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Abstract

AIM: To investigate the /in vivo effect of beta-casomorphin-7
on the regulation of gastric somatostatin and gastrin
messenger RNA in rat gastric mucosa.

METHODS: Somatostatin and gastrin mRNA were
quantified by RT-PCR and /n situ hybridization (ISH)
in 24 rats. The rats were divided into three treatment
groups: basal diet + physiological saline (7 = 8), basal
diet + beta-casomorphin-7 (7.5 x 107 mol) (7 = 8),
and basal diet + poly-Gly-7 (containing equal mol of
N with 7.5 x 107 mol beta-casomorphin-7) (7 = 8).
After oral administration for 30 days, rats were killed by
exsanguinations.

RESULTS: After intra-gastric administration of beta-
casomorphin-7 for 30 d, gastrin mRNA increased by
52.8% (P < 0.05, n = 8), and somatostatin mRNA levels
decreased by 30.7% compared with the controls (P <
0.01, n = 8). No significant differences in the expression
of the two genes were observed in the poly-Gly-treated
group, although gastrin mRNA expression was elevated
by 35.6% as against the control group (P = 0.15, n =
8). The long-term oral administration of a casomorphin
solution significantly decreased the even gray of D-cells,
but did not lower the number of D-cells both in the
antrum and fundus. Interestingly, the number of G-cells
increased in the antrum and fundus, but its average
density was augmented only in the antrum.

CONCLUSION: Beta-casomorphin-7 is capable of
modulating gene expression of the regulatory peptides
from G and D cells. Data from /n s/tu hybridization
studies indicate that beta-casomorphin-7 affects gastrin
gene expression indirectly by means of the paracrine
action of somatostatin, and depends on its intrinsic
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molecular function.
© 2007 The WIG Press. All rights reserved.
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INTRODUCTION

Milk proteins are found with a number of biologically
active peptides (BAP) of different biological functions.
One particular peptide sequence in (3-casein attracts higher
research interests than other BAPs. This class of peptides
was isolated from [B-casein hydrolysate and is referred
to as beta-casomorphins. Beta-casomorphins have been
detected 7z vivo in the intestinal chyme of mini—pigsm and
human”. Passive transport of beta-casomorphins across
intestinal mucosal membranes does occur in neonates,
which may experience various physiological responses,
such as an analgesic effect on the nervous system, resulting
in calmness and sleep in infants”. In contrast, because
their absorption in the gut has not been observed in adults,
it is generally concluded that the physiological influences
of beta-casomorphin are related to their concentration and
their transit speed through the gastrointestinal tract. Once
the beta-casomorphins are released in the gastrointestinal
tract from milk protein or through oral administration,
they first come into contact with the luminal mucosa and
produce a number of rapid effects on the gastrointestinal
system.

Endocrine cells within the stomach respond to lumi-
nal acidity and dietary nutrients and, in turn, regulate
gastric secretion by the paracrine and hormonal actions
of regulatory peptides”. The importance of the luminal
environment in gastric G and D cell secretory and synthetic
function is reflected in the animal’s nutritional status™.
Furthermore, the regulatory peptides and neurotransmitters
involved in normal gastric function are associated with
gastrin mRNA and somatostatin mRNA™. Studies have
shown that endogenous opioid peptides do contribute
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to the stimulation of gastric acid secretion”"". There
are other studies proving that postprandial release of
somatostatin is regulated by endogenous opioid peptides
in vivo and in vitrd'*". Compatible with the presence of
endogenous opioid peptides in the gastrointestinal tract,
beta-casomorphins, as exogenous opioid ligands, prolong
the gastrointestinal transit time by inhibiting intestinal
peristalsis and motility"!, modulate ion transport”, and
regulate various endocrine responses, such as the secretion
" and gastrin“s’m. However, these
functions have not yet revealed whether exogenous peptides
can modulate target endocrine cells in the gastrointestinal
tract or if they just correspond to the nitrogen status of the
animal.

This study was designed to examine the 77 vivo effects
of intra-gastric beta-casomorphin-7 on gastrin and
somatosatin messenger RNA expression in the gastric
mucosa. In addition, it aims at determining whether this
peptide’s actions on G cell secretory function and gastrin
gene expression were related to the paracrine influences of
somatostatin.

