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Summary

Thirty-one premature infants who required nasojejunal feeding
were evaluated for pancreatic exocrine function before and after
feeding of milk-based or soy-based formulas for 30 days. The two
groups were well matched for age and birth weight (about 1.5 kg).
At birth, all infants had high basal secretion of trypsin and
chymotrypsin, but low lipase and no amylase activity. Additionally,
there was no response to pancreozymin (CCK). After 30 days of
feeding with either soy or milk-based formulas, both groups showed
a similar increase in body weight (to 1.8 kg) and basal secretion of
trypsin, chymotrypsin, and lipase and failure to secrete amylase.
The group that was fed milk-based formula failed to respond to
CCK and secretin administration. Thus, soy- and milk-based for-
mulas result in similar weight gain and similar basal pancreatic
enzyme secretion while feeding with soy-based formula selectively
increases the trypsin and lipase response to CCK.

Speculation

Adaptation of pancreatic exocrine function to dietary modifi-
cations has been shown in adults. Such adaptation may also exist
in neonates. Feeding of two contrasting formulas, soy and milk
based, may affect the development and maturation of the exocrine
pancreatic function differently.

In comparison to adults, newborn term and preterm infants
suffer a state of digestive insufficiency. Newborns have a less
developed pattern of exocrine pancreatic function which is char-
acterized by very low lipase and absence of amylase activities in
the duodenal contents (2, 4, 8, 13, 26).

Premature infants (32 to 34 wk of gestation) absorb only 65 to
75% of the lipid intake. Full-term newborns absorb 85 to 90% of
the lipid intake, and adult levels of lipid absorption are not
attained until 4 to 6 months of age (12, 20). Thus, varying degrees
of “steatorrhea” can be found in young infants. Starch digestion
has not been studied in prematures; however, as measured by the
carbohydrate content and composition in the intestinal juice after
feeding of a test meal containing amylopectin, infants 3 to 6
months of age suffer diminished starch digestion when compared
to children older than 1 year (1). In contrast, both premature and
full-term neonates have been found to effectively absorb proteins
(2). '

Knowledge of the level of pancreatic enzymes in premature
infants is scanty (10). In the study by Borgstrom et al (2), prema-
ture infants around | wk of age were found to have a decreased
concentration of trypsin in basal duodenal fluid and a failure of
pancreatic response to feeding when compared with infants 14 to
30 days of age. Zoppi et al. (26) found no difference in trypsin
activity between premature neonates and full-term neonates. How-
ever, very low activities of lipase and alpha-amylase were noted in
premature neonates.

In animals, pancreatic enzymes have been shown to be influ-
enced by diet. Diets high in carbohydrate content were found to
selectively increase the pancreatic content of amylase in rats (5,
23), whereas diets high in protein were shown to result in high
trypsin and chymotrypsin contents in the pancreas and intestinal
fluid (18). Diets high in fat were found to induce an increase in
lipase both in pancreatic content and intestinal luminal content in
rats after weaning but not before. In humans, protein-rich diets
have been shown to result in high concentrations of trypsin and
lipase but not amylase in duodenal fluids of young infants (26).
On the other hand, high-fat diets were found to have no effect on
pancreatic enzymes in both premature and full-term newborns.
The general consensus at present is that an adaptation of pan-
creatic secretion of digestive enzymes occurs in response to diets
of different composition. However, the adaptation requires a
prolonged dietary modification for many days or weeks (16).

This study was performed to assess the exocrine pancreatic
function of newborn premature infants and to determine whether
the maturation of pancreatic function is influenced by infant
formula composition.

PATIENTS AND METHODS

Within a period of 3% years, 52 premature infants born between
28 and 34 wk of gestation were admitted to the study. Assessment
of gestational age was done by maturity rating using both external
signs and neurologic findings (24). All infants chosen had previ-
ously been placed on nasojejunal feeding by the neonatal staff. Of
the 52 infants chosen initially for this study, eight developed
medical complications such as respiratory distress syndrome, diar-
rhea, and sepsis. Seven did not gain sufficient weight while on
soy-based formula (Isomil and Prosobee), and six did not gain
weight on milk-based formula (Similac or Enfamil). Prematures
in the latter two groups were switched to human milk with
supplement of Enfamil premature formula (Mead Johnson) or
parenteral hyperalimentation and were not included in the study.
Of the 31 infants who completed the study, 16 infants were fed
only milk-based formula, and 15 were fed only soy-based formula
for 30 days, which was the duration of the study. The major
components in the soy-based formula (Isomil and Prosobee) and
the cow’s milk-based formula (Similac and Enfamil) are listed in
Table 1.

