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Effect of vasoactive intestinal polypeptide and
somatostatin on secretion of epidermal growth factor
and bicarbonate from Brunner's glands
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SUMMARY The effect of VIP and somatostatin on secretion of epidermal growth factor and
bicarbonate from Brunner's glands was investigated in the rat. Vasoactive intestinal polypeptide
infused in doses of 10 and 100 ng/kg/h significantly increased epidermal growth factor and
bicarbonate output, but the concentrations did not change. Somatostatin infused at doses of 1,
10, 100 and 1000 ng/kg/h against a background of VIP 100 ng/kglh inhibited in dose-dependent
fashion the stimulated epidermal growth factor and bicarbonate outputs from rat Brunner's gland
pouches. Also basal secretion was inhibited by somatostatin. Infusion of antisomatostatin serum

stimulated Brunner's gland secretion. By immunohistochemical studies of rat duodena, it was
found that epidermal growth factor, is almost exclusively present in the secretory cells of
Brunner's glands. It is concluded that VIP stimulates secretion of epidermal growth factor and
bicarbonate from Brunner's glands, an effect which is inhibited by somatostatin. A possible role
for somatostatin in the control of Brunner's gland secretion is suggested.

Brunner's glands of the duodenum produce a
mucous, alkaline secretion, which forms a protective
lining on the duodenal mucosa, preventing epithelial
damage by mechanical or chemical trauma. -3 In
man, the glands have been recently shown to
contain epidermal growth factor,4 5 a 53 amino acid
residue peptide with a number of biological effects,
including inhibition of gastric acid secretion,
stimulation of cell growth and differentiation6 and
cytoprotective effect on the gastroduodenal
mucosa.7 8
The mechanism controlling Brunner's gland

secretion seems to be complex, and it is not well
elucidated. The autonomic nervous system as well as
local factors are involved, and also a hormonal
mechanism has been rendered probable.913 In the
rat, Brunner's glands are stimulated by small con-
centrations of circulating secretin,14 and probably by
neuronal vasoactive intestinal polypeptide (VIP).15
No peptide has yet been shown to inhibit secretion
from the glands.
The present study was performed to investigate

the effects of VIP and somatostatin on epidermal
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growth factor and bicarbonate output from
Brunner's glands in the rat.

Methods

ANIMALS AND OPERATIVE PROCEDURE
A total of 105 male Wistar rats weighing 190-210 g
were fasted from 8 am for eight hours in raised mesh
bottom cages, but allowed water ad libitum. For
infusion of peptides one of the jugular veins was
cannulated with a soft 0-8 mm polyethylene catheter
under ether anaesthesia. A laparotomy was per-
formed with a midline incision. The pylorus was
ligated, and a second ligature was placed around the
duodenum 8 mm distally to the pylorus, a few
millimetres proximal to the common bile and
pancreatic ducts. Through a stab wound a 2 mm
polyethylene catheter was inserted into the lumen of
the distal duodenum, and the tip of the catheter was
passed up through the previously mentioned
ligature, which was then tightened. Thus an 8 mm
long in situ pouch of the proximal duodenum was
isolated and the secretion drained by the catheter.
In order to keep the stomach empty during the
experiment, a 5 mm catheter was placed in the
stomach through a stab wound in the forestomach
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and secured by a purse string suture. Finally, the
abdominal wound was closed around the two
catheters with sutures. In 10 rats an 8 mm long
pouch of the distal duodenum was made in a similar
way for control. After having regained conscious-
ness the rats were placed in Bollmann cages. The
catheters were connected to glass syringes allowing
duodenal secretions to be collected anaerobically.
Gravity of the piston in the syringe induced a slight
vacuum that continuously drained the pouch.

