apparent acute alterations in either endo-
crine or immune functions (I4). The
same is true of other species, although
the time period when the thymus can be
removed without altering function varies
among species (/5). Such data support
the concept that there is interdepen-
dence of the immune and endocrine sys-
tems early in ontogeny only when criti-
cally important steps in the development
and programming of neuroendocrine
functions are occurring (/6).

Our findings provide evidence linking
neuroendocrine and immune functions,
and suggest a new area of research with
implications to the understanding and
control of reproductive function. Since
we show that synthetic thymosin B4 can
release LRF it should be possible to
examine the mechanism by which LRF
secretion is stimulated and to character-
ize the role of thymosin B4 (and possibly
other thymic peptides) within the repro-
ductive system. Furthermore, the poten-
tial clinical usefulness of thymosin B4 in
eliciting LRF release in women in whom
endogenous LRF secretion is diminished
for the purpose of inducing ovulation is
obvious as is the possible effectiveness
of analogs of this peptide for the same (or
perhaps the opposite?) purpose.
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Intraventricular Calcitonin Inhibits Gastric Acid Secretion

Abstract. Parenteral and intracerebroventricular administration of calcitonin in

rats resulted in the suppression of gastric acid secretion. This suppression also
occurred in rats with insulin-induced hypoglycemia and after the administration of
thyrotropin-releasing hormone. Intracerebroventricularly administered calcitonin
was 1000 times more effective than parenterally administered calcitonin in suppress-
ing gastric acid secretion. Calcitonin also inhibited the development of stress-
induced ulcers in rats.

Calcitonin, a peptide hormone secret-

ed from C cells within the mammalian
thyroid, promotes absorption of calcium
and phosphate into bone and acts in the
conservation of skeletal calcium (/). A
role for calcitonin as a neuromodulator

in

the central nervous system was sug-

gested by the observations that radioac-
tively labeled calcitonin that is adminis-
tered parenterally hinds specifically to
sites in the hypothalamus (2) and that
immunoreactive calcitonin is present in
the hypothalarmus and cerebrospinal flu-

Gastric volume (ml)

(12)

20

1.0 |

id (3). Intracerebroventricular (ICV) ad-
ministration of calcitonin potently sup-
presses feeding in rats (4), and parenter-
ally administered calcitonin in animals
and man inhibits gastric secretion ().
Physiological and pharmacological evi-
dence indicates that the central and auto-
nomic nervous systems play an impor-
tant role in the modulation of gastric
secretion (6), and several endogenous
brain oligopeptides have been implicated
as chemical messengers involved in the
central nervous system modulation of

Saline

=== Calcitonin

Fig. 1. Temporal ef-
fect of ICV adminis-
tration of calcitonin
(2 U, 416 ng) on gas-
tric secretion. All re-
sults are expressed
as means * standard
error (*P < .001, P
< .01, P < .05).
Numbers in parenthe-
ses refer to the num-
ber of animals at each
time point, All ani-
mals were anesthe-
tized with urethane
(100 mg/kg) and the
pylorus was ligated 1
hour later. Then intra-
ventricular cannulas
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were inserted by us-
ing a stereotactic ap-
paratus as described

(7), and calcitonin (salmon, synthetic; Armour Pharmaceutical Co.) or saline was administered.
The rats were killed 60, 120, or 180 minutes after the injection of calcitonin or saline. A two-
tailed Student’s r-test was used to determine statistical significance in all studies.
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Table 1. Effect of ICV and parenteral (subcutaneous) administration of calcitonin on gastric
secretion. All the animals were killed 2 hours after the injection. Experimental procedures were

otherwise as described in Fig. 1.

Dose N Volume (ml/2 hours) Acid (wEqg/2 hours)
Saline (10 wl, ICV) 12 1.1 0.2 111 = 22
ICV administration
2U 12 0.2 = 0.1* 31 = 8t
02U 12 0.3 +0.17 40 = 14%
0.02 U 12 0.4 = 0.1+ 49 = 15§
0.002 U 8 0.4 = 0.1% 42 =+ 14§
0.0002 U 8 0.4 = 0.1% - 50 + 12§
0.00002 U 8 1.1 £04 103 = 27
Parenteral administration
10 wkg 7 0.3 = 0.11 26 = 8%
1 wkg 9 0.6 +02 55+ 16
0.1 wkg 8 0.9 0.2 84 + 22
*P < .001. TP <01, P < 025, §P < .05

gastric secretion (7). We report here that
ICV administration of calcitonin potent-
ly inhibits gastric secretion. Central ad-
ministration of calcitonin was approxi-
mately 1000 times more potent than par-
enteral administration, suggesting that
calcitonin exerts its effects by a direct
action on the central nervous system.

