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Effect of NELtCl-induced metabolic acidosis on 
urinary calcium excretion in young infants
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Urinary calcium  and net acid excretion as well as the acid-base 
param eters o f the blood were determ ined before and after a N H 4C1 load 
applied in a single dose o f  2.8 m E q /k g  body w eight.

In order to assess the effect o f  m aturity and postnatal developm ent, 
a stu d y  was made on (a )  47 newborn infants w ith a birth w eigh t o f  1000 — 
4380 g on the 7th day; and (b )  11 prematures w ith a birth w eight o f  1000 — 
1970 g, weekly for 6 consecutive w eeks. The results were com pared to  those 
for infants o f 3 — 11 m onths o f  age.

(i) A t one week o f  age, M il,01 ingestion resulted in a sign ifican tly  
greater increase o f m etabolic acidosis in infants w ith a birth w eigh t under 
2000 g than in the larger ones. W ith increasing postnatal age the m etabol
ic acidosis o f premature infants increased to about the sam e ex ten t in 
response to NH.,01 load irrespective o f the pre-loading level o f  acidosis 
or postnatal age.

(ii) B oth  the urinary N A E  an d U C a E o f one week-old in fants increas
ed markedly with increasing birth w eight and they were invariably aug
m ented by the acid load.

N H 4Cl-induced N A E  and UCaE were significantly higher in in 
fants w ith a birth w eight over 2500 g than in their smaller m atches (p <  
< 0 .0 2 5 ).

(iii) In prematures, in sp ite o f  the postnatal developm ent o f  renal 
capacity  to excrete hydrogen ions, the N H 4Cl-induced U CaE remained  
unchanged, or expressed in per cen ts o f  the pre-loading level even  a slight, 
statistica lly  not significant decrease could be observed during the first 
six w eeks o f life.

(iv) It is suggested th at the skeletal buffering measured as N H 4C1- 
induced urinary calcium  loss, m ay be an im portant defence m echanism  
against acidosis already in the early period o f life. L ow -birth-w eight pre
m atures are, however, com prom ised in face o f  an acid load by the lim ited  
buffer function o f the bones.

Skeletal buffering has been shown 
to be an important defence mech
anism against acidosis in the differ
ent forms of chronic renal diseases 
and in subjects given exogenous acid 
load. The chronic metabolic acido
sis results in demineralization of the 
bones, increased urinary calcium loss

and in a negative calcium balance 
[3, 17, 18, 19, 26].

This well-known relationship be
tween the skeletal system and metab
olic acidosis is somewhat compli
cated during the early weeks of 
life. The imbalance between metab
olic acid production and the limit-
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ed renal capacity to excrete hydro
gen ions, particularly in low-birth- 
weight neonates, leads to late metab
olic acidosis [13, 14]. Skeletal growth 
and calcium deposition in the bones 
liberates hydrogen ions, producing 
a further acid load on the already 
disturbed acid-base homeostasis [15]. 
The higher the retention rate of 
calcium the more pronounced the 
acidosis in small premature infants 
[6 ].

In the present study an attempt 
was made to investigate the role of 
the skeletal system in the control 
of acidosis, by measuring urinary 
calcium excretion (UCaE) in NH4C1- 
induced acidosis. The influence of 
birth weight and postnatal age on 
the N H 4Cl-induced changes in UCaE 
was also studied.

M a t e r i a l  a i m  M e t h o d s

T hree groups o f  m ale in fants were 
se lected  for the study.

Group I com prised 47 one-w eek-old  
new born infants who were assigned accord
ing to  their birth w eight in to  the three 
categories, (a )  1000 — 1500 g  (n: 13, mean: 
1312 g); (b )  1 5 0 0 -2 0 0 0  g (n: 22, mean: 
1754 g); and (c)  more than 2500 g (n: 12, 
m ean: 2935 g). The corresponding mean  
gesta tion a l age was 30.6 (range: 28 — 33), 
34.1 (range: 30—41) and 37.9 (range: 
36 — 41) w eeks, respectively.

Group II  consisted o f  11 premature 
in fan ts w ith  a m ean birth w eigh t o f  1644 g 
(range: 1000— 1970 g) and a m ean gesta
tion a l age o f  32 (range: 29 — 35) weeks.

In  a ll cases the pregnancy, th e  delivery 
and th e  perinatal course were unenventful. 
The b irth  w eight o f  all infants, excep t for 
a sm all for dates pair o f tw ins in group I/b

(birth w eight: 1850 and 1890 g, gestational 
age: 41 w eeks), fell within the 10th and  
90th percentiles according to the local 
chart [8].

The in fan ts were fed appropriate cow ’s 
m ilk form ulas by a round the clock feeding  
pattern  a t  2 -hourly intervals until th ey  
w eighed about 1500 g, and 3-hourly there
after. F ood  intake was gradually increased  
in all in fan ts to attain  a calorie and fluid  
in take o f  120— 140 cal/kg and 180 — 200 
m l/kg, respectively , by  the end o f  the  
second w eek o f life. 3000 TU vitam in D 3 
w as g iven  on alternate days after 14 days 
o f age.

Group I I I  included 22 healthy m ale  
in fants o f  6817 g m ean body w eight 
(range: 4 5 0 0 — 11750 g) and 6.9 m onths  
m ean p ostn ata l age (range: 3 —11 m onths). 
V itam in D 3 w as given in a dose o f  either  
3000 IU  on every second day or 50 000 IU  
w eekly  a fter  2 — 4 w eeks o f  age. N o clininal, 
biochem ical or radiological features o f  
rickets were observed prior to  the study . 
The babies were fed cow ’s milk form ulas 
providing about 2.5 g protein and 100— 120 
c.al/kg/day, respectively.

P r o c e d u r e s

U rinary calcium  and net acid excretion  
as w ell as the acid-base param eters o f  the  
blood were determ ined before and after  
an NH.C1 load applied in a single dose o f  
2.8 m E q /k g  body w eight. Urine was frac
tionally  collected  under toluene for a 
period o f  12 hours. The specim ens were 
refrigerated, pooled and analysed im m e
d ia te ly  for pH , titratable acid ity, am m onia  
and w ith in  a few hours for calcium . The 
collection  started a t 10 p.m . for a control 
period o f  12 hours. A t 10 a.m . 2.8 m E q /k g  
N H 4C1 w as given by  m outh or stom ach  
tube and urine collection continued for 
another 12 hours.

A rterial blood sam ples were obtained  
at the end o f  the control period and about 
4 hours a fter  N H 4C1 ingestion. The N H 4C1 
loading te s t  was performed on the 7th day
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o f life in group I, on the 7th day and later 
w eekly for 6 consecutive w eeks in group  
II and on one occasion in group III .

A n a l y t ic a l  m e t h o d s , c a l c u l a t io n s

A rterial blood acid-base sta tu s was 
determ ined by  the m ethod o f  A strup [1]. 
Urinary pH  was measured a t 38°C w ith a 
R adiom eter pH  m eter, titratab le  acidity  
according to  Folin (end p oin t o f  titration, 
pH  7.4), urinary am m onia according to  
McCullough [21] and urinary b icaibonate  
was calculated from the G am ble nom og
ram, using the corresponding pH  value [9]. 
U rinary calcium  w as m easured com plexo- 
m etrically [23].

N et acid excretion consisted o f  the sum  
o f urinary titratable acid plus am m onium  
ion m inus bicarbonate. S ta tistica l analysis

was perform ed by calculating the m eans  
and the standard errors. The p values  
presented were determ ined by  S tu d en t’s t 
test.

R e s u l t s

Metabolic acidosis

To characterize the changes in 
metabolic acidosis, the negative base 
excess before and after NH4C1 inges
tion is shown in Fig. 1. In one-week- 
old newborns the base excess ini
tially was similar irrespective of 
birth weight. All infants responded 
to the NH 4C1 loading by increasing 
the negative base excess (Fig. 1/a).

a

F i g . 1. Base excess in one-w eek-old newborn infants w ith different birth w eights (a) 
and a group o f prematures during the first six  weeks o f  life (b), before and after 2.8 m E q/kg  

N H 4C1 adm inistration. V ertical bars represent the standard errors o f the m eans.
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F i g . 2. U rinary NAE o f one-w eek-old newborn infants w ith different birth w eights (a) 
and a group o f  prematures during the first six  w eeks o f  life (b), before and after 2.8 m E q/kg

N H (01 adm inistration.

This increase was significantly high
er in infants with a birth weight 
under 2000 g than in the larger ones 
(p -=0.05)

The postnatal development of me
tabolic acidosis in premature infants 
(group II) is seen in Fig. 1/b. The 
metabolic acidosis was the most 
pronounced in the second and third 
weeks of life and it fell to about 4 
mEq/1 by the end of the study. 
This value agreed well with that 
found for older infants. The NH4C1 
load resulted in an increase of aci
dosis o f about the same degree irre
spective of either the pre-loading 
base excess, or the postnatal age of 
the infants.

Urinary net acid excretion ( N A E )

Urinary NAE of one-week-old in
fants markedly increased with increas
ing body weight and it was invaria
bly augmented by the acid load. 
The NH4Cl-induced H + excretion 
(A NAE) was significantly higher 
in infants with a birth weight over 
2500 g than in their smaller matches 
(Fig. 2/a).

With increasing postnatal age the 
NAE of premature infants was stead
ily increasing and reached its max
imum of about 45 /(Eq/min/1.73 m2 
at the end of the fourth week. Sub
sequently it was maintained at that 
level or even a slight, statistically
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1

Control

F i g . 3. UCaE o f one-week-old new born infants w ith different birth w eights (a) and a 
group o f prematures during the first six  weeks o f  life (b), before and after 2.8 m E q/kg

NH,C1 adm inistration.

insignificant, decrease could be ob
served. In response to NH 4C1 ad
ministration the NAE significantly 
rose, but the magnitude of this rise 
considerably changed with postna
tal age. During the first four weeks 
of life A NAE gradually decreased to 
a value of 4 pEq/min/1.73 m2 fol
lowed by an increase in the 5 —6th 
weeks which was comparable to 
that found in the first week, but 
significantly lower than that observ
ed in older infants (Fig. 2/b).

Urinary calcium excretion (  UCaE)

As shown in Fig. 3/a, UCaE of 
the newborn infants markedly increas
ed with increasing birth weight both 
before and after NH4C1 loading,

while the NH4C1 administration re
sulted in a significantly higher rate 
of UCaE in infants with birth weight 
over 2500 g (p <0.025).

UCaE of premature infants show
ed a clear tendency to rise during 
the study period of six weeks, al
though this trend did not reach signif
icance and it was interrupted by 
a higher value found in the second 
week (Fig. 3/b). NH4C1 ingestion 
enhanced the rate of UCaE in each 
postnatal age and paired 7-testing 
showed the differences to be signif
icant (p <0.025).

Relationship between UCaE and N A E

Figure 4 compares the NH4C1- 
induced increase of urinary NAE 
and UCaE. It can be seen that in
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ANAE AUCaE

AUAE AUCaE Birth weight 
jjEq/min/1,73 m2

F i g . 4. X H 4Cl-induced urinary Х А  К and UCaE o f  one-w eek-old newborn infants w ith  
d ifferen t birth weights (a) and a group o f prematures during the first six  w eeks o f  life (b).

NAE AUCaE Birth weight 
gEq/min/1,73 m2 per cent b

F i g . 5. U rinary N AE before and  after N H 4C1 adm inistration and the N H 4Cl-induced  
U C aE  expressed in percentage o f  the basal value o f one-w eek-old newborn infants (a) 

and a group o f  prem atures during the first six  w eeks o f life (b).
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the first week of life both increased 
at a similar rate with increasing 
body weight (Fig. 4/a). The prema
tures of group II responded to NH4C1 
loading with about the same increase 
of UCaE irrespective of postnatal 
age, and their NAE gradually fell 
until the fourth week, followed by 
an increase in the further periods 
of study (Fig. 4/b).

In older infants both responses 
were parallel and significantly high
er than that found for the prema
ture infants (pcO.Ol).

Urinary NAE both before and af
ter NH4C1 ingestion and the NH4C1 
induced increase of UCaE expressed 
as a percentage of pre-loading value 
are shown in Figure 5. It can be 
seen that the newborn infants with 
birth weights above 2500 g were 
able not only to excrete more hy
drogen ions but also to increase the 
UCaE similar as the older infants 
(Fig. 5/a). In prematures, the per
centage increase of UCaE in response 
to NH4C1 load was most pronounced 
in the first week (60.8%), and with 
the increasing renal capacity to ex
crete hydrogen ions it decreased to 
36% by the 5 —6th postnatal week. 
This general declining trend was 
interrupted by a deep fall in the 
second week of life (Fig. 5/b).

D i s c u s s i o n

A complex relationship has been 
demonstrated between metabolic aci
dosis and calcium metabolism. Acute 
metabolic acidosis raises serum cal

cium concentration by directly releas
ing calcium from the bones and also 
by enhancing the PTH effect to 
mobilize calcium from the bones. 
In the kidney, acidosis directly in
hibits tubular calcium reabsorption, 
but at the same time enhances the 
effect of PTH to increase it. These 
two opposite effects of acidosis on 
renal calcium handling result in an 
increased urinary calcium loss [4].

