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Octreotide on Abomasal Function and Plasma Level
of Insulin and Glucagon in Sheep
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Holtenius, K.: Effects of the long-acting somatostatin analogue octreotide on aboma-
sal function and plasma level of insulin and glucagon in sheep. Acta vet. scand. 1994,
35, 235-241. — The effects of the long-acting somatostatin analogue octreotide were
studied in sheep. Octreotide was given subcutaneously at a dose of 0.75 pg/kg body-
weight and, as a control, 0.9% saline solution was injected in a change-over design. Oc-
treotide inhibited abomasal acid secretion and retarded the turnover time of digesta
through the abomasum. The plasma levels of insulin and glucagon decreased due to the
octreotide injection, while the plasma glucose level was not affected. The effects of oc-
treotide lasted for 3-4h. There were no significant effects of the saline injection. The ef-
fects of octreotide showed similarities with results from previous studies on monogas-
tric species.
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Introduction

Somatostatin, a peptide hormone first de-
tected in the ovine hypothalamic tissue, has
mainly inhibitory effects that block the re-
lease or antagonize the actions of many other
hormones and neurotransmitters. It inhibits
the release of growth hormone from the pitui-
tary and insulin and glucagon from the pan-
creas (Brazeau et al. 1973, Koerker et al. 1974).
Within the gastrointestinal tract it is a potent
inhibitor of basal and stimulated gastrin, pep-
sin and gastric acid secretion in many mono-
gastric species (Arimura & Fishback 1978,
Wynick et al. 1989). Somatostatin has also
been suggested to be associated with the inhi-
bition of gastric motility of the preruminant
calf (Sissons et al. 1988, Bell et al. 1981). It has
been identified in multiple locations of the
mamalian body. More than 90% of the natu-

rally occurring somatostatin is found in the
endocrine & cells of the pancreas and in the
stomach of monogastric species. In sheep,
somatostatin has been shown to be present
mainly in the pancreas and in the antral part
of the abomasum. The rumen and the reticu-
lum contained comparatively low concentra-
tions of somatostatin (Darvodelsky et al
1988). Nutrients such as amino acids and glu-
cose stimulate the somatostatin release in
monogastric species (Schusdziarra et al. 1978,
Grill et al. 1984). In dairy cows, feeding gave
rise to somatostatin release (Svennersten et al.
1989).

Extensive studies of the effects of administra-
tion of exogenous somatostatin on different,
mainly monogastric, species have been per-
formed during the 2 last decades. The clinical
applications of somatostatin are limited by its
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short half-life, about 2 min. The long-acting
somatostatin analogue octreotide mimics
many of the effects of native somatostatin.
There are several therapeutic applications of
octreotide in man, including treatment of ke-
toacidosis and various gastrointestinal disor-
ders (Aarsen et al. 1987, Lamers 1987). The
potential usefulness of octreotide in ruminant
medicine has not yet been investigated.

The aim of the present experiment was to
study the effects of octreotide on the aboma-
sal function and on the plasma level of insulin
and glucagon in sheep.

Materials and methods

Four mature non-lactating, non-pregnant
sheep of the Fine Wool Breed were used.
They were fitted with a cannula in the aboma-
sum about 10 cm from the pylorus. The can-
nula was made of brass and the i.d. was 6 mm.
The surgery was performed under general an-
aesthesia (sodium pentobarbitone) about 2
months before experimentation. The sheep,
weighing 46-57 kg, were housed together in a
large pen except during experimental days
when they were kept individually in cages.
They were fed hay ad libitum at 07.00h and
15.00h. Water was available ad libitum. Morn-
ing feeding was omitted on the day of an ex-
periment.

The sheep were randomly divided into 2
groups. One group got a subcutaneous injec-
tion with 0.75 pg/kg body weight of octreotide
(Sandostatin, Sandoz, Basel, Switzerland) and
the other got a subcutaneous injection with
0.5 ml physiological 0.9% saline solution. One
week later the experiment was repeated in a
cross over-design. Thus both groups were sub-
jected to both treatments. Venous blood was
collected in K;-EDTA coated tubes by means
of a previously inserted catheter in one of the
jugular veins at 08.00h, prior to the injection,
and 1, 2, 3, 4, 5, and 6h after injection. The
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blood was kept in pre-chilled tubes and centri-
fuged at 4°C. The plasma was separated and
stored at -20°C. Concentrations of immuno
reactive insulin and glucagon were measured
in duplicate in K,-EDTA plasma with 500 kal-
likrein units of aprotinin (Trasylol, Bayer, Le-
verkusen, Germany) per ml. Insulin was de-
termined by radioimmunoassay using an
assay kit (Pharmacia RIA 100, Pharmacia Di-
agnostics AB Uppsala, Sweden). Glucagon
was measured with an antibody which is spe-
cific for pancreatic glucagon (K 5563, NOVO
Nordisk A/S, Bagsvaerd, Denmark). The
plasma was extracted and analysed as recom-
mended by NOVO Nordisk A/S with the ex-
ception that a double antibody (sheep anti-
rabbit antibody, Pharmacia Diagnostics,
Uppsala, Sweden) was used as decanting sus-
pension and the precipitate was measured for
bound glucagon.

