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Summary

Rat tissues were examined for gastrin-releasing peptide (GRP)-like immunoreactivity, using carboxy-
terminus-specific antibody made against GRP (19-27), which is thought to be the biologically active site and
to be common among species. The distribution of GRP-like immunoreactivity in the rat was similar to that
of bombesin-like immunoreactivity. Sephadex G 50 chromatography revealed two peaks of GRP-like
reactivity in the rat stomach.

Immunchistochemical studies using the antiserum to GRP (19-27) revealed numerous nerve fibers in the
mucosa of the rat stomach. In the antral mucosa, GRP-containing nerves were present mainly around the
base of the antral glands. Some GRP-containing nerves were in contact with gastrin-containing cells and
somatostatin-containing cells. GRP-containing nerve fibers were numerous in the middle portion of the
oxyntic gland, where somatostatin-containing cells were also detected. None of the endocrine cells stained
positively with anti-GRP serum. These results support the hypothesis that GRP is a neurotransmitter in the
stomach and that the peptide plays a physiological role in the gastrointestinal tract.

Key Words: Bombesin-like peptide, Gastrin-containing cells, GRP, Immunohistochemistry, Radioimmunoassay,
Somatostatin-containing cells.

their C-terminal amino-acid sequences as well
as in their actions on the gastrointestinal
tract?. Bombesin-like immunoreactivity has
been described in mammalian tissues, but the
level of reactivity is low*™®. It is not clear
whether the relatively low bombesin-like im-

Introduction

Gastrin-releasing peptide (GRP) was initially
isolated from porcine non-antral gastric tis-
sue?). GRP and bombesin are very similar in
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munoreactivity in mammalian tissue reflects
poor cross-reactivity with frog bombesin radio-
immunoassays or a low amount of the peptide.

We have studied the distribution of im-
munoreactive GRP in rat tissues, using a
heterogenous antibody to porcine GRP (1-27)
that recognizes both the C-terminus and the
N-terminus of GRP, and have found that the
level of GRP-like immunoreactivity in rat tis-
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sues is similar to that of bombesin-like im-
munoreactivity®. Recently differences of the
N-terminal sequence of GRP found in various
species have been reported”. Therefore, the
possibility existed that the concentrations of
immunoreactive GRP in rat stomach might
have been underestimated in our previous
study®), because of our use of the heteroge-
nous antibody.

Although several studies have proposed
GRP as a neurotransmitter for gastrin re-
lease®~%, its precise role in the regulation of
gastric secretion has not yet been fully de-
fined. We reported that GRP suppressed secre-
tagogue-stimulated gastric secretion in spite of
its stimulation of gastrin release in the rat',
and speculated that the inhibitory effect of
GRP on secretagogue-stimulated gastric secre-
tion is due to co-released somatostatin'?.

In the present study, we measured the levels
of immunoreactive GRP in rat tissues using
antiserum to porcine GRP (19-27), which is
thought to be the biologically active site’® and
to be common among species'. In addition,
we studied the localization of GRP-like im-
munoreactivity in the rat stomach by immuno-
histochemistry using the antiserum, and as-
sessed the anatomical relationship among
gastrin-containing cells, somatostatin-contain-
ing cells and GRP-like immunoreactivity.

Materials and Methods

Peptides

Synthetic porcine GRP (1-27), synthetic
porcine GRP (19-27)'¥ and synthetic chicken
GRP"™ were generous gifts from Dr. Yajima.
Bombesin, substance P, VIP, and CCK were
purchased from Peninsula Laboratories Inc
(San Carlos CA. US.A)).

Production of antibody

C-terminal specific antisera were made
using GRP (19-27). Synthetic GRP (19-27)*
was coupled to bovine serum albumin (BSA)
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with carbodiimide. GRP-BSA conjugates were
prepared by adding 0.145 umol BSA, 260.9
pmol carbodiimide, and 1.3 mmol dimethyl-
formamide to 1.65 umol GRP (19-27) dis-
solved in 1 ml of 0.04 M phosphate buffer (pH
7.4). The mixture was stirred overnight at
22°C. Unreacted GRP (19-27) and carbodi-
imide were removed by dialysis against 0.04 M
phosphate buffer. The antigen was emulsified
with complete Freund’s adjuvant for immuni-
zation. Japanese white rabbits were immu-
nized by multiple intradermal injections at
intervals of three weeks. Each rabbit received
1.0 m! of the emulsion, containing approxi-
mately 15-30 nmol GRP (19-27).