. . 16 .
of insulin"”, somatostatin

MATERIALS AND METHODS

Animals and experimental design

Adult female Sprague-Dawley rats (# = 24, Shanghai SLAC
Laboratory Animal Co., Ltd, China), weighing 220-240
g, were housed indoor under controlled lighting (12 h
per day), constant temperature (20 + 3°C) and humidity
(50% % 3%). The Institutional Animal Care and Use
Committee of Nanjing Agricultural University approved
the animal care and use protocol. The rats were fed with a
commercially available basic diet for 7 d and then randomly
assigned to one of three treatment groups: basal diet +
physiological saline, basal diet + beta-casomorphin-7 (7.5
X 107 mol), and basal diet + poly-Gly-7 (containing equal
mol of N with 7.5 X 107 mol beta-casomorphin-7). After
treated with beta-casomorphin-7, physiological saline and
poly-Gly-7 by gastric tube for 30 d, the rats were killed by
exsanguinations. The stomachs were removed, cut open
along the greater curvature, rinsed with ice-cold 0.9%
saline, and then dissected. The gastric tissue was cut open
in parallel to the greater curvature. The moiety of the
stomach tissue was fixed for 6 h in 4% paraformaldehyde
in 0.1 mol/L PBS, and soaked overnight in 20% sucrose,
prior to sectioning at 10 pum. Sections were collected onto
poly (L-lysine) slides and left overnight to dry at 37°C.
Other gastric tissues were flattened on a cold (4°C) glass
plate with the mucosa directed upwards, and the mucosal
lining was scraped off with a scalpel, and stored at -70°C
until analyzed.

Assay of gastrin and somatostatin mRNA by semi-
quantitative RT-PCR

Total RNA was extracted from the mucosal samples by
the acid guanidinium thiocyanate-phenol-chloroform
method, and the RNA concentration was quantified with
a photometer (Eppendorf Biophotometer). Both RT
and PCR were performed in a Gene Amp PCR System
9600 (Perkin Elmer, USA). The PCR primers for gastrin,

somatostatin, and B-actin were designed using Primer
Premier 5.0 (Premier Biosoft International, USA) and
synthesized with an instrument made by Haojia Biotech
(China). The nucleotide sequences of these primers and
PCR conditions set for respective genes are shown in
Table 1.

Each target gene was co-amplified with f-actin in the
same reaction. By adjusting the ratio of B-actin primers
to primers of the target genes in the reaction system, the
overall PCR amplification efficiency of f-actin can be
reduced to the level comparable to that of target genes. All
samples were included in the same run of RT-PCR and
repeated three times. An aliquot (20 pl.) of PCR products
was analyzed by electrophoresis on 2% agarose gels stained
with ethidium bromide and then photographed. The net
intensities of individual bands were measured using Kodak
Digital Science 1D software (Eastman Kodak, Rochester,
NY, USA). The ratios of net intensities of target genes to
B-actin were used to represent the relative levels of target
genes expressed.

Cell localization and quantitative assay of G and D cells by
in situ hybridization

In situ hybridization: Diethyl pyrocarbonate (DEPC)-
treated Milli-Q water was used in each step. Sections
were immersed in 30% H202/methanol (1:50 dilution)
solution for 30 min to eliminate endogenous peroxidase
activity. After rinsed in 0.1 mol/L phosphate-buffered
saline (PBS), sections were treated with pepsin (0.02%) at
37°C for 10 min. Thereafter, sections were fixed in freshly
prepared 4% paraformaldehyde in PBS for 20 min at 4C,
rinsed in PBS, and immersed in 0.25% acetic anhydride,
0.1 mol/L triethanolamine and 0.9% NaCl for 10 min at
room temperature. The probe for rat somatostatin and
gastrin were single stranded oligonucleotide labeled with
digoxigenin (Boster Bio-technology Code MK 1751 and
MK 1445). Sections were hybridized overnight at 40°C
in hybridization buffer containing digoxigenin labeled
oligonucleotide probe at a final concentration of 400 mg/IL..
After hybridization, sections were washed in fresh graded
SSC (saline sodium citrate) at 37°C for 1 h, incubated in 5%
bovine serum albumin for 30 min at room temperature,
and in biotin-anti-digoxigenin for 1 h, conjugated at 37°C
and then washed and incubated in SABC for 30 min at
37°C. The anti-digoxigenin antibody bound peroxidase
reacts with DAB to generate a brown precipitate at the site
of digoxigenin-probe hybridization.

Controls for specificity: The specificity of the dig-labeled
probe was tested by: (1) omission of the labeled probe
from the hybridization buffer, (2) pretreatment of sections
before hybridization with RNase, and (3) staining tissues
with non-immune serum and inappropriate antiserum
(rabbit anti-prolactin) as the first layer. Negative results
were achieved in all these procedures.

