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T en  te rm , n o rm ally  grow n  new born  in fan ts aged  3 — 5 d a y s  w ith  
h yperb ilirub inaem ia  d u e  to  rhesus o r  A BO  in co m p a tib ility  h av e  been 
s tu d ied . B lood sam ples w ere  ta k e n  v ia  an  um bilical venous c a th e te r  a t  10 
m in u te  in te rva ls  in  o rd e r to  s tu d y  sp o n taneous changes in  g ro w th  horm one, 
in su lin , glucose and  free  f a t t y  acid  co n cen tra tion . M ean p lasm a  G H , insu lin  
an d  glucose co n cen tra tio n s rem ain ed  unchanged , b u t th e  F F A  level rose, 
due p ro b ab ly  to  th e  low  ro o m  te m p e ra tu re  a t  w hich th e  in v es tig a tio n s  w ere 
perfo rm ed .

A nalysis o f in d iv id u a l changes show ed large and  b id irec tio n a l a l te ra ­
tio n s in  G H  and  insu lin , w h ich  w ere m uch  g rea te r th a n  th e  e rro r  o f  the  
a n a ly tic a l m ethods. T he  fin d in g s shou ld  be considered in  th e  e v a lu a tio n  o f 
d iagnostic  investiga tions pe rfo rm ed  o n  new born in fan ts.

Since the development of insulin 
radioimmunoassay by B e r s o n  and 
Y a l o w  [2], the hormonal control 
of metabolic adaptation has become 
a much researched aspect of neo­
natology.

In interpreting hormonal changes 
of any kind in the newborn infant, 
the knowledge of basal hormone con­
centrations is of fundamental im­
portance. Despite many efforts cer­
tain questions still seem to be un­
answered. It is clear from the per­
taining literature that the basal 
levels of different hormones vary 
remarkably in spite of the fact that 
the patients studied seem to be ho­
mogeneous. Although methodological 
differences and errors may in part 
explain the wide variations, two 
more possibilities must be considered, 
viz. (i) the patients are not as ho­

mogeneous as was thought on clin­
ical grounds; (ii) the patients are 
homogeneous but there are spon­
taneous fluctuations of the hormone 
concentrations.

In order to prove or disprove the 
latter possibility, we have studied 
in newborn infants the spontaneous 
changes in growth hormone (GH) and 
insulin concentration and also the si­
multaneous alterations of the blood 
glucose and free fatty acid (FFA) 
levels.

Pa L’lENTS AND METHODS

T en  full te rm  (g e s ta tio n a l age  37 
w eeks), no rm ally  grow n (b ir th  w e ig h t p e r­
cen tile  10—90) new born  in fa n ts  aged  3 — 6 
d a y s  w ith  h y p e rb iliru b in aem ia  d u e  to  
rh esu s o r ABO in co m p a tib ility  h a v e  been 
s tu d ied  (Table I). T he p re g n a n c y  w as com ­
p lic a te d  by  p re-ec lam psia  in  tw o  cases,
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T a b le  I

Clinical da ta  of pa tien ts

No.
Birth

weight
(g)

Gestational
age

(week)
Percentile

weight

Postnatal
age

(days)
Pregnancy history Delivery Incompat­

ibility

1 3500 39 75 3 uneventful spontaneous R h
2 2380 37 1 0 — 2 5 5 uneventful spontaneous R h
3 28 8 0 38 2 5 — 50 4 toxaem ia spontaneous ABO
4 27 5 0 37 2 5 — 50 4 toxaem ia spontaneous ABO
5 29 7 0 40 1 0 — 25 5 uneventfu l Caesarean R h
6 3100 4 0 2 5 — 50 3 uneventfu l spontaneous R h
7 3720 40 7 5 —  90 3 uneventful spontaneous ABO
8 29 2 0 39 1 0 — 25 3 uneventful spontaneous R h
9 3140 39 2 5 — 50 4 uneventful spontaneous R h