EXPERIMENTAL PROCEDURE
Natural porcine VIP (GIH Research Laboratory,
Karolinska Institutet, Stockholm, Sweden) and
synthetic cyclic somatostatin-14 (Beckman Inc, Palo
Alto, California, USA) dissolved in saline with 2%
human serum albumin (Behringwerke, Marburg,
FRG) were infused intravenously at a rate of 2 ml/h
for five hours by a constant infusion syringe pump
(Braun, Melsungen AG, FRG). Basal secretion was
studied in 10 rats, receiving saline with 2% albumin
intravenously. The effect of VIP (10 and 100
ng/kg/h, - that is, 3 and 30 pmol/kg/h) and
somatostatin (100 ng/kg/h, - that is, 61 pmol/kg/h)
on basal secretion was examined in groups of 10 rats
each. On a background infusion of VIP (100
ng/kg/h) four groups of 10 rats were tested with
intravenous somatostatin in doses of 1, 10, 100 or
1000 ng/kg/h, - that is, 0-6, 6-1, 61 or 610 pmol/kg/h)
respectively. For control two groups of five rats each
with pouches of the distal duodenum had either VIP
100 ng/kg/h or somatostatin 100 ng/kg/h.
The effect of rabbit somatostatin antiserum on

Brunner's gland secretion was studied in five rats.
Somatostatin antiserum (1756) was raised in rabbits
against a synthetic somatostatin-bovine serum
albumin conjugate.16 The binding energy of the
antiserum was approximately 10 I/mol and the
binding capacity 3*0 nmol/l. The binding region was
between residues 3 and 10 of somatostatin 1-14, and
the antibodies bind somatostatin 1-28 with equal
energy. 16 17 One millilitre antiserum was injected
intravenously as a bolus 10 minutes before the
experiment was started, and 1 ml/h was infused
intravenously for five hours. In five rats normal
rabbit serum was administered similarly for control.

In all groups duodenal secretions were collected
for five hours, then the rats were killed by an
overdose of ether and the abdomen was opened to
make sure that the collection was complete. The
volume was measured to the nearest 0-05 ml and
bicarbonate concentration was determined. The
remaining secretion was mixed with 0*5 ml of a
solution of 500 KIU aprotinin (TrasylolR, Bayer,
Leverkusen, FRG) per ml in phthalate buffer 0-1
mmol/l, pH 4*0, and stored at -20°C until assay. In

the groups receiving somatostatin 100 or 1000
ng/kg/h the volume was too small for determination
of both bicarbonate and epidermal growth factor.

LABORATORY ANALYSES
Epidermal growth factor concentrations in duodenal
secretions were measured radioimmunochemically
by use of an antiserum (8136) raised in rabbit against
epidermal growth factor purified from rat
submaxillary gland. The detection limit of the assay
was 0 05 nmol/l and precision was 10%. Further
details are described elsewhere. 18 HCO3 -
concentration was calculated from the pH and pCO2
which were determined anaerobically using pH
electrode G 269c and pCO2-electrode E 8001 in an
ABL 2 (Acid-Base Laboratory 2, Radiometer,
Copenhagen, Denmark).
Immunohistochemical studies were performed on

duodena obtained from five untreated rats. The
tissues were fixed at room temperature in Bouin's
fixative by immersion for 24 hours, dehydrated and
embedded in paraffin. Epidermal growth factor was
localised by the unlabelled antibody peroxidaseanti-
peroxidase (PAP) technique.19 Epidermal growth
factor antibody was used diluted 1:400. In the
control sections epidermal growth factor antibody
was preincubated with purified rat epidermal growth
factor (10 umol/1) or synthetic human urogastrone
(10,mol/l) (supplied by H Gregory, ICI, Maccles-
field, UK).

Statistical evaluation of the secretory data was
performed by means of Student's t test, p values
<0*05 were considered significant.

