Correlative Study of Hydrochloric Acid,
Pepsin, and Intrinsic Factor Secretion

in Newborns and Infants
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The developmental patterns of secretion of hydrochloric acid, pepsin, and
intrinsic factor were studied, following Histalog stimulation, in gastric juice
of infants 12 hr to 3 months old. In the first day of life, the outputs of
hydrochloric acid, intrinsic factor, and pepsin were very low, but in no
instance was achlorhydria found. The outputs of these three glandular
secretory components then showed a gradual increase until the third week
after birth, followed by a short decline in the third to fourth week, and a
second sustained rise continuing into the second and third month of life.

A good correlation was observed between the outputs of hydrochloric
acid and intrinsic factor in gastric juice of the neonate following Histalog
stimulation; and a somewhat poorer correlation between that of intrinsic
factor and pepsin,

When secretory outputs were recalculated for body weight, those of
intrinsic factor in infants 2—-3 months old were at levels comparable to that
observed in older children and adults; those of hydrochloric acid, at the lower
range of normal, or slightly below adult levels; and that of pepsin, well below
adult values.

On serial determinations, one infant showed intrinsic-factor activity,
throughout the period of study, that was well below that of other infants of
comparable age. The possible relationship of this case to juvenile pernicious
anemia is discussed.

HERE HAVE BEEN relatively few studies of the secretory activity and the

mutual correlation of the various cellular elements of the gastric mucosa

in the normal newborn. Most studies of gastric secretion in infancy have

centered only on acid secretion,’~* and only a limited number have been
performed under conditions approaching maximal stimulation.

In 1948 and 1959, Luhby?® ¢ reported on the intrinsic factor (IF) secretion
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Gastric Secretion

in megaloblastic anemia of infancy, and in 1954, data were presented on the
gastric mucoprotein and hydrochloric acid (HCI) secretion in infants and
young children.?

As far as we can determine, no study has been published on pepsin secretion
in normal infants born at term except for the work of Grayzel and co-workers®
who reported on plasma pepsinogen levels in the newborn. More recently,
Rodbro et al® 1 reported on acid, pepsin, and IF secretion in a group of
children 9-30 months old; but no comprehensive study of gastric secretory
activity in newborns and young infants has been published.

In this study we have attempted to correlate the developmental patterns
of fundic glandular secretions as assayed after Histalog stimulation in
newborns and infants. Since in man, HCl and IF appear to be derived from
parietal cells,’t though differing probably in the mechanisms of their secre-
tions,’? the developmental. patterns of these secretory products may throw some
light on the physiology of parietal cell secretion. This information may also
be of significance in the better understanding of the development of juvenile
pernicious anemia, in which there is an ever-growing interest.13

MATERIAL AND METHODS
Subjects

Babies selected for the study were born at term of uncomplicated preg-
nancies, and were normal on physical examination, with a minimum weight
of 2.8 kg. Mothers had received no drugs during their pregnancies other than
the usual iron and vitamin supplements. Blood counts done on mother and
infant at the time of birth were normal.

After informed consent had been obtained from the parents, 12 infants were
intubated. In the 10 infants that comprise the 1-day-old group, initial gastric
aspiration was done 12-24 hr after birth. In 8 infants, two or more gastric
aspirations were done throughout the study for a total of 26 gastric juice col-
lections. In 4 others, only a single gastric collection was possible. For com-
parison, a 4-year-old and 9-year-old child were included in the study.

Collection of Gastric Juice

The gastric juice was collected through a plastic nasogastric tube by
intermittent manual suction. An initial 10-min collection was obtained several
hours after the last feeding and was discarded. Following this a 20-min basal
secretion was collected. Since the majority of the basal collections yielded a
thick mucoid material in an amount insufficient for the assays, the data per-
taining to these basal specimens were omitted.

Histalog Stimulation

Histalog (1.0 mg/kg body weight) was injected subcutaneously or intra-
muscularly and the gastric secretion was collected, as completely as possible
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over the following 1-hr period by aspiration. The collection was placed in a
beaker immersed in an ice-water bath until processed in the laboratory. The
augmented dose of Histalog, chosen initially as 1.5 mg/kg' resulted in
flushing, irritability, and borborygmi. When reduced to 1.0 mg/kg it was
hetter tolerated.

