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Extract

The pancreatic secretion rates of fluid, protein, Na+, K+, Ca++, and HCO3~ before
and after pancreozymin and secretin stimulations have been studied in 25 pre-
mature and 12 full term newborn infants. The secretion rates are (with few ex-
ceptions) higher in premature than in full term newborn infants. In both groups of
subjects at birth the pancreozymin and the secretin stimulations yield an increment
of pancreatic secretion rates; differences between the responses to pancreozymin and
secretin have been observed but are statistically not significant; a statistically sig-
nificant differentiated response to each of the two hormones appeared only in pre-
mature newborn infants at 1 month of age.

Speculation

In premature and full term newborn infants the exocrine pancreas is functionally
unable to distinguish pancreozymin from secretin at birth, but it is able to do so at
1 week of age. A week of adaptation to extrauterine life seems to be necessary in order
to obtain a response to hormonal stimulation qualitatively similar to, although
quantitatively lower than, that of older infants and children.

Introduction

In a previous study on the pancreatic production of
protein and electrolytes in infants and children we
demonstrated [10] that in healthy study subjects aged
between 9 months and 13 years the secretion rates of
sodium and bicarbonate are higher after secretin
stimulation, those of calcium, magnesium and protein
are higher after pancreozymin and those of duodenal
fluid and potassium are practically the same after
stimulation by each of the two hormones. It there-
fore appears that, as in adults [2, 7], the exocrine
pancreas responds specifically to pancreozymin and

secretin in healthy infants and children [10]. Whether
the time of onset of this specific response to hormonal
stimulation is at birth or some time after birth was
then not investigated and is at that time obscure.
During the last few years, after devising a method
suitable for studying the pancreatic function in
neonates, we determined quantitatively the secretion
of enzymes at birth and during the first few weeks of
life [8]. Using the same method we determined the
protein and electrolyte secretions before and after
stimulation with pancreozymin and secretin in pre-
mature and full term newborn infants in an attempt to
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find out the time of onset of specific response of the
pancreas to hormonal stimulations.

Materials and Methods

Subjects Studied

We studied 25 premature infants (18 females and 7
males) of gestational (postmenstrual) ages between 32
and 34 weeks and a birthweight ranging between 1.8
and 2.4 kg (mean = 2.32 kg) and 12 full term newborn
infants (8 females and 3 males) with a birthweight be-
tween 3.4 and 4.2 kg (mean = 3.84 kg). The study sub-
jects were considered healthy as none of them pre-
sented signs of neurologic and respiratory disturbance
and all had an Apgar score of 10. The study sub-
jects were tested 2-6 hr after birth before the first
feeding, during the second day, at 1 week, and (only
premature newborn infants) at 1 month of age. Permis-
sion for studying these subjects was obtained from the
parents after a full explanation of the procedure. Dur-
ing the study all of the patients were fed the same
commercial infant formula [11]. No disturbance was
observed during or after the pancreatic function test
in any patients studied.

Methods

Tubes, and techniques of duodenal intubation and
sampling were exactly the same as in the previous
study [8]. During the test we made particular efforts
to exclude functionally the duodenum from the
stomach and the jejunum in order to avoid contamina-
tion or loss of duodenal fluid. The hormones used were
pancreozymin and secretin Boots given in a dosage of
2 I.U./kg, body wt. Duodenal fluid, protein, Na+, K+,
Ca++, and HCOS~ were determined as in previous
studies [9, 10]. The results are expressed as secretion
rates per kilogram of body weight per minute before
and after each single hormonal stimulation.

Statistical evaluations of the results have been done
in two steps according to Morrison's profile analysis
technique for several groups [5]: the first one consists
in calculating whether the mean values of each ex-
amined variable before hormonal stimulation, after
pancreozymin and after secretin at various times of
observation (mean profiles) are parallel (parallelism
test), eventually on the same level (equal treatment
levels test) and again superimposed to a straight line
parallel to the abscissa (equal response effects test).
The second step has been applied only in those cases

where the mean profiles were not parallel; it consists
in using the parametric p univariate analysis of vari-
ance (F test) with simultaneous confidence intervals
according to the procedure of Scheffe [6] for sampling
units normally distributed, and a nonparametric one-
way analysis of variance (H test according to the
procedure of Kruskal and Wallis [4]) for sampling units
not normally distributed and having too large individ-
ual variations (Bartlett test [1]).

