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Novel CCK-dependent vasorelaxing dipeptide, Arg-Phe,

decreases blood pressure and food intake in rodents
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Scope: We found that a dipeptide, Arg-Phe (RF), had vasorelaxing activity in mesenteric artery
isolated from spontaneously hypertensive rats (SHRs) (EC50 = 580 nM). We then investigated
its mechanism of action, and elucidated its physiological functions.
Methods and results: Vasorelaxing activities of RF-related peptides were tested. The retro-
sequence dipeptide FR was inactive, suggesting that the RF sequence is important for a potent
vasorelaxing effect. RA and AF were also inactive. RF-NH2 had vasorelaxing activity, implying
that the C-terminal amidation of RF is tolerated. Nitric oxide (NO) and prostaglandins (PGs) are
known to be vasorelaxing factors; however, the vasorelaxing activity of RF was inhibited by nei-
ther NG-nitro-L-arginine methyl ester (L-NAME), an NO synthase inhibitor, nor indomethacin,
a COX inhibitor. Interestingly, the activity was blocked by lorglumide, an antagonist of the
cholecystokinin (CCK)1 receptor; however, RF had no affinity for CCK receptors, suggesting
that RF stimulates CCK release. Orally administered RF decreased blood pressure in SHRs,
and this antihypertensive activity was also blocked by a CCK1 antagonist. RF had CCK-like
suppressive effects on food intake and gastrointestinal transit. RF increased intracellular Ca2+

flux and CCK release in enteroendocrine STC-1 cells.
Conclusion: A novel CCK-dependent vasorelaxing RF decreases both blood pressure and food
intake.
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1 Introduction

A number of low-molecular-weight bioactive peptides have
been found from the protease hydrolysate of various food
proteins [1–7]. It was reported that angiotensin I-converting
enzyme (ACE)-inhibitory peptides derived from various di-
etary proteins showed antihypertensive activities. On the
other hand, vasorelaxing peptides also often exhibit antihy-
pertensive activity. Indeed, vasorelaxing three–six amino acid
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peptides derived from food proteins, including ovokinin(2–
7), rapakinin, and rubimetide, decreased blood pressure after
the oral administration in spontaneously hypertensive rats
(SHRs) [7–9]. In the current study, we found that Arg-Phe
(RF), a simple dipeptide consisting of two L-amino acids,
exhibits vasorelaxing activity (EC50 = 580 nM). RF had no
ACE-inhibitory activity. This vasorelaxing activity seems to
be more potent than that of previously reported bioactive
peptides derived from food proteins.

Next, we investigated the mechanism underlying the va-
sorelaxing activity of RF. Nitric oxide (NO) and prostaglandins
(PGs) are the candidates of vasorelaxing factors [10]; however,
inhibitors of NO synthase and cyclooxygenase (COX) did not
block the vasorelaxing activity of RF. Interestingly, this va-
sorelaxing activity was blocked by an antagonist of cholecys-
tokinin (CCK), a well-known peptide as an endogenous satiety
signalling molecule. It has been reported that the CCK sys-
tem also is involved in the relaxation of the mesenteric artery
in SHRs [8]. We tested whether the antihypertensive activity
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of RF is mediated by the CCK system. We also investigated
whether RF decreased food intake and gastrointestinal transit
similarly to CCK.

2 Materials and methods

2.1 Reagents

RF synthesized by the chemosynthetic method was obtained
from Kokusan Chemical Co., Ltd. (Tokyo, Japan). RF-related
peptides were synthesized by the Fmoc strategy. The amino
acids Arg and Phe, and the COX inhibitor indomethacin were
obtained from Wako Pure Chemical Industries, Ltd. (Os-
aka, Japan). NG-nitro-L-arginine methyl ester (L-NAME), an
NO synthase inhibitor, was obtained from Nacalai Tesque,
Inc. (Kyoto, Japan). AH6809 and lorglumide, antagonists of
EP1/EP2/EP4 for PGE2 and of CCK1 receptor, respectively,
were from Sigma-Aldrich Co. (St. Louis, MO). CAY10441 and
BWA868C, antagonists of IP for PGI2 and DP for PGD2, re-
spectively, were obtained from Cayman Chemical Company
(Ann Arbor, MI). ONO-AE3-208, an antagonist of EP4 for
PGE2, was kindly provided by Ono Pharmaceutical Co. Ltd.
(Osaka, Japan).