Because results from infants fed either Isomil or Prosobee were
the same, they were presented as a group under soy-based for-
mulas. Similarly, those fed on either Similac or Enfamil were
identical and therefore were also presented as a group under milk-
based formula. The daily intake of formula and weight gain for
each infant were recorded. The weight of each infant at birth and
at 30 days of age is presented in Tables 3 and 4. Pancreozymin-
secretin test was performed on each subject in the first 3 days of
life before oral feeding and also at 30 days of age. The protocol
for this investigation was approved by the Human Research
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Table 1. Composition of major components in various formulas

Similac Enfamil Isomil Prosobee
Protein concentration (g/liter) 15.5 15.0 20.0 25.0
Source Cow’s milk Cow’s milk Soy protein Soy protein
Amino acids concentration (g/liter)
Histidine 0.43 0.45 0.50 0.52
Isoleucine 0.80 0.81 0.89 1.06
Leucine 1.45 1.51 1.60 1.83
Lysine 1.21 1.25 1.18 1.36
Tryptophane 0.21 0.26 0.21 0.29
Phenylalanine 0.75 0.74 1.05 1.16
Threonine 0.71 0.69 0.72 0.84
Valine 1.02 0.96 0.92 1.06
Methionine 0.45 0.39 0.40 0.47
Cystine 0.15 0.14 0.19 0.22
Fat concentration (g/liter) 36.1 37.0 36.0 34.0
Source Coconut + Coconut + Soy oil Soy oil
soy oil soy oil

Fatty acids concentration (g/liter)
Polyunsaturated 17 21 20
Saturated 21 11 5 5
Monounsaturated 7 8 7
Carbohydrates concentration (g/liter) 72.3 70.0 66 68
Source Lactose Lactose Corn syrup + Corn syrup +

sucrose sucrose

Committee of the Children’s Hospital of Buffalo. After proper
explanation, written consent was given by all parents.

PANCREOZYMIN-SECRETIN TEST

The test used was a slight modification of that reported by
Zoppi et al. (26). All tests were performed in the morning after a
4- to 6-hr fast. In addition to the nasojejunal tube already present,
an additional gastric tube was placed. The correct position of the
nasojejunal tube was assessed by the yellowish-green color and
basic pH of the fluid collected. Two 10-min basal duodenal fluid
specimens were collected. Pancreozymin (CCK-PZ, Kabi Diag-
nostica) was injected IV at a dosage of 2 units/kg body weight.
One 30-min collection was obtained. Secretin (Kabi Diagnostica)
was then injected IV also at the dosage of 2 units/kg body weight.
An additional 30-min collection was performed. All fluid speci-
mens were collected over ice. They were stored at —20°C for
subsequent enzyme determination. During the entire test, the pH
of all samples was monitored to insure a correct tube placement.

ENZYME DETERMINATION

Enzyme assays were performed as soon as possible after collec-
tion (within 24 hr). Enzyme activities did not change appreciably
after one freeze and thaw cycle.

Trypsin (EC 3.4.4.4) activity was measured by the liberation of
p-nitroaniline from the substrate benzoyl-DL-arginine-p-nitroani-
line at pH 8.2 and 25°C according to the method of Erlanger ez al.
(7). Units were expressed as nmoles of p-nitroaniline produced per
minute.

Chymotrypsin (EC 3.4.4.5) was determined from the rate of
hydrolysis of N-benzoyl-DL-tyrosin ethyl acetate ester as measured
by the change in absorbance at 256 nm with time, as described by
Hummel (11). Units were expressed as micromoles of substrate
hydrolyzed per minute.

Lipase (EC 3.1.1.3) activity was determined by the potentio-
metric titration (at a constant pH 8.0) of ionized fatty acids
liberated from a triglyceride (olive oil) emulsion with 0.05 N
NaOH following the procedures of Smeriva et al. (22). Units were
expressed as mmoles of acid equivalent liberated per minute. This
measures only the lipase activity independent of the colipase
activities.