Results

In Table I are reported the secretion rates of fluid,
protein, and electrolytes before and after hormonal
stimulations in the premature newborn infants. At
birth, the secretion rates of all examined components
of duodenal juice show a clear increase after hormonal
stimulation and this increase is of the same extent after
either pancreozymin or secretin. Beginning from the
second day and more clearly at 1 week and 1 month of
age the secretion rates of fluid, Na+, K+, and HCO3-
tend to be higher after secretin, whereas those of pro-
tein and Ca++ tend to be higher after pancreozymin.
All values are considerably lower than those observed
[10] in infants and children between 9 months and 13
years of age, here reported for comparison purposes.

In Table II are reported the secretion rates of fluid,
protein, and electrolytes of full term newborn infants.
Observations similar to those made for premature new-
born infants also apply to the full term newborn in-
fants in whom the secretion rates expressed per
kilogram of body weight per minute are in several
cases lower than in the former.

Statistical Evaluation

In the premature newborn infants the test of paral-
lelism of the mean profiles (Fig. 1) according to the
method of Morrison [5] yields a statistical significance
(Table III), i.e., the profiles are not parallel except in
the case of fluid. For such a reason the equal treatment
levels test and the equal response effects test have not
been applied and the equality of the response has been
tested separately by a p univariate analysis of variance
with simultaneous confidence intervals according to
the method of Scheffe [6] and by a one-way analysis
of variance according to the method of Kruskal and
Wallis [4]. The results (Table IV) show that in
premature newborn infants the differences of the mean
values obtained before hormonal stimulation (A) and
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Table I. Pancreatic fluid, protein, and electrolyte secretion rates in premature infants and in children before and after pancreozymin
(P) and secretin (S) stimulations (mean ± SD/min/kg, body wt)

v aria Dies

Fluid, pl/min/kg

Protein, /xg/min/kg

Na+, nieq/min/kg

K+, jueq/min/kg

Ca++, Mg/min/kg

HCO3-, /ieq/min/kg

Before stimulations
After P
After S
Before stimulations
After P
After S
Before stimulations
After P
After S
Before stimulations
After P
After S
Before stimulations
After P
After S
Before stimulations
After P
After S

7.9
9.3
9.9

121.1
301.2
305.6
0.83
1.99
2.02
0.02

0.074
0.085
0.32
0.67
0.67

0.012
0.186
0.28

Birth

±
±
±
±
±
db

±
±
±
±
±
±
±
±

±
±
±

4.8
5.4
9.0
40.8
86.8
90.2
0.32
1.05
1.42
0.013 '
0.039
0.04
0.28
0.32
0.31
0.008
0.119
0.16

2nd Day

9.6
8.3

13.3
116.6
173.4
128.5
0.69
1.46
1.73

0.025
0.053
0.063
0.22
0.54
0.49

0.18
0.41

±
±
±
±
±
±
±
±
±
db

±
±
±
db

±
0

±
±

4.7
3.9
5.1
20.9
52.9
32.3
0.31
0.32
0.48
0.012
0.032
0.031
0.20
0.33
0.27

0.23
0.28

Profile a

1

13.9
18.2
19.8

132.8
271.2
152.3
1.66
3.42
3.76

0.062
0.124
0.109
1.09
1.80
1.18

0.022
0.49
0.62

inalysis

Week

±
±
±
db

±
±
±
±
±
db

±
±
±
±
±
±
±
±

10.6
13.2
13.5
60.3
298.4
130.4
1.08
1.9
1.74
0.084
0.105
0.073
1.22
1.45
0.90
0.31
0.32
0.29

1 Month

15.2
23.5
28.9

154.5
295.3
159.9
1.42
3.22
4.05

0.052
0.078
0.110
0.85
1.95
1.19
0.07
0.22
0.63

±
±
±
±
±

±
±
±
db

±
±
±
±
db

±
±
±

14.6
18.5
16.1
59.4
147.5
51.1
1.12
2.08
1.76
0.031
0.034
0.050
0.50
1.21
0.58
0.18
0.12
0.26