2.2 Preparation of enzymatically synthesized

Arg-Phe by L-amino acid ligase RizA

Recombinant L-amino acid ligase RizA was prepared in accor-
dance with a previous report by Kino et al. [11, 12]. The reac-
tion mixture (total volume, 1 mL) contained 0.1 mg/mL of the
recombinant RizA, 12.5 mM ATP, 12.5 mM MgSO4·7H2O,
12.5 mM Arg, and 12.5 mM Phe in 100 mM Tris-HCl buffer
(pH 9.0). The reaction was performed at 30�C for 20 h, and
was then stopped by boiling for 10 min.

2.3 Animals

Male SHRs/Izm (15–27 weeks old) and ddY mice (4 weeks
old) were obtained from SLC (Shizuoka, Japan). The animals
were kept in a temperature-controlled room (23 ± 1�C) on a
daily 12-h light: 12-h dark cycle. SHRs and ddY mice were
fed SP pellets (Funabashi Farm, Chiba, Japan) and CE-2 pel-
lets (CLEA Japan, Inc., Tokyo Japan), respectively, with free
access to water. All experiments were approved by the Kyoto
University Ethics Committee for Animal Research Use.

2.4 Vasorelaxing assay

The vascular relaxation response was determined as follows
[4,5,8]: the small mesenteric artery isolated from SHRs, 150–
200 �m in diameter, was cut into helical strips. The strips

were suspended in a bathing medium (Krebs-Henseleit solu-
tion containing 120 mM NaCl, 4.7 mM KCl, 2.5 mM CaCl2,
1.2 mM MgSO4, 1.2 mM KH2PO4, 25 mM NaHCO3, and
10 mM glucose) maintained at 37�C, and continuously bub-
bled with O2/CO2 (95:5). The resting tension was adjusted
to 0.3 g. The artery was preconstricted with 0.3 �M phenyle-
phrine. Samples were applied 10 min after the application of
phenylephrine. Relaxing activity was assayed in the absence
and presence of inhibitors and antagonists applied 10 min be-
fore the addition of phenylephrine (only L-NAME was applied
50 min before phenylephrine). To determine the complete re-
laxation point, 100 �M papaverine was added at the end of
each experiment.

2.5 Blood pressure measurement

Systolic blood pressure after the oral administration of RF
to conscious SHRs was measured by the tail-cuff method
using a MK-2000 (Muromachi Kikai Ltd., Tokyo, Japan)
[4–6, 13]. The animals were trained to undergo measure-
ments by the tail-cuff method for 3 weeks. RF dissolved in
physiological saline was administered with a metal sonde
after measuring the basal systolic blood pressure. CCK1 re-
ceptor antagonists were administered intraperitoneally (i.p.)
just before the administration of RF. Following the admin-
istration of RF, systolic blood pressure was measured every
2 h.

2.6 Food intake

The food intake experiment was performed as described
previously [14–16]. Briefly, individually housed male ddY
mice were deprived of food pellets for 18 h with free ac-
cess to water after acclimation for more than 3 days. RF
(3–10 mg/kg) in saline was administered i.p. Preweighed
food pellets in each cage were measured 20 min and 1, 2
and 4 h after the administration, and the cumulative food
intake was calculated. The food intake experiment started at
11 a.m.

2.7 Small intestinal transit

Small intestinal transit was measured according to the pre-
vious reports [13, 17, 18]. Male ddY mice were also de-
prived of food pellets for 18 h with free access to wa-
ter. Peptides with or without antagonists and dissolved in
saline were administered orally. A test meal (0.5 mL of
5% (w/v) Evans blue suspended in water containing 1%
carboxymethylcellulose) was orally administered 30 min af-
ter the oral administration of RF. Five minutes after the
test meal was given, the mice were sacrificed by cer-
vical dislocation. The abdomen was opened, the small
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intestine from the pylorus to the ileocecal junction was
dissected, and the point to which the test meal had trav-
eled was secured with thread to avoid changing the length
of transit due to handling. The distance traveled by the
test meal and the total length of the small intestine were
measured. Small intestinal transit was calculated as the
ratio of the distance traveled by the test meal to the to-
tal length of the small intestine, and expressed as a per-
centage. The small intestinal transit experiment started at
11 a.m.

