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Extract

It has been recognized for many years that infants have lower concentrations of bi-
carbonate in plasma than older children and adults, due neither to a limited renal
capacity to excrete hydrogen ion nor to a reduced capacity for reabsorption of bicar-
bonate, but to a low renal threshold for bicarbonate. The purpose of the present in-
vestigation was to determine whether the neonate and young of another species also
could be shown to have a "physiologic acidosis" and, if so, to use this model for ex-
ploration of factors that might influence the threshold for bicarbonate. Mean pH of
blood and concentration of bicarbonate in plasma in 11 young suckling puppies were
7.24 ± 0.018 and 18.2 ± 0.55 mmoles/liter, respectively, levels considerably lower
than those found in adult dogs. In all but one animal pH of urine was below 6.0. In-
asmuch as puppies thus appear to be in a state of "physiologic acidosis" and to have
no limitation in acidification of the urine, we feel that this animal provides a suitable
model for further examination of the characteristics of renal reabsorption and excre-
tion of bicarbonate during immaturity. Titrations of bicarbonate performed in the
usual manner demonstrated a threshold of 17-20 mmoles/liter, with a mean of 18.3.
In the absence of significant volume expansion, maximal rates of reabsorption of bi-
carbonate were not observed despite filtered loads that were double those at threshold.
Fractional excretion of sodium during control periods in animals which were not de-
hydrated averaged 2.9 ± 1.8% compared with 0.16 ± 0.08% in animals which
were slightly dehydrated by their previous treatment with ammonium chloride. In
this group, by replacement of gastric fluid (primarily sodium and potassium chloride)
with a solution of sodium and potassium bicarbonate, renal handling of bicarbonate
at varying filtered loads could be studied in the absence of volume expansion and
with the continued stimulus for reabsorption of sodium. Under these circumstances,
the renal threshold for bicarbonate was found to be markedly increased (25.2 ± 1.12).
Saline was administered to two animals after the threshold had been passed. At any
given level of filtered load the rate of excretion of bicarbonate in urine after admin-
istration of saline greatly exceeded the rate of excretion during gastric suction. The
data in the present study thus indicate that the decreased threshold for bicarbonate
in the young animal is not due to a limitation in intrinsic capacity for reabsorption of
bicarbonate, inasmuch as capacity could be increased markedly under the stimulus
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for extracellular volume contraction, but is a consequence of the various factors that
influence reabsorption of bicarbonate in the proximal portion of the nephron.

Speculation

A major factor influencing reabsorption of bicarbonate in the immature animal may
be the state of tubular avidity for sodium and its rate of reabsorption in the proximal
tubule. In addition to growth and development of this segment of the nephron,
stimulation of reabsorption of sodium by increased availability of aldosterone may
play an important role in the developmental increase in the threshold for bicarbonate.

Introduction

It has been recognized for many years that infants
have lower concentrations of bicarbonate in plasma
than older children and adults. Although it was origi-
nally proposed that this "physiologic acidosis" is sec-
ondary to a limited capacity of the kidney to excrete
the acid load imposed by diet, in 1967 Edelmann et al.
[6] challenged this when they observed no differences
between infants and older children in their capacity to
lower pH of urine and to excrete net acid in response
to loading of ammonium chloride. Furthermore, these
authors performed titrations of bicarbonate in infants
during the first year of life and demonstrated a renal
threshold for bicarbonate ranging from 21.5 to 22.5
mmoles/liter and a maximum rate of tubular reab-
sorption of bicarbonate of 2.6-2.9 mmoles/100 ml of
glomerular filtrate. On the basis of these studies, they
proposed that the "physiologic acidosis" of infancy is
caused neither by a limited renal capacity to excrete
hydrogen ion [23] nor by a reduced capacity for reab-
sorption of bicarbonate, but by a low renal threshold
for bicarbonate. Subsequently, Kildeberg, Engel, and
Winters [12] demonstrated that healthy, growing in-
fants in fact are in balance with regard to hydrogen ion,
providing further evidence that their lower values of
blood pH and concentration of bicarbonate are not
caused by a limitation in renal excretion of acid.