Children1

35.3
69.3
86.1

559
262

106
131

4.2
3.9

1.8
0.6

2
5.5

±
db

db

±
±

±
±

±
±

±
±

±
±

25.5
27.7
47.9

107
143

43
78

1.9
1.6

0.7
0.4

0.9
2.4

1 Values reported from Reference 3.

Table II. Pancreatic fluid, protein, and electrolyte secretion rates in full term infants and in children before and after pancreozymin
(P) and secretin (S) stimulations (mean ± SD/min/kg, body wt)

ynwn \ \ loo

V al ia DicS

Fluid, jul/min/kg

Protein, jug/min/kg

Na+, jueq/min/kg

K+, jueq/min/kg

Ga H , pg/min/kg

Before stimulations
After P
After S
Before stimulations
After P
After S
Before stimulations
After P
After S
Before stimulations
After P
After S
Before stimulations
After P
After S

Birth

6.9
8.3
8.0

90.6
163.1
165.6
1.32
2.37
2.77

0.036
0.058
0.081
0.73
1.59
1.67

db

±
±
±
±
±
db

±
±
±
±
±
±

±

5.5
5.3
7.2
17.3
54.4
58.2
0.72
1.16
1.82
0.018
0.21
0.064
0.33
0.91
0.96

Profile analysis

2nd Day

8.2
8.6
8.5

131.9
264.4
234.5
2.02
2.39
2.62

0.043
0.111
0.101
0.97
1.92
1.37

±
±
±
±
±
±
±
±
±
±

±
±
±

4.3
4.8
6.8
27.5
103.5
65.3
1.91
1.71
1.48
0.046
0.073
0.55
0.44
1.82
1.10

l

8.3
8.4

11.4
137.6
334.8
140.9
1.39
1.31
1.87

0.035
0.148
0.112

1.13
2.05
1.36

Week

±

±
±
±
±
±
±
±
±
±
±

±
±

3.7
5.9
6.6
51.6
188.9
62.0
0.43
0.39
0.94
0.025
0.28
0.043
0.48
1.61
0.93

Children1

35.3
69.3
86.1

559
262

106
131

4.2
3.9

1.8
0.6

±
±

±

±
±

±
±

±
±

25.5
27.7
47.9

107
143

43
78

1.9
1.6

0.7
0.4

1 Values reported from Reference 3.

after pancreozymin (B) and secretin (C) are significant
with few exceptions; the differences between the mean
values obtained after pancreozymin (B) and those
obtained after secretin (C) begin to be statistically
significant only at 1 month of age except when the vari-
able is fluid or Na+, neither of which is significant.

In the full term newborn infants the mean profiles
do not show any statistically significant difference
except in the case of protein; i.e., the profiles are

parallel and overlap (Fig. 1 and Table III). For this
reason, in this case, a p univariate analysis of variance
was not done since the mean values at various times
may be assumed to be statistically not different.

Discussion

From the results reported above it may be seen that in
both the premature and full term newborn infants at
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Fig. 1. Profiles of the mean values of pancreatic fluid, protein, and electrolyte secretion rates in premature and full term newborn infants
at various ages.

Table III. Profile analysis of variables (fluid, protein, Na+, K+, Ca++ secretion before and after hormonal stimulation) in prema-
ture and full term newborn infants1

Variables

Fluid

Protein

Na+

K+

Ca + +

Sample groups

Premature
Full term
Premature
Full term
Premature
Full term
Premature
Full term
Premature
Full term

Parallelism test2

6.34
0.31

64.69
8.25

22.76
4.94

18.37
2.38

16.36
4.74

Significant

n.s.
n.s.

P < 0.01
n.s.

P < 0.01
n.s.

P < 0.01
n.s.

P < 0.05
n.s.

Equal treatment
levels test3

4.75
0.76

6.68

1.81

2.22

2.43

Significant

P < 0.05
n.s.

P < 0.01

n.s.

n.s.

n.s.

Profile analysis

Level

1.71
0.04

12.47

0.32

0.04

4.02

Equal response effects test (at various times)4

Significance

n.s.
n.s.

P < 0.001

n.s.

n.s.

n.s.