Results

Intravenous infusion of VIP in doses of 10 and 100
ng/kg/h (3 and 30 pmol/kg/h) stimulated both
epidermal growth factor and bicarbonate output
from Brunner's glands compared with the control
group (Fig. 1). The flow rate was significantly
increased, while concentrations of epidermal growth
factor and bicarbonate in the secretions remained
unchanged (Table 1). Infusion of graded doses of
somatostatin dose dependently inhibited VIP
induced flow rate (Table 2), epidermal growth factor
and bicarbonate output from Brunner's glands (Fig.
2), and somatostatin (100 ng/kg/h, - that is, 61
pmol/kg/h) also inhibited basal secretion (Table 1).
The secretions obtained from pouches of the distal
duodenum were hardly measurable (0-0.10 ml/5 h).
Administration of rabbit somatostatin-antiserum to
rats induced a marked increase in volume secretion,
epidermal growth factor and bicarbonate output
compared with infusion of non-immune rabbit
serum (Table 3). In no group, irrespective of
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Fig. 1 Effect of VIP on Brunner's gland secretion of
epidermal growth factor and bicarbonate. Each column
indicates mean ± SEM. Both doses of VIP resulted in
values significantly differentfrom basal secretion (p<005).

secretory rate, significant changes in concentrations
of epidermal growth factor or bicarbonate were
seen.
Immunohistochemical investigation of rat

duodenum revealed that epidermal growth factor
immunoreactivity, as in man,5 almost exclusively is
present in cells of Brunner's glands (Fig. 3). Control
sections were negative.

Discussion

VIP-ergic nerves are present in Brunner's glands,
and probably play a role in the control of
secretion.15 Intravenous infusion of VIP in doses of
100 ng/kg/h (30 pmol/kg/h) was previously shown to
induce a maximal flow rate and bicarbonate output
from Brunner's glands. In this study also epidermal
growth factor concentration in the secretion was
determined. Although the flow rate increased,
epidermal growth factor concentration remained
unchanged, and consequently epidermal growth

Table 1 Effect of VIP and somatostatin on basal secretion from Brunner's glands in the rat

Volume HCO3 concentration Epidermal growth factor
No (ml/S h) (mmolll) concentration (pmolll)

Basal secretion (saline) 10 1-10±010 64-5±5-1 260±30
VIP (10 ng/kg/h) 10 1-60±0l10t 65-2±5-8 340±50
VIP (100 ng/kg/h) 10 2 15±0-15t 66-4+5-6 310±60
Somatostatin (100 ng/kg/h) 10 0.75+0.10* 62-1±4-3 ND

Values given are mean ± SEM. Statistical significance between experimental and control groups.
* p<005; t p<001; t p<0001. ND: not determined.

Table 2 Effect ofsomatostatin on VIP-induced secretion from Brunner's glands in the rat

Volume HCO. concenitration Epidermal growth factor
No (ml/S h) (mmolii) concentration (pmolll)

Control (VIP 100 ng/kg/h) 10 2-15±0-15 66-4+5-6 310±60
Somatostatin (1 ng/kg/h) 10 1-20±0-05* 64-3±5-2 315±30
Somatostatin (10 ng/kg/h) 10 1-00±0-20t 61-4±5 5 350+50
Somatostatin (100 ng/kg/h) 10 0-65±0-10t ND 315±35
Somatostatin (1000 nglkg/h) 10 0-65±0-05t 61-6±4-8 ND

Values given are mean ± SEM. Statistical significance between experimental and control groups.
* p<O-Ol; t p<0001. ND: not determined.