Factors that may contribute to the low renal thresh-
old for bicarbonate in the infant have not been stud-
ied fully. The purpose of the present investigation is
to determine whether the neonate and young of an-
other species also could be shown to have a "physio-
logic acidosis" and, if so, to use this model for explora-
tion of factors that might influence the threshold for
bicarbonate.

Methods

Measurements of base-line acid-base status were made
in 11 suckling mongrel puppies, 1-4 weeks of age, ap-

proximately 4 hr after feeding. Anesthesia was not
used. Urine was collected by suprapubic puncture ot
the bladder. Blood was obtained from the external
jugular vein.

Characteristics of reabsorption and excretion of bi-
carbonate were studied in two groups of eight female
mongrel puppies, 6-8 weeks of age. For the perform-
ance of clearance studies, animals were given curare,
endotracheal tubes were placed, and respiratory rate
and depth were controlled with a small animal respira-
tor to maintain the arterial Pco., at approximately 40
mm Hg. Arterial blood was obtained at appropriate
intervals for chemical analysis. Samples of urine were
collected under mineral oil through an indwelling
catheter, complete emptying being assured by manual
suprapubic compression and air-washout [18].

Puppies in one group were fed regular puppy chow
and had no restrictions in intake of food or water
before study. On the day of study 0.3 N hydrochloric
acid in saline was infused intravenously at a rate of
0.5-0.6 ml/min over a 1- to 2-hr period to lower the
concentration of bicarbonate in plasma to levels well
below the renal threshold. Priming and sustaining
doses of inulin were given intravenously. After two or
three control periods, a solution of hypertonic sodium
bicarbonate was infused intravenously, as in a conven-
tional titration study of bicarbonate, at a rate esti-
mated to raise bicarbonate in plasma 2 mmoles/hr.
The study was continued until threshold was passed,
and it was then continued in four animals until the
concentration of bicarbonate in plasma had exceeded
threshold by at least 10 mmoles/liter.

In the other group of puppies ammonium chloride
was added to the morning feeding 24 hr before study.
These puppies were given no additional water or food
for the next 24 hr. These procedures served to lower
the concentration of bicarbonate in plasma and to pro-
mote a moderate degree of salt and water depletion.
On the day of study, base-line inulin and PAH clear-
ances were done as in the first group. Following appro-
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priate control periods, 2 mg histamine were given, half
subcutaneously and half intraperitoneally. Gastric as-
piration by means of a nasogastric tube was started.
The gastric fluid obtained was analyzed at intervals
and sodium and potassium were replaced quantita-
tively as the bicarbonate salts by slow intravenous in-
fusion. This resulted in a progressive increase in the
concentration of bicarbonate in plasma, with a recip-
rocal decrease in chloride, but no increase in extracel-
lular volume.

Table I. Acid-base status of 1- to 4-week-oId puppies

Puppy

/

2
3
4
5
6
7
8
9

10
11

Mean
SE

pH

7.30
7.265
7.23
7.32
7.165
7.26
7.14
7.22
7.32
7.25
7.22

7.244
0.018

Blood

HCOs,
mmoles/liter

19.7
18.6
17.2
21.9
16.3
18.3
15.6
17.2
20.1
17.7
17.1

18.15
0.55

Pco2,
mm Hg

41.8
42.7
43.0
44.3
44.1
42.8
48.3
44.2
40.8
42.0
43.7

43.5
0.59

Urine, pH

5.91
5.76
5.22
6.91
4.735
5.57
4.645
5.20
5.97
5.51
4.79

5.47
0.20

In two puppies studied according to the same proto-
col, after the bicarbonate threshold had been reached,
isotonic saline was infused intravenously at a rate of
1% of body weight/15 min to observe the effect of
volume expansion.

The analytical methods employed have been re-
ported previously [6]. Statistical calculations were per-
formed by means of Fisher's t test.