The post-Histalog specimens collected for 1 hr were pooled and spun
immediately at 27,000 g for 20 min in a refrigerated centrifuge. The superna-
tant gastric juice was separated by micropipet from the mucus residue, and
the volumes of both were measured. An aliquot of the supernatant was im-
mediately neutralized to pH 7.4, and both native and neutralized samples
were then stored at —20° C until analyzed.

Titratable Acidily

Acidity was measured automatically by electrometric titration to pH 7.4,
and pH measurements were done in the electrometric cell. The acid output
was calculated from the 1-hr volume of gastric juice and the acid concen-
tration.

IF Assay

The assay was pertormed: (1) By charcoal radioimmunoassay using the
Ardeman-Chanarin' and Gottlieb et al*® methods modified in our laboratory,1?
and then calculating the concentration and the hourly output of IF-bound B,,,
and its ratio to totally bound B, in gastric juice. (2) On guinea pig intestinal
mucosa homogenates (GPIMH) 18-20 by the technic used in our laboratory.!9. 20
The uptake of By, by the homogenates was calculated in picograms, and its
increase over the saline control due to IF present in the gastric juice was
expressed as percent enhancement.

Pepsin Activity

At pH 2.0 pepsin activity in the gastric juice was measured by a modifica-
tion of the Klotz-Duvall method?! using 1/50 or 1/100 dilutions of gastric
juices in Sérensen’s glycine-HCI buffer, 0.1 M, pH 1.8. To 5 ml of the diluted
gastric juice, 2 ml of a 1:1 mixture of 131[-albumin* (specific activity 0.08 .c
per ml) and 69 bovine albumin solutiont were added. The mixture was
incubated at 37° C for 30 min in a water bath; 1.0 ml of a 509 trichloracetic
acid was added, and the tubes were centrifuged at 2000 rpm for 30 min.
The supernatants were decanted and counted in a well-type Nal scintillation
counter. Pepsin activity at pH 2.0 was calculated from a standard curve of
8-times crystallized bovine pepsin} at various dilutions, and expressed as milli-
grams pepsin-equivalent per milliliter gastric juice (mg PE/ml). Hourly out-

*Squibb & Sons, New York, NY.

tArmour Pharmaceutical Co, Chicago, TIL
tNational Laboratories.
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put of pepsin was calculated by multiplying this figure by the 1-hr output
of gastric juice after Histalog stimulation.

RESULTS

Overall results are presented in Table 1. Changes occurring in a single
individual (from birth to 67 days) are illustrated in Fig 1 and 2, while the
means drawn from all the cases are shown in Fig 3 and 4.

OuTpPLT OF GASTRIC JUICE

The 1 hr outputs of gastric juice after histalog stimulation, remained at
relatively constant but low levels from birth to the age of 3 weeks, followed
first by a transient drop and then a sharp rise to a mean of 13.4 ml at about
3 months (Table 1).

HyprocHLORIC AcID 1IN GASTRIC JUICE

Only traces of acid could be demonstrated by electrometric titration at
birth, with a mean titratable acidity of 3.3 mEgq/liter, and a pH ranging
from 2.5 to 5.5 (median 3.7).

Mean HCI concentration after Histalog injection showed a steady increase
from the mean value of 8.1 in the first 24 hr to that of 34.8 mEq/liter at about
3 months of age (Table 1). This pattern was seen in 4 of the 5 infants serially
observed. There was, however, a transient drop in HCI concentration between
the second and fourth week after birth in all cases, which was associated with
a decrease in the volume of gastric secretion. In one infant (Baby R), the
concentration of acid remained low throughout the study.

Mean HCIl output per hour after Histalog (Table 1 and Fig 3) was
markedly reduced initially (0.03 mEq at birth, 0.06 mEq in the first week, and
0.19 mEq at the third week). At the end of the fourth week, the mean acid
output showed a marked decrease in all 5 infants on whom serial observations
were carried out, to an average value of 0.08 mEq. At 3 months, however, a
definite increase in the mean acid output was noted again. This value of
0.47 mEq/hr was still low, compared with that in the two 4- and 9-year-old
children, in whom the acid output was on the average 10 times higher.

It should be mentioned that 2 of the 10 gastric juices collected after birth
showed the presence of an elevated amount of free acid in the first day after
birth (0.22 and 0.17 mEq/hr, respectively). By the eleventh day, however,
the HCI outputs in both cases were close to the levels seen in other infants of
the same age group (Table 1).

