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The intravenous administration of fluids of high
concentrations of sodium salts of anions not reab-
sorbed by the kidney tubules results, in normal
adults (1-3) and children (4), in the excretion of
the anions covered principally by sodium. How-
ever, in patients with nephrosis (1, 4-6) and in
normal subjects given ACTHor cortisone (2, 3),
potassium replaces sodium to a variable extent in
covering these anions. In the normal dog, as in
man, these unreabsorbed anions are excreted cov-
ered principally by sodium. However, experi-
mentally decreasing glomerular filtration rate
(GFR) acutely in the dog results to a large extent
in the replacement of sodium by potassium when
sodium salts of these anions are given (7, 8).

Several of these conditions under which sodium
salts of unreabsorbed anions are excreted covered
principally by potassium rather than by sodium ob-
tain in the healthy premature infant. Thus, it has
been observed that the premature infant does not
excrete excess sodium as rapidly as the adult (9,
10) which may account for the greater tendency
of the premature infant to become edematous. In
addition, per unit surface area or per gram of kid-
ney weight, GFRis lower in the premature infant
than in the adult (11). For these reasons, it
seemed of interest to observe the response of the
premature infant to the administration of fluids
of high concentrations of sodium salts of anions
not reabsorbed by the kidney tubules. The results
indicate that the premature infant, like the normal
adult, excretes the unreabsorbed anions covered
principally by sodium.

1 This investigation was supported in part by research
grants from The National Institute of Arthritis and Meta-
bolic Diseases of the National Institutes of Health, Pub-
lic Health Service (A-389) and from The Playtex Park
Research Institute.

PROCEDURE

Eight series of observations were made on eight pre-
mature infants ranging in age from 12 to 71 days, in
weight from 1964 to 2212 Gm., and in surface area from
0.155 to 0.167 M'. All observations were made in an air-
conditioned metabolism unit in which temperature and
humidity were maintained at 23° C. and 50 per cent, re-
spectively, and technics previously described (12) were
used for collecting blood and urine samples in premature
infants.

The premature infants were receiving half-skimmed
cow's milk formulas and were offered an additional 30 ml.
of water following each of the last three feedings pre-
ceding the observations. The usual procedure was to
collect urine for one or two control periods after which
priming and sustaining infusions of inulin, sodium chlo-
ride, p-aminohippurate (PAH) and, in most instances,
thiosulfate (S,O,) were given (see protocols for dosages
and details of each observation). Blood samples were
drawn after the control period, after an equilibration pe-
riod of approximately one hour and at the completion of
the observations.

Serum and urine were analyzed for inulin (13), PAH
(14), S20,2 (15), sodium (16), potassium (16), chlo-
ride (17-19), bicarbonate (20), and phosphate (21);
ammonium ion (22), titratable acid (titrated potentio-
metrically to pH 7.4), and pH were measured only in

2 Because of the low GFRand TmPAHin the prema-
ture infant, it was not possible even at high concentra-
tions in serum to achieve concentrations of either thio-
sulfate or PAH in urine comparable to those obtained
in adults. For this reason, sodium salts of these two
unreabsorbed anions were given together to subjects 3-7.
The reported interference (23) in the measurement of
thiosulfate by high concentrations of PAH in filtrates of
blood was not observed. On the other hand, falsely high
values of thiosulfate were found in urines containing high
concentrations of PAH. This difficulty was overcome by
using the indirect method for urine with the precaution of
always providing an adequate excess of iodate. By em-
ploying this procedure, good recoveries of thiosulfate were
obtained from urines containing concentrations of thio-
sulfate and PAHwithin the range of values encountered
in these observations.
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urine. As indicated in the protocols, not all of these
measurements were made in each observation.

GFRwas estimated in each observation from the clear-
ance of inulin (CIN) during two or three urine collection
periods following equilibration. Rates of excretion of
electrolytes were calculated as microequivalents (iAEq.)
per min. Because of variation in the duration of the pe-
riods, mean values were calculated by weighting each
value by the duration of the period.