10 3400 41 5 0 — 75 3 uneventful spontaneous R h

w hile  i t  w as u n e v e n tfu l in  th e  o thers. 
O ne in fa n t w as b o m  b y  C aesa rean  section 
fo r m a te rn a l reasons, th e  o th e rs  b y  norm al 
sp o n tan eo u s  delivery . N o n e  needed  re ­
su sc ita tio n  and  th e  5 m in u te  A p g a r score 
w as 7 o r h igher. S even  b a b ie s  suffered 
fro m  rhesus in c o m p a tib ility  a n d  th ree  
fro m  A BO  in c o m p a tib ility  o f  m ild or 
m o d e ra te  degree. N o sig n  o f  neurological 
d am ag e  could be d e te c te d  in  th e  in fan ts 
e ith e r  on  adm ission o r  su b sequen tly . 
E x c h a n g e  tran sfu s ions w ere  decided on 
c lin ica l g rounds because  o f  th e  high b i­
liru b in  level in re la tio n  to  p o s tn a ta l  age.

F o r  exchange tra n s fu s io n  a n  um bilical 
v e in  c a th e te r  w as in tro d u c e d  6 — 7 cm 
h ig h  a n d  th e n  fixed. B lood  w as ta k e n  v ia  
th e  c a th e te r  for G H , in su lin , glucose and  
F F A  analysis a t  10 m in u te  in te rv a ls  for 
one h ou r. To p re v e n t o b s tru c tio n , th e  
c a th e te r  w as flu shed  w ith  physio logical 
so d iu m  chloride so lu tio n  a  few  tim es.

E x ch an g e  tran sfu s io n s  w ere  perform ed 
a t  23 — 25°C room  te m p e ra tu re . T he  babies 
w ere  covered  w ith  ste rile  sh ee ts , no  “ baby  
h e a te r ”  w as used. D u rin g  th e  in ves tiga­
t io n  all in fan ts  rem a in ed  q u ie t , though  
fro m  tim e  to  tim e  som e m u s c u la r  ac tiv ity  
cou ld  be observed. B efo re  s ta r t in g  th e  
tran sfu s io n , 20 m l b lood  w as ta k e n  and

th e n  th e  ex ch an g e  tran sfu s ion  w as begun  
b y  in je c tin g  20 m l blood. T he la s t  m eal 
w as in g es ted  th re e  hours before th e  60 m in  
sam ple . A ll tran sfu s ions w ere done b e ­
tw een  2 a n d  7 p. m .

B lood  w as collected in h ep arin ized  
tu b e s  a n d  cen trifu g ed  im m ed ia te ly  a f te r  
sam p ling . P la s m a  fo r horm one assay s w as 
s to re d  a t  — 20°C a n d  th aw ed  o n ly  once.

B lood  glucose concen tra tion  w as es­
t im a te d  b y  th e  m e th o d  of P r y c e  [29], 
F F A  b y  a  co m b ina tion  of th e  m e th o d s  
o f  D a l t o n  a n d  K o w a l s k i  [ 6 ]  a n d  L a u - 

r e l l  a n d  T i b b l i n g  [21], and  in su lin  by  
th e  m e th o d  o f  H a l e s  and  R a n d l e  [13]. 
G H  c o n c e n tra tio n  w as e s tim a ted  b y  a  
do u b le  a n tib o d y  m ethod  (G row th  H o r ­
m one B in d in g  R eag en t, W ellcom e R e a ­
g e n ts  L td .) . T he e rro r o r th e  G H  an d  in ­
su lin  assay s  w as ± 1 0 % .

R e s u l t s

Growth hormone (Table II). There 
was a gradual fall in the mean plasma 
GH concentration during the period 
of study (Fig. 1). This was 13 ng/ml 
at 60 minutes, or a fall of 26% from
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T a b l e  II

Spontaneous changes in plasm a GH and insulin in  newborn infants

No. 0 10 20 30 40 50 60 m inutes

Growth hormone 
1

ng/ml
45 32 26 17 16 18 15

2 23 23 25 31 30 27 26
3 29 28 34 32 25 22 20
4 29 27 24 24 25 22 25
5 10 7 9 8 6 6 7
6 58 51 44 35 32 18 16
7 8 9 7 5 7 6 7
8 18 18 25 27 27 27 25
9 64 60 42 36 33 33 28