Evaluation of antibody

The optimal titer of antibody was deter-
mined by testing serial dilutions of antisera
with 15,000 cpm of **I-GRP (20 fmol/ml). The
titer was expressed as the dilution of the
antisera at which 50% of '*I-GRP was bound.
The antisera were characterized for sensitivity
and specificity. Sensitivity was expressed as the
final concentration of peptide that caused 50%
inhibition of the initial B/F ratio under opti-
mal conditions (ID,,). The specificity of the
antibodies was determined by the ability of
VIP, CCK, substance P, chicken GRP and
bombesin to compete with *I-GRP for the
binding sites of the antibodies. The antigenic
sites of these antisera were characterized by
the reactivity with synthetic GRP fragments.

Radioiodination

Todination of GRP was carried out by the
chloramine T-method'®. The reagents were
added to a small glass tube in the following
order; 20 ul of 0.15 M phosphate buffer, pH
74, 0.16 nmol GRP in 20 4l of 0.15 M phos-
phate buffer, 0.8 mCi (0.46 nmol) Na '* in 10
ul of solvent and 83.4 nmol chloramin T in 10
ul of H,0. After 3 minutes at 22°C, 166.7 nmol
sodium metabisulfite in 20 ul of phosphate
buffer was added to terminate the reaction.
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The reaction mixture was diluted with 203
nmol of BSA in 200 ul of 0.04 M phosphate
buffer, pH 7.4, to which 100 gzl of 1.2 umol
potassium iodide had been added. The final
solution was applied to a 1 X 88 cm column of
Sephadex G 50 superfine and eluted with 0.75
M ammonium acetate containing 72.5 umol
BSA, pH 6.5, and fractions of 1.0 ml were
obtained. The radioactivity of labeled peptide
was calculated from radiopaper chromato-
graphy and expressed as mCi/mg.

Assay procedure

GRP radicimmunoassay was performed in
0.04 M phosphate buffer with 0.1% BSA, pH
7.4. Each tube contained 100 ul of GRP in a
standard, or unknown solution, 100 gl of
antibody at a dilution sufficient to bind 40 to
50% of the labeled marker, 100 zl of '*°I-
labeled GRP (15000 cpm), and 100 ul of 1%
solution of bovine gamma-globulin. The tubes
were incubated for 48 h at 4°C. Separation of
the bound and free labeled peptide was
performed by adding samples with polyethy-
lene glycol-6000 (PEG). After mixing with 500
ul of 25% PEG solution, the tubes were cen-
trifuged at 3500 rpm for 30 minutes. The
radioactivity of the precipitate was deter-
mined. The detection limit was assessed by
measuring pure buffer solution and buffer
solution to which small amounts of the pep-
tide had been added. Intraassay variation was
estimated by measuring the same sample in
quadruplicate in the same assay. The inter-
assay variation was estimated by measuring
the same sample in different assays.

Samples

Rat: Tissues were obtained from male
Wistar rats. Brains were dissected following
the method of Glowinski'”. Each sample was
homogenized by polytron PE-10, and extract-
ed for 10 minutes in boiling 0.1 N acetic acid.
The supernatants were neutralized to pH 7.0
by addition of 0.1 N NaOH and stored at
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—20°C prior to radioimmunoassay of im-
munoreactive GRP.