Results

Group 1: Acid-Base Stains in Puppies

Data obtained from 11 puppies 1-4 weeks of age are
presented in Table I. The pH of urine ranged from
6.91 to 4.64 with a mean of 5.47. The plasma bicarbon-
ate in these young puppies varied from 16.3 to 21.9
mmoles/liter, with a mean of 18.1. The mean blood
pH was 7.24 and ranged from 7.14 to 7.32.

Group 2: Conventional Titrations of Bicarbonate

A representative study is presented in Table II. Fig-
ure 1 portrays the results obtained in all eight animals.
Values for plasma observed at threshold are summa-
rized in Table III. After infusion of HC1, concentra-
tion of bicarbonate in plasma fell to as low as 12.5
mmoles/liter. During the infusion of bicarbonate, the
urine remained essentially bicarbonate free until its

Table II. Representative protocol: group 2, puppy 11 (4.25 kg), conventional titration of bicarbonate1

Blood Urine Bicarbonate

Period Time Cln,
ml/min PH HCOJ,

mmoles/ TT
liter m m H «

Volume, T(

ml/min p H

Filtered Excreted Reabsorbed

mmoles/100 ml GF

0-1 0 7.9 17.5
Intravenous infusion 0.3 N HC1 at

0.6 ml/min

Begin intravenous infusion with
inulin and PAH at 0.6 ml/min

Begin intravenous infusion with
inulin, PAH, and HCO 3 at 0.6
ml/min

0-2

1
2

8
9

11
12
13
15
16
17
18

70

70
91

223
244
284
304
324
363
383
403
423

32.2
37.8

29.6
34.0
41.0
33.4
32.9
35.2
34.7
41.0
32.4

7.16

7.14
7.125

7.29
7.31
7.325
7.33
7.34
7.395
7.40
7.37
7.32

13.9

13.6
13.3

17.7
17.4
19.2
19.3
19.3
23.6
24.6
25.6
28.2

40.34

40.1
41.9

38.8
33.7
38.2
38.0
37.0
40.9
42.5
46.1
43.3

0.21
0.26

0.21
0.20
0.45
0.45
0.52
1.73
2.07
2.71
2.76

5.41

5.41
5.08

5.08
5.82
7.40
7.46
7.56
7.96
7.95
8.10
7.93

1.36
1.33

1.77
1.74
1.93
1.93
1.93
2.36
2.46
2.56
2.82

0
0

0
0

0.011
0.018
0.029
0.165
0.208
0.319
0.435

1.36
1.33

1.77
1.74
1.91
1.91
1.90
2.20
2.25
2.24
2.38

; GF : Glomerular filtrate. C I n : Clearance of inulin. PAH :/>«ra-Aminohippuric acid.



862 MOORE ET AL.

38

36

34

32
UJ

5 3.0
oc

^ 28
en

< 26
r>

24

2.2

20

1 8

1.6

1 4

1.2

1 0

0.8

0.6

04 -

0.2 -

REABSORBED

I •!•"
14 16 20 22 24 26 28

PLASMA BICARBONATE mmoles/ LITER

30 32 34 36 38

Fig. 1. Reabsorption and excretion of bicarbonate at increasing filtered loads. Data were obtained during performance of conventional
bicarbonate titrations.