In addition to metabolic acidosis, 
the UCaE influenced by other fac
tors, even in healthy subjects, such 
as dietary calcium intake [16], cal
cium-phosphorus intake ratio [20, 
32], fat composition of the diet [2, 
11], skeletal size [16], hormones
[25], vitamin D supply [24] and the 
maturity of the kidney [30].

In order to assess the effect of 
metabolic acidosis on UCaE, it was 
necessary to standardize the experi
mental conditions (similar nursing 
conditions, standard feeding pattern 
and vitamin D supply) and to keep 
constant the factors other than aci
dosis. This latter criterion was ful
filled by applying an NH4C1 load 
at the end of the control period of 
12 hours, followed by a test period 
of the same duration. In this way 
each subject served as his own 
control and the changes in UCaE 
were thought to be due solely to 
the NH4Cl-induced metabolic acidosis.

On the basis of the well-established 
relationship between metabolic aci
dosis and UCaE [3, 17, 18, 19, 26], 
the acidosis-induced urinary calcium 
loss may be regarded as a reliable 
measurement of skeletel buffering.
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It must, however, be taken into 
account that in response to acidosis 
calcium is released not only from 
the bones, but from the exchangeable 
calcium pool as a whole [27]. On 
the other hand, the bone also con
tains a very large quantity of sodi
um and in metabolic acidosis sodi
um is also released into the extra
cellular fluid in exchange for hy
drogen ions [5].

The present results seem to sug
gest that in newborn infants the buf
fering function of the skeleton is 
increasing with increasing birth weight. 
This finding is consistent with ear
lier observations demonstrating that 
in the human fetus calcium accu
mulates at an increasing rate as 
pregnancy advances, particularly af
ter the 28th week [28, 29].

In prematures, the postnatal cal
cium retention rate was found to 
be lower than that in utero, resulting 
in a cumulative calcium deficit which 
manifests with a marked bone de
mineralization at the age of 6 — 7 
weeks [6, 7, 10, 22, 29]. This cumu
lative calcium deficit may be respon
sible for our findings showing that 
the acidosis induced UCaE in prema
ture infants remains unchanged or, 
expressed in percents of the pre- 
loading level, even a slight, statis
tically not significant decline may 
be seen as the infants grow older.

The higher rate of UCaE in re
sponse to NH4C1 ingestion in infants 
of higher birth weight might be due 
to the more advanced maturation 
of renal handling of calcium. The 
results obtained in prematures, where

the acidosis induced UCaE remains 
unchanged in spite of the postnatal 
development of renal capacity to 
excrete calcium, provide, however, 
suggestive evidence that in NH 4C1 
acidosis the increase of urinary cal
cium loss does not depend on renal 
maturity and it is mainly influenced 
by skeletal size and mineralization.

Most of the present data on the 
acid-base parameters of the blood 
and urinary NAE have been publish
ed previously [12, 31]. In this study 
the UCaE was related to them in an 
attempt to assess the relative impor
tance of skeletal buffering in the 
control of acidosis.

Assuming a bone buffer equiv
alent quoted by Kildeberg of 20 mEq 
H +/O H -  for each 1000 mg Ca+ + 
laid down or reabsorbed from the 
skeleton [14], the observed changes 
in calcium excretion may be regard
ed to reflect an unimportant skele
tal buffering relative to the urinary 
NAE.

In chronic NH4Cl-induced acidosis, 
however, the quantity of retained acids 
was matched on an equivalent [17], 
or — as a result of carbonate-phosphate 
interchange within the apatite crys
tal — even less than equivalent basis, 
by negative calcium balance [18]. 
These data seem to suggest a higher 
bone buffer equivalent, consequent
ly a more efficient skeletal buffering.

The present study does not pro
vide sufficient quantitative informa
tion as to the role of the skeleton 
in the control of acidosis, therefore 
simultaneous hidrogén ion and cal
cium balance studies are needed to

Acta Paediatrica Academiae Scientiarum Hungaricae 18, 1977



E. Sulyok: N H tCl-induced acidosis 111

describe quantitatively the relation
ship between metabolic acidosis and 
the skeletal system. Still, our findings 
can be interpreted as indicating that 
skeletal buffering may be an important 
defence mechanisms, against acidosis 
even in the early period of life, when 
the growth and mineralization of the 
skeleton has mainly been regarded 
as an additional factor to increase 
the endogenous acid production [6, 
14, 15].

It is also suggested that low-birth- 
weight neonates are handicapped in 
maintaining the normal acid-base 
status not only by the limited renal 
capacity to excrete H + , but also 
by the limited buffer function of 
the bones.
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