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Somatostatin Mediates the Effect of Growth Hormone Surges
on Splanchnic Biogenic Amines (42132)
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Abstract. Experiments were conducted in trained, conscious dogs fitted with an indwelling
portal catheter. Radioenzymatic methods were employed for the quantitative measurement of
plasma-free serotonin and catecholamines. An injection of ovine growth hormone (GH, 100
ug/kg) or an equimolar amount of somatostatin (somatotropin release inhibitory factor, SRIF,
7.5 ug/kg) into a saphenous vein led, within the first 15 min, to a transient but significant
increase in plasma serotonin and a decrease in the concentrations of dopamine, norepinephrine,
and epinephrine. The changes were frequently in excess of 40% of baseline values, and were
found only in the portal and not in the peripheral circulation. When the animals were
pretreated with an antiserum specifically directed against SRIF, GH surges no longer caused
alterations in the portal levels of biogenic amines. Thus, the effects of spike concentrations of
GH on plasma serotonin and catecholamines are apparently mediated by SRIF, a novel and

unexpected function for a hormone that is known as an inhibitor of GH secretion.
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It was shown in our laboratory that a spike
concentration of growth hormone (GH), in-
duced experimentally in dogs by a single
intravenous injection, produced in the hepatic
portal blood a rise in the concentration of
plasma-free serotonin and a concomitant re-
duction in the plasma concentration of do-
pamine, norepinephrine, and epinephrine
(1, 2, 3). These changes were measurable
only in the portal (prehepatic) and not in the
peripheral (posthepatic) circulation. The por-
tal concentrations of insulin, glucagon, and
somatostatin (somatotropin release inhibitory
factor, SRIF) also became elevated and the
turnover of glucose (Ra) was increased sev-
enfold (4). The changes occurred in the fol-
lowing sequence: glucagon peaked in 2 min,
insulin and SRIF in 4 to 6 min, the Ra in 4
min, and serotonin in 10 to 12 min; the
latter coincided with the nadir of the three
catecholamines. Because of this time sequence
we wondered if insulin, glucagon, or SRIF
might participate in the GH effect on the
release of splanchnic biogenic amines. We
have undertaken a systematic investigation
along these lines, and the present report
concerns the involvement of SRIF in the GH
effects. We found that if we administered
SRIF instead of GH, not only were the levels
of biogenic amines nearly identical with our
GH data, but the administration of a specific
SRIF antiserum abolished the response to

GH, indicating that the GH effect was me-
diated by SRIF.

Materials and Methods. Six healthy mon-
grel dogs of either sex, weighing approxi-
mately 20 kg each, were used in this study.
An indwelling catheter was placed into the
portal vein under aseptic conditions under
halothane anesthesia (Ayerst, Montreal) as
described earlier (5). Experiments were con-
ducted when the animals had fully recovered
from surgery and the leukocyte count was
normal. Hormone injections and withdrawal
of blood samples for serotonin and catechol-
amine determinations were always done in
fasting, unrestrained, and fully conscious
dogs, which were conditioned to handling
and withdrawal of blood samples.

Ovine GH (Lot No. NIH-GH-89, a gift of
the NIAMDD, Hormone and Pituitary Pro-
gram, Baltimore, Md.) was dissolved in 1 ml
alkaline saline, pH 9, and was administered
iv in the dose of 100 ug/kg, a “superphysio-
logic” dose, which is the standard amount
used in our laboratory (2, 4). Somatostatin
(Lot No. 004635, Peninsula Laboratories Inc.,
Belmont, Calif.) was dissolved in | ml saline
and administered iv in a dose of 7.5 ug/kg,
which is equimolar to the “superphysiologic”
dose of GH. Somatostatin antiserum (Lot
No. R101, Laboratories for Molecular En-
docrinology and Diabetes, Herbert Research
Center, Los Angeles, Calif., courtesy of Dr.
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A. Arimura), in a dilution of 1/10,000, was
administered iv in a dose of 0.5 cc/kg, 5 min
before administration of either GH or SRIF.
Based on a slightly excessive plasma volume
of 1 liter, it was calculated that this amount
of antiserum was sufficient to neutralize some
2.5 ng/ml, i.e., approximately 10 times the
peak plasma concentration of SRIF. This
was considered adequate, since the peak por-
tal SRIF concentration after a standard dose
of 100 pg GH is in the order of 226 pg/ml
(4). The neutralizing potency of 1 ml undi-
luted antiserum equaled 2.5 mg SRIF. Con-
trols were given 1 ml of saline in place of
GH or SRIF.