Quantitative assay of G and D cells: The number of
positive cells was expressed as the mean number per unit
area (0.64 X 0.45 = 0.29 mm”) from the sections X 200.
Optical densities were quantified by an observer blinded
to treatment using a computer image analysis system
(ImagePro Plus5.2, Media Cybernetics, Maryland). The
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Table 1 Nucleotide sequences of specific primers and PCR conditions

Target genes GenBank accession PCR products Primer sequences PCR conditions

Gastrin M38653 315 bp F: 5'- CCTACTGCCACAACAGTTAA -3' 94°C,30;52°C,30s; 72 'C, 60 s; 32 cycles
R:5'- CATCCATCCGTATGCTTC -3'

Somatostatin M25890 330 bp F:5'- ATGCTGTCCTGCCGTCTC -3' 94°C,30s; 60°C,30s; 72 °C, 60 s; 30 cycles
R: 5'- CAGCCAGCTTTGCGTTCC -3'

B-actin AF122902 200 bp F: 5'- CCCTGTGCTGCTCACCGA -3' -
R: 5'- ACAGTGTGGGTGACCCCGTC -3'
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Figure 1 Effect of beta-casomorphin-7 on gastrin and somatostatin mRNA expression by RT-PCR. (A) and (B): graphs of RT-PCR analysis. (C) and (D): densitometric
analysis of somatostatin and gastrin signals over beta-actin signals. The vertical lines indicate the mean + SE of three different experiments. °P < 0.05 vs control group, °P <

0.01 vs control group.

individual value for each animal was the average of three
sections measured within the areas of interest.

Statistical analysis

Data are expressed as the mean £ SE. SPSS 13.0 software
was used. An F test was performed to separate means
and compare among groups, and an analysis of variance,
followed by the Duncan’s test, was utilized for unpaired
data. A statistical significance was considered if P << 0.05.

RESULTS

Effect of beta-casomorphin-7 on gastrin and somatostatin
mRNA expression

As shown in Figure 1, after administration of beta-
casomorphin-7 (7.5 X 107 mol), the relative abundance of
gastrin mRNA was significantly increased by 152.8%, P <
0.05, # = 8) and the mRNA levels of somatostatin were
decreased by 30.7% compared with the control group, P
< 0.01, » = 8). No significant differences in the poly-Gly-
treated group were observed in gastrin and somatostatin
mRNA expression, although poly-Gly numerically, but
insignificantly, augmented the gastrin mRNA expression
level by 35.6% as agaist the control group (P = 0.15, » = 8).

www.wjgnet.com

Location and quantity of G and D cells in situ hybridization
In situ hybridization with digoxigenin-labeled oligonucleotide
probes of gastrin and somatostatin detected positive cells in
both pyloric and oxyntic glands. The distributions of cells
expressing gastrin and somatostatin mRNA fit quite well.
Somatostatin-positive cells were present in both pyloric
and oxyntic glands (Figure 2C and D). Most of the cells
appeared round, elliptical, fusiform, triangular or irregular,
and were located along the lateral sides of the middle and
basal parts of the glands. Gastrin-positive cells were mainly
located in the lower 2/3 of the mucosa and rarely in the
upper 1/3. The appearance of G cells with large nuclei was
similar to those of D cells (Figure 2A and B). They differed
from the typical endocrine cells of the gastroduodenum
where they produced long cytoplasms and processed the end
with small bulbous expansions on the putative effecter cells.

Intra-gastric beta-casomorphin-7 administration for
30 d resulted in a significant increase in the number of
positive cells of gastrin mRNA by 121.9% in oxyntic
mucosa and 117.5% in pyloric mucosa, P < 0.05, » = §),
but the number of positive cells of somatostatin mRNA
was not significantly different from that in the control
rats. Unexpectedly, however, the mean intensity, recorded
as the grey value (GV) of signals that corresponded
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Table 2 G cells of gastric mucosa in adult rats (7 = 8, mean

+ SE)

Figure 2 In situ hybridization
for gastrin and somatostatin
mRNA in rat gastric mu-
cosa. The oligonucleotide
probes were labeled with
digoxigenin. A: gastrin,
corpus; B: gastrin, antrum;
C: somatostatin, corpus; D:
somatostatin, antrum. All
of the sections magnify at
100 (10 x 10) and stained
with DAB. The positive cells
show brown precipitate at
the site of digoxigenin-probe
hybridization (black arrows).