Alpha-amylase (EC 3.2.1.1) was determined from the colored
product obtained by the reduction of 3,5 dinitrosalicylic acid by
maltose liberated in the hydrolysis of starch (21).

Lowry et al.’s method (18), with a Folin phenol reagent and
bovine serum albumin as the standard, was used to derive the
amount of total protein.

RESULTS

Tables 2 and 3 list the premature infants with their gestational
ages, birth weights, and 30-day weights after feeding on milk- or
soy-based formula. There were no statistical difference in the two
groups of infants for gestational ages and birth weights. Their
average daily intake of infant formula during the 30 days of the
study was also comparable. The average body weights of the two
groups of infants after 30 days were also similar. The average
daily weight gain in the group who were fed soy-based formula
(Table 3, fourth column) was slightly lower than, but statistically
insignificant from, the average daily weight gain of the group fed
milk-based formula (Table 2, fourth column).

Protein concentration, amylase, trypsin, chymotrypsin, and li-
pase were measured in the duodenal fluids of neonatal premature
infants (1 to 3 days old). Table 4 summarizes the results. Amylase
was not detected. Basal trypsin and chymotrypsin activities were
moderate {20 to 25% of adult level (17)]. Lipase was low [<5% of
adult level (17)]. The protein concentration, trypsin, chymotrypsin,
and lipase activities did not change after pancreozymin and secre-
tin administration. There were no differences between infants that
were to be fed milk-based formula (group M) and infants that
were to be fed soy-based formula (group S).

Table 5 shows the results obtained from the same groups of
infants fed for 30 days with milk-based formula (group M) or with
soy-based formula (group S). Protein concentrations in the duo-
denal fluids did not change significantly compared to the values
in the 3 day olds (Table 4). No significant difference was found
between the protein concentration in the duodenal fluid of the M
and S groups before and after (CCK) and secretin administrations.

Basal levels of trypsin, chymotrypsin, and lipase in the duodenal
fluids of all infants fed with formula for 30 days (Table 5) showed
significant increase compared to the basal values of the neonates
(Table 4). There was no significant difference between the corre-
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Table 2. Growth of infants after 30 days feeding on milk-based formula

Head' circumference

Gestational age (wk) Birth wt (g) Wt at 30 days (g) Ave. daily wt gain (g) (cm) Ave. daily intake (ml)
32 1840 2210 12 27.0 300
30 1510 2310 20 28.5 350
33 1740 2080 11 29.3 300
29 1320 1730 14 24.5 250
28 1280 1630 12 28.5 230
32 1500 1910 14 276 250
29 1270 1660 13 28.0 250
30 1500 1910 14 28.5 280
31 1320 1730 14 27.8 250
31 1280 1630 12 26.0 220
28 1080 1400 11 25.0 220
32 1500 1670 6 29.0 220
28 1250 1650 13 28.0 250
29 1100 1450 12 25.0 220
32 1510 2030 17 29.5 300
32 1710 2120 14 29.0 260
Mean + 1 S.D.
304 £ 1.7 1419 £ 220 1809 + 250 13.0+30 275+ 1.6 250.5 + 375

! Measured at the time of birth.

Table 3. Growth of infants after 30 days feeding on soy-based formula

Average daily wt gain  Head' circumference

Gestational age (wk) Birth wt (g) Wt at 30 days (g) & (cm) Average daily intake (ml)
29 1220 1730 17 28.0 300
30 1540 1750 7 26.5 220
34 2000 2430 14 30.0 320
28 1190 1550 12 26.5 240
31 1520 1870 12 29.0 260
29 1270 1660 13 26.5 200
28 1100 1360 9 26.0 230
32 1820 2300 16 29.5 300
30 1430 1800 12 28.0 250
32 1780 2170 13 29.0 260
30 1260 1600 11 27.0 230
31 1550 1910 12 28.5 250
30 1440 1790 12 27.5 250
29 1300 1620 11 27.5 230
32 1750 2130 13 29.0 280
Mean = 1S8.D.
303 + 1.7 1478 + 265 1845 + 297 123+24 27912 254.7 + 33.1

! Measured at the time of birth.

