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Abstract. Several different disturbances in the regulation of acid secretion have been found in 
persons with duodenal ulcer disease (DU). This paper examines the possibility that some of these 
regulatory disturbances might arise during postnatal development. The regulation of acid secretion 
is not fixed in adult form at birth, in either animals or humans. Instead, these regulatory processes 
continue to change during postnatal development. Examples are developmental changes in the 
responsiveness of the stomach to parietal cell stimulants and developmental increases and decreases 
in basal and maximal acid output. The unfolding of these developmental changes requires complex 
regulatory adjustments. It is possible that untoward environmental circumstances could induce 
“errors” in these regulated changes or adjustments. Some errors might persist as disturbances 
in the regulation of acid secretion seen in patients with DU. 

Human duodenal ulcer disease is probably 
a heterogenous group of disorders in the sense 
that, presumably, many different sets of 
pathophysiologic processes can contribute to 
the occurrence of the ulceration (1). There is 
currently no form of DU for which the patho- 
genesis is fully understood. However, the oc- 
currence of DU implies some disturbance in 
the normal regulation of gastric and/or duo- 
denal physiologic functions. 

In recent years a number of such physiologic 
regulatory disturbances have been found in 
patients with DU (2). Many DU patients (30- 
40%) have a higher than normal maximal acid 
output and some have a high basal output. 
Several different disturbances in the regulation 
of acid secretion have been characterized in 
patients with DU. These include an increase 
in food-stimulated release of gastrin and acid, 
a decrease in the ability of acid to inhibit the 
food-stimulated release of gastrin and acid, an 
increase in the sensitivity of parietal cells to 
secretagogues and an increased parietal cell 
mass. Pepsin release is increased in DU, as is 
Pepsinogen I (in about 40% of patients). Gas- 
tric emptying also tends to be increased. 

None of these disturbances occur in all pa- 
tients with DU and some occur only in rel- 
atively few. Their relevance to pathogenesis 
is unclear and one or more of these regulatory 
disturbances may have no pathophysiologic 
significance. 

However, for the purpose of this discussion 
I would like to make the plausible assumption 
that some of these gastric regulatory distur- 
bances can contribute to the pathogenesis of 
DU. I would then like to ask another question, 
which is: how do they get there? 

The discussion here will be limited to the 
regulation of acid secretion. It is very likely 
that these various disturbances in the regu- 
lation of acid secretion result from very dif- 
ferent kinds of processes. For example, ele- 
vated serum pepsinogen I is under genetic 
control and is inherited as an autosomal dom- 
inant trait (3). For persons with this trait, in- 
creased pepsin release, increased parietal cell 
mass, and an increased rate of acid secretion 
would be anticipated correlates. 

Under other circumstances, the increased 
parietal cell mass or altered regulation of acid 
secretion might be state-dependent responses 
to external stimuli mediated through the cen- 
tral nervous system. There is experimental ev- 
idence suggesting that such state-dependent 
responses are possible. For example, in cats 
electrical stimulation of the anterior hypo- 
thalamus produced hyperplasia of the gastric 
mucosa, including an increase in parietal cell 
populations (4). This effect is prevented by 
vagotomy. In rhesus monkeys, low-level elec- 
trical stimulation of the anterior hypothalamus 
produced an increase in the acid secretory re- 
sponse to submaximal doses of histamine, but 
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did not change basal or maximal secretory 
responses (5 ) .  The increased sensitivity to his- 
tamine was reversed by stopping the hypo- 
thalamic stimulation. 

In this discussion I would like to examine 
another possibility, which is that some of the 
regulatory disturbances of DU occur neither 
because they are genetically controlled traits 
nor because they are statedependent responses 
to other factors. Rather, some of the regulatory 
disturbances found in persons with DU might 
arise during postnatal development. The reg- 
ulation of acid secretion is not fixed in adult 
form at birth, in either animals or humans. 
Instead, these regulatory processes continue 
to change during postnatal development in 
patterns that have only recently been partially 
characterized. 

The unfolding of these developmental 
changes requires many complex regulatory 
adjustments. It is possible that untoward en- 
vironmental circumstances could induce “er- 
rors” in these regulated changes or adjust- 
ments. Some errors might persist as distur- 
bances in the regulation of acid secretion seen 
in patients with DU. 