When the acid output was calculated per weight (kilogram) of the infants,
the general appearance of the acid output curve over the period of the first
3 months showed a similar trend with that discussed above (Fig 4).
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Agunod ef af

INTRINSIC FACTOR

IF was present only in traces (below 6 ng/ml IF-bound B;,) in 6 of 10
infants at birth, and in the remaining infants it was below 15 ng/ml (mean
6.8 ng/ml) . It was found in small quantities by charcoal immunoassay (mean
20.2 ng/ml) in the gastric juices of all infants 3 days after birth (Table 1).
By Day 10-11, all of the gastric juices showed IF concentrations in the range
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Fig 1 (top). Gastric secretion in Infant V. Fig 2 (bottom). Gastric secretion in Infant V
corrected for body weight.
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of 15-60 (mean 37 ng/ml) —ie, only slightly below those observed in our
laboratory in the gastric juices of normal adults (15-98, mean 58 ng/ml) .13
The concentration of IF remained approximately at this level until the third
month.

In each gastric juice, we also calculated the ratio of IF-bound B, to totally
bound B, (Table 1). While in 2 children, 4 and 9 years of age, this ratic was
above 689 (which is the normal value for adults), it was exceedingly low at
birth (mean 89,). There was then a gradual increase to the end of the third
month, when it reached 34.49]. At this time, it was in the range seen in adult
patients with mild or moderate gastric, atrophic lesions.?™ Thus, the contribu-
tion of IF to the total Vitamin B;, binding in infants is very small at birth,
and although it gradually increases (Table 1), it still lags behind that seen in
normal adults. In one infant (Baby R), this ratio was markedly depressed
(below 159,) throughout the entire observation period of 1 month.

We have also determined the hourly output of IF after Histalog stimulation
(Table 1 and Fig 3). This was markedly lowered throughout the first 3 months
of infancy mainly because of the low output of gastric juice. In normal
adults the IF output was in the range of 1970-7613 ng By, per hour; and in
the two older children (4 and 9 years of age) 2604 and 4910 ng/hr. Yet in
infants 1-32 days old, it was below 280 ng/hr, and in the 2- to 3-month-old
babies, it was below 660 ng B,. per hour (Table 1). The rates of this increase
differed in the individual infant. A transient drop at the end of the first month
could be detected in all infants on whom we were able to carry out serial
observations (Table 1, Figs 1 and 3) .

When IF output was calculated in terms of body weight (ie, in nanograms
B,. bound to IF per hour per kilogram), by the end of the second week of life,
it averaged about two times less than in adults with normal gastric mucosa,
but approximated their levels during the third month of life (Table 1 and
Fig 4) . Only in Baby R did the output of IF remain much below normal levels
throughout the observation period (below 10 ng/hr/kg as compared to the
mean value of 42 ng/hr/kg at the end of the first month in other infants.)

In several infants, the IF assay in gastric juice was done by two methods
(Fig 5). As in the adults’® whenever the GPIMH assays demonstrated IF
activity in the gastric juice (percent enhancement of the uptake above 509) .
the ratio of IF-bound to total bound B, in the gastric juice was over 159,. This
was seen in all babies older than 3 days (with the one exception mentioned
above). On the other hand, in the first 24 hr, only 1 of 10 babies demon-
strated IF activity on GPIMH, and none had the ratio of IF-bound to totally
bound B, in gastric juice above 159,

PePTIC AcCTIVITY

Only traces of proteolytic activity at pH 2.0 were detected in gastric juice
collected 1 day after birth. In the seven infants in whom serial determinations
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were carried out, there was a very slow increase in pepsin concentration from
birth to 3 months, with a transient drop (in 3 infants) occurring at the end
of the first month (Table 1).

The mean pepsin output 1 day after birth was 0.18 mg PE/hr, gradually
increasing to 1.34 mg PE/hr at 3 months. For comparison, it should be noted
that in the {- and 9-year-old children included in the series, the mean output

g x At birth
S a 3-8 Days
g 300F a 10-11Days
T I~ e 14-17Days
3 o 25-32Days  Normal
Fig 5. Intrinsic factor in gas- 8 o ' o 2-3I months Adults
tric juice of newborns and in- = :(’“ s .
fants as assaved by two methods. é JE a ’/ .
=| 6, 200F ° . e—9yrs. old
I 3yrs.old —//?////“
w S
E o L * //////
z| o ¢ a
P4
<4 ‘i‘ °
0. A
w L & £
<| 8 100 «
wil Z X
Z| 2
3z @
=z| ¥ X
o s o
> X A
5!) X500 { i L t
@ 0 25 50 75 100