Table 3 D cells of gastric mucosa in adult rats (7 = 8, mean
* SE)

Group Oxyntic gland Pyloric gland
Number of cells Even grey Number of cells Even grey
Control 93.0+3.3 82.80+2.24 103.2+2.2 79.06 £ 0.69
BCM7 1134 £1.4° 89.91 +3.00 1213 £3.4° 90.18 +£2.92*
Poly-Gly 97.0+5.4 89.68 +1.50 99.7+2.2 96.85 + 4.18°

Group Oxyntic gland Pyloric gland

Number of cells Even grey Number of Cells Even grey
Control 69.8+3.4 98.95 + 5.30 79.7+19 108.32 +7.03
BCM7 69.6 £3.2 77.16 +1.98" 78.0+£3.2 87.25 + 3.84"
Poly-Gly 70.2+29 88.24 +4.91 788 +24 109.43 £ 5.74

*P < 0.05 vs control group, "P < 0.01 vs control group.

to somatostatin mRNA, was significantly lower in the
casomorphin-treated group than in the poly-Gly-treated
group and the control group by 22.0% in oxyntic mucosa
and 19.5% in pyloric mucosa, P < 0.05, » = 8). In contrast,
the antrum G-cell density was increased in the casomorphin-
treated and in the poly-Gly-treated groups. The G-cell
density was increased by 22.5% (P < 0.01) in rat antrum
treated with ploy-Gly solution, although a dectrease in D-cell
density was not observed. Results are shown in Tables 2 and 3.

DISCUSSION

This report demonstrates that beta-casomorphin-7 is
not only a transmitter substance modulating peptide
secretion from D and G cells, but it is also involved in
the control of somatostatin and gastrin gene expression.
It is indicated that the ability of beta-casomorphin-7 to
promote G cell secretion and gastrin messenger RNA
levels is indirect and dependent primarily on the paracrine
actions of somatostatin. Previous studies on the role of
gastric afferents in regulating antral D cell function further
suggest that exogenous opioid peptides contribute to
feedback mechanisms in the modulation of regulatory

*P < 0.05 vs control group, °P < 0.01 vs control group.

peptide gene expression.

In recent years, constant attention has been paid to
BAP’s role in regulating regional events within the stomach.
Opioid peptide-mediated regulation of gastrointestinal
function was well documented; however, less has been
reported on its effect on gastrointestinal function of
exorphins after luminal administration. Most of the
researches on exorphins involved acute responses of
isolated organs or tissue preparations. Compatible with
the presence of beta-casomorphins in the gastrointestinal
tract, opioid effects in gastrointestinal functions have
also been shown upon casein digestion. Several studies
have demonstrated that beta-casomorphins affect gastrin
release from stomach mucosa in rats and piglets 7z vivo™"”
and 7n vitr?®”. The current study also showed that intra-
gastric bovine beta-casomorphin-7 administration for 30
days helped evoke gastrin mRNA expression and inhibit
somatostatin expression. In contrast, given the effect of
beta-casomorphin-7 observed here, poly-Gly treatment
yielded no effect on somatostatin gene expression, but
only a modest augmentation of gastrin mRNA expression.
Food, especially high protein diets, has been observed
to increase gastrin release and gene expression. This is

www.wjgnet.com
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considered to be one of the nutritional functions of protein.
The authors concluded that their effects on endocrine
function of beta-casomorphin-7 and poly-peptides (equal
quantity of N with beta-casomorphin-7) were distinct with
regard to their intrinsic configuration and their role in N
nutrition.

With regard to gastric somatostatin secretion, there
were differences among previous studies"” in dogs and
the current results. In the current experiment, each rat
was infused with 7.5 X 107 mol beta-casomorphin-7 daily
by gastric tube for 30 d. The expression of somatostatin
mRNA in the gastric mucosa was reduced by 30.7% as
compared with the control group. Schusdziarra ef a/'" have
described a significant increase in the postprandial levels
of peripheral vein plasma SLI following the administration
of 12 mg beta-casomorphins to conscious dogs. They
observed that these peptides were able to rapidly inhibit
insulin release, which exerted an influence on the release
of somatostatin'"®. These differences might be due to
the experimental designs used and the dosage of applied
opioid peptides™.