Level

5.60
0.07

2.17

3.34

2.46

0.33

Significance

P < 0.05
n.s.

n.s.

n.s.

n.s.

n.s.

Level

5.07
0.23

13.57

1.44

1.03

1.2

Significance

-P<0.05
n.s.

P< 0.001

n.s.

n.s.

n.s.

1 n.s.: Not significant; A: before hormonal stimulation; B: after pancreozymin stimulation; C: after secretin stimulation. A, B, and C
are considered at the various times of observation, i.e., A (before hormonal stimulation) at birth, at second day and at 1 week of age,
etc.
2 One-way multivariate analysis of variance with generalization T2-Hotelling [3].
3 F = (TV - K/K - 1)/SST/SSE, where SST = deviation of treatment (K) and SSE = deviation of errors.
4 !T2 = Ny Sy^y (T2 statistic for the single-sample repeated measurements).
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Table IV. Parametric (F) and nonparametric (H) one-way analysis of variance for variables with nonparallel mean profiles in
premature newborn infants1

Variables

Fluid

Protein

Na+

K+

Ca++

Birth

Level Significance

F = 0.45 n.s.
A = B = G

H = 18.07 P < 0.01
A < B = C

H = 13.28 P < 0.01
A < B = C

H = 27.84 P < 0.01
A < B = C

F = 4.68 P < 0.05
A < B = C

Profile analysis

2nd Day

Level

F = 5.70
A =

F = 9.47
A <

F = 27.02
A <

F = 9.02
A <

F = 5.84
A <

B

B

B

B

B

Significance

P < 0.01

< c
P < 0.01

> c
P < 0.01

= c
P < 0.01

= c
P < 0.01

= c

1

Level

F = 0.92
A =

H = 10.4E
A <

F = 8.21
A <

F = 2.37
A =

F = 1.83
A =

Week

Significance

n.s.
B = C

! P < 0.01
B > C

P < 0.01
B = C

n.s.
B = C

n.s.
B = C

1 Month

Level

F = 3.12
A = B

H = 9.19
A < B

H = 23.95
A < B

H = 14.895
A = B

H = 8.85
A < B

Significance

n
= G

P <
> C

P <

= c
p <

< c
p <

> c

.s.

0.05

0.01

0.01

0.05

1 A: Before stimulations; B : after pancreozymin stimulation; G: after secretin stimulation; n.s.: not significant.

birth the exocrine pancreas appears to respond in the
same manner and degree to either pancreozymin or
secretin, whereas, after 1 week of life, the response to
each of these hormones begins to appear specific and
similar to (although lower than) that observed in
older infants and children [10]. In other words, the
exocrine pancreas in both premature and full term
newborn infants begins to distinguish functionally
pancreozymin from secretin only after 1 week of life.
One would argue that this pattern depends upon the
hormones used (Boots) not being absolutely pure. But
were it so, it would be difficult to explain why a clear
difference between the response to the same hormones
appears after 1 week of life.

By analyzing the secretion patterns before stimula-
tion, after pancreozymin and secretin stimulation
longitudinally at the various period of observation
(profile of secretion, Fig. 1), one may observe that a
constant increase of the response before and after
hormonal stimulation occurs in the case of all variables
examined (except on the second day of life in prema-
ture infants and in a few other cases), so that clear
differences between these responses (although statisti-
cally significant only in the premature newborn in-
fants at 1 month of life) may be seen in both premature
and full term newborn infants from the second day of
life.

Finally, by comparing the results obtained in both
groups of subjects studied, one may observe that the
secretion rates tend (with few exception) to be higher
in premature than in full term newborn infants. This
observation is in accordance with the results obtained
in the study of enzyme production in patients of
the same ages and seems to indicate a more active

exocrine pancreas function in premature than in full
term newborn infants [8].

Summary

The pancreatic secretion rates of fluid, protein, and
electrolytes after pancreozymin and secretin stimula-
tion are higher (with few exception) in premature than
in full term newborn infants. An increment of pan-
creatic secretion rates after hormonal stimulation is
present at birth in both groups of patients, but a
statistically significant differentiated response to the
two hormonal stimulations has been observed only in
premature newborn infants at 1 month of life.
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