Male Sprague-Dawley rats (250 to 300
g) were given free access to Purina Lab
Chow and tap water and housed under
conditions of controlled temperature and
illumination (0600 to 2000 hours). All
experiments were performed according
to the same time schedule in rats that had
been deprived of food for 24 hours but
given free access to water up to the
beginning of the experiment. The ani-
mals were anesthetized with urethane
(150 mg/100 g subcutaneously), and 1
hour later the pyloric portion of the
stomach was ligated. Saline or test mate-
rials were injected intraventricularly into
the lateral ventricle, intravenously via
the jugular vein, or parenterally (subcu-
taneously). Two hours after injection (or
at other specified time intervals) the
esophageal-gastric junction was ligated
and the whole stomach excised. Gastric
volume and pH were measured and the
samples analyzed for gastric acid by ti-
tration with 0.013/ sodium hydroxide to
a pH of 7.0.

As demonstrated in Fig. 1, two units of
calcitonin (416 ng) administered ICV
produced a marked suppression of gas-
tric acid secretion by 1 hour after admin-
istration. This suppression was still evi-
dent 3 hours after administration of the
calcitonin. Calcitonin administered by
this route suppressed both gastric vol-
ume and gastric acid secretion in a dose
as low as 0.0002 U (41 pg) (Table 1). In
contrast, only the highest dose of paren-
terally administered calcitonin (10 U/kg)
produced a statistically significant sup-
pression of gastric acid secretion (Table
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). Thus, ICV administration of calcito-
nin was effective at a dose at least one-
thousandth that of the parenteral dosage.
We showed previously that there is a
similar dose differential between paren-
teral and ICV administration in the sup-
pression of food ingestion by calcitonin
(8). These findings indicate that the ma-
jor effect of calcitonin in reducing gastric
secretion is on the central nervous sys-
tem, which is in keeping with our previ-
ous observation that calcitonin reduces
4Ca®" uptake in hypothalamic explant
cultures (8) at doses equivalent to the
ICV doses that suppress gastric secre-
tion.

We also examined the ability of calci-
tonin in rats to suppress gastric acid

P <.001
—r

Gastric volume
{mi/120 min)
N
T

P<.001 P «.001
/—/;\

300

200

100

Gastric acid {peq/120 min)

Saline Insulin Insulin TRH

cal cal

Fig. 2. Inhibitory effect of calcitonin on gas-
tric output stimulated by insulin and TRH.
Rats that had fasted for 24 hours received an
ICV injection of calcitonin (2 U) or saline and
then an injection of insulin (1 U, intravenous-
ly), TRH (5 wg, ICV), or saline (intravenous-
ly), after which the pylorus was ligated. Two
hours later, the animals were decapitated.
The bars represent means * standard error;
the number of animals in each group is shown
at the base of each bar.

secretion induced by insulin and thyro-
tropin-releasing hormone (TRH), two
substances which have been shown to
produce gastric acid secretion by activa-
tion of the central nervous system (7)
(Fig. 2). Both insulin and TRH produced
the expected increase in gastric secretion
compared to saline-treated controls. The
ICV administration of calcitonin inhibit-
ed both insulin and TRH-induced gastric
acid secretion to below basal levels, thus
providing further evidence that calcito-
nin is a central inhibitor of gastric acid
secretion.

Ulceration induced by stress is an im-
portant clinical cause of upper gastroin-
testinal bleeding in man (9). However,
the eticlogy of such ulceration is thought
to be multifactorial and to include the
interaction of gastric acidity, changes in
gastric mucosal circulation, decreases in
gastric epithelial cell turnover, and pos-
sibly a breakdown in the gastric mucosal
barrier (10). The studies by Levine and
Senay (/1) have shown a strong correla-
tion between low gastric pH and a high
incidence of gastric lesions. On the basis
of these concepts we decided to evaluate
the effects of ICV calcitonin on the de-
velopment of stress ulceration. We used
12 male Sprague-Dawley rats that had
been food-deprived for 48 hours and then
restrained in stress cages and exposed to
cold (4°C) for 2 hours, after which time
they were killed by decapitation. The
animals had been prepared with cannulas
inserted into the lateral ventricle 14 days
before the experiment (/2). Half of the
animals received one ICV injection of
saline and the other half, one ICV injec-
tion of calcitonin (2 U, 416 ng) immedi-
ately prior to being placed into the stress
cages and the cold. When the animals
were examined post-mortem, none of
those that had received calcitonin had
blood in the stomach and only one had
two small gastric mucosal lesions less
than 1 mm in size. All of the control
animals had blood in the stomach and
gastric mucosal lesions. The J score (13)
for the control animals was 8.5 = 2.0,
whereas for the animals receiving calci-
tonin it was 0.3 = 0.3 (P < .001). The
lack of mucosal lesions in the animals
that received calcitonin correlated with
the increased pH (2.42 = 0.2 compared
to 1.25 £ 0.3 in controls, P < .001).
From these observations it is apparent
that ICV administration of calcitonin de-
creases the incidence of stress-induced
ulcers in rats.