2.8 Intracellular Ca2+ flux and CCK release in

enteroendocrine STC-1 cells

STC-1 cells (a gift from Dr. D. Hanahan, University of Cali-
fornia, San Francisco, CA) were grown in Dulbecco’s modi-
fied Eagle’s medium (Sigma, Cat. No. D5796) supplemented
with 10% fetal bovine serum, 100 IU/mL penicillin, and 100
�g/mL streptomycin in a humidified 5% CO2 atmosphere
at 37�C. Cells were routinely subcultured by trypsinization
upon reaching 80–90% confluence [19, 20].

For the measurement of intracellular Ca2+ concentrations
([Ca2+]i), cells were seeded at a density of 3.3×104 cells/well
in 96-well plates, and cultured overnight. STC-1 [Ca2+]i was
measured with a Calcium Kit II-Fluo 4 (Dojindo Laboratories,
Kumamoto, Japan). Cells in 96-well plates were loaded with
fluo-4-AM in the kit dissolved in quenching buffer contain-
ing Hank’s HEPES buffer, 1.25 mM probenecid and 0.04%
pluronic F-127 at 37�C for 1 h. After incubation, the plates
were placed into a POLARstar OPTIMA (BMG LABTECH
GmbH, Ortenberg, Germany) to monitor cell fluorescence
(�ex = 485 nm, �em = 520 nm) before and after the addition
of RF.

STC-1 cells were seeded in 96-well culture plates at a den-
sity of 3.3 × 104 cells/well, and cultured overnight, when
reached 80–90% confluence. Cells were washed twice with
PBS to remove the culture media, and exposed to test agent
dissolved in PBS for 60 min at 37�C. After incubation for 60
min, supernatants were collected and centrifuged at 800 ×
g for 5 min at 4�C to remove the remaining cells, and then
stored at −80�C until CCK concentrations were measured
with a commercial EIA kit (Phoenix Pharmaceuticals Inc.,
Belmont, CA).

2.9 Statistical analysis

Values are expressed as the mean ± SEM. Analysis of variance
(ANOVA) followed by Fisher’s test or Student’s t-test was
used to assess differences among three and more or two
groups, respectively. P-value less than 0.05 were considered
significant.

3 Results

3.1 RF relaxes the mesenteric artery of SHRs in a

CCK-dependent manner

Typical vasorelaxing activity in mesenteric artery isolated
from SHRs after the application of RF is shown in
Fig. 1A. RF dose-dependently relaxed the mesenteric artery
(Fig. 1B), and the EC50 value of vasorelaxing activity induced
by RF was 580 nM. The retro-sequence peptide Phe-Arg
(FR) was inactive at 10 �M, indicating that the amino acid
sequence of RF is important for potent vasorelaxing activ-
ity. Arg-Ala (RA) and Ala-Phe (AF) were also inactive (Fig.
1C). Neither Arg nor Phe, the constitutive amino acids of

Figure 1. Vasorelaxing activities of RF and its analogues in the
mesenteric artery isolated from spontaneously hypertensive rats.
(A) Typical vasorelaxing activity of RF at the concentrations of
10 �M. (B) Dose-response curve of the vasorelaxing activities of
RF, its retro-sequence peptide and constitutive amino acids. (C)
Structure-activity relationship of vasorelaxing activities induced
by RF analogues at 10 �M. (RFa: RFamide, FLFQPQRFa: FLFQPQR-
Famide). Each value is expressed as the mean ± SEM (B, n = 3–5;
C, n = 3–7).

C© 2012 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.mnf-journal.com



Mol. Nutr. Food Res. 2012, 56, 1456–1463 1459

dipeptide RF, had vasorelaxing activity under our experimen-
tal conditions. In addition, the vasorelaxing activity of RF was
independent of ACE inhibitory activities (the IC50 for RF was
more than 100 �M).

Next, we tested the vasorelaxing activities of RF ana-
logues. There are a number of RF sequences in not only
dietary proteins but also endogenous neuropeptides, includ-
ing an RFamide group with the structure of RF-NH2 in the
C-terminus. We then synthesized peptides corresponding to
the common C-terminus substructure of RFamide peptides,
and found that RF-NH2 itself has vasorelaxing activity (Fig.
1C). The neuropeptide FF (NPFF), an endogenous RFamide
peptide, also had vasorelaxing activity in the isolated mesen-
teric artery of SHRs. The tripeptide Ala-Arg-Phe exhibited
vasorelaxing activities. Taken together, the N-terminal elon-
gation and C-terminal amidation of RF seem to be tolerated.

