplat (22), and Ollayos and Winkler (23), and those
reported here.
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phate clearances, however, are in the same broad
range.
These quantitative differences in renal excretion

of inorganic phosphate between newborn infants
receiving cow's milk and fasting adults should not
be interpreted as indicating differences in renal
function per se. Gardner and his associates (4)
have demonstrated that phosphate excretion and
consequently phosphate clearances vary markedly
with phosphate intake. It is apparent from the
data of Dean and McCance (6) (Table VI) ob-
tained from infants receiving human milk (4) that
under other circumstances newborn infants may
not be excreting phosphate at rates as high as
adults.

DISCUSSION

Renal retention of phosphate implies either ab-
normally decreased filtration or increased tubular
reabsorption of phosphate or a combination of both.
The occurrence of elevated serum phosphate

concentrations in young infants receiving cow's
milk of high phosphate content has been attributed
to a limitation in renal excretion of phosphate due
either to renal immaturity per se or insufficient
parathyroid activity or a combination of both. In
a group of infants on similar intakes of phosphate
we have observed no apparent relationship between
rate of phosphate excretion and serum phosphate
concentrations.

Infants with widely varying serum phosphate
concentrations were found to be filtering, reabsorb-
ing, and excreting phosphate at rates which were
in general comparable. Insofar as the rate of phos-
phate reabsorption is a measure of parathyroid ac-
tivity, these data indicate that differences in endog-
enous parathyroid activity do not account for dif-
ferences in serum phosphate concentrations in
these infants. On the other hand, a relationship
does seem to exist between elevation of serum
phosphate and lower rates of glomerular filtration.
It would appear, therefore, that infants receiving
high intakes of phosphate, who have low rates of
glomerular filtration, excrete the required amount
of phosphate by elevation of serum phosphate
concentration rather than by further lowering of
the rate of tubular reabsorption, which in relation
to phosphate filtered is less than that observed in
adults.
Why infants with lower rates of glomerular fil-

tration do not have lower rates of tubular reab-
sorption which would permit the same excretion at
lower serum phosphate concentration, cannot be
answered at present. Conceivably, failure to fur-
ther reduce the rate of tubular reabsorption could
be due, as suggested by Dean and McCance (6),
to inherent renal glomerular-tubular imbalance
or to either inadequate parathyroid activity or de-
creased responsiveness to parathyroid hormone.
We observed no difference in the response of in-
fants with different serum phosphate concentrations
to similar amounts of exogenous parathyroid ex-
tract. If this circumstance were to be attributed
to altered parathyroid function, it would appear
to represent inadequate compensatory hyperpara-
thyroidism (24, 25) rather than absolute hypo-
parathyroidism since the fraction of filtered phos-
phate excreted by infants is higher than that in
adults (Table III) and is similar in all infants
(Table I).

Intestinal absorption of phosphate directly af-
fects rate of renal excretion of phosphate as dem-
onstrated by observations made in a single in-
fant before and after a five-day period of reduced
intestinal absorption of phosphate. After alu-
minum hydroxide gel, phosphate practically disap-
peared from the urine although there was no change
in endogenous serum phosphate concentration 5 or
glomerular filtration rate. Similarly, the small
quantities of phosphate in urines of infants on
breast milk may be considered a consequence of
the low dietary phosphate intake and high meta-
bolic demand. It is only under such circumstances
that a low renal excretion of phosphate would, by
reducing the rate of excretion of buffer base (26),
influence the susceptibility of young infants to aci-
dosis. Perhaps of greater interest is the fact that
the "ability" of a single infant to excrete a large
load of ingested phosphate was markedly de-
creased due wholly to increased tubular reabsorp-
tion following a period of low intake of phosphate.
The "ability" of an infant to excrete phosphate is
thus markedly influenced by dietary intake of
phosphate as well as by the degree of "maturity"
of renal function.

It is difficult to attempt to compare infants with
adults in respect to their "ability" to excrete phos-
phate. Under the conditions of the present ob-
servations and with values corrected on the basis
of surface area, these infants receiving cow's milk
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excreted phosphate at higher rates than adults
and had values for phosphate clearances in the
same range. This observation is in disagreement
with the conclusions of Dean and McCance (6).
However, their observations were made on infants
receiving breast milk. "Average values" for clear-
ances of electrolytes cannot be interpreted in the
same sense as clearances representing discrete kid-
ney functions. Differences in intake, retention,
hormonal status, metabolic demand and perhaps
other factors complicate the problem so that com-
parisons of "average values" for electrolyte clear-
ances in infants and adults have limited signifi-
cance.

SUMMARY AND CONCLUSIONS

The concentration in serum and the rate of
urinary excretion of inorganic phosphate were
measured simultaneously with estimations of glo-
merular filtration rate in 17 infants and in two
adults. The newborn infants included two groups
defined by the presence of a normal or elevated
endogenous serum phosphate concentration.
Seven of the infants in the latter group had neo-
natal tetany.

Observations were made under one or more of
the following conditions: 1) at endogenous con-
centrations of serum phosphate; 2) at elevated con-
centrations of serum phosphate resulting from oral
ingestion of phosphate; 3) before and after a period
of decreased intestinal absorption of phosphates
achieved by ingestion of aluminum hydroxide gel;
and 4) before and after the intravenous adminis-
tration of parathyroid extract.
The observations are interpreted as indicating

that: 1) differences in serum phosphate concen-
trations in normal infants on similar diets may re-
flect differences in rates of glomerular filtration but
cannot be related to differences in rates of renal
excretion or tubular reabsorption of phosphate;
2) insofar as the rate of phosphate reabsorption
is a measure of parathyroid activity, differences in
endogenous parathyroid activity do not account
for differences in serum phosphate concentrations
in these infants; 3) a maximal rate of tubular re-
absorption of phosphate can be demonstrated in
young infants, and infants on cow's milk are reab-
sorbing phosphate at this maximal rate; 4) changes
in this maximal rate of tubular reabsorption of
phosphate may be evoked by changes in intestinal

absorption of phosphate; 5) the renal response of
young infants to parathyroid extract given intra-
venously is similar to that of adults; and 6) al-
though infants receiving cow's milk can excrete
phosphate at a higher rate per unit surface area
than fasting adults, so many non-renal factors in-
fluence the rate of renal phosphate excretion that
comparisons between infants and adults do not
afford a measure of their comparative renal "abil-
ity" to excrete phosphate.
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