This notion of a developmental error in 
physiologic regulation is borrowed from Sir 
Archibald Garrod’s concept of an inborn error 
of metabolism (6). Garrod postulated that a 
heritable “defect” could be expressed at birth 
as a missing or relatively inactive enzyme, 
critical for a specific metabolic step. More re- 
cently we have become familiar with the idea 
that there is a postnatal development of phe- 
notype, not fixed at birth, the normal expres- 
sion of which is regulated through interaction 
with environmental stimuli (7). 

I will show that the postnatal development 
of phenotype applies also to the regulation of 
acid secretion. 1 will indicate how certain ex- 
ternal circumstances, if powerful enough and 
if directed at specific developmental branch 
points, might permanently alter the final phe- 
notypic expression of the regulation of acid 
secretion. 

There is beginning to be evidence in hu- 
mans to support this speculation; but most of 
the data come from animal studies. In our 
laboratory we have studied the developmental 
physiology of the rat stomach. We have been 
interested in characterizing the normal on- 
togeny of the regulation of acid secretion, and 

the patterns of proliferation of the mucosal 
cells during development. Our objective is to 
produce, experimentally, regulatory distur- 
bances in the adult rat which are analogous 
to those seen in DU patients. We have not 
yet produced the animal models of these pu- 
tative developmental disturbances of regula- 
tion, But we have indications that such models 
are feasible. In what follows I will describe 
some of the relevant observations. 

(i) There are developmental changes in the 
responsiveness of the stomach to parietal cell 
stimulants and H-2 receptor blockers. 

(ii) There are regularly occumng large in- 
creases and decreases in basal and maximal 
acid output during development. 

(iii) A specific intervention during devel- 
opment, premature weaning, can produce 
long-lasting disturbances in the relationships 
among systems which regulate acid secretion. 

The Ontogeny of Gastric Acid Secretion. 1. 
Responsiveness to stimuli. In studying the on- 
togeny of acid secretion in the rat we first tried 
to determine the basal acid output (BAO) and 
maximal output (MAO) in young rats at var- 
ious ages, beginning with postnatal Day 15. 
We arbitrarily chose to use histamine di- 
phosphate as the secretory stimulant. In this 
and the other experiments described in this 
section we studied Wistar-derived rats under 
pentobarbitol anesthesia ( 5  mg/kg, Day 1 5) 
or urethane anesthesia (5 mg/kg, older rats). 
H+ secretion was determined by continuous 
saline perfusion of the innervated gastric lu- 
men; samples of the perfusate were collected 
every 10 min and each sample was automat- 
ically titrated to pH 7.0 with 0.01 N NaOH. 
Histamine (and later, other drugs) was infused 
through a jugular cannula. Rectal temperature 
was maintained at 35.5 k 0.5”C by external 
regulation. 

We found that, in 15-day-old rats, an in- 
travenous infusion of histamine (2- 12 mg/kg/ 
hr) did not produce a statistically significant 
increase in acid output beyond the basal out- 
put. By Day 21, histamine produced a four 
to five fold, highly significant increase in H+ 
secretion (8). In contrast to histamine, both 
pentagastrin and the cholinergic stimulant be- 
thanechol produced marked increases in acid 
secretion in 14- to 16-day-old rats (Table I). 

These findings seemed to indicate that pen- 
tagastrin and a cholinergic agonist can stim- 
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TABLE I .  EFFECTS OF THREE SECRETAGOGUES ON ACID OUTPUT IN 2-WEEK-OLD RAT PUPS 

Acid output 

Substance Dose N Basal Stimulated 

Histamine 8 mg/kg/h 10 7.62 * 1.94 10.06 k 0.61 * 
Pentagastrin 120 Pg/kg/h 14 6.78 -+ 0.81 23.0 f 0.3' 
Bet hanechol I mg/kg/h 8 5.14 * 0.7 27.1 f 4.58' 

Note. Values (microequivalents per hour) are means f standard erom. 
a P > 0.10, analysis of variance (8). 
'P < 0.01. 

ulate acid secretion at a time during devel- 
opment when histamine does not stimulate 
acid and, perhaps, that the nonhistamine ag- 
onists stimulate independently of the actions 
of histamine. We therefore attempted to verify 
this initial set of observations. 