Blood samples were withdrawn at stated
intervals into plastic syringes, simultaneously
from both the indwelling catheter and from
a catheter inserted temporarily into a cephalic
or saphenous vein, other than the one used
for hormone and antiserum injections. Free
serotonin in platelet-poor plasma was deter-
mined by modifications (2) of the original
method of Hussain and Sole (6) and cate-
cholamines by modifications (2) of the
method of Sole and Hussain (7). Plasma
glucose was determined as “true” sugar by
the Beckman glucose analyzer (Beckman In-
struments Inc., Fullerton, Calif.).

To compensate adequately for unavoidable
differences in baselines, data for each graph
were calculated as follows: absolute values in
the legend correspond to O time, i.e., imme-
diately prior to the injection of SRIF or GH.
All subsequent numbers are percentage
changes from the 0 time value that were
calculated for each dog separately and are
expressed as means = SEM. Differences be-
tween hormone- and saline-injected controls
were considered as statistically significant if
P was less than 0.05.

Results. Figure 1 gives the results of our
experiments with SRIF. It will be noted that
a single injection of the hormone produced
a statistically significant rise in the hepatic
portal concentration of free serotonin and a
concomitant statistically significant reduction
in the hepatic portal concentrations of do-
pamine, norepinephrine, and epinephrine.
The changes were transient, reaching their
respective maxima or minima in about 12
min and returning to basal levels in about
30 min from the time of injection of the
hormone.
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The fact that the response to SRIF was
practically identical to that obtained with
GH (Fig. 2) led us to suspect that SRIF
might be the mediator of the GH effect on
biogenic amines. In order to test this possi-
bility, we injected the same dogs with SRIF
antiserum 5 min before the injection of GH.
It can be seen in Fig. 2 that the customary
response to GH was completely abolished by
pretreating our animals with the SRIF-specific
antiserum. In spite of the technical complex-
ity of this animal preparation, which neces-
sitated the use of a relatively small number
of dogs, the total suppression of the GH
effect was a consistent observation and,
therefore, the data left little doubt that the
effect of GH was mediated by SRIF. Admin-
istration of SRIF antiserum, either alone or
in combination with SRIF to the same ani-
mals, produced data that were indistinguish-
able from saline-injected controls (data not
shown). It is our experience that the difference
in baselines can, at times, be quite striking.
The particularly low basal levels seen in the
set of experiments with SRIF antiserum (Fig.
2) are coincidental and are not related to the
administration of the antiserum. Values ob-
tained prior to antiserum were virtually iden-
tical to those obtained at O time, i.e., at the
time of GH injection.

Biogenic amine levels in the peripheral
(posthepatic) circulation were not appreciably
changed. Similarly, plasma glucose levels in
both portal and peripheral blood samples
were not significantly altered; presentation of
data is therefore omitted.

Discussion. The results of our present ex-
periments are unexpected and we have little
theoretical reasoning to offer in trying to
explain why SRIF would mediate the GH
effect on the monoamine-producing struc-
tures of the gut. The curious reciprocal rela-
tionship between serotonin and catechol-
amines has been reported to exist in the
brain (8), in the heart (9), and we have also
found it in the gut (3). Moreover, unpublished
experiments from this laboratory have shown
that when L-tryptophan, a specific serotonin
precursor, was injected under similar condi-
tions to those of GH or SRIF experiments,
the expected rise of the hepatic portal sero-
tonin concentration was accompanied by a
reduction in portal catecholamine levels.

In the dog, the adrenal medulla does not
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FiG. 1. Hepatic portal plasma-free serotonin, dopamine, norepinephrine, and epinephrine concentrations

following a single iv injection of somatostatin (SRI

F) at O time. Differences from saline injected controls

were statistically significant between 10 and 16 min for serotonin, between 8 and 16 min for dopamine,
between 10 and 14 min for norepinephrine, and between 8 and 18 min for epinephrine.

deliver its secretions into the splanchnic area
(10), and in cats, the enterochromaffin cells
of the gut seem to release serotonin into the
intestinal lumen and not into the splanchnic

circulation (11). Thus, serotonergic and ad-
renergic gut neurons would appear to be the
major source of monoamines in the portal
circulation. At least three possibilities may



520

CONTROL 0=—=c

255220251 ng/mi
Mean £ SEM of 3 dogs

\
/ i

I_4 ]
C W aecan ﬁ\idé;%;i;f%ti?

