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ABSTRACT

The release of immunoreactive gastrin and somatostatin from the gastric
antrum was studied in anesthetized pigs after parathyroid hormone (PTH) infusion
into the antral circulation. PTH (40 units/20 min) was infused into the right
gastro-epiploic artery. Blood was sampled from the right gastro-epiploic vein
(antral venous blood) and from the superior vena cava (mixed venous blood). The
basal gastrin concentration in antral venous blood was 17 times higher than that
in mixed venous blood (1220 + 367 versus 71 + 25 pmo]/],'mean + SE). The
somatostatin concentrations in antral and mixed venous blood were 127 + 20 and
82 + 23 pg/ml (mean + SE), respectively. After PTH infusion the gastrin Tevel
both in antral and mixed venous blood increased significantly without inducing
systemic hypercalcemia. PTH infusion did not significantly influence the
somatostatin level either in antral venous blood or in mixed venous blood. The
findings demonstrate that PTH can induce gastrin release from the gastric antrum
without concomitant systemic hypercalcemia and that this release of gastrin is
not accompanied by a change in the somatostatin level in antral venous blood.

INTRODUCTION

The connection between the parathyroid glands and gastrointestinal hormones
is illustrated by the hypergastrinemia which often occurs in hyperparathyroid
patients (10) and which possibly contributes to an increase in the incidence of
peptic ulcer in hyperparathyroidism (HPT) (3, 10, 11). Concerning the etiology
of peptic ulcer disease in HPT, calcium certainly plays some role and in man
hypercalcemia may stimulate gastric secretion by liberating gastrin. It has
also been suggested that parathyroid hormone (PTH) may exert direct effects on
gastrin release, and experimental studies in pigs have revealed that infusion of
PTH results in a release of immunoreactive gastrin into antral venous blood (5)

The mechanism governing the release of gastrin is not, however, completely
known. In view of the inhibitory effect of somatostatin on gastrin and gastric
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acid secretion, somatostatin has been proposed to be a physiclogical moderator
of gastrin release (6, 12, 15, 21), a hypothesis favored by the presence of
somatostatin-producing cells in the neighbourhood of the gastrin cells in the
antral mucosa (16). In experimental studies in pigs physiological stimulation
of gastrin release by intraluminal alkalinization as well as by instillation of
a meat extract has been found to be accompanied by a decrease in the level of
immunoreactive somatostatin in antral venous blood (12) indicating an inverse
relationship between gastrin and somatostatin.

The aim of the present investigation was to determine whether or not the
release of gastrin in response to PTH is associated with changes in the somato-
statin Tevel in the blood similar to those seen during physiological stimulation
of gastrin release.

MATERIAL AND METHODS
Animals
Five pigs of Swedish country breed (body weight 21-28 kg) were purchased from
the same breeder. The pigs were starved for 18 hours before the experiments but
were allowed free access to water.

Anesthesia

Anesthesia was induced by an intramuscular injection of ketamine (KetalarR
250-500 mg) and maintained by repeated intravenous injections of phenoperidine
(LealginR, 4 mg every 30-45 min) and pancuronium bromide (PavulonR, 4 mg
every 30-45 min). After endotracheal intubation positive pressure ventilation
was given with a mixture of NpO and O (4:1) by means of a respirator.
Arterial blood pressure was monitored through a catheter (infant feeding tube No
5) introduced into the left common carotid artery. Another catheter was
inserted into the superior vena cava via the internal jugular vein of the left
side for measurement of the central venous pressure and for blood sampling
(mixed venous blood). During each experiment the fluctuations in arterial blood
pressure and heart rate did not exceed 35 mm Hg and 20 beats/min, respectively.
The central venous pressure was below 10 cm Ho0 throughout the experiment.

Surgical procedure

An upper laparotomy was performed, with a midline incision. Two catheters
were introduéed, one (PE50) into the right gastro-epiploic artery for perfusion
of the gastric antrum with PTH or saline, the other (infant feedingtube No. 5)
into the right gastro-epiploic vein immediately before its entrance into the
gastro-duodenal vein for blood sampling from the antral venous effluent. Both
catheters were exteriorized through a stab wound in the abdominal wall and the
laparotomy wound was closed. By injection of ink into both catheters at the end
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of each experiment a check was made that the position of the catheters had been
correct for antral perfusion and collection of antral venous effluent blood,
respectively.