1F-BOUND Co57Bjp
TOTAL BOUND Co®"By2

CHARCOAL IMMUNO-ASSAY

X 100

600r
£
) L
c
o
m
i (=
Fig 6. Correlation of output z 400}
of intrinsic factor and total acid o )
. tric uice of I ) CI’J x At birth
in gastric juice of newborns anc o | . » 3-8 Days
infants. o a 10-11 Days
Q o 14-17Days
L 200t 0 25-32Days
8] o 2-3 months
2 (]
o F Aﬁ'
E AxC’ A" a
- | A
M L .S 1 i 1 " s
0 0.20 0.40 0.60

TOTAL ACID mEq/hr.

New Series, Yol. 14, No. 6, 1969 409



Agunod ef o/

of pepsin was 10-20 times greater than at the end of 2-3 months, while in
adults with normal gastric mucosa on biopsy, using the same method, the
mean pepsin output was about 30 times greater (Table 1 and Fig 3) .

When the mean pepsin values were calculated per kilogram body weight,

8000r
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Fig 7. Correlation of output of intrinsic factor and protease activity at pH 2.0 in gastric
juice of newborns and infants.

the mean output of the proteolytic enzymes in 3-month-old babies was about
half that in adults with normal gastric mucosa—0.28 mg PE/kg/hr vs 0.60
mg PE/kg/hr (Table 1 and Fig 4).

CORRELATION BETWEEN Acip, IF, AND PEPSIN SECRETION

We observed a linear relationship between the outputs of HCI and that of
IF in infants, with a coefficient of correlation r = 0.88 (Fig 6) . This degree of
correlation was similar to that observed in adults by Ardeman and Chanarin?2
and Rodbro et al.2

A similar but somewhat poorer correlation (r = 0.78) was noted between
the outputs of IF and that of pepsin (Fig 7).

DISCUSSION

In our studies the secretory activity of the fundic glands at birth was
very low. While the rate of increase in activity varied from infant to
infant, the general trend was that of progressive increase during the first 2-3
weeks of life, followed by a transient drop in all three parameters of secretory
activity of fundic glands at the end of the first month. Then, the secretory

410 American Journal of Digestive Diseases



Gastric Secretion

activity increased and showed a steady rise to the age of 3 months in the
majority of infants studied.

Although achlorhydria in the newborn has been noted,? with the exception
of one infant (Baby R) who had no detectable acid in gastric juice up to
8 days after birth, we have not observed achlorhydria in any of our infants,
either at birth or later.

Previous investigators have suggested the possibility that low acid levels at
birth may be artifactual in that the ingestion of amniotic fluid by the infant
at birth would buffer the acid secreted. In order to obviate this possible artifact,
as well as to avoid the disadvantages of preparatory saline gastric washing, we
delayed gastric aspiration until a minimum of 12 hr after birth.

To the contrary, several investigators have noted high acid concentratiens
in I-day-old infants. We observed a similar relatively high level only in 2 of
the 10 one-day-old infants in our series. In one of them the acid concentration
was surprisingly high from the first day (57.7 mEq/liter) and remained ele-
vated (55 mEq/liter) for the first 2 weeks of life. Only subsequently did acid
concentration fall to a level comparable with other infants in the same age
group. Despite the relatively high initial acid concentration, however, acid
output remained well below values seen in the children 4 and 9 years old.

Miller,2 in his study of acid secretion under fasting and postfeeding condi-
tions, noted a decrease in acid appearing about the tenth day of life. He
ascribed this phenomenon to the possible effects of “‘some gastrogenic hormone

. supplied to the infant in utero, either from the mother, or the placenta.”
This initial high acid level, followed by its transient decrease, and a similar
decrease in HCI, IF, and pepsin secretion occurring in our series during the
middle of the first month of life, may perhaps be related to the transplacental
transfer of the maternal gastrin to the infant, its circulation in the first few
days of life, as well as the exhaustion of its effects after 2-3 weeks. Initial high
acid output shortly atter birth might be attributed to a direct secretory effeet
of maternal gastrin on gastric glandular tissue. However, in Miller’s study as
well as in our series, this transient decrease did not occur until the middle of
the first month of life. 'We would have to consider, therefore, not only a
direct stimulatory effect of maternal gastrin on: parietal cell secretion at birth,
but in addition, a stimulating eftect of the maternal circulating gastrin on the
growth and development of fundic glands in the newborn which then becomes
exhausted. This stimulatory effect of gastrin on the growth of gastric glands
has been reported in animal experiments.?t