Histamine affects both H-1 and H-2 recep- 
tors, although only H-2 receptors are found 
on parietal cells. In order to eliminate possible 
confounding effects of histamine on H-1 re- 
ceptors (e.g., affecting blood flow) we tested 
the response to impromidine, which selectively 
stimulates H-2 receptors. 

In 13- to 14-day-old pups (24 to 29 g), im- 
promidine (0.9 pmolelkglhr) did not differ 
from saline in stimulating H+ secretion. How- 
ever, in the same rats, infusion of pentagastrin 
( 120 pg/kg/hr) produced a fourfold increase 
in acid secretion (Fig. 1). In 16 additional rats 
of this age, impromidine infused through a 
dose range of 0.09 to 9.0 pmole/kg/hr pro- 
duced no consistent differences in H+ secre- 
tion, indicating that the lack of responsiveness 
is independent of the dose. Infusion of im- 
promidine and pentagastrin in 6 rats did not 
potentiate the response to pentagastrin. 

If pentagastrin-stimulated acid secretion is 
truely independent of H-2 receptor activation 
at this age then it should not be changed by 
the presence of an H-2 receptor antagonist. 
To test this possibility eight pairs of 13- to 14- 
day-old littermates (24-29 g) were infused with 
pentagastrin ( 120 pg/kg/hr). 

At the time of maximum acid secretory re- 
sponse, cimetidine (6 pmole/kg) or saline was 
injected by intravenous bolus. Cimetidine, an 
H-2 receptor antagonist, did not inhibit pen- 
tagastrin-stimulated acid secretion under these 
conditions. In an additional four pairs of lit- 

termates, 12 pmole/kg of cimetidine also did 
not differ from saline in its affect on penta- 
gastrin stimulation. 

If one studies rats younger than 12 days 
then neither pentagastrin nor bethanechol are 
stimulants to acid secretion. By the fourth 
postnatal week, the parietal cell is responsive 
to pentagastrin, bethanechol, and histamine 
and to the potentiating effects of their inter- 
actions. Thus, in the rat, there appears to be 
an orderly developmental progression in the 
responsiveness of the parietal cell to gas- 
trinergic, cholinergic, and histaminergic ag- 
onists (8). 

We do not know whether environmental 
or behavioral factors can intrude upon this 
orderly progression to produce enduring dis- 
turbances in the regulation of acid secretion. 
We do know that antral gastrin (9) and gastrin 
receptor binding (10) in the fundus both rise 
rapidly to adult levels in the rat at the time 
of weaning (i.e., during the gradual shift from 
a milk to a solid food diet). This rapid rise 
can be delayed or attenuated if the onset of 
weaning is delayed (9, 10). 

The long term consequences of such a delay, 
if any, are not known. One can speculate that 
it might produce a compensatory increase in 
the availability of, or parietal cell sensitivity 
to, other agonists or antagonists. Such shifts 
in processes regulating acid secretion if per- 
sistent could look, in the adult, like some of 
the regulatory disturbances found in patients 
with DU. 

In humans, too, there appears to be a post- 
natal ontogeny in the regulation of acid se- 
cretion, and if there is a normal course it has 
the potential for becoming disturbed. 

During the neonatal period and early in- 
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FIG. I .  Effects of impromidine (0.9 pmole/kg/hr) and pentagastrin (120 pg/kg/hr) on H+ secretion in 
13- to 14-day-old rat pups. Rats received saline (solid line; N = 8) or impromidine (dashed line; N = 8)  
during the second and third hours of gastric perfusion. Thereafter, all rats received pentagastrin. The effect 
of pentagastrin is significantly different from that of saline ( P  < 0.0001, analysis of variance), but the effect 
of impromidine is not. 

fancy acid secretion probably occurs first in 
response to vagal stimulation, then to gastrin, 
and last to histamine. Neonates can increase 
acid secretion significantly over basal in re- 
sponse to food, a response which is probably 
vagally mediated ( 1 1). However, for the first 
48 hr of life there is a low basal rate of acid 
secretion despite a high serum gastrin ( 1  2), 
and the low basal rate does not increase in 
response to exogenous pentagastrin ( 13). A 
secretory response to betazole does not occur 
until after the fourth week of life (14). These 
data are less rigorous than the animal data, 
but they are consistent with them; the same 
principles of normal and abnormal develop- 
ment could apply to both. 