10 — — — — — — —

mean 32 28 26 24 22 20 19

±  SE 5.9 5.2 3.8 3.4 3.0 2.7 2.3

In su lin , micro I  
1

J/ml
48 61 73 52 58 80 120

2 31 24 15 14 15 15 12
3 — — — — — — —
4 30 25 23 25 20 21 24
5 18 18 23 4 16 13 13
6 29 15 32 39 15 60 21
7 9 9 4 5 5 4 4
8 19 13 11 5 5 11 13
9 38 28 30 40 39 29 25

10 39 28 23 5 18 21 11

mean 29 25 26 21 21 28 27
±  SE 4.0 5.2 6.0 6.1 5.6 9.4 11.8

the original mean level (Table IV), 
but the change was not significant 
statistically due to the wide scatter­
ing. Analysis of individual results 
showed marked oscillations of the 
plasma GH value, which exceeded 
the error of the method (Fig. 2).

Insulin (Table II). No significant 
change was observed in the mean 
plasma insulin level during the ob­
servation period (Fig. I). The maxi­
mum deviation from the initial value 
occurred at 30 minutes; it was 8 
micro U/ml or 35% (Table IV). Ex-
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•  ■■■■• Blood glucose
•  -•  Insulin
о----- о Growth hormone
о-----о Free fatty acids

F ig . 1. M ean p lasm a co n cen tra tio n  o f G H , insu lin , glucose an d  F F A  in new born  in fan ts  
a t  te n  m in u te  in te rv a ls  d u rin g  one hour. S ta n d a rd  e rro rs  see in  T ables I I  and  I I I

amination of individual cases showed 
changes as great as +150 and —88% 
(Fig. 3).

Glucose (Table III). The mean blood 
glucose level remained steady; the 
changes did not exceed + 1  mg/100 ml 
or 2% (Table IV). On individual anal­
ysis some considerable changes were 
detected, mainly in the second half 
of the observation period but these

were much smaller than the changes 
occurring in the GH and insulin levels.

Free fatty acids (Table III). In the 
mean FFA concentration a marked 
rise was observed; its degree varied 
greatly from case to case and occa­
sionally a fall also occurred.

No significant correlation was found 
between the changes of the GH, insu­
lin, glucose and FFA concentrations.

per cent

F ig . 2. P e rcen tu a l changes in  p lasm a G H  in new b o rn  in fan ts  (100 p e r cen t =  in itia l
concen tra tio n  )
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T a b l e  I I I

Spontaneous changes in blood glucose and  FFA  in newborn infants

No. 0 10 20 30 40 50 60 m inutes

Glucose, mg/100 
1

ml
65 61 60 62 63 66 67

2 03 62 59 6 8 65 69 68

3 90 101 95 93 8 8 84 79
4 83 81 75 75 73 75 76

5 57 57 56 52 53 52 51

6 51 52 54 54 63 63 66
7 41 41 41 43 47 45 47

8 70 62 59 56 57 57 58

9 78 78 80 76 78 77 76

10 09 83 83 92 82 82 75

mean 67 68 66 67 67 67 ÖÖ

± S E 5.1 5.0 5.2 5.4 4.2 4.7 3.5

F F A  —  micro 
1

'1/1
750 1230 1380 1180 1260 1150 1230

2 800 600 480 740 450 488 830

3 197 114 370 660 100 114 550

4 155 187 180 202 284 330 158

5 450 640 695 800 1070 1180 1060

6 280 370 480 885 940 865 1120

7 850 650 775 1090 1060 1070 1090

8 155 110 160 114 139 135 120

9 800 970 775 1100 1090 1030 1040

10 1030 1060 875 720 680 820 1050

mean 546 502 615 748 706 716 825

±  SE 108 128 117 115 140 134 130

D is c u s s io n

GH and insulin can be detected 
in the human foetus as early as the 
second to third month of gestation 
[19, 32]. It is also well-known that 
the GH concentration both in the 
umbilical blood and in the newborn

infant is much higher than that in 
the mother and considerably exceeds 
the values found in children and 
adults [4, 20, 38]. The ability of the 
foetus to increase its insulin secretion 
in response to a glucose load has 
been disputed in the literature [1.7, 
23, 28, 36] but it is generally accepted
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per cent

