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bstract

We examined the angiotensin I-converting enzyme (ACE) inhibitory activity and antihypertensive effect of the hot water extract of
akame, Undaria pinnatifida. Ten dipeptides were isolated from the extract by several steps of chromatography, and their amino acid

equences were Tyr-His, Lys-Trp, Lys-Tyr, Lys-Phe, Phe-Tyr, Val-Trp, Val-Phe, Ile-Tyr, Ile-Trp, and Val-Tyr. Both single administration
nd repeated oral administration of synthetic Tyr-His, Lys-Tyr, Phe-Tyr, and Ile-Tyr significantly decreased blood pressure in spontaneously
ypertensive rats. © 2004 Elsevier Inc. All rights reserved.
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. Introduction

Hypertension was identified as a cardiovascular risk fac-
or in the late 1950s and still remains a public health issue
1]. It is often called a “silent killer” because persons with
ypertension can be asymptomatic for years and then have
fatal heart attack or stroke. Although there has been a

ecent increase in hypertension awareness and treatment,
nly a small percentage of affected individuals are being
reated to goal [2]. Most persons (90–95%) with high blood
ressure have essential hypertension, for which the cause
annot be determined; and as a result, treatment is nonspe-
ific. The renin-angiotensin system plays an important role
n the regulation of an organism’s water, electrolytes, and
lood [3]. The angiotensin I-converting enzyme (ACE,
ipeptidyl carboxypeptidase, EC 3.4.15.1) participates in
egulating blood pressure in the renin-angiotensin system;
nd its inhibitors, such as captopril [4, 5] and enalapril [6],
ave been used as antihypertensive drugs.

There are many physiological functions of food ingredients.
he ACE-inhibitory activity of foods has been studied, and it
as found that some ACE-inhibitory peptides are produced by

nzymatic digestion of various food proteins, including casein,

* Corresponding author. Fax: �886-2-2737-3112.

vE-mail address: syunei@tmu.edu.tw (K. Suetsuna).

955-2863/04/$ – see front matter © 2004 Elsevier Inc. All rights reserved.
oi:10.1016/j.jnutbio.2003.11.004
7, 8], zein [9, 10], soybean protein [11], dried-salted fish
12], ovalbumin [13], fish sauce [14], and fish water-soluble
rotein [15]. Additionally, Hata et al. [16] reported that sour
ilk decreased blood pressure in hypertensive subjects.
Wakame containing almost 15% protein has been a very

opular food in the oriental countries [17]. Daily use of food
hat contains some peptides with potent ACE-inhibitory activ-
ty could be effective for maintaining blood pressure at a
ealthy level. Yamori et al. [18] reported that the alginate
water-soluble fiber of wakame) had a hypotensive effect in
pontaneously hypertensive rats (SHRs). In addition, several
tudies suggested that dietary ingestion of wakame decreases
lood pressure in humans [19, 20]. In our previous study, we
solated four ACE-inhibitory tetrapeptides from wakame en-
ymatic hydrolysates. In this study, we isolated 10 dipeptides
rom wakame by hot water extraction and treated SHRs with
he four dipeptides containing the greatest ACE-inhibitory
otential to investigate their hypotensive effects in vivo.

. Materials and methods

.1. Materials

Undaria pinnatifida (wakame) was cultured and har-

ested in Tokushima County, Japan, during January and
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une 1998. After washing with deionized water, wakame
ample was dried and powdered using an ultracentrifugal
ill. The composition of wakame powder was as follows:

arbohydrate 41.5%, protein 36.5%, fat 3.3%, and ash
5.2%. Hippuryl-L-histydyl-L-leucine (HHL) was obtained
rom the Peptide Institute (Osaka, Japan), and angiotensin
–converting enzyme (ACE) from rabbit lung acetone pow-
er was obtained from Sigma (St. Louis, MO).

.2. Purification of dipeptides from wakame

Powdered wakame (60 g) was placed in 2 L of deionized
ater and heated to 93°C for 20 minutes. The hot water

xtract was filtered to remove the residue and centrifuged at
0,000 � g for 20 minutes at 4°C. The supernatant was
ialyzed against 10 L of deionized water in a cellulose
ubular membrane (90 cm, Wako Chemicals, Osaka, Japan)
or 2 days. The outer solution was applied to a Dowex 50W
H� form, Dow Chemical, Midland, MI) column (45 � 450
m) equilibrated with deionized water. The column was
ashed thoroughly with deionized water, and the retained
eptides were then eluted with 500 mL of 2 N NH4OH. The
eptide fraction was concentrated to 40 mL under a vacuum.
ive milliliters of concentrate was applied to a Sephadex
-25 column (2.6 � 140 cm, Pharmacia LKB Biotechnol-
gy, Uppsala, Sweden) equilibrated with phosphate buffer
0.1 mol/L, pH 7.0), and gel-filtered at a flow rate of 30
L/h. Each fraction of 8.6 mL was collected. The peptide

ontent of each fraction was measured by the method of
owry et al. [21] using bovine serum albumin as the stan-
ard. The peptide fractions were concentrated to dryness to
roduce peptide powder.

The peptide powder from wakame was further isolated
nd purified by reverse-phase high-performance liquid chro-
atography (HPLC) with a Develosil ODS-5 column (4.6
250 mm, Nomura Chemical, Japan) using a linear gra-

ient of acetonitrile from 0% to 25% in 0.05% trifluoroace-
ic acid for 180 minutes at a flow rate of 1.0 mL/min; the
lute was monitored at 220 nm. The active fractions were
oncentrated to 0.5 mL using a centrifugal evaporator. The
CE-inhibitory peptides were rechromatographed on a Asa-
ipack CG-320HQ column (7.6 � 300 mm, Showa Denko,
apan) using 25% acetonitrile in ammonium-acetate buffer
50 mmol/L, pH 6.8) at a flow rate of 0.5 mL/min.

.3. ACE inhibitory activity

ACE inhibition was assayed by a modification of the
ethod of Cheung and Cushman [22]. A quantity of 50 �L

f a sample solution and 100 �L of a 2.5 mU ACE (rabbit
ung lyophilized powder, Sigma) solution were added to
00 �L of a 12.5 mmol/L substrate (HHL) solution in 1.0
ol/L NaCl-borate buffer at pH 8.3. After incubation at

7°C for 20 minutes, the reaction was stopped by adding
50 �L of 0.5 N HCl. The liberated hippuric acid was

xtracted with 1.5 mL of ethyl acetate, and the absorbance f
f the extract was determined at 228 nm to evaluate the
CE-inhibitory activity. The inhibition was calculated from

he equation ��Ec � Es�/�Ec � Eb�� � 100, where Es is
he absorbance of the reaction mixture (positive), Ec is the
bsorbance of the buffer (test), and Eb is the absorbance
hen the stop solution was added before the reaction oc-

urred (negative). The inhibitory activity was defined as the
mount needed to inhibit 50% of ACE activity (IC50).

.4. Peptide identification and synthesis

Peptideswerehydrolyzed in6Nhydrochloricacidcontain-
ng 0.1% phenol at 110°C for 24 h, and the hydrolysate was
nalyzed using a PICO-TAGTM amino acid analyzer (Waters,
ilford, