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A study  was perform ed in  7 healthy  full-term  newborn in fan ts w ith  
m ean b irth  weight of 3130 g (range, 2650—2850 g) and  a  m ean gestational 
age of 38.8 weeks (range, 37—41 weeks) to  investigate th e  postna ta l changes 
of plasm a renin ac tiv ity  (PRA), plasm a aldosterone concentration (PA) and  
u rinary  aldosterone excretion (UAE) in  relation  to  electrolyte balance.

PRA, PA and  U A E fell significantly from  the ir initially high values 
of 28.36 ±  3.6 ng/m l/hr, 1.5 ±  3 ng/m l and  7.1 ±  1.9 /ig /day  on th e  firs t 
day  to  6.84 ±  2.9 ng /m l/hr (p <  0.01), 0.71 ±  0.1 ng/m l (p <  0.01) and  
6.5 ±  1.6 /(g/day (p <  0.05), respectively, on th e  5 th  day.

No significant correlation was found between either P R A  and  PA  or 
PA  and UAE. PR A  an d  U A E showed a significant negative correlation 
w ith  d ietary  sodium in take, the  o ther param eters o f sodium an d  potassium  
homeostasis, however, h ad  no apparen t influence on the  ac tiv ity  of RAAS.

The initial high level and th e  rap id  postna ta l decline in  RAAS 
ac tiv ity  has been a ttr ib u te d  to  perinatal stress imposed by  labour and 
delivery and no t to  the  changes in sodium or potassium  balance in  the 
early  days of life.

The levels of various components of 
the renin-angiotensin-aldosterone sys­
tem (RAAS) are all raised in the im­
mediate neonatal period. Plasma renin 
activity (PRA) [6, 11, 12, 14], plasma 
angiotensin II [3] and plasma aldos­
terone concentration (PA) [2, 6, 12, 
20, 25, 26] are high in newborn infants 
and decrease progressively with ad­
vancing age.

The reason for the increased RAAS 
activity during the neonatal period is 
not clear. Perinatal stress imposed by 
labour and delivery [3, 6, 11, 16, 18J, 
low systémic blood pressure [3], nega­
tive salt balance [29, 30] renal tubular

unresponsiveness to aldosterone [10, 
27], stimulation by increased sympa­
thetic activity [15, 19] or by increased 
endogenous prostaglandin production 
[31] and the low rate of metabolic 
clearance of renin [28] and aldosterone 
[20, 29] have all been implicated as 
possible factors.

The physiological role and clinical 
significance of the high activity is not 
understood. Evidence is, however, 
accumulating to indicate that in the 
neonate RAAS may be of great im­
portance in the maintenance of blood 
pressure [4, 24], blood volume [7] and 
sodium homeostasis [29, 30]. More-
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over, it has been shown that in spite of 
its high baseline activity, the neonatal 
RAAS is readily responsive to changes 
in blood volume [7], alterations in 
sodium balance [29, 30, 33] or phar­
macological stimulation [22, 33].

The present study was performed in 
healthy full-term newborn infants 
during the first week of life to investi­
gate the postnatal changes of PR A, 
PA and CAE. Some parameters of 
sodium and potassium balances were 
also examined to see what effect, if 
any, these parameters might have on 
the postnatal development of RAAS 
activity.

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

S tud ies were carried o u t in  7 healthy 
m ale full-term  new born in fan ts  w ith a 
m ean  b ir th  weight of 3130 g (range, 2650— 
3850 g) an d  w ith a m ean  gestational age 
o f 38.8 weeks (range, 37— 41 weeks). All 
in fan ts  were born vaginally  a f te r  uncom pli­
ca te d  pregnancy. The m o thers were on a 
no rm al d ie t w ithout d iu retic  the rapy . No 
sign o f perinatal asphyx ia w as observed 
an d  all infants rem ained well during the 
w hole period of study. T hey  were fed with 
5%  glucose solution from  th e  12th  to  the 
24 th  h o u r  of life and were b rea s t fed from 
th e  2nd  day  after delivery. T he daily  milk 
in ta k e  increased g radually  to  a tta in  a 
volum e o f 150—180 m l/kg  b y  th e  end of 
th e  f ir s t  week.

T he p lasm a level, th e  in ta k e  an d  urinary 
excre tion  of sodium and po tassium , as well 
as P R A , PA  and UAE w ere determ ined 
on th e  1st, 3rd and 5 th  days o f life.

U rin e  was collected frac tiona lly  over a 
period  o f  24 hours. T he specim ens were 
refrigerated , pooled an d  s to red  a t  — 20 °C 
u n til analysed. Blood sam ples were taken 
from  a  scalp vein a t  9.00 a.m ., a t  least 
2 ho u rs  a f te r  the last feeding. T he infants

were k ep t supine for a period of 1— 3 hours 
before blood sampling.

P R A  was m easured radioimmunologi- 
cally  according to  the  m ethod of H aber 
e t al. [13] using SO R IN -C EA -IR E-R EN K  
k its . A ldosterone concentration  in  plasm a 
an d  urine was also determ ined by  R IA  
[34] using SO R IN -C E A -IR E -ÁLDOK kits. 
P lasm a, m ilk and urinary  sodium  and  po ­
ta ssiu m  concentration  m easurem ent was 
m ade b y  flam e photom etry .

S ta tis tica l analysis was perform ed by 
calcu lating  the  coefficient of correlation, 
th e  equa tion  of regression and  S tu d en t’s 
t te s t.

R e s u l t s

Intake, urinary excretion, retention 
rate and plasma concentration of so­
dium and potassium are shown in 
Fig. 1 as a function of postnatal age. 
It can be seen that sodium intake 
markedly increased from the very low- 
value of 0.13 ±  0.09 mEq/kg/day on 
the 1st day to 1.16 zb 0.10mEq/kg/day 
on the 3rd day (p << 0.01) and to
1.46 ±  0.10 mEq/kg/day (p <  0.05) 
on the 5th day of life. Urinary sodium 
excretion was low and did not vary 
considerably until the 3rd day but 
then it rose significantly to a value of 
1.0 ±  0.29 mEq/kg/day (p <  0.05) by 
the 5th day. As a result, a positive 
sodium balance could be established 
on the 3rd to 5th days with a sodium 
retention rate of about 0.5 mEq/kg/ 
/day. At the same time plasma sodium 
concentration also increased from 
143.7 ±  1-6 inEq/1 on the 1st to 
148.2 zb 3.6 mEq/1 on the 5th day of 
life (p <  0.05).

A similar pattern was observed for 
the intake and retention rate of po­
tassium. The urinary potassium excre-
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Sodium Potassium
balance mm

postnatal age /days

F ig . 1. Sodium  an d  p o tass iu m  ba lan ces in  fu ll-te rm  n ew born  in fa n ts  d u rin g  th e  f i r s t  w eek
o f life

PRA, ng/ml/hr

l 3 5
postnatal age .days

F ig . 2. PRA , PA and  U A E in full-term  newborn infants during th e  firs t week o f life
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PRA
ng/ml/hr

F ig . 3. Sodium  intake and  P R A , P A  and UAE in full-term  new born in fan ts during the
firs t week of life

tion declined, however, significantly 
from 0.64 d: 0.11 on day 1 to about
0.35 mEq/kg/day on day 3 — 5. (p <  
<  0.05). Plasma potassium concentra­
tion decreased gradually with advanc­
ing postnatal age from 6.42 d= 0.42 
mEq/1 on the 1st to 5.22 dz 0.3 mEq/1 
on the 5th day (p <  0.01).

Figure 2 demonstrates the changes 
in PRA, PA and UAE with increasing 
postnatal age. As it is seen, PRA was 
the highest on the 1st day (28.36 dz 
dz 3.6 ng/ml/hr) and it gradually fell 
to the value of 6.84 zb 2.9 ng/ml/hr by 
the 5th day of life (p <  0.01). Essen­

tially the same developmental pattern 
was found for PA and UAE. Both de­
clined steadily from their peak values 
of 1.5 dz 0.3ng/mland7.1 dz 1.96jUg/day 
on the first day to 0.71 dz 0.1 ng/mlp<(
<  0.01) and 5.5 dz 1-6 ,ug/day (p <
<  0.05), respectively, on the 5th day 
of life.

Although the trend and time course 
of the postnatal development of these 
hormone values were quite similar, 
PRA did not correlate significantly 
with PA. No correlation could be 
found between either PRA and UAE, 
or PA and UAE.
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In search of the relationship be­
tween electrolyte status and the func­
tion of RAAS, it was observed that 
PRA and UAE were inversely related 
to sodium intake (Fig. 3).

Neither sodium balance, renal so­
dium excretion, nor the urinary so- 
dium/potassium ratio correlated signif­
icantly with PRA, PA and UAE. 
Plasma potassium, however, showed a 
week positive correlation with PRA 
(r: 0.38, p <  0.05), but no correlation 
was found between plasma potassium 
and PA or UAE.

The activity of RAAS was independ­
ent of the changes in body weight. 
Body weight on the 1st, 3rd and 5th 
days was 3130 ±  83 g, 3041 d: 183 g 
and 3080 d: 200 g, respectively.

D is c u s s io n

The results of the present study are 
consistent with those obtained by 
others [2, 3, 6, 11, 12, 14, 20, 25, 26] 
showing that PRA and PA are high in 
newborn infants for a few hours after 
birth and then they decline progres­
sively by the end of the first week of 
life.

On the basis of these observations 
the possibility arose that the high ac­
tivity of RAAS in the immediate neo­
natal period may be attributed to the 
stressful stimulation imposed by la­
bour and delivery. This is supported 
by the facts that catecholamines in 
cord blood were found to be elevated 
in infants born vaginally [15, 19] and 
that the neonatal juxtaglomerular ap­
paratus is hypersensitive to adrenaline

[9]. Maternal treatment with beta- 
mimetic drugs to prevent premature 
delivery also resulted in enhanced 
PRA [8].

The increased endogenous prosta­
glandin production during labour may 
also be involved in the neonatal hyper­
activity of RAAS [31]. Elective Caesar­
ean section and indomethacin admi­
nistration to the mother are known to 
prevent the physiological rise in endog­
enous prostaglandin production, and 
this results in a lowering of PRA and 
plasma angiotensin concentration, and 
PA in cord blood [3, 6, 11, 16, 18, 21].

In agreement with some recent 
reports [2, 6, 12, 20, 25, 26], PA of the 
newborn was also found to be elevated 
on the first days after birth. Since no 
correlation was observed between 
PRA and PA, the primary role of the 
renin-angiotensin system in regulating 
aldosterone production is questioned 
and other factors are to be considered.

Hyperkalaemia [17] and ACTH 
have a direct stimulatory effect on the 
zona glomerulosa and may contribute 
to the elevation of PA. In newborn 
lambs a significant adrenal aldoste­
rone response occurred after KC1 in­
fusion [23] and hyperkalaemia may be 
assumed to exert a similar effect in the 
neonate. We have, however, failed to 
demonstrate a correlation between the 
plasma potassium level and the aldos­
terone status, confirming the observa­
tion by Siegel et al [25] who noted a 
dissociation between plasma potassium 
and aldosterone during the first days 
of life.

In support of the role of ACTH in 
the control of aldosterone production
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in newborn infants, it can be regarded 
as an indirect evidence that infants 
born after normal labour have, due to 
stress, a higher plasma ACTH level 
than those delivered by Caesarean 
section [1].

The postnatal development of RAAS 
activity might also be expected to 
relate to the changes in sodium ho­
meostasis. We could show [29, 30] 
that in preterm infants the low dietary 
sodium intake, the high rate of urinary 
sodium excretion and the subsequent 
negative sodium balance and hypona- 
traemia resulted in a markedpostnatal 
increase in PRA, PA and UAE. Sup­
plemental sodium then prevented the 
increase in the activity of RAAS [33]. 
Similarly, Godard et al found that in 
full-term infants PRA correlated in­
versely with sodium intake and uri­
nary sodium [12], while a similar in­
verse relationship was not found for 
plasma aldosterone by Siegel et al [21] 
and Raux-Eurin et al [20] after intake 
of 0.3 — 4.5 mEq/kg/day of sodium.

In the present study a significant 
negative correlation was found be­
tween PRA, UAE and sodium intake, 
while the function of RAAS was inde­
pendent of the other parameters of 
sodium homeostasis.

The initial high level and the rapid 
postnatal decline in the activity of 
RAAS can mainly be attributed to 
perinatal stress imposed by labour and 
delivery. The dissociation between so­
dium balance and PRA, as well as 
between PRA, plasma potassium level 
and aldosterone status, may reflect 
the rapid changes in blood pressure, 
blood volume and renal blood flow

rather than the lack of renin release 
and adrenal aldosterone production in 
response to stimulation.
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