Table 3 Effect ofsomatostatin antiserum on Brunner's gland secretion in the rat

Volume HCO3 output Epidermal growth factor
No (ml/S h) (,mol/S h) output (fmol/5 h)

Normal rabbit serum 5 1-05±0-05 68-5±4-5 375±35
Somatostatin antiserum 5 2-40±0-15t 161-3±5-5t 600±110*

Values given are mean ± SEM. Statistical significance between the groups: * p<0-05; t p<0-01.
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Fig. 2 Effect ofsomatostatin on VIP- W
induced secretion of epidermal growth 200-

factor and bicarbonate from Brunner's
glands. Each column indicates
mean ± SEM. All doses ofsomatostatin ND
resulted in values significantly different 0 0
from control (p<O.05). ND: not 0 10-3 10-2 10-1 1 0 10-3 10-2 10-1 1
determined. Somatostiutin (,ugIkg h)

factor output increased in response to VIP infusion.
As in the duodenum, epidermal growth factor-
immunoreactivity is only found in the secretory cells

9 ;> ^ t- t2vof Brunner's glands, the unchanged epidermal
growth factor concentration and the lack of

s f ,.' secretion from distal duodenum support the view
that the secretion obtained from the pouches is

<e ; * predominantly a product of these glands, and the
_* . Sf;]].^ X contribution from the glands of Lieberkuhn is

*/ G<qwawnegligible.
Somatostatin is known to inhibit various secretory

processes in the gastrointestinal tract,2' and this
study shows that the peptide is also a potent

721 ;v:. 9*v ~~~~~~inhibitor of Brunner's gland secretion. Further-
more, infusion of anti-somatostatin serum induced a

pronounced increase of the secretory rate suggesting
*od£t' ss^;; *ts 0 Gt;g83|that endogenous somatostatin may play a role in the

V-, .f, i ji regulatory mechanisms controlling Brunner's gland
F, * + sW v B w . ;i. >secretion. Somatostatin immunoreactivity is present

y g . .; SM:*tSw9 ;^tin endocrine-like D-cells throughout the gastro-
4-*i-;¢ * .:Bn ......................^*.-3:00$SXintestinaltract, and D-cells have been described to

?~t-*5',tXv>i t. v. V' * .t*be scattered between the secretory cells of
4 H. 9. -a X!-4K? 5; >> +>Brunner's glands in man. In the rat, however, only
't,+?<* )#4ts*,x; a,,.* >ttt' *. t,,s +,sVg-tt- s very few D-cells are seen in these glands, making

*._ is ,.~- ;w. -'~ . h,f, any physiological significance unlikely. Neither can
,>e',. * **s 5 ; i >{**? X>i- k $ X**t*4^ somatostatin containing nerves be shown in

Brunner's glands (L-I Larsson, personal communi-
y4^ aSv+*W* ,£+S+*t¢4 :.^*w+#>$., >t S 9 , V cation), but a rich network of somatostatin-

* ~~;t-_.> immunoreactive nerves is seen in the lamina propria
~>i&t *>S:'/: .'<- ' r:' >.'+;'SD, i........*>and submucosa of the duodenum.22 Thus a direct

paracrine or nervous inhibitory effect is not very
likely, but if somatostatin acts as a circulating
hormone,23 a direct effect on the secretory cells isFig.3 (a) Brunner's glands from rat duodenum with still possible.

positive immunostaining for epidermal growth factor in all nernl o An indirect action, hormonal or
glandular cells. (b) Negative control section. x80 (original neuronal, on tbe secretion iS also possible, as
magnification). somatostatin has been shown to stimulate enteric
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inhibitory neurones,24 and inhibition of Brunner's
gland secretion by stimulation of splanchnic nerves
has previously been shown.11 The localisation of
somatostatin in the submucous plexus agrees well
with a hypothesis of somatostatin as transmitter of
inhibitory interneurones influencing Brunner's
gland secretion.

In conclusion this study has shown that, as in man,
epidermal growth factor immunoreactivity in rat
duodenum is localised to the cells of Brunner's
glands, and that VIP stimulates secretion of
epidermal growth factor from the glands.
Vasoactive intestinal polypeptide induced secretion
of epidermal growth factor and bicarbonate is
inhibited by small doses of somatostatin, and a
possible role for somatostatin in the control of
Brunner's gland secretion is suggested.

This study was supported by the Danish Medical
Research Council (12-1759 and 12-3088) and the
NOVO Foundation.
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