Reciprocal regulation of gastrin and somatostatin gene
expression of these regulatory peptides has provided a
basis for understanding negative feedback control in the
prevention of acid hypersecretion and, conversely, helped
explain hypergastrinemia in hypochlorhydria“. Gastrin gene
expression in antral explants has been shown to be reduced
by both exogenous and endogenous somatostatins’
Several studies suggested that somatostatin exerted its
inhibitory effects on gene expression[w, in part, by al-
tering post-transcriptional processing through stabilization
and decreased the turnover of gastrin mRNA. Ir vitro
studies™ with somatostatin antibody have demonstrated
quantitatively greater responses in antral gastrin gene ex-
pression. The present study demonstrated that long-term
casomorphin solution administered orally significantly
decreased D-cell density, but did not affect the number of
D-cells both in the antrum and fundus. Interestingly, long-
term administration with casomorphin intragastrically has
been observed to increase the number of G-cells both in
the antrum and fundus, and to augment G-cell density only
in the antrum. These differences may be due, in part, to the
differential regulation of somatostatin in the antrum and
fundus™. Antral D cells were open cells with an apical
process in contact with the lumen and controlled by nearby
G cells, while corpus D cells were closed cells and regulated
directly or indirectly parietal cell function®. It remained to
be studied how the relevant factors act at a cellular level
to control somatostatin mRNA abundance. These factors
could include regulation of gene expression or regulation
of mRNA stability™?, which is similar with the result
from the recent studies on gastrin. Changes in somatostatin
mRNA abundance might not be directly reflected in
changed tissue stores”™. It was clear, however, that factors
which influence gastric somatostatin mRNA were able to
act over relatively short periodspoj, and that the same factors
also rapidly influence somatostatin secretion””, supporting
the idea that the two were functionally linked. In addition,
the G-cell density was increased in rat antrum treated with
ploy-Gly solution, although the decrease in D-cell density
was not observed. That is to say, that endocrine function
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of casomorphin is functionally dependent on its intrinsic
configuration.

In conclusion, beta-casomorphin-7 is capable of
regulating the mRNA levels of somatostatin and gastrin
from D and G cells in an 77 vivo experimental system. The
reciprocal effects on somatostatin and gastrin mRNA
abundance of the respective regulatory peptides suggested
that casomorphins might be involved in the negative
feedback control of G cell function. Iz situ hybridization
studies indicated that beta-casomorphin-7 indirectly affects
gastrin gene expression through the paracrine actions of
somatostatin, and this action depends on its intrinsic form.
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Background

Beta casomorphins belong to a family of opioid peptides derived from milk
protein. Since the bovine beta casomorphin 7 (Tyr-Pro-Phe-Pro-Gly-Pro-lle) was
first isolated from an enzymatic digest of bovine beta-casein, the effects of beta
casomorphins have been found as neurotransmitters and neuromodulators on the
central nervous, endocrine, cardiovascular, and gastrointestinal systems. Beta
casomorphins, released in gastrointestinal tract from the bovine milk protein or
through oral administration, firstly might come into contact with luminal mucosa.
To characterize the effect of bovine beta-casomorphin 7 in gastrointestinal tract
is an essential precondition to analyze its physiological value. Gastrin secretes
from gastric endocrine cells and regulates the secretion of gastric acid, the motility
of the stomach, and the gastric, small and large intestinal mucosa. Endogenous
opioid peptides strongly affect gastrointestinal function but without influencing
the gastrin release. Beta casomorphins has been reported to affect gastrin
release from stomach mucosa in rats and piglet in vivo and in vitro. However,
the physiological mechanism of beta casomorphins about release of gastrin is
ambiguous.

Research frontiers

As a classical bioactive peptide from casein, the main milk proteins, beta
casomorphins has been reported to have health enhancing potentials for food
and pharmaceutical applications. Opioid-mediated regulation of gastrointestinal
function is well documented; however, less has been reported on the effect
on gastrointestinal function of exorphins after luminal administration. Most of
the studies on exorphins involve acute responses of isolated organs or tissue
preparations. Few studies have determined these tissue effects on the digestion
passage and nutrient utilization in vivo.

Innovations and breakthroughs

The present study is speculated, for the first time, that the beta-casomorphin-7
indirectly affects gastrin gene expression through the paracrine actions of
somatostatin and depends on its intrinsic form.

Applications
It is hopeful that beta casomorphins will be applied as potential health enhancing
nutraceuticals for food and pharmaceuticals.

Peer review
The manuscript is of a high standard. The design and concept of this study is good
and reproducible.
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