Experimental protocol
After initial blood sampling on two occasions with a 15 min interval (base-

Tine period) a control infusion of saline (0.9 %) was administered at a rate of
0.5 ml/min through the catheter in the right gastro-epiploic artery for 20 min
(saline infusion). Thirty min after the completion of the saline infusion 40-
USP units of PTH (Para-Thor-Mone, Eli-Lilly) in 10 m1 of saline was infused
through the arterial catheter in 20 min (First PTH infusion). In each animal a
second infusion of PTH (Second PTH infusion) was given in the same dose and at
the same rate, starting 60 min after the beginning of the first hormone in-
fusion. Blood was sampled from the catheter in the right gastro-epiploic vein
and from the central venous catheter every 10th min during the whole experiment
after the base-line period until 60 min after the second PTH infusion. Diagram
illustratiang the experimental protocol is given in Fig. 1. Gastrin and somato-
statin were analyzed in antral venous blood and in mixed venous blood and cal-
cium in mixed venous blood. In different experiments the drip rate of blood
from the catheter in the right gastro-epiploic vein varied between 20 and
60/min. Within each experiment the constancy of the drip rate (+10%) was taken
as evidence that the venous blood flow did not change.

Baseline period Saline period PTH-I-period PTH-II-period
.__/\.A._.\ A N
\ N/

Saline PTH- PTH-
infusion infusion infusion

— 1 SR 1 L L L s i i i i I L i L . 1 Time (min)

0 60 120 180

Fig. 1.

Blood samples (5 ml each) were collected in chilled tubes containing heparin
(143 USP-units) and Trasylol (400 KIE/ml1). After centyvifugation at -4°C plasma
was decanted and frozen at -20°C pending radioimmunoassay. The blood loss
created by the blood sampling was compensated with 500-1000 cc glucose-salt
solution (NormodexR).

Radioimmunoassay

PTasma gastrin was determined by a radioimmunoassay technique described
earlier (17) and plasma somatostatin by a solid phase radioimmunoassay method

(18) with somatostatin antibodies coupled to microcrystalline cellulose. Before
radioimmunoassay of somatostatin, plasma samples were extracted with acetone-
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-petroleun-ether as suggested by Arimura et al. (1). The antiserum used, R 141,
is well characterized with respect to its reactivity to different parts of the
somatostatin molecule as well as to its lack of reactivity to other gastro- -
intestinal peptides (1). Tyr-l-somatostatin {Beckman, Geneva) was used for
jodination with the lactoperoxidase method and synthetic somatostatin (Beckman,

Geneva) was used for preparation of standards.

Calcium determination

The calcium concentration in mixed venous blood was measured by conventional-
atomic adsorption spectrophotometry. The reference value was 2.25 - 3.0 mmol/1.

Statistical methods
The degree of significance of differences in hormone levels between different

periods was determined by analysis of variance. For all experimental periods
(baseline, saline, PTH I and PTH II) the mean {(+ SE) hormone level in each
animal was calculated. A1l the comparisons between periods were made within
animals. In the tables the results are presented as the mean of the five
animals within each period + SE {Tables 1-4).

RESULTS
Baseline gastrin, somatostatin and calcium Tevels
The mean plasma level of gastrin in the five pigs was 17 times higher in
antral venous blood as compared with that in mixed venous blood (Table 1). The

somatostatin concentration was also higher in antral than in mixed venous blood
but the difference was less pronounced than for gastrin, though it was evident
in all animals, and was statistically significant {p< 0.01). The mean calcium
concentration in mixed venous blood was 2.05 + 0.09 mmol/1 (mean + SE) (Table
1).

Table 1. Baseline hormone Tlevels in antral and
mixed venous blood. Mean + SE

Mixed venous blood Antral venous blood
Gastrin 71 + 25 (p< 0.05) 1220 + 367
pmol/1
Somatostatin 83 + 23 (p<0.01) 127 + 20
pg/ml

Saline infusion
Infusion of saline into the right gastro-epiploic artery did not
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significantly affect the levels of gastrin and somatostatin in antral venous
blood (Table 2).

Table 2. Effect of control infusion (saline) on gastrin and
somatostatin in antral venous blood. Mean + SE

Before saline infusion After saline infusion
Gastrin 1220 + 367 (N.S.) 1073 + 204
pmol/1
Somatostatin 127 + 20 (N.S.) 123 + 15
pg/ml

PTH infusion
Both infusions of PTH resulted in a statistically significant (p< 0.01)
increment in the gastrin level in antral venous blood (Table 3). The second

infusion gave a relatively larger increase than the first one {increase by
factors of 1.07 and 1.86, respectively). The PTH infusions did not, however,
significantly affect the somatostatin level in antral venous blood in either
direction.

The first PTH infusion increased the gastrin level in mixed venous blood but

the somatostatin level remained unchanged (Table 4). The increase in gastrin,
however, was not statistically significant. The second PTH infusion increased
the gastrin level significantly (p< 0.001), but did not affect the somatostatin
level.

The first PTH infusion did not increase the serum calcium level in mixed
venous blood, but after the second infusion the mean serum calcium value
increased by 0.21 mmol/1 as compared with the baseline level (from 2.09 + 0.09
to 2.30 + 0.13, mean + SE).