RESULTS

The results of a typical observation are shown
graphically in Figure 1 and protocols for each of
the eight observations are given in Table I. Val-
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of excretion of chloride and phosphate which made
up only 39 per cent of the total measured 8 anions
excreted during the infusion. The major fraction
(mean: 61 per cent) of the total measured anions
excreted during the infusions consisted of PAH
and S20B and the increase in the absolute rate of
excretion of sodium was more than sufficient to
cover these unreabsorbed anions. Thus, during
the control periods the per cent of anions (calcu-
lated as the sum of Cl and HPO4) covered by so-
dium ranged from 30 to 43 per cent and by potas-
sium from 46 to 97 per cent. During infusions of
PAHand S203, the per cent of anions (calculated
as the sum of Cl, HPO4, PAH, and S203) covered
by sodium ranged from 68 to 87 per cent and by po-
tassium from 13 to 25 per cent. The per cent of
anions covered by sodium increased from a mean
value of 35 per cent during the control periods to
80 per cent during the infusions while the per cent
covered by potassium decreased from 63 to 21
per cent.

In the one observation (Subject 8) in which only
sodium chloride was given, the changes in the
per cent of anions covered by sodium and potas-
sium were in the same direction as those which oc-
curred during the infusion of PAH and S203.
However, as expected, the magnitude of the
changes was smaller.

FIG. 1. EFFECT OF INFUSION OF UNREABSORBEDANIONS
ON ELECTROLYTE EXCRETION IN A PREMATUREINFANT
(SUBJECT P. U.)

ues for CIN in this group of premature infants
ranged from 3.6 to 6.5 with a mean of 4.8 ml. per
min. Per 1.73 M2, these values represent a range
from 32 to 59 per cent of the adult mean value and
are similar to those previously reported (9). The
administration of sodium salts of PAHand S20,
altered the renal excretion of electrolytes as fol-
lows:

Effect on sodium and potassium excretion

In each of the five observations (3-7) where
sodium salts of PAHand S20s were given, there
was an increase during the infusion in the absolute
rates of excretion of sodium and potassium. How-
ever, the increase in rate of excretion of potassium
was not even sufficient to cover the increased rate

Effect on other electrolytes

The rate of excretion of chloride increased in
each observation. Although the rate of excre-
tion of phosphate during PAHadministration did
increase over the control value in six of seven
observations, in only one instance was the in-
crease greater than two-fold.' Where measured,
there were no marked and consistent changes in
pH of the urine or in the rates of excretion of
ammonia (NH4), titratable acid (TA) or bicarbo-
nate (HCOB).

8 During infusions of thiosulfate, sulfate (24) which is
excreted at a high rate, was not measured.

4 West and Rapoport (25) have reported 2.3 to 16-fold
increases in the rate of excretion of phosphate following
injections of PAH. However, their observations were
made immediately after the injection of single large doses
of PAH whereas here measurements were made during
a continuous infusion and after a priming dose and
equilibration period.
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DISCUSSION

The mechanism by which, under certain condi-
tions, the renal excretion of unreabsorbed anions
(given as sodium salts) is covered principally by
potassium rather than sodium is not clear. The
present observations show that, in spite of a low
GFR, the premature infant, apparently unlike the
dog with an equivalent reduction in GFRinduced
acutely, excretes these anions covered almost
wholly by sodium. Available data suggest that
excretion of PAH and S208 covered principally
by sodium is not due to any specific limitation in
rates of potassium excretion in the premature in-
fant. The highest rate of potassium excretion ob-
served in these infants was 19.6 :&Eq. per min.
representing 45 per cent of the rate of filtration
of potassium. Under other conditions in a similar
group of premature infants, Tudvad, McNamara,
and Barnett (26) observed rates of potassium ex-

cretion as high as 34 and 36 u.Eq. per min., the
former representing a value of 172 per cent of the
rate of filtration.

SUMMARY

In the premature infant, as in the adult, the ad-
ministration of sodium salts of the unreabsorbed
anions, PAHand S203, results in the renal excre-

tion of the anions covered principally by sodium.
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