Cobalt-EDTA, which has been shown to be a
suitable marker for estimations of gastro-in-
testinal fluid flow was prepared according to
Udén et al. (1980). Five hundred mg of cobalt-
EDTA dissolved in 25 ml water was injected
directly into the abomasum via the cannula 2h
after the octreotide or saline injection. Sam-
ples from the abomasal contents, about 10 ml,
were withdrawn 20, 28, 36, 44, 52, 60, 68 and
76 min after the cobalt-EDTA injection. The
samples were immediately centrifuged and
the supernatant fraction analysed for cobalt at
240.7 nm in an atomic absorption spectropho-
tometer (Perkin-Elmer 4000). The rate of pas-
sage of the abomasal fluid was estimated from
the slope when the log concentration of cobalt
was plotted versus time as described for the
rumen by Warner & Stacy (1968). Further-
more, samples from abomasal contents were
withdrawn according to the same protocol as
for the blood samples and pH immediately
measured.

Values are presented as means with standard
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Figure 1. The pH of abomasal fluid of sheep subcutaneously injected with octreotide (0.75 pg/kg bodyweight)
or saline (0.9% 0.5 ml). Filled symbols represent a significant difference of at least p<0.05 from the pre-injec-
tion value. Data are given as means of 4 sheep and vertical bars represent standard error of mean.
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Figure 2. The plasma level of insulin in sheep subcutaneously injected with octreotide (0.75 pg/kg body-
weight) or saline (0.9% 0.5 ml). Filled symbols represent a significant difference of at least p<0.05 from the pre-
injection value. Data are given as means of 4 sheep and vertical bars represent standard error of mean.

Acta vet. scand. vol. 35 no. 3 - 1994



238 K. Holtenius

- —O= Octreotide =/~= Saline
100 [
90 & )
0] T , o
g 80 . : . —— &/
=) ?0( N S A _..-'L\‘, |/ TSA
a8 ol AT /.
S 50 o——0—©
(=]
S 40
S 30
O 20!
10
0 S — - - 1 B i B —
0 60 120 180 240 300 360
time

Figure 3. The plasma level of glucagon in sheep subcutaneously injected with octreotide (0.75 pg/kg body-
weight) or saline (0.9% 0.5 ml). Filled symbols represent a significant difference of at least p<0.05 from the pre-
injection value. Data are given as means of 4 sheep and vertical bars represent standard error of mean.
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Figure 4. The plasma level of glucose in sheep subcutaneously injected with octreotide (0.75 pg/kg body-
weight) or saline (0.9% 0.5 ml). Data are given as means of 4 sheep and vertical bars represent standard error
of mean.
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errors. The tests for significance were done by
the paired Student’s t-test.

Results

The abomasal fluid pH was significantly ele-
vated above the pre-injection value 1h after
the octreotide injection. The pH then de-
clined and returned to the pre-injection value
after 6h (Fig. 1). When the sheep instead, as a
control, were given an injection of saline, the
pH level remained stable throughout the 6h
measurement period (Fig. 1).

The turnover time of abomasal fluid for the
sheep was 26+1.4 min when they, as a control,
received saline. After octreotide injection the
turnover time had decreased to 56+4.7 min

(p<0.01).

The plasma level of insulin had decreased sig-
nificantly 1h after the octreotide injection,
and remained low for at least another 2h (Fig.
2). Five hours post-injection the insulin level
had returned to the pre-injection level again.
The level of insulin did not differ significantly
from the pre-injection level at any sampling
event when the sheep were injected with sa-
line.

No significant deviation from the pre-injec-
tion glucagon value was observed when the
animals were injected with saline. After injec-
tion with octreotide the glucagon level de-
creased and the pattern showed similarities
with that of insulin (Fig. 3).

The plasma glucose level did not change much
during the 6h measurement period for either
of the 2 treatments (Fig. 4).