Recently, a novel method enabling cost-effective and large-
scale production of dipeptides using L-amino acid ligase
(Lal; EC 6.6.2.28), which catalyzes the formation of a pep-
tide bond between unprotected amino acids in an ATP-
dependent manner in aqueous solution, has also been es-
tablished [11]. Because of the substrate specificity of Lal,
not all combinations of dipeptides have been synthesized.
Thus, we did indeed synthesize RF enzymatically, and con-
firm its biological activity. RF synthesized by the Lal-based
method had vasorelaxing activity comparable to that obtained
by conventional chemosynthesis (Supporting Information
Fig. S1). This is the first evidence that a dipeptide synthe-
sized by Lal relaxes the blood vessels.

3.2 The vasorelaxing activity of RF was mediated

through the CCK system

NO and PGs are known to be vasorelaxing factors; however,
the vasorelaxing activity of RF (10 �M) was inhibited by nei-
ther L-NAME (100 �M), an NO synthase inhibitor, nor in-
domethacin (3 �M), a COX inhibitor (Fig. 2). Antagonists
of IP, DP and EP1/EP2/EP4 receptors for PGI2, PGD2 and
PGE2, respectively, did not block the vasodilation induced by
RF. Interestingly, this activity of RF was blocked by lorglu-
mide (30 �M), an antagonist of the CCK1 receptor; however,
the affinity of RF (100 �M) for CCK1 and CCK2 receptors was
negligible (data not shown), suggesting that RF stimulates
CCK release. Taken together, the dipeptide RF may relax the
mesenteric artery of SHRs via the release of CCK and activa-
tion of the CCK1 receptor.

3.3 Orally administered RF exhibits antihypertensive

via the CCK system

We also investigated the effect of RF on blood pressure
and the mechanism underlying its antihypertensive activity.
Orally administered RF dose dependently decreased systolic
blood pressure in SHRs (Fig. 3A). As shown in Fig. 3B, this

Figure 2. Involvement of the CCK1 receptor in the vasorelaxing
activities of RF in SHRs. L-NAME (NOS inhibitor, 100 �M), in-
domethacin (COX inhibitor 3 �M), CAY10441 (IP antagonist, 100
nM), BWA868C (DP antagonist, 100 nM), AH6809 (antagonist for
EP1 and EP2, 1 �M), ONO-AE3-208, EP4 antagonist, 10 nM) and
lorglumide (CCK1 receptor antagonist, 30 �M) were applied be-
fore the addition of RF (10 �M). Values are expressed as the mean
± SEM (n = 3–5). *P < 0.05 compared with RF alone.

antihypertensive effect of RF (15 mg/kg, orally) was com-
pletely blocked by pretreatment with an antagonist of the
CCK1 receptor, lorglumide (0.3 mg/kg, i.p.), which did not
change blood pressure under our experimental conditions [8].
These results suggest that the RF-induced antihypertensive
effect as well as vasorelaxing activity is mediated by activation
of the CCK1 receptors.

3.4 RF decreases food intake and small

intestinal transit

CCK is known to be a satiety factor, decreasing food intake and
gut motility; thus, we investigated whether RF has CCK-like
activities. RF suppressed food intake after i.p. administration
at a dose of 10 mg/kg in a dose-dependent manner in male
ddY mice fasted for 18 h (Fig. 4A). Orally administered RF
delayed small intestinal transit, as shown in Fig. 4B.

3.5 RF increases CCK release by enteroendocrine

STC-1 cells

To investigate whether RF stimulates CCK release, the en-
teroendocrine cell line STC-1 was used. RF dose dependently
increased intracellular Ca2+ flux (Fig. 5A). RF also increased
the CCK concentration in the supernatant in response to RF
(Fig. 5B). These results suggest that RF activates enteroen-
docrine cells to release CCK.
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Figure 3. Antihypertensive activity of RF after oral administra-
tion. (A) RF at a dose of 5–15 mg/kg was administered to SHRs,
and blood pressure was determined by the tail-cuff method be-
fore and 2 and 4 h after administration. (B) Effect of lorglumide
on RF-induced antihypertensive activity. Lorlgumide (0.3 mg/kg,
i.p.) was administered 30 min before the oral administration of RF
(15 mg/kg). Each value is expressed as the mean ± SEM (A, n =
8–12; B, n = 10–11). *P < 0.05 compared with saline-control group.
#P < 0.05 compared with RF-treated group.