Table III. Values for plasma at threshold for bicarbonate

Puppy

Group 2
4
5
6
7

10
11
12
13

X
SE

Group 3
2
5
9

10
11
13
15
16

X
SE

Statistical comparison
of groups 2 and 3

t
P

Body
wt, kg

3.75
1.50
1.25
2.50
5 . 0

4.25
2.25
2.00

2.81
0.48

2.25
2.50
2.50
2.15
1.80
2.40
2.50
2.40

2.31
0.086

1.02
0.2-0.4

HCOs,
mmoles/

liter

17.4
18.9
17.9
20.3
17.7
19.2
17.5
17.3

18.3
0.38

27.7
28.5
22.0
28.3
22.8
23.3
21.1
27.9

25.2
1.12

5.84
0.001

Pco2,
mm Hg

35.4
35.0
36.8
35.5
41.9
38.2
38.4
44.7

38.3
1.22

46.9
43.4
32.1
43.1
37.2
38.0
38.7
36.2

39.4
1.67

0.55
0 . 5

K,
mEq/
liter

3 . 7
3 .7

3.45
3.85
3 . 8

3.25
3.25

3.57
0.096

2.30
2.95
3 . 3
2 . 1
2 . 9
3 . 3
3 . 4

2.87
0.19

3.14
0.01

Cl,
mEq/
liter

115

98
105
110
114

108

3.14

90.0
91.0
97.0
88.0

100.5
97.0
90.5
86.5

92.6
1.76

4.79
0.001

concentration in plasma reached 17-20 mmoles/liter,
values for threshold which are in good agreement with
the resting bicarbonate concentrations in plasma deter-
mined in the first group of puppies. These values can
be compared with the threshold value in adult dogs of
23-26 mmoles/liter.

As can be seen in Figure 1, a tubular maximum for
HCO3 was not found, despite the fact that plasma
HCO3 concentrations were raised in some animals to
levels as high as 38 mmoles/liter, resulting in filtered
loads and rates of reabsorption approximately twice
those at the threshold levels.

Group 3: Studies on Gastric Aspiration and Infusion
of Bicarbonate

A representative study is shown in Table IV. Figure
2 portrays reabsorption and excretion of bicarbonate in
all eight animals. Concentrations of plasma at thresh-
old are listed in Table III. The lowest threshold for
bicarbonate observed was 21 mmoles/liter and some
puppies did not excrete bicarbonate in the urine until
a concentration in plasma of 28 mmoles/liter was
reached (Fig. 2). As in the first group of puppies, a Tm

for bicarbonate was not demonstrated, although no



Renal reabsorption of bicarbonate in puppies 863

Table IV. Representative protocol: group 3, puppy 9 (2.5 kg), threshold for bicarbonate during infusion of bicarbonate and gastric
aspiration1

Begin infusion2

Histalog3

Period

0

1
2

3
4
5
6
7
8
9

Time

0

103
117

148
177
202
224
263
298
338

Cln,
ml/min

28.4
19.2

20.6
20.9
22.8
23.6
19.8
19.0
25.3

pH

7.31

7.27
7.26

7.26
7.30
7.46
7.47
7.45
7.43
7.43

Blood

HCOs,
mmoles/

liter

21.6

20.7
19.4

19.1
19.7
22.0
26.9
27.5
27.4
27.6

Paco2,
mm Hg

42.0

44.6

44.0
41.3
32.1
38.9
40.9
42.7
43.1

Urine

Volume,
ml/min

0.143
0.22

0.17
0.045
0.08
0.159
0.179
0.142
0.08

pH

5.38

6.08
5.86

5.85
5.48
7.29
8.08
8.03
8.00
7.75

Bicarbonate, mmoles/100 ml GF

Filtered

2.16

2.07
1.91

1.91
1.97
2.20
2.69
2.75
2.74
2.76

Excreted

0

0
0

0
0
0.02
0.101
0.115
0.123
0.033

Reabsorbed

2.16

2.07
1.94

1.91
1.97
2.18
2.59
2.63
2.62
2.73

GF: Glomerular filtrate. Cjn: Clearance of inulin.
Inulin and /wa-aminohippuric acid, 0.5 ml/min.
One milligram intramuscularly and 1 mg intraperitoneally. Start gastric suction.
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Fig. 2. Reabsorption and excretion of bicarbonate at increasing filtered loads. Data were obtained during continuous aspiration of gastric
fluid and intravenous infusion of bicarbonate.

attempt was made to achieve plasma concentrations
greatly in excess of threshold.