Immunohistochemical staining procedure

Rat gastric mucosa was fixed for 24 h at 4°C
in Zamboni’s fixative (4% formaldehyde in
0.01 M potassium phosphate buffer, pH 7.4,
containing 15% saturated picric acid), dehy-
drated in graded ethanol, cleared in xylene
and embedded in paraffin. Four micron sec-
tions of gastric mucosa were deparaffinized in
xylene, hydrated in graded ethanol, and
rinsed in 0.05 M phosphate-0.1 M NaCl buffer
pH 7.4 (PBS). The sections were stained by the
peroxidase anti-peroxidase (PAP) method'®,
using a PAP kit (DAKO, Inc. CA. US.A.) for
immunocytochemical localization of GRP.
The sections were treated with 0.5% H,O, for
20 min, rinsed for 20 min in PBS, and
incubated for 20 min with 3% normal swine
serum which was then shaken off. The sec-
tions were incubated with GRP (19-27) anti-
serum (1:800) for 48 h at 4°C and then rinsed
gently three times for 5 min each time in PBS.
They were incubated with swine antiserum to
rabbit immunoglobulin for 20 min and then
rinsed three times for 5 min each in PBS. They
were incubated with PAP complex solution for
20 min and rinsed for 15 min in PBS. The
slides were stained for 3 to 8 min in a freshly
prepared solution of 0.01% 3.3’-diaminobenzi-
dine tetrahydrochloride (Sigma St. Louis, MO,
US.A.) containing 0.001% H,O, in 0.05 M Tris-
buffer, pH 7.6, to yield a reddish-brown im-
munoreactive color. Immunohistochemical
localization of GRP and the second peptide
(gastrin or somatostatin) in the same tissue
section of rat gastric mucosa was performed
using the method of Nakane'?, After localiza-
tion of GRP, the sections were washed with 0.1
M Glycine-HCl buffers (pH 2.2). To eliminate
nonspecific staining, they were incubated with
5% non-immune swine serum for 20 min. In
order to localize the second peptide (gastrin
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Fig. 1. Inhibition of "I-GRP binding to GRP antibody produced by various concentrations of gastro-

intestinal regulatory peptide.

or somatostatin) they were incubated with
antiserum to gastrin (Dako) or antiserum to
somatostatin (Dako) for 24 h at 4°C. They were
incubated with swine antiserum to rabbit
gamma-globulin and PAP solution as well as
in the initial staining step, and stained with
4-Cl-1-Naphtol (Nakarai, Kyoto, Japan). Gas-
trin or somatostatin-containing cells were
stained blue with 4-Cl-1-Naphtol. For controls
normal non-immune rabbit serum or diluted
GRP antiserum preincubated with GRP (10
nmol/ml) was substituted for the active anti-
serum.

Results

RIA: The final dilution of antibody to GRP
(19-27) (code name R,), which was most useful
was 1:6000. The ID,, for antiserum R, was 63
pmol/L. The specificity of antiserum R, is
indicated in Fig. 1. GRP, GRP (19-27) and
bombesin demonstrate almost identical in-
hibitory potency with antiserum R,. The bind-
ing affinity for antiserum R, of chicken GRP,
which has c-terminal homology with porcine
GRP except at position 19, was 36%. Judging
from the cross reactivity with chicken GRP,

asparagine/serine, at position 19, might be
involved in the antigen-antibody binding of
antiserum R,. The antiserum did not show any
inhibition of binding with VIP, CCK or sub-
stance P.

The calculated specific acttivity of labeled
GRP ranged from 328 to 391 mCi/mg.

Reliability of the assay

The minimum detection limit for antiserum
R, to porcine GRP was 5 pmol/L. The intra-
and inter-assay variation with rat tissue extract
were 13.2% and 18.1%, respectively.

Immunoreactive GRP in rat tissue extract

Table 1 shows the distribution of immuno-
reactive GRP in various rat tissues. In the
central nervous system, higher levels of GRP-
like immunoreactivity were seen in the mid
brain. The highest concentration was seen in
the stomach, with lower levels in other por-
tions of the gastrointestinal tract. Fractiona-
tion of the extracts of rat stomach on the
Sephadex G-50 revealed two components of
immunoreactive GRP (Fig. 2). The larger MW
peak was about the same size as that of GRP
(1-27). The smaller MW peak corresponded to
GRP (19-27).
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Table 1. Distribution of immunoreactive GRP in

various rat tissues

Vol. 22, No. 2

Tissue pg/mg wet weight
Brain
Hypothalamus 21.7+ 55
Mid brain 33.4x134
Cerebral cortex 55+ 1.3
cerebellum 6.5 0.6
Esophagus 41+ 15
Stomach 160.5+16.6
Duodenum 14.6x 89
Jejunum 44.0112.9
Ileum 126+ 1.2
Colon 5251154
Pancreas 56t 18
All values represent the means + SEM of
three rats.
Vlo GlRP (?RP(19 n Fig. 3. Cross-section of rat antral mucosa showing
GRP immunoreactive nerve fibers (brown) running
between glands, and making close contact with
gastrin-containing cells (blue); X600.
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Fig. 2. Sephadex G50 gel chromatography of rat
stomach extract.