2. The ontogeny of basal and maximal acid 
otitput. One is familiar with linear, curvilinear 
or sigmoid-shaped curves representing age re- 
lated changes in various measures. In the rat 
the increase in body mass and stomach mass 

is linear from about Day 15 to 200 (approx- 
imately 30-400 g). The increase in rat gastric 
histidine decarboxylase activity or antral gas- 
trin is approximately sigmoid-shaped. 

Thus, it is typical for serial measures ob- 
tained during postnatal development to go 
from low to high, from less to more, as the 
animal grows from infancy to adulthood. 
However, measures of some functions do not 
follow this pattern. An example is the change 
in the rate of acid secretion. We determined 
basal acid output (BAO) and maximally 
stimulated acid output (MAO) at three dif- 
ferent ages: Days 15 ( 1  week preweaning), 30, 
and 100. 

We obtained MA0 separately from six dif- 
ferent acid secretory stimulants. These in- 
cluded pentagastrin ( 120 pg/kg/hr), betha- 
nechol ( 1 mg/kg/hr), histamine diphosphate 
(8 mg/kg/hr), impromidine (0.9 pmolelkglhr), 
pyloric ligation (4 hr), and low ambient tem- 
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perature (core temperature reduced to 29°C). 
All of the data were collected from anesthe- 
tized, lumen-perfused rats as described in the 
previous section (except that, following pyloric 
ligation, the rats were conscious and gastric 
secretion was collected after 4 hr). 

We found that both BAO and MA0 in- 
crease through the first 4 weeks of life. Then, 
between postnatal Days 30 and 100 there is 
a 50% decrease in BAO and a two- to eightfold 
decrease in MAO/unit stomach weight (the 
effect size depending on the secretory stim- 
ulant used). We found that this pattern of age- 
related changes in MA0 occurred regardless 
of which of six secretory stimulants we used 
( 1  5). Table I1 shows the pattern of response 
to the six secretory stimulants. 

We do not yet know the mechanisms which 
regulate these developmental changes in acid 
secretion. We do know, from other studies in 
our laboratory (with D. M. Jacobs) (16), that 
these developmental changes in BAO and 
MA0 do not correspond to changes in parietal 
cell size, number or density, i.e., to parietal 
cell mass. Other possibilities are that: 

(i) The availability of any of the three en- 
dogenous secretagogues (histamine, acetyl- 

TABLE 11. MAXIMAL ACID OUTPUT AT THREE 
DIFFERENT AGES”~ 

15 30 100 

Pentagastrin 76.4 f 6.0 
(47)‘ 

(10) 

(10) 

Bethanechol 93.7 f 11.6 

Histamine 31.2 -+ 4.8 

Impromidine 53.5 f 7.6 
( 9 )  

(10) 

( 1  1)  

Cold 9.5 f 2.0 

Pyloric ligation 23.6 k 4.5 

174.6 * 23. I 
(14) 

156.5 f 19.3 
(8) 

158.8 f 23.0 
(10) 

277.4 f 46.3 
(6) 

163.1 k 13.8 
(15) 

(31) 
125.3 f 12.0 

29.8 f 5.2 
(16) 

19.5 k 2.7 
(6) 

74.4 f 10.4 
(15) 

21.4 f 3.8 
( 5 )  

38.6 k 11.6 
(10) 

37.0 f 9.7 
(18) 

a H’ output in peq/hr/100 g body weight (means & SEM). Body 
weight is used for convenience since body weight and fundic weight 
are highly correlated across ages ( r  = 0.948, P < 0.001) (24). 

For each stimulus, all differences between ages are significant 
at P 6 0.05 (analysis of variance with post hoc comparisons). 

( N )  = number of animals. 

choline, and gastrin), or secretory inhibitors 
(such as somatostatin), may have a corre- 
sponding increase and decrease over devel- 
opmental time. However, neither gastric mu- 
cosal histamine (1 7) nor whole stomach his- 
tidine decarboxylase ( 18) show this relative 
increase in 30-day-old rats; nor does antral 
gastrin or gastrin binding (10). The develop- 
mental course of gastric cholinergic activity is 
not known. 

(ii) Parietal cells in 30-day-old rats may 
have relatively greater sensitivity to secreta- 
gogues or insensitivity to inhibitors of parietal 
cell activity. 