It appears reasonable to conclude that
calcitonin suppresses gastric acid secre-
tion by a direct action on the central
nervous system. Because calcitonin en-
ters the hypothalamus after parenteral
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administration (2) and becausé calcitonin
in the plasma increases aftér a meal (14),
we suggest that calcitonin is partially
responsible for inhibiting gastric acid se-
cretion at the end of a meal.

The mechanism by which calcitonin
alters central nervous system function is
unknown. Myers et al. (15) have shown
that feeding can be produced in the sati-
ated rat by increasing the concentration
of calcium in the brain. Recently, we
have found that feeding induced by calci-
um chloride in the rat is inhibited by
concomitant administration of calcitonin
(8). In addition, using a hypothalamic
explant culture system, we showed that
calcitonin depressed “°Ca®* uptake at
doses equivalent to the intraventricular
doses that suppressed feeding and gas-

tric acid secretion (8). It is thus tempting

to speculate that calcitonin may produce
its effects on the central nervous system
by altering neuronal calcium fluxes.

The studies reported here together
with those previously reported on the
effects of calcitonin on food ingestion
and on hypothalamic calcium fluxes
strongly suggest a neuromodulatory role
for calcitonin in the maintenance of
hypothalamic activity. Thus, calcitonin
should be added to the long list of pep-
tides that play a role in integrating the
hypothalamic functions responsible for
the maintenance of the milieu intérieur
(16). With the widening acceptance of
the concept that calcitonin is a neuroac-
tive hormone, it would not be surprising
to find that it produced a number of other
effects on the central nervous system.
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Physical and Social Environment of Newborn Infants in

Special Care Units

Abstract. Infants in newborn intensive and convalescent care units are exposed to
large amounts of sensory stimulation of various sorts. Although infants in these units
do not lack visual, auditory, and tactile stimulation, they receive relatively infrequent
coordinated sensory experiences. Furthermore, there is no diurnal rhythmicity in
physical and social stimulation across days.

Modern medical management has re-
duced neonatal mortality and morbidity.
However, longitudinal investigations in-
dicate that deficits in cognitive and sen-
sory functioning persist as a major prob-
lem in the development of premature
infants (/). Researchers have recently
proposed that the iritensive care unit, the
environment in which many premature
infants spend their early weeks, is not
conducive to optimal development. Sev-
eral investigators have hypothesized that
the intensive care unit provides an envi-
ronment that is inadequate in amount
and pattern of stimulation (2). Contrary
to this view, Cornell and Gottfried (3)
contended that as a corisequence of the
personnel, equipment, and activity pres-
ent in modern intensive care units, pre-
mature infants may be exposed to large
amounts of sensory stimulation of vari-
ous sorts. Lawson et al. (4) have sug-
gested that premature infants in inten-
sive care may suffer not from an inade-
quate amount of stimulation but from a
disjunctive pattern of stimulation. Lucey
(5) and Korones (6) have argued that
intensive care may have become too
intense and may be responsible for new-
ly recognized iatrogenic complications.
We now report an investigation of the
quantity, quality, organization, and diur-
nal rhythmicity of physical and social
stimulation in a special care unit for
newborns in a major medical facility.

The study was conducted at Los An-
geles County-University of Southern
California Medical Center Women'’s

Hospital. Observations were conducted
in designated locations in the newborn
intensive care (NICU) and convalescent
care units (NCCU). Each unit houses
between 18 and 25 infants. Three 1-
minute observations in each unit were
conducted at the same time every hour
for 24 hours over three nonconseciitive
days (two weekdays and one weekend
day). For each observation, one re-
searcher recorded physical and the other
social data. The physical data included
illumination levels (Gossen ILuna Pro
light meter), characteristic and peak
sound levels (Bruel & Kjaer sound meter
2203), a frequency analysis of the sound
spectra (Bruel & Kjaer octave filter set
1613), and occurrence of speech, non-
speech, and radio sounds (Table 1).
These data were collected in operating
incubators by means of the light and
sound meters and by a tape recorder.
The social data included the frequency of
medical or nursing care, bottle-feeding,
social touching, rocking, and talking
when in contact with an infant; we also
noted whether the infant was in a posi-
tion to see the care giver (vision). Inter-
observer reliabilities for all physical and
social variables exceeded 97 percent and

92 percent agreement, respectively.

The data base included a total of 405
recordings for each physical variable and
1551 observations of infants, of which
292 (18.8 percent) included social con-
tact (7). There were no significant differ-
ences among the 3 days in the magnitude
or frequency of events. Ambient cool-
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