4 Discussion

We found that the dipeptide RF relaxes the mesenteric artery
and lowered blood pressure after oral administration to SHRs.
The vasorelaxing and antihypertensive activities of RF were
blocked by a CCK1 receptor antagonist; however, RF had no
affinity for CCK receptors suggesting that these activities are
mediated by CCK release and activation of the CCK1 recep-
tor. CCK, a brain-gut hormone, is a well-known satiety sig-
nal [21, 22]; however, it was also reported to be present in
the mesenteric artery [23, 24]. It has been reported that CCK
relaxes the mesenteric artery and decreases blood pressure
via the CCK1 receptor [25–30], which was consistent with
our findings that the vasorelaxing and hypotensive activity
of RF is mediated by the CCK system. In the arteries with-
out endothelium-dependent response to acetylcholine, the va-
sorelaxing activity of RF at 10 �M (59 ± 4%) might be lower,
but still present. On the other hand, RF increased CCK se-

Figure 4. RF suppressed food intake and delayed small intestinal
transit. Mice fasted for 18 h were injected with RF (3–10 mg/kg,
i.p. or 3–100 mg/kg, orally), and food intake (A) or small intestine
transit (B), respectively, was measured. Each column is the mean
± SEM (A, n = 4; B, n = 10–18). *P < 0.05, **P < 0.01, compared
with each group by ANOVA followed by Fisher’s test.

cretion from enteroendocrine cells, STC-1, which raised the
possibility that RF might stimulate nerve cells including the
mesenteric artery. It was previously reported that rapakinin,
a hypotensive tripeptide derived from rapeseed, has vasore-
laxing activity via activation of the PGI2–IP system followed
by the CCK–CCK1 system [8]; however, the mechanism of
RF-induced vasodilation via the CCK system without activa-
tion of the PGI2 system may be different. It was reported that
novokinin, an orally active angiotensin AT2 agonist peptide
designed based on ovokinin(2–7), more potently relaxed the
mesenteric artery isolated from SHRs than that from nor-
motensive Wistar-Kyoto (WKY) rats. RF-induced vasorelax-
ing activity in normotensive rodents should be investigated
further.

Arg and Phe, the constitutive amino acids of RF, and FR, a
retrosequence dipeptide of RF, were also inactive, suggesting
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Figure 5. RF increased [Ca2+]i and CCK release in enteroen-
docrine STC-1 cells. (A) Dose-dependency of the RF-induced in-
crease in [Ca2+]i. (B) Increase in CCK released into the culture
medium after addition of RF (3 mM). Values are expressed as
the mean ± SEM (A, n = 3–5; B, n = 5–6). *P < 0.05, **P < 0.01,
compared with control group.

that the amino acid sequence of RF is important for potent
vasorelaxing activity. Furthermore, the C-terminal amidation
and the N-terminal elongation of RF were tolerated. Indeed,
RFamide and NPFF had vasorelaxing activity. The first rec-
ognized the member of the RFamide neuropeptide family
was a cardio-excitatory peptide isolated from ganglia of the
clam [31]. Subsequently, a large number of RFamide pep-
tides, which are endogenously released from precursor pro-
teins, have been identified in the nervous system of animals
within all major phyla [32]. It is reported that a number of
RFamide peptides increase blood pressure [33–36], while the
C-terminal structure of RFamide peptides may contribute
to vasorelaxing activity to counteract their hypertensive ef-
fect. It has been reported that RFamide also affects food
intake [32, 34, 37, 38]. Almost all physiological activities of
RFamide peptides might be explained by specific receptors
already identified; however, the contribution of vasorelaxing
and anorexigenic activities associated with the C-terminal
structure of RFamide should be clarified.