(iii) A higher percentage of histologically 
identifiable parietal cells may actually be se- 
creting Hf in 30-day-old rats than in 100-day- 
old rats. 

(iv) There may be relatively greater tonic 
vagal activity in 30-day-old rats, accounting 
for both the higher BAO (directly) and the 
higher MA0 (indirectly, by potentiating the 
effects of noncholinergic secretagogues). 

(v) The H+ secretory capacity of individual 
parietal cells may not be the same at all ages. 

The relevant point here is that there is a 
presumably regulated increase and then de- 
crease in BAO and MA0 during postnatal 
development. One could speculate that an 
“error” or disturbance in the process of down- 
regulation after Day 30 could produce rats 
with a persistently elevated BAO and MAO- 
analogous to the secretory status of some pa- 
tients with DU. 

There are indications that increases and de- 
creases in the rate of acid secretion also occur 
during postnatal development in humans ( 12, 
14, 19, 20), although the data from several 
studies are not sufficiently systematic or con- 
sistent with each other to allow one to char- 
acterize these changes with any confidence. 
What is likely is that there are developmental 
changes in the rate of acid secretion in hu- 
mans. 

In the context of this discussion, a further 
question is whether specific environmental 
factors can influence these normal develop- 
mental changes. Parenteral nutrition for ex- 
ample, transiently decreases basal and pen- 
tagastrin-stimulated acid secretion in infants 
and children; normal acid output returns when 
the children resume enteral feeding (21). It is 
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possible that such interventions at a critical 
juncture or over a critical interval of devel- 
opment could produce permanent effects on 
basal or maximal acid secretion. 

To put it yet another way, I am describing 
a developmental strategy for trying to under- 
stand certain pathophysiologic phenomena 
observed in adult patients with DU (and other 
disorders). Obviously, not all abnormal phys- 
iologic processes seen in DU patients result 
from warps and biases arising during postnatal 
development. Perhaps none do, but some may. 

If this argument is tenable one ought to be 
able to show in the animal laboratory that 
developmental errors of physiologic regulation 
can be induced. One such disturbance is il- 
lustrated next. 

3. The timing of developmental interac- 
tions. In the preceding sections the emphasis 
has been on quantitative changes and linear 
relationships in normal development-an in- 
crease in vagal tone over the first 4 postnatal 
weeks might produce an increase in the rate 
of acid secretion. It is possible that pathologic 
states could result from disturbances of these 
quantitative changes. But there are other kinds 
of developmental disturbances which could 
also produce pathologic states. There could 
be disturbances in the timing of changes 
among several interacting sets of processes- 
changes which normally are coordinated. 

An example comes from the study of ex- 
perimental gastric erosions. A rat’s suscepti- 
bility to restraint-induced gastric erosions 
(RGEs) normally changes with age so that, 
under specifiable conditions, about 10-20% 
of 30-day-old rats develop RGEs as compared 
to about 60% of 200-day-old rats. (In our lab- 
oratory the conditions are 24 hr of food de- 
privation followed by 24 hr of restraint at 
22°C.) If rats are weaned from their mothers 
1 week early, on postnatal Day 15 instead of 
Day 2 1, then by Day 30 about 90% of the rats 
subjected to restraint will develop RGEs. This 
effect of early weaning persists beyond 100 
days of age (22). 

Early weaning also produces a “latent” dis- 
turbance in temperature regulation. Rats are 
poikilothermic through the first two weeks of 
life, but in the third and fourth weeks they 
develop stable mechanisms for homeothermic 
temperature control. Under ordinary labo- 
ratory conditions early weaned rats also appear 

to regulate body temperature normally in the 
third and fourth weeks. But during food de- 
privation and restraint these regulatory mech- 
anisms fail; the rats become markedly hy- 
pothermic, with core temperature often falling 
below 30°C. The available evidence is that 
this latent disturbance in temperature regu- 
lation probably reflects a delay in normal 
maturation of the relevant control systems, a 
delay which is induced by early weaning (23). 