F ig . 3. Percentual changes in plasm a insulin in newborn infants (100 per cent =  initial
concentration)

T a b l e  IV

Spontaneous changes in plasm a grow th hormone, insulin, glucose and free fa tty  acid, in per cents

0 10 20 30 40 50 60 m inutes

Growth hormone

m ean 100 91 91 86 82 75 74

±  SE — 4.0 8.2 12.6 12.6 12.5 12.2

In s u l in

m ean 100 83 84 65 67 88 79

±  SE — 7.3 12.5 12.4 10.1 19.1 22.0

Glucose

m ean 100 100 98 100 101 101 100

±  SE — 2.7 3.0 4.5 4.4 4.4 4.7

F ree fa tty  acids

m ean 100 100 125 161 144 146 172

±  SE — 11.4 14.5 29.5 29.2 28.2 33.0
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that the newborn infant can do so, 
although the insulin response is slug­
gish, at least in the early postnatal 
period [1, 34]. Despite the fact that 
GH and insulin are important hor­
mones with partly synergistic and 
partly antagonistic anabolic actions, 
their role in intrauterine growth 
and development is unclear. It has 
been suggested that GH is not essen­
tial for the development of optimum 
body weight and size [3, 18, 31] 
and the regulation of the foetal blood 
glucose level seems to be independent 
of foetal insulin secretion.

The present findings showed mark­
ed oscillations in the umbilical ve­
nous plasma GH and insulin concen­
trations estimated at 10 minute 
intervals for one hour. The variation 
was much greater than that of the 
analytical technique and therefore 
could not he ascribed to the method 
of assay. The mean values for the 
group tended to mask the individual 
alterations (Fig. 1) but the great 
standard errors (Tables II and III) 
reflected wide variations. The varia­
tions in plasma GH and insulin con­
centration can therefore be ascribed 
to alterations in secretion, distribu­
tion or degradation.

In children and adults GH secre­
tion increases during fasting, mus­
cular exercise and stress [7, 10, 11, 
14, 30] whereas the effect of stress 
on GH secretion in the newborn is 
controversial [24, 35]. Blood sam­
ples were taken from an indwelling 
venous catheter to eliminate the 
possible effects of repeated veni­
punctures and muscular activity. In

some of the infants, the plasma GH 
concentration fell gradually during 
the study period (Fig. 2). It arose 
that in these babies the initial plasma 
GH concentration was high due to 
the stress of umbilical catheterization 
but this idea was not supported by 
the observation that the mean GH 
concentration in scalp venous plasma 
10 min before umbilical catheteriza­
tion was 28^5.9 ng/ml, not signif­
icantly different from that in the 
first umbilical venous sample, 32 ±  
5.9 ng/ml. The infants were exposed 
to cold during the study since the 
room temperature was 23 25°C and
this was probably responsible for 
the progressive rise in mean plasma 
FFA concentration, but cold expo­
sure did not cause increased GH se­
cretion, in agreement with earlier 
observations [9, 25].

No significant correlation was ob­
served between the spontaneous 
changes in the GH, insulin, glucose 
and FFA levels. This finding may 
have relevance to the suggestions 
that circulating energy substrates 
such as glucose, FFA and amino 
acids exert an influence on GH and 
insulin secretion by positive or neg­
ative feed-back mechanisms [5, 8, 
10, 11, 12, 22, 26]. While exogenous 
changes in metabolite concentration 
are affecting GH and insulin secre­
tion in the newborn infant, the pre­
sent results suggest that spontaneous 
changes in glucose and FFA do not 
influence GH and insulin concentra­
tions within a 60 min period.

Spontaneous changes in plasma 
insulin in the newborn infant have
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not been reported, but many workers 
have studied changes in plasma GH 
in adults and children during the 
day and also at night [15, 16, 27, 30, 
33, 37]. It is well-established that 
GH secretion increases during deep 
sleep in children [15, 16] and adults 
[3], but S h a y w it z  et al. [33] observed 
rapid oscillations of wide amplitude 
in plasma GH concentration which
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