Discussion

Somatostatin reduces the basal plasma level
of insulin and glucagon in monogastric species
(see review by Arimura 1981) and sheep
(Brockman & Greer 1980, Holtenius & Hyd-
bring 1993). This study shows that also the
long-acting somatostatin analogue octreotide

can decrease the plasma level of insulin and
glucagon in sheep. This appears to be the first
time the effect of octreotide has been studied
in a ruminant species. In the present study,
both the insulin and the glucagon levels were
reduced, but the plasma glucose concentra-
tion was not affected. Glucagon stimulates
glucose output by accelerating hepatic gluco-
neogenesis and glycogenolysis, and insulin
promotes the uptake and utilization of glu-
cose by many peripheral tissues. The simulta-
neous decrease in insulin and glucagon in the
present study most likely suppressed both the
production and utilization of glucose. It has
been shown that somatostatin decreases glu-
cose production in sheep (Brockman 1979),
and similar results have been reported with
octreotide in man (Eriksson & Wahren 1989).
Furthermore, recent in vitro studies indicate
that somatostatin also inhibits glucagon-stim-
ulated glycogenolysis and gluconeogenesis in
hepatocytes (Rosa et al. 1992). It has been sug-
gested that ketosis in high-producing dairy
cows under certain conditions is due to inhib-
ited gluconeogenesis which suppresses the
glucose available as fuel and therefore in-
duces hyperketonemia (Holtenius 1993). It
would be interesting to investigate if those
cows have high levels of endogenous somatos-
tatin.

The abomasal fluid pH of the sheep which got
saline within the range previously reported
(Hill 1965) did not fluctuate much throughout
the 6h measurement period. However, 1h af-
ter octreotide injection, the pH had increased
dramatically and it then decreased gradually
to the pre-injection value 6h after the injec-
tion. It is reasonable to assume that the in-
creased pH is due to an inhibited abomasal
HCI secretion. Exogenous somatostatin as
well as octreotide can suppress gastric acid
production (Arimura & Fishback 1978, Sojka
et al. 1992). Several studies indicate that som-
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atostatin has a directly inhibiting effect on the
HCI secretion but also acts indirectly via an
inhibition of the release of the HCI secreta-
gogue gastrin. It has been suggested that oc-
treotide acts in a similar way, although data on
its inhibitory activity is scanty (Schally et al.
1990). Intravenous infusion of somatostatin to
sheep gave rise to increased plasma concen-
tration of gastrin in contrast to the effect on
monogastric species (Barry et al. 1985). The
effect of octreotide on gastrin secretion in ru-
minants has not yet been investigated. It is
reasonable to assume that the inhibited HCI
secretion due to the octreotide injection in the
present study mainly was a direct effect on the
HCl secretion (if octreotide has effects on gas-
trin release similar to those of native somatos-
tatin).

In adult ruminants, there is a more or less con-
tinuous flow of digesta from the forestomach
into the abomasum. Due to this continuous in-
flow, the abomasum is never empty and the
presence of digesta in the abomasum causes a
continuous secretion of abomasal juice (Hill
1955). Also the outflow of digesta from the
abomasum is a fairly continuous process. In
the present study, the rate of passage of fluid
from the abomasum of saline-injected sheep
corresponded rather well with those deter-
mined by Gregory & Miller (1989). However,
after octreotide injection, the turnover time of
abomasal fluid was significantly retarded. In
previous studies, continuous somatostatin in-
fusion gave rise to increased mean retention
time of digesta in the abomasum of adult
sheep, although not as pronounced as in the
present study (Barry et al. 1985). In the pre-
ruminant calf, somatostatin inhibited aboma-
sal outflow and it was suggested that endoge-
nous somatostatin could be involved in the
regulation of abomasal function (Bell et al.
1981). The effect of somatostatin on gastric
emptying has been more extensively studied
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in monogastric species, and it is suggested that
the inhibiting effect is, at least partially, medi-
ated by prostaglandins (Koelbel et al. 1988).
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Sammanfattning

Effekter av den lingtidsverkande somatostatinanalo-
gen octreotid pa lopmagsfunktionen och plasmani-
vén av insulin och glukagon hos fir.

Effekter av peptiden octreotid studerades hos far.
Peptiden ér en lidngtidsverkande analog till hormo-
net somatostatin. Octreotid (0,75 pg/kg kroppsvikt)
injicerades subcutant, och som kontroll injicerades
en 0,9% NaCl-losning. Hos djur som behandlats
med octreotid himmades 16pmagens syrasekretion
och passagehastigheten av ingesta genom 16pmagen
minskade. Plasmakoncentrationen av hormonerna
insulin och glukagon sjénk som en effekt av behand-
lingen. Signifikanta effekter av octreotidinjektionen
kvarstod 3-4 timmar efter injektionen.

Resultaten dr i Overenstimmelse med tidigare
studier av octreotid som gjorts pd enkelmagade
arter.
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