RF sequences are present in the primary structure of nat-
ural food proteins such as rice and soybeans as well as en-
dogenous neuropeptides. Peptides having an RF sequence
in the C-terminus maintain vasorelaxing and antihyperten-
sive activities. For example, Ile-His-Arg-Phe (IHRF), a rice
albumin-derived tetrapeptide having an RF sequence at the
C-terminus, also exhibited vasorelaxing and antihypertensive
activity (unpublished observation). These results do not rule
out the possibility that food-protein-derived peptides having
an RF sequence after digestion by enzymes present in the gas-

trointestinal tract potentially contribute to vasorelaxing and
antihypertensive activity in the postprandial state.

We also demonstrated that RF synthesized by the Lal-
based method, which has recently been established, shows
potent vasorelaxing activity. So far, bioactive peptides have
been commercially produced by enzymatic digestion of food
proteins. If dipeptide, cost-effectively synthesized by the Lal-
based method on an industrial scale, can be used, the dipep-
tide market might be expanded.

Metabolic syndrome is characterized by visceral obesity,
hyperlipidemia, hypertension, and hyperglycemia. It was re-
ported that the CCK signal is also decreased in metabolic
syndrome [39, 40]. RF and its analogues, peptides stimulat-
ing CCK release, have blood pressure lowering and anorex-
igenic activities, which may contribute to the prevention of
both hypertension and obesity among the four symptoms of
metabolic syndrome.

The calcium-sensing receptor (CaR) was originally identi-
fied as a G-protein-coupled receptor (GPCR) for calcium, but
CaR also functions as an L-amino acid receptor [41]. Aromatic
amino acids (Phe, Trp) are potent ligands that are known to
activate CaR. CaR mRNA is expressed in STC-1 cells as well as
in organs such as the kidney, thyroid, stomach and intestine.
Phe was also reported to stimulate CCK release via CaR [20];
however, RF-induced intracellular Ca2+ flux in STC-1 cells
was not inhibited by an antagonist of CaR, NPS2143, suggest-
ing that RF may activate STC-1 independently of CaR. Thus,
CaR was ruled out as an RF receptor candidate. GPRC6A,
a GPCR classified in the CaR family, has been identified as
a receptor of basic L-amino acids such as Arg and Lys [42];
however, Lys-Phe lost all vasorelaxing activity (unpublished
observation). Further investigation is needed to elucidate the
receptor to which RF binds directly.

In conclusion, a novel CCK-releasing dipeptide, Arg-Phe
(RF), has vasorelaxing activity. RF synthesized by Lal also
mimicked this activity. Orally administered RF decreased
blood pressure via activation of the CCK1 receptor. RF also
had CCK-like activities to suppress food intake and gastroin-
testinal transit.

This work was supported in part by a Grant-in-Aid for Sci-
entific Research (B) from the Japan Society for the Promotion
of Science to K.O., and a grant from the Salt Science Research
Foundation (No. 1142) to K.O. We appreciate the suggestions
and comments of Drs. H. Zhao and M. Yoshikawa (Kyoto Uni-
versity), and support with the enteroendocrine STC-1 cells from
Drs. T. Hira and H. Hara (Hokkaido University).

The authors have declared no conflict of interest.

5 References

[1] Brantl, V., Teschemacher, H., Henschen, A., Lott-
speich, F., Novel opioid peptides derived from casein
(�-casomorphins). I. Isolation from bovine casein peptone.
Hoppe Seylers Z. Physiol. Chem. 1979, 360, 1211–1216.

C© 2012 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.mnf-journal.com



1462 T. Kagebayashi et al. Mol. Nutr. Food Res. 2012, 56, 1456–1463

[2] Yoshikawa, M., Yoshimatsu, T., Chiba, H., Opioid peptides
from human �-casein. Agric. Biol. Chem. 1984, 48, 3185–
3187.

[3] Fukudome, S., Yoshikawa, M., Opioid peptides derived from
wheat gluten: their isolation and characterization. FEBS Lett.
1992, 296, 107–111.

[4] Matoba, N., Usui, H., Fujita, H., Yoshikawa, M., A novel anti-
hypertensive peptide derived from ovalbumin induces nitric
oxide-mediated vasorelaxation in an isolated SHR mesen-
teric artery. FEBS Lett. 1999, 452, 181–184.

[5] Zhao, H., Usui, H., Ohinata, K., Yoshikawa, M., Met-
Arg-Trp derived from Rubisco lowers blood pressure
via prostaglandin D2-dependent vasorelaxation in sponta-
neously hypertensive rats. Peptides 2008, 29, 345–349.