We found that this disturbance (or delay) 
in temperature regulation is closely connected 
with the increased vulnerability to RGEs of 
early weaned, 30-day-old rats. The extent of 
the fall in core temperature is highly correlated 
with the severity of the erosions (estimated as 
total lesion length/rat) and accounts for 62.4% 
of the variance in severity. If 30-day-old, early 
weaned rats are restrained at a high ambient 
temperature ( 30”C), so that the restraint-in- 
duced hypothermia is prevented, the excess 
occurrence of RGEs is prevented also. Con- 
versely, if normally weaned, 30-day-old rats 
are restrained at an ambient temperature of 
17”C, which is just low enough to elicit hy- 
pothermia during restraint, then these rats 
develop RGEs at the rate of early weaned 
rats (23). 

In a separate series of studies we unex- 
pectedly observed that a fall ambient tem- 
perature is a potent stimulus to acid secretion 
(24). In conscious, lightly restrained rats, a 
change in ambient temperature from 22 to 
10°C produces a two to threefold increase in 
acid secretion, (Fig. 2), which is nearly com- 
parable to the maximal response to penta- 
gastrin. We found that this increase in acid 
secretion occurs even if the gastric temperature 
is held constant experimentally and core tem- 
perature remains normal. 

It is possible, although not yet demon- 
strated, that the vulnerability of 30-day-old, 
early weaned animals to RGEs is linked to 
their temperature instability through the 
mechanisms of a cold-stimulated increase in 
acid secretion during restraint. 

This formulation is consistent with other 
developmental observations. Cold is not a 
stimulus to acid secretion in 15-day-old rats. 
Accordingly, restraint does not induce gastric 
erosions in rats of this age although they almost 
always become hypothermic during restraint. 

One can speculate that the problem with 
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FIG. 2. Acid output for individual rats obtained initially at an ambient temperature of 30°C and then 
at 10°C. Temperature of the gastric lumen in each rat was maintained at 36°C. Prematurely weaned (15- 
S) rats show a similar magnitude of acid output and direction of change in response to the change in 
ambient temperature. 

early weaned, 30-day-old rats is that their acid 
secretory response to cold has developed nor- 
mally, whereas their control over body tem- 
perature regulation has not. 

Thus, normal 30-day-old rats will increase 
acid secretion and develop RGE's if they be- 
come hypothermic, but they are very unlikely 
to become hypothermic. Normal 15-day-old 
rats are very likely to become hypothermic 
but the hypothermia does not stimulate acid 
secretion and these rats are very resistant to 
RGE formation. The prematurely weaned, 30- 
day-old rats have a normal development of 
acid secretory responses but a retarded on- 
togeny of stable body temperature regulation. 
When this thermoregulatory instability is elic- 
ited by food deprivation and restraint the early 
weaned rat is very likely to become hypo- 
thermic, have increased acid secretion and de- 
velop RGEs. 

In this formulation, nothing is quantita- 
tively abnormal. Instead, the important con- 
sideration may be that there is a disturbance 
in the normal developmental synchrony be- 
tween interacting systems, one of which de- 
velops on time and the other of which is late. 

As a consequence, the regulation of acid out- 
put is affected rather than the integrity of the 
secretory response per se. 

The main point is that a developmental 
circumstance-premature weaning-intrudes 
on normal physiologic ontogeny to produce 
effects both on the regulation of acid secretion 
and on the animals' vulnerability to RGEs. 
Gastric erosions in the rat are very different 
from human DU. Yet it is worth considering 
that, in human life, circumstances of devel- 
opment might also have an effect on the mat- 
uration of acid secretory mechanisms and 
other gastroduodenal processes, with potential 
long-term consequences for the pathogenesis 
of disease. 

This work was supported by Grant RO 1-AM 18804 from 
the National Institute of Arthritis, Diabetes and Digestive 
and Kidney Disease and by Research Scientist Devel- 
opment Award K- 1 MH00077 from the National Institute 
of Mental Health. 

1. Rotter JI, Rimoin DL. Peptic ulcer disease-a het- 
erogeneous group of disorders? Gastroenterology 
73:604-607, 1977. 



126 POSTNATAL DEVELOPMENT AND THE PATHOPHYSIOLOGY O F  DU 

2. Sol1 AH, Isenberg JI. Duodenal ulcer diseases. In: 
Sleisinger MH, Fordtran JS, eds. Gastrointestinal 
Disease. Philadelphia, Saunders, p625, 1983. 