Immunohistochemical staining of GRP

GRP-like immunoreactivity was detected in Fig. 4. Cross-section of rat antral mucosa showing

the nerve fibers of the rat mucosa. In the rat GRP immunoreactive nerve fibers (brown), and
antral gland area, GRP-containin making close contact with somatostatin-containing
g ’ g nerve cells (blue); X600.

fibers were present mainly around the base of
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Fig. 5. GRP-containing nerve fibers in the oxyntic
mucosa of a rat; X600.

the antral gland, where gastrin-containing
and somatostatin-containing cells were also
detected. Some GRP-containing nerves were
in contact with the gastrin-containing (Fig. 3)
and somatostatin-containing cells (Fig. 4). In
the oxyntic gland area, GRP-containing fibers
were numerous in the middle portion of the
gland (Fig. 5), where somatostatin-containing
cells were also detected (data not shown).
Because of the inadequate density of somato-
statin-containing cells at this site, close contact
between GRP-containing nerves and somato-
statin-containing cells could not be demon-
strated. No GRP-like reactivity was observed in
studies in which the GRP antiserum was
replaced by normal rabbit serum or antiserum
absorbed with GRP (10 nmol/ml).

Discussion

This study demonstrated the presence of
GRP-like immunoreactivity in rat tissues. The
distribution of immunoreactive GRP confirms
previous reports*>*® using a bombesin radio-
immunoassay in rat. In the central nervous
system, higher levels of GRP-like immuno-
reactivity were seen in the mid brain. Centrally
administered GRP has been reported to affect
gastric secrretion®, thermoregulation®, and
behavior changes?, so endogenous GRP may
have an active role in the central nervous
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system.

The fact that the highest level of GRP-like
immunoreactivity was shown in the stomach,
suggests that GRP plays an important role in
the regulation of gastric function. The level of
GRP-like immunoreactivity measured with c-
terminal specific anti-GRP serum, was rela-
tively higher than the reactivity measured by
heterogenous antiserum to porcine GRP?,
These results suggest that the rat stomach
contains peptides that are more similar to
porcine GRP than bombesin but not identical
to porcine GRP. The same speculation was
raised by Roth et al.”, who showed that the
GRP-like peptide from the rat brain might be
different from authentic GRP, using high per-
formance liquid chromatography analysis.

Gel chromatography of the rat stomach
extract showed two peaks of GRP-like immuno-
reactivity, one eluting with GRP (1-27) and the
second with GRP (19-27). A molecular hetero-
geneity of GRP-like peptides has been re-
ported in mammalian brain and gut**®, but
the proportions of the two forms vary. Further
study with species-specific antisera is required
to determine the actual level of GRP in each
species.

The present immunohistochemical study
demonstrated that GRP-like immunoreactivity
is present in the nerve fibers of the rat gastric
mucosa, and some GRP-containing nerves in
the antrum made contact with gastrin-contain-
ing cells. These findings confirm earlier re-
sults®~%), and support the hypothesis that
GRP plays a role as a neurotransmitter of
gastrin release®™%.

Studies on the effect of GRP on gastric
secretion have shown conflicting results!-2%%),
GRP stimulates gastric secretion in dogs?” and
man®®. On the other hand, our study shows
GRP suppresses secretagogue-stimulated gas-
tric secretion in the rat'’), Since GRP stimu-
lates somatostatin release in vitro®, it is specu-
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lated that the inhibitory effects of GRP on
secretagogue-stimulated gastric secretion is
due to coreleased somatostatin'’. In this
study, we showed that some GRP-containing
nerves made contact with somatostatin-con-
taining cells. These findings suggest that GRP
may stimulate somatostatin release directly.

GRP-containing nerves were also detected
in the fundic portion of the stomach. We
could not demonstrate an anatomical relation-
ship between the GRP-containing nerves and
the somatostatin-containing cells in the oxyn-
tic gland area. The role of the GRP-containing
nerves in the fundus remains unclear.

This study is the first to show that GRP-
containing nerves made close contact with
somatostatin-containing cells as well as gas-
trin-containing cells in the antrum. Further
study is necessary to define the complex
function of GRP in the gastrointestinal tract.
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