[6] Marczak, E. D., Usui, H., Fujita, H., Yang, Y. et al., New antihy-
pertensive peptides isolated from rapeseed. Peptides 2003,
24, 791–798.

[7] Yoshikawa, M., Fujita, H., Matoba, N., Takenaka, Y. et al.,
Bioactive peptides derived from food proteins preventing
lifestyle-related diseases. Biofactors 2000, 12, 143–146.

[8] Yamada, Y., Iwasaki, M., Usui, H., Ohinata, K. et al., Rapakinin,
an anti-hypertensive peptide derived from rapeseed protein,
dilates mesenteric artery of spontaneously hypertensive rats
via the prostaglandin IP receptor followed by CCK1 receptor.
Peptides 2010, 31, 909–914.

[9] Zhao, H., Ohinata, K., Yoshikawa, M., Rubimetide (Met-Arg-
Trp) derived from Rubisco exhibits anxiolytic-like activity via
the DP1 receptor in male ddY mice. Peptides 2008, 29, 629–
632.

[10] Schror, K., Prostaglandins, other eicosanoids and endothe-
lial cells. Basic Res. Cardiol. 1985, 80, 502–514.

[11] Kino, K., Nakazawa, Y., Yagasaki, M., Dipeptide synthesis by
L-amino acid ligase from Ralstonia solanacearum. Biochem.
Biophys. Res. Commun. 2008, 371, 536–540.

[12] Kino, K., Kotanaka, Y., Arai, T., Yagasaki, M., A novel L-amino
acid ligase from Bacillus subtilis NBRC3134, a microorgan-
ism producing peptide-antibiotic rhizocticin. Biosci. Biotech-
nol. Biochem. 2009, 73, 901–907.

[13] Marczak, E. D., Ohinata, K., Lipkowski, A. W., Yoshikawa, M.,
Arg-Ile-Tyr (RIY) derived from rapeseed protein decreases
food intake and gastric emptying after oral administration in
mice. Peptides 2006, 27, 2065–2068.

[14] Hou, I.-C., Yoshikawa, M., Ohinata, K., �-Lactotensin derived
from bovine �-lactoglobulin suppresses food intake via the
CRF system followed by the CGRP system in mice. Peptides
2009, 30, 2228–2232.

[15] Ohinata, K., Fujiwara, Y., Fukumoto, S., Iwai, M. et al.,
Orally administered novokinin, an angiotensin AT2 recep-
tor agonist, suppresses food intake via prostaglandin E2-
dependent mechanism in mice. Peptides 2009, 30, 1105–
1108.

[16] Ohinata, K., Suetsugu, K., Fujiwara, Y., Yoshikawa, M., Sup-
pression of food intake by a complement C3a agonist [Trp5]-
oryzatensin(5–9). Peptides 2007, 28, 602–606.

[17] Niijima, F., Tan-No, K., Esashi, A., Nakagawasai, O. et al.,
Inhibitory effect of intracerebroventricularly-administered

(D-Arg2, �Ala4)-dermorphin(1–4) on gastrointestinal transit.
Peptides 2000, 21, 295–299.

[18] Kaneko, K., Iwasaki, M., Yoshikawa, M., Ohinata, K., Orally
administered soymorphins, soy-derived opioid peptides,
suppress feeding and intestinal transit via gut �1-receptor
coupled to 5-HT1A, D2, and GABAB systems. Am. J. Physiol.
Gastrointest. Liver. Physiol. 2010, 299, G799–805.

[19] Nakajima, S., Hira, T., Eto, Y., Asano, K. et al., Soybean �51–63
peptide stimulates cholecystokinin secretion via a calcium-
sensing receptor in enteroendocrine STC-1 cells. Regul. Pept.
2010, 159, 148–155.

[20] Hira, T., Nakajima, S., Eto, Y., Hara, H., Calcium-sensing re-
ceptor mediates phenylalanine-induced cholecystokinin se-
cretion in enteroendocrine STC-1 cells. FEBS J. 2008, 275,
4620–4626.

[21] Strader, A. D., Woods, S. C., Gastrointestinal hormones
and food intake.2288; Gastroenterology 2005, 128, 175–
191.

[22] Moran, T. H., Kinzig, K. P., Gastrointestinal satiety signals II.
Cholecystokinin. Am. J. Physiol. Gastrointest. Liver. Physiol.
2004, 286, G183–188.
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