The mean threshold for bicarbonate of 18.3
mmoles/liter in the puppies studied by means of con-

ventional titrations of bicarbonate (group 2) is signifi-
cantly lower than the mean value of 25.2 mmoles/liter
in the gastric aspiration group (group 3). P,.O2 at
threshold was the same in the two groups. Although
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there were significant differences between the groups
in the concentrations of potassium and of chloride in
plasma at threshold (Table III), if one compares group
2 at threshold with group 3 during control periods,
when concentrations of bicarbonate in plasma were
similar (18.3 ± 0.38 in group 2, 19.4 ± 0.58 in group 3,
P > 0.1) no difference in potassium in plasma is found
between the two groups (3.57 ± 0.096 and 3.84 ± 0.15,
respectively, P > 0.1).

Figure 3 illustrates the results obtained in two pup-
pies in group 3 in which saline was infused after
threshold for bicarbonate was passed. Administration
of saline induced a prompt diuresis of bicarbonate in
each animal, despite a decrease in the concentration of
bicarbonate in plasma due to dilution. At comparable
filtered loads, the rate of excretion of bicarbonate after
saline infusion exceeded that during gastric suction.

Discussion

It has been confirmed amply that the low pH values of
blood and concentration of bicarbonate in plasma that
are observed in young infants do not result from a lack
of ability for adequate net excretion of acid to remain
in hydrogen ion balance, but rather reflect the low
renal threshold for bicarbonate characteristically pres-
ent during immaturity [6, 12]. In a previous study, we
suggested that the low threshold might be due, at least
in part, to nephron heterogeneity, nephrons with low
transport capacity being saturated at relatively low
concentrations of bicarbonate in the glomerular fil-
trate. Possible differences in the kinetics of the trans-
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Fig. 3. Excretion of bicarbonate before (•) and after (o) intra-
venous infusion of saline in two puppies from group 3. Plotted
for each animal are the two periods before and the two periods
after the threshold was reached, during gastric aspiration and
infusion of bicarbonate and the subsequent four periods of in-
fusion of saline.

port mechanism have not been investigated. A further
possibility, examined in the present study, is that the
low threshold might be a consequence of a low frac-
tional reabsorption of sodium, and thus of bicarbon-
ate, in the proximal tubule.

It has been demonstrated in infants [8] and in pup-
pies [10] that growth of the kidney is due mainly to
increased tubular mass, particularly at the level of the
proximal tubule. On the basis of these morphologic
findings, as well as of functional data suggesting that
proximal tubular function during immaturity is rela-
tively lower than glomerular function, we have sug-
gested that fractional reabsorption in the proximal tu-
bule may be less in the immature than in the mature
animal [7]. Support for this is found in a number of
functional studies, such as the high rate of clearance of
free water in young infants, when expressed per 100 ml
glomerular filtration rate (GFR) [1], and their higher
fractional excretion of amino acid [2] and of phos-
phate [2,5, 16,22].

Micropuncture data concerning fractional reab-
sorption in the proximal tubule during immaturity
are limited and difficult to interpret. Capek et al. [3]
found fractional reabsorption in the proximal tubule
of 20- and 30-day-old rats to be somewhat lower
than in adult animals. In contrast, Horster and Valtin
[11] found values of fractional reabsorption in beagle
puppies 21-77 days of age to be similar to those
of adult dogs. In both of these studies rather mature
animals were used; the study of Horster and Valtin
[11], specifically, involved animals somewhat older
than the puppies used in the present study. It may be
of greater importance, however, that studies using mi-
cropuncture techniques yield data concerning the
function of only the most superficial nephrons, inas-
much as fractional reabsorption in the deeper nephrons
is not accessible to direct measurement. In addition,
small differences in fractional reabsorption, which may
have a major impact on the level of threshold for
bicarbonate, might not be detectable by micropunc-
ture techniques which yield data with considerable
scatter.

In the present investigation values of pH of blood
and concentrations of bicarbonate in plasma of young
suckling puppies are considerably lower than those
found for adult dogs. At the same time, all but one of.
the puppies had a spontaneous pH of urine below
6.0, and three had values below 5.0. These results are
in agreement with those of Cort and McCance [4], who
studied excretion of acid in 2-day-old puppies
after administration of ammonium chloride. Inasmuch
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as puppies thus appear to be in a state of "physiologic
acidosis" and have no limitation in acidification of
urine, it is felt that this animal provides a suitable
model for further examination of the characteristics of
renal reabsorption and excretion of bicarbonate dur-
ing immaturity.