Table 4. Effect of pancreozymin and secretin on pancreatic secretion in two groups of premature infants before feeding

Enzyme activities (units/mg protein)

Protein Trypsin Chymotrypsin Lipase
(mg/ml)
M’ S M S M S M S
Basal 4.6 +0.8* 44 £06 154 +3.1 145 + 3.1 047 £ 0.12 0.47 %+ 0.09 0.51 = 0.08 0.52 £ 0.03
CCK-PZ 49 +0.7 48 +0.6 126 £ 3.0 13.0 £33 0.50 = 0.07 0.49 = 0.10 0.72 = 0.11 0.50 = 0.13
Secretin 48+038 47+07 85+20 82+20° 0.42 = 0.09 0.43 £0.11 0.80 £ 0.21° 0.75 = 0.18°

" (N = 16) refers to the group of infants designated for subsequent feeding with milk-based formula; S, (N = 15) refers to the group of infants
designated for subsequent feeding with soy-based formula.

*Mean =+ | S.D. protein concentrations or enzyme activities in duodenal fluids.

* Values significantly different (P < 0.01) from the corresponding basal values by Student’s ¢ test.

sponding basal values of the three enzymes from the M and S those infants fed soy-based formula. Further, the postpancreo-
groups after 30 days feeding. zymin (CCK) level of trypsin activity in the duodenal fluid of soy-

Pancreozymin caused a slight drop in trypsin activity (compared based formula-fed infants was significantly higher than the post-
to basal level) in infants fed milk-based formula, but it resulted in  pancreozymin (CCK) trypsin activity from infants fed milk-based
a significant increase in trypsin levels (compared to basal level) in  formula. Secretin did not change trypsin activity in the group of
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Table 5. Effect of pancreozymm (CCK) and secretin pancreatic secretion in two groups of premature infants after 30 days of feeding with
milk-based formula (group “M”) or soy-based formula (group “S”)

Enzyme activities (unit/mg protein)

Protein (mg/ml) Trypsin Chymotrypsin Lipase
M’ S M S M S M S
Basal 44 +0.8° 4.7 +£0.8 319 +5.1 3Ll £42 0.69 £ 0.07 0.52 + 0.06 1.97 £ 043 2.14 £ 043
CCK-PZ 39+0.7 44+ 10 275 x4.1° 404 + 5.4%* 0.73 £0.14 0.62 +£0.19 2.11 £0.6 3.06 = 0.42%°
Secretin 42+ 1.0 4409 293 +£40 37.6 £ 5.7%* 0.56 + 0.13* 0.55 £ 0.11 2.02 £ 0.54 3.62 + 0.87* 4
'M, (NN = 16) refers to the group of infants fed only milk-based formula for 30 days from birth; S, (N = 15) refers to group of infants fed only soy-

based formula for 30 days from birth.

*Mean + | S.D. of protein concentrations or enzyme activities in duodenal fluid.
% Values significantly different (P < 0.01) from the corresponding basal values by Student’s 7 test.
“ Values significantly different (P < 0.01) from the corresponding values after CCK-PZ (pancreozymin) or secretin administration from the “M”

group by Student’s / test.

infants fed milk-based formula, but it substantially increased the
trypsin level in the duodenal fluids from the group of infants fed
soy-based formula. Again, this level was significantly higher than
the corresponding value from infants fed the milk-based formula.

The chymotrypsin activity in the duodenal fluid remained the
same after pancreozymin (CCK) administration in both the M
and S groups. After secretin administration, the chymotrypsin
level in the duodenal fluids of the M group was significantly
reduced. In the S group, secretin did not affect the chymotrypsin
level in the duodenal fluid. Furthermore, the chymotrypsin level
was not significantly different from the corresponding value in the
M group.

Pancreozymin (CCK) and secretin had no effect on the lipase
activities in the duodenal fluids of the group of infants fed milk-
based formula, but significantly higher lipase levels were observed
in the S group than in the M group after pancreozyjin (CCK) or
secretin.

No detectable amylase could be measured in the duodenal
fluids before and after PS test from any of the infants in either
group after 30 days feeding with the corresponding formula.

DISCUSSION

Pancreatic exocrine function has been shown to be influenced
by diet composition. The general consensus is that high-protein
diet results in a higher content of proteases in the pancreas and in
the pancreatic secretion than a low protein diet (26). A diet high
in starch leads to a higher level of amylase as compared to a low
or a starch-free diet (16, 26). High lipid diets may lead to increase
(13) or no change (23) in lipase activities.