DISCUSSION

In studies of gastrointestinal endocrinology the pig has been found to be
very suitable as an experimental animal. The main reason for this is the
similarities between humans and pigs in their intestinal peptides and also in
their gastrointestinal physiology (7, 14). The experimental model used in the
present study permitted selective blood sampling during a period of several
hours without apparent changes in regional or central circulation. A further
advantage of this model was the possibility of confirming that the collected
vensus “iood did in fact drain the gastric area into which the test hormone was
infused. By infusion of PTH into a limited region like the gastric antrum, the
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Table 3. Effect of PTH-infusions on hormone levels in antral venous blood of the five
animals within each period. Statistical significance was evaluated by analysis
of variance. Mean + SE

Before first PTH-infusion PTH-I-period PTH-II-period
- (p<0.01) —
Gastrin 1122 + 256 (p < 0.01) 1199 + 159 2097 + 170
pmol/1
T (N-S.)‘__"
Somatostatin 125 + 13 (N.S.) 112 + 15 152 + 31
pg/ml

Table 4. Effect of PTH-infusions on hormone and calcium levels in mixed venous blood of
the five animals within each period. Statistical significance was evaluated by
analysis of variance. Mean + SE

Before first PTH-infusion PTH-I-period PTH-II-period
r {p <0.001) —
Gastrin 109 + 14 (N.S.) 186 + 101 310 + 216
pmiol/1
T (N.S,) ——
Somatostatin 101 + 20 {N.S.) 100 + 17 122 + 25
pg/ml
— (p< 0.001)—
Calcium 2.05 + 0.03  (N.S.) 2.23 + 0.08 2.30 + 0.13

mmol/1




effects of this hormone upon gastrin release could be investigated without
induction of hypercalcemia, although a significant increase in serum calcium -
but not beyond the normal range - was noted.

The present findings demonstrated that PTH infused into the right gastro-
-epiploic artery induced gastrin release as measured as an increase in serum
gastrin concentration, confirming the report by Bolman et al. (5). The experi-
mental protocol in our study was similar to that of Bolman et al. (5) with
respect both to the surgical procedure and to the dosage of PTH. These authors
noted an approximately tenfold rise in gastrin after infusion of PTH - in
contrast to our doubled value. However, in both studies the gastrin increase
after the second PTH infusion was enhanced.

Exogenous somatostatin has been shown in many investigations to be a potent
inhibitor of gastrin release (4, 6, 15, 19, 20). This long-held view has
recently been challenged by Hayes et al. (13) and Schrumpf (21), who claim that
only stimulated gastrin release (arginine-stimulated or meal-stimulated) is
inhibited by exogenous somatostatin, whereas the basal gastrin secretion is
unaffected by somatostatin. Concerning the relation between gastrin and somato-
statin, it is suggested that the gastric release of gastrin may be regulated at
least partially by a local release of somatostatin (paracrine effect) (22).
Larsson et al. (16) have recently reported that somatostatin-producing D-cells
in the antrum have long cytoplasmic processes which terminate on gastrin-
-producing G-cells in the rat and in man. It is supposed that the presence of
somatostatin containing processes that end on putative effector cells indicates
that somatostatin may directly affect the secretion of gut hormones and enzymes.
These processes may mediate local (paracrine) release of secretory products from
these cells (15).

It has been demonstrated that there is an inverse relationship between
gastrin and somatostatin immunoreactivity in the antral lumen of cats during
vagal stimulation (22). Another example of the inverse gastrin-somatostatin
relationship is given by Chiba et al. (8), who found that perfusion of the left
gastric artery in the isolated rat stomach with VIP, secretin, or glucagon
evoked an increase in somatostatin secretion, which was simultaneous with the
expected inhibition of gastrin release. In a similar experimental model the
same authors (9) showed that infusion of calcitonin caused a dose-dependent
increase in gastric somatostatin release concomitant with a decrease in gastrin
secretion. These findings indicate the possibility of somatostatin-mediated
suppression of gastrin by calcitonin. Using a technique similar that in the
present experiments, Gustavsson & Lundqvist (12) also found an inverse relation-
ship between somatostatin and gastrin in antral venous blood when gastrin
release was stimulated by instillation of bicarbonate or meat extract into the

antrum.
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The most striking finding in the present study was that the release of
gastrin in response to PTH was not accompanied by a change in somatostatin
release into the antral venous circulation, indicating that the inverse rela-’
tionship between gastrin and somatostatin is not obTigatory. A reason for the
different cutcomes between the study by Gustavsson & Lundgvist (12) and the
present investigation may be that the stimulation of gastrin release in the
former study was of a physiological nature, with the stimulus administered
intraluminally, while in our experiments the stimulus was administered intra-
arterially, probably in a non-physiological dose. The most plausible explana-
tion for the different somatostatin responses is that this hormone does not
participate in the gastrin release after PTH stimulation. On the other hand,
the unchanged somatostatin Tevels in antral venous blood do not exclude the
possibility of paracrine somatostatin regulation of PTH-induced gastrin release.
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