Titrations of bicarbonate performed in the usual
manner demonstrated a threshold of 17 to 20 mmoles/
liter, with a mean of 18.3. This compares with studies
in adult dogs which have revealed threshold values of
23-26 mmoles/liter. In an attempt to minimize volume
expansion, relatively small volumes of fluid were in-
fused in the present investigation. The good agree-
ment between resting levels of bicarbonate in plasma
in group 1 and threshold values in group 2 demon-
strated the validity of this method of study. In the
absence of significant volume expansion, maximal
rates of reabsorption of bicarbonate were not observed,
despite filtered loads that were double those at thresh-
old [21].

In recent years, the influence of changes in the com-
position and volume of the extracellular fluid on the
renal handling of sodium has been investigated exten-
sively. Similar effects on the reabsorption of bicarbon-
ate have been found also, and there is considerable
suggestion that the renal threshold for bicarbonate can
be modified by changing the stimulus for reabsorption
of sodium [9, 13, 20, 21].

Excretion of sodium in urine during control periods
in animals from group 2, which were not dehydrated,
averaged 33 ± 9.6 ^Eq/min, compared with a value of
2.3 ± 0.99 juEq/min in animals from group 3, which
were slightly dehydrated by their previous treatment
with ammonium chloride (P < 0.005). Similarly frac-
tional excretion of sodium was much less in group 3,
0.16 ± 0.08%, than in group 2, 2.9 ± 1.8% (P =
0.05-0.1). In group 3, by replacing gastric fluid (pri-
marily sodium and potassium chloride) with a solution
of sodium and potassium bicarbonate, the renal han-
dling of bicarbonate at varying filtered loads could be
studied in the absence of volume expansion and with
the continued stimulus for reabsorption of sodium.
Under these circumstances, the renal threshold for bi-
carbonate was found to be markedly increased, similar
to the finding of Hebert et al. in adult dogs [9].

Other causes for enhanced reabsorption of bicarbon-
ate in group 3 can be excluded. Levels of PC02 in the
two groups were not different, inasmuch as all animals
were ventilated at a rate to maintain the PC02 around
40 mm Hg. Although at threshold, concentrations in
plasma of K+ and Cl~ were lower in group 3, this is to

be expected on the basis of their higher levels of bicar-
bonate in plasma at threshold. At any given level of
bicarbonate in plasma, however, K~ and Cl~ in
plasma were the same in the two groups. During the
control periods in group 3, for example, with concen-
trations of bicarbonate in plasma similar to the thresh-
old level of group 2 (19.4 ± 0.58 and 18.3 ± 0.38,
respectively), concentrations of potassium in plasma in
group 3 averaged 3.84 ± 0.15, no different from thresh-
old levels of potassium in group 2 (3.57 ± 0.096). In
other words, at the point in their studies when concen-
trations of potassium in plasma in group 3 were simi-
lar to threshold values in group 2, the former group
was well below threshold level. It is thus apparent that
the lower levels of potassium in plasma in group 3 at
threshold were due to their higher levels of bicarbon-
ate at this point, and not a cause of the elevated
threshold.

Although the difference was not statistically signifi-
cant, glomerular filtration rates were somewhat
lower in group 3 animals (17.4 ± 3.4 ml/min and 12.5
±1.4 ml/min, respectively), apparently reflecting their
state of dehydration. However, even if this difference
were real, changes in GFR have been shown not to
affect reabsorption of bicarbonate, when expressed per
100 ml glomerular filtrate [15]. In other words, the
lower GFR in group 3 would be expected to result in a
decreased absolute rate of reabsorption, but no change
in threshold.