cis-é; gk\%;f,f%{fjszq ‘

501 GH e-—s

I

A
¥
/

2487 4 0244 ng/mi
Mean ¢ SEM of 6 dogs

ANTI-SRIF « GH s—a

1894 - 0006 ng mi
Mean - SEM of 3 dogs

30

20+

Change - Plasma Serotonin

o

€

§

g 10

8 }/

o /

£ -20

g }/

o

> \ %

s /

s CONTROL »—8 GHe—e

6 -40 T / 61222 £1637 pg/m) | 65777 + 4659 pg/ml
\ | I } Mean * SEM of 3 dogs | Mean ¢ SEM of 6 dogs

ANTI-SRIF - GHo—0
3200 + 4 509 pg/mi
Mean + SEM of 3 dogs

60
o I Y
‘ o N b N e~ ]
CERG T TR
e J ! / i

[l A

v

c

£

a

o

ARt

@ 1

)

Z 20+ i /I

£ ¥

2 b ! %

= | . %

kS %0 '/ CONTROL 00 | GH e—e

g - :

s N 410.00 £ 27.905 pg/m| | 420.20 £ 35 165 pg/mi

5 \1 w/y Mean £ SEM of 3 dogs ‘ Mean * SEM ot 6 dogs

50 +\f | ANTI-SAIF - GH a—8
| |29 3 - 6741 pgml
L i 1 Me: * SEM ol 3 dogs
60

CONTROL c—0

105 666 £ 10003 pg/ml
Mean ¢ SEM of 3 dogs

GH o——s

[116 750 ¢ 12969 parmi-
Mean * SEM of 6 dogs

s

/

L L Loy - L L
4 6 8 1012141618 20 30 40 50
Minutes

Change - Plasma Epinephrine
o
=3
k=2

65333 = 3333 pg:ml
Mean + SEM of 3 dogs

'

03 8 80 17

F1G. 2. Hepatic portal plasma-free serotonin, dopamine,
norepinephrine, and epinephrine concentrations following
a single iv injection of growth hormone (GH) at 0 time,
either given alone or preceded by SRIF antiserum. Note
that the antiserum caused a complete suppression of
response. In comparison to saline controls, the changes
in the concentration of biogenic amines after GH alone
were statistically significant between 8 and 30 min for
serotonin, between 8 and 18 min for dopamine, between
8 and 20 min for norepinephrine, and between 6 and
20 min for epinephrine.
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be considered as hypothetically reasonable
mechanisms of hormonal and neuronal in-
teraction in this area.

First, the secretion of serotonin may be
stimulated by the injected hormone, resulting
in elevated plasma levels. The fall of cate-
cholamine levels would then be the conse-
quence of a reciprocal response. Since a
similar effect is produced by both GH and
SRIF and is abolished by a specific SRIF
antiserum, we questioned whether SRIF, a
known inhibitory hormone (12, 13) could,
under certain conditions or in certain tissues,
have other than inhibitory effects. A literature
search revealed that a stimulatory effect of
SRIF has been reported in rat mast cells,
where it leads to an enhanced release of
histamine (14-18) and serotonin (19, 20).
The process seems to be calcium and energy
dependent. A similar effect on histamine
release has also been shown in human leu-
kocytes (21). However, it remains to be de-
termined how generalized this stimulatory
effect of SRIF is and whether it could apply
to serotonin-producing cells of the gut of
the dog.

A second possibility is the reverse sequence
of events. SRIF could suppress the release of
catecholamines, leading to a fall in their
portal plasma levels. A rise in serotonin
would then take place as a reciprocal re-
sponse. Such a primary inhibitory action of
SRIF on catecholamines is more in line with
the known actions of the hormone. It has
been demonstrated in many types of cells
and is based, in part, on the lowering of
intracellular Ca** (22, 23).

The third possibility is a dual effect
of SRIF on the monoaminergic neurons,
namely, a concurrent stimulation of seroto-
nin-producing and suppression of catechol-
amine-producing structures of the gut. The
fact that in our experiments the rise in portal
serotonin concentrations was consistently ac-
companied by a simultaneous reduction in
catecholamine levels, without appreciable lag
time argues in favor of this possibility.

However, since our experiments were pri-
marily designed to study the hepatic portal
levels of agents potentially involved in car-
bohydrate metabolism of the liver, our data
are hardly suitable for dealing specifically
with the ill-understood mechanisms of gut
serotonin-catecholamine interrelationships. It
is, therefore, impossible for us to favor any
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one of the three proposed theories at this
time. Indeed, in this report the main emphasis
is placed on the fact that the effects of spike
concentrations of GH on portal plasma se-
rotonin and catecholamines are apparently
mediated by SRIF, a novel and unexpected
function for a hormone that is primarily
known as an inhibitor of GH secretion.
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