In earlier studies,” the concentrations of HCIl reached by the newborn
infants were at almost adulc levels, but the total gastric juice volumes were
one-tenth of adult levels in the newborn and did not approach adult volumes
until 5-6 years of age. In our current observations, the acid output in the
first month remained well below adult levels, due to the marked difference in
volume of gastric juice secreted and lower acid concentrations.
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Ghai et al*> reported a significant correlation (r = 0.81) between acid
output after augmented histamine stimulation, and body weight of 16 young
normal subjects (mean age of 16 years), with a mean maximal acid output of
2.02 mEq/10 kg/hr. Rodbro® obtained a similar figure of 2.18 mEq/10 kg/hr
in children with an average age of 20 months. In our series, the mean acid
output at birth was only 0.15 mEq/10 kg/hr; in the first month it was 0.31
mEq/10 kg/hr, and in 3-month-old babies, 1.22 mEq/10 kg/hr. In adults with
normal gastric biopsy specimens, acid output ranged from 1.02 to 2.71 mEq/
10 kg/hr.17. 22

Thus, although mucosal volume is related directly to stomach size and
body weight, and though a close relationship exists hetween mucosal volume
and parietal cell mass,?¢ this does not hold true for the acid output of infants
below 3 months of age (Fig 2 and 4, and Table 1). The acid secretion in the
first months of life appears to be a function of age rather than weight, and lags
behind the standards which apply to the later stages of development.

The same is true for IF. IF was not detectable during the first 24 hr, as
assayed on GPIMH. By the second week, it was present in five of seven gastric
juices, both on charcoal immunoassay, and on GPIMH.

In all intants ac the age of 2-3 months, with the exception of one (Baby R),
the hourly output of IF after Histalog stimulation (when calculated per
kilogram of body weight), was within the range of our 2 older children and
comparable to adult normals. The single exception (Baby R) had a markedly
low level of both HCl and IF output at birth and throughout the period of
the study; pepsin output was likewise low when compared to infants in the
same age groups until the age of 1 month, when pepsin output per kilogram
body weight became comparable to similar-aged infants. This raised the possi-
bility that this infant represented a prospective candidate for juvenile form
of pernicious anemia, due to a developmental defect in the gastric mucosa, or
an early atrophic lesion which will be further studied.

MclIntyre et al>* estimated that approximately 40 ng of B,, may be the
daily requirement for a 3-kg baby. Our data listed in Table 1 indicate that by
the second week, the average infant has an IF output sufficient, in spite of its
low level, to ensure absorption of an adequate amount of Vitamin B..

In megaloblastic anemia of infancy, subsequently known to be due to folate
deficiency, Luhby® 7 showed that IF output was high. When ground beef was
added to the infant’s gastric juice after histamine stimulation, there was
sufficient IF in 30 ml of the gastric juice aspirated from a 7-month-old infant
with megaloblastic anemia in relapse, to produce a classic reticulocyte response
in an adult with pernicious anemia in relapse, as described in the original
Castle?s experiment.

Pepsin secretion in infants showed a wider range of variation than that of
HCI1 and ¥F (Fig 3). This scatter of peptic activity became less pronounced
in the older infants. However, in spite of the progressive rise in pepsin levels
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with increasing age, pepsin output at the age of 3 months remaind well below
adult values, even when calculated on a weight basis. In the study by Grayzel
et al® of plasma pepsinogen levels in the newborn, a higher level was reported
in the first week of life as compared to levels found in children 3 weeks and
older. We have found a somewhat similar pattern in the present study of
pepsin output in gastric juice where, at the age of 2 weeks, pepsin output per
kilogram body weight was higher than in any other previous period or even
at the age of 4 weeks. At the age of 3 months, pepsin output was only slightly
higher (0.28/mg/hr/kg) and remained well below the levels seen in older
normal children and normal adults.

Closely related to pepsin,® glandular mucoprotein fraction showed similar
patterns in our earlier studies.” In 8 normal newborn infants, the fasting
glandular mucoprotein levels were 15-26 mg/100 ml, while in 10 older infants
and children ranging in age from 2 months to 8 years, they ranged from 48 to
110 mg/100 ml. The higher levels usually were found after 1 year of age.
Although pepsin is needed for the curdling of lactalbumin, it is possible that
the induction of pepsin production in infants is retarded until more protein
is included in the diet at the later stage of infancy.
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