In an attempt to provide further evidence that en-
hanced reabsorption of bicarbonate in group 3 was a
consequence of volume contraction and a consequent
stimulus for conservation of sodium, saline was admin-
istered to two animals after the threshold had been
passed. Although one animal had a moderate increase
in filtration rate, at any given level of filtered load the
rate of excretion of bicarbonate in urine after admin-
istration of saline greatly exceeded the rate of excretion
during gastric suction, even though the concentration
of bicarbonate in the glomerular filtrate fell markedly
during infusion of saline.

Kurtzman et al. [14] have demonstrated that reab-
sorption of bicarbonate in aldosterone-deficient dogs is
incomplete, which prompted us to consider that rela-
tive aldosterone deficiency might underlie the low
threshold for bicarbonate of the immature animal.
However, in that study the defect produced by hypoal-
dosteronism appeared to be related to mechanisms of
acidification in the distal tubule, with production of a
syndrome similar to distal renal tubular acidosis. In
contrast, the functional pattern of the immature ani-
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mal appears more similar to that of patients with
proximal renal tubular acidosis. Nevertheless, Capek
et al. [3] administered aldosterone and cortisone to
20-day-old rats and found a marked increase in
fractional reabsorption in the proximal tubule. It may
be of importance in the same regard that Moore and
associates [17], in a study of the sheep fetus, found
a much greater capacity to acidify the urine than re-
ported in other studies. Their results were attributed
to administration of sodium sulfate to the fetus during
the course of their study, although in addition they
treated the ewes with DOCA for 4 days prior to their
studies and commented on the likelihood that the hor-
mone was transmitted to the fetus. Thus increased ad-
renal steroid stimulation with advancing age cannot
be ruled out as a factor that might lead to increased
fractional reabsorption of sodium and consequently of
bicarbonate in the proximal tubule.

The data in the present study indicate that the de-
creased threshold for bicarbonate in the young animal
is not due to a limitation in the capacity for reabsorp-
tion of bicarbonate, inasmuch as it could be increased
markedly under the stimulus of extracellular volume
contraction, but is a consequence of the various factors
that influence reabsorption of bicarbonate in the proxi-
mal portion of the nephron. A major factor may be the
rate at which sodium is transported in this segment.
The gradually increasing threshold for bicarbonate
that is observed as the mature state is reached thus
might reflect enhanced transport capacity secondary to
growth and development of the proximal tubule as
well as increasing hormonal stimulation for reabsorp-
tion of sodium in this segment.

Summary

Measurements in puppies demonstrated lower values
of pH and bicarbonate for blood than in adult dogs,
suggesting that the puppy may provide a model for the
study of the low threshold for bicarbonate described
previously for infants. Conventional titrations of bicar-
bonate in puppies revealed values of threshold for bi-
carbonate of 17 to 20 mmoles/liter, significantly lower
than levels reported for mature dogs. With continued
infusion of bicarbonate, and consequent doubling of
the filtered load, no tubular maximum for reabsorp-
tion of bicarbonate was observed. In another group
of puppies, pretreated with ammonium chloride to
produce acidemia and dehydration, continuous aspira-
tion of gastric juice was performed, with quantitative
replacement as the bicarbonate salts of the sodium
and potassium thus removed. In this manner, bicar-

bonate in plasma was raised progressively without ex-
pansion of the extracellular volume. The renal thresh-
old for bicarbonate ranged from 20 to 28 mmoles/liter.
Subsequent infusion of sodium chloride resulted in a
prompt and marked bicarbonaturia. These studies in-
dicate that the decreased threshold for bicarbonate of
the immature animal is not due to a limitation in the
intrinsic capacity for reabsorption of bicarbonate, inas-
much as the threshold for bicarbonate can be increased
markedly under the stimulus of extracellular contrac-
tion. A major factor influencing reabsorption of bicar-
bonate may be the state of tubular avidity for sodium
and its rate of reabsorption in the proximal tubule.
Thus the progressively increasing threshold for bicar-
bonate that is observed with maturation may reflect in
part growth and development of the proximal tubule,
with increased fractional reabsorption of sodium (and
bicarbonate) at that site.
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