3. Rotter JI, Sones JQ, Samloff IM, Richardson CT, 
Gursky JM, Walsh JH, Rimoin DL. Duodenal ulcer 
disease associated with elevated serum pepsinogen I. 
An inherited autosomal dominant disorder. N Engl 
J Med 300:63-67, 1979. 

4. Pearl JM, Ritchie WP, Gilsdorf RB, Delaney JP, 
Leonard AS. Hypothalamic stimulation and feline 
gastric mucosal cellular populations. J Amer Med 

5 .  Hall WH, Smith GP. Gastric secretory response to 
chronic hypothalamic stimulation in monkeys. Gas- 
troenterology 57:49 1-499, 1969. 

6. Garrod AE. Inborn Errors of Metabolism. London, 
Oxford Press, 1923. 

7.  Hofer MA. The Roots of Human Behavior. Part 111. 
San Francisco, Freeman, p 143, 198 1 .  

8 .  Ackeman SH. The ontogeny ofgastric acid secretion 
in the rat: Evidence for multiple response systems. 
Science 217:75-77, 1982. 

9. Lichtenberger L, Johnson JR. Gastrin in the onto- 
genetic development of the small intestine. Amer J 
Physiol 227:390-395, 1974. 

10. Takeuchi K, Peitsch W, Johnson LR. Mucosal gastrin 
receptor. V. Development in newborn rats. Amer J 
Physiol 240:G 163-G 169, 198 1 .  

1 1 .  Hyman PE, Harada T, Everett S, Ament ME. Food- 
stimulated gastric acid secretion in the neonate. Gas- 
troenterology 84(5):1193, 1983. 

12. Euler AR, Byrne WJ, Cousins LM, Ament ME, h a k e  
RD, Walsh JH. Increased serum gastrin concentrations 
and gastric acid hyposecretion in the immediate new- 
born period. Gastroenterology 72: 127 1 -  1273, 1977. 

13. Euler AR, Byrne WJ, Meis PJ, Leake RD, Ament 
ME. Basal and pentagastrin-stimulated acid secretion 
in newborn human infants. Pediatr Res 13:36-37, 
1979. 

ASSOC 195:141-144, 1966. 

14. Agunod M, Yamaquchi N, Lopez R, Luhby AL, Glass, 
GBJ. Correlative study of hydrochloric acid, pepsin, 
and intrinsic factor secretion in newborns and infants. 
Amer J Dig Dis 14:400-4 14, 1969. 

15. Ackerman SH, Shindledecker RD. Maturational in- 
creases and decreases in the maximal H+ secretory 
capacity of the rat. Gastroenterology 84(5):1088, 1983. 

16. Jacobs DM, Ackeman, SH. Differential growth rate 
of rat gastric mucosal cells during postnatal ontogeny. 
Gastroenterology 84(5): 1197, 1983. 

17. Isaac L, Sapperstein RL. Gastric histamine metabolism 
in the aging rat. Biochem Pharmacol 26585-588, 
1977. 

18. Aures D, Hakanson R. Histidine decarboxylase and 
DOPA decarboxylase in the stomach of the developing 
rat. Experientia 15666-668, 1968. 

19. Miller RA. Observations on gastric acidity during the 
first month of life. Arch Dis Child 16:22-30, 1941. 

20. Grand RJ, Watkins JB, Forti DM. Development of 
the human gastrointestinal tract. A review. Gastro- 
enterology 70:790-8 10, 1976. 

2 I .  Hyman PE, Feldman EJ, Ament ME, Byrne WJ, Euler 
AR. Effect of enteral feeding on the maintenance of 
gastric acid secretory function. Gastroenterology 

22. Ackerman SH, Hofer MA, Weiner H. Age at maternal 
separation and gastric erosion susceptibility in the rat. 
Psychosom Med 37:180-184, 1975. 

23. Ackerman SH, Hofer, MA, Weiner H. Early maternal 
separation increases gastric ulcer risk in rats by pro- 
ducing a latent thermoregulatory disturbance. Science 

24. Ackerman SH. Premature weaning, thermoregulation 
and the occurrence of gastric pathology. In: Weiner 
H, Hofer MA, Stunkard AJ, eds. Brain, Behavior and 
Bodily Disease. New York, Raven Press, p67, 1981. 

81:341-345, 1983. 

201:373-376, 1978. 

P.S.E.B.M. 1984, Vol. 175. 