Developmentally, it has been reported that pancreases from
fetal and neonatal rats are lacking in response to stimulation by
secretogogues (6, 15, 25). Similarly, we have shown a lack of
response of the newborn human pancreas to pancreozymin (16)
together with a low level of lipase and absence of amylase secre-
tion. Our present study confirms these observations.

The results show that 1- to 3-day-old premature infants (28 to
34 wk of gestation) appear to have limited pancreatic function:
low basal levels of lipase, chymotrypsin, and trypsin; complete
absence of amylase; and a general lack of responsiveness to
pancreozymin and a limited response to secretin. Increase in
pancreatic secretion occurred when these infants were measured
after 30 days irrespective of the type of formulas fed.

Barring any genetic variations, the major difference between
the two groups of 30-day-old premature infants was in their
dietary formula. One group has been fed a cow’s milk-based
formula only and the other, a soy-based formula only. Besides the
basic difference in their protein sources, the soy-based formula
has a higher protein content (20 to 25 g/liter) than milk-based
formula (15.0 to 15.5 g/liter). Although the milk-based formula
contains lactose almost exclusively as the carbohydrate source, the
soy-based formula has polysaccharides up to 3% by weight plus

3% sucrose and about 1% of mono-, di-, and tri-saccharides (27,
28). The amount of fat, caloric content, and osmolality in both
formulas are fairly comparable.

Our results indicated that there was no difference in the basal
secretion of pancreatic enzymes between the two groups of infants
after feeding with soy or milk-based formula for 30 days. Both
groups showed a significant increase in all enzymes except amylase
over the 1 to 3-day-old levels. No difference in growth measured
by the weight gain was evident between the groups. Thus, both
formulas seemed to be able to support general body growth and
basal pancreatic enzyme secretion. However, feeding with soy-
based formula resulted in a significant and selective increase in
trypsin and lipase response to pancreozymin and secretin com-
pared to feeding with milk-based formula.

Dietary influence on pancreatic exocrine function, including an
increase in amylase following a starch diet, has been reported by
Zoppi et al. (26). In their study, only basal secretion was measured,
and no data were available on the secretion of enzymes after
stimulation with pancreozymin and secretin. In the present study,
we observed no difference in the basal duodenal content of trypsin,
chymotrypsin, and lipase between the group fed with soy-based
formula (higher in protein and polysaccharide) and the group fed
with milk-based formula. One explanation for the absence of an
inductive effect on the basal levels of proteases may be that the
difference in the protein content (20 versus 15.5 g/liter) was not
sufficient to affect a differential production of proteases in the
pancreases of the two groups of infants. The absence of detectable
amylase in our study was of special concern because the amount
of polysaccharides in the soy-based formula is comparable to that
used by Zoppi et al. (26) where induction of amylase was reported.
It is possible that the small amount of amylase (about 1.6% of the
adult level) measured by Zoppi e al. was salivary in origin.
Alternatively, the induction of amylase may specifically require
starch. Polysaccharides in the soy-based formula are from corn
syrup and have degree of polymerization less than starch and
hence not effective.

The observed increase in trypsin and lipase response to pan-
creozymin and secretin after feeding for 30 days with soy-based
formula is interesting. The effect of soy-based formula on trypsin
is more likely due to a difference in the type than the amount of
the protein because the effect was specific for trypsin and not for
chymotrypsin. The effect of soybean trypsin inhibitor in the soy-
based formula has been considered. The estimated quantity of
active trypsin inhibitor in the formula (3), calculated to be about
5 units/g of diet was much lower than the concentration (25 units/
g of diet) that was found to increase the trypsin content in the
pancreas (14) and, therefore, should not affect trypsin activity
significantly. The increase in lipase in response to pancreozymin
and secretin in the group fed soy-based formula may be related to
the higher content of polyunsaturated fatty acids in these formulas,
because it has been suggested that the type of dietary fat exerts a
marked effect in the lipase content of the pancreas in the rat (9).
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In conclusion, premature infants exhibit low exocrine pancreatic

function which increases during postnatal development. Both
cow’s milk-based formula and soy-based formula permit devel-
opment in general and specifically to the development of pan-
creatic enzymes. Soy-based formula appears to promote a more
rapid maturation of pancreatic exocrine function especially the
lipase and trypsin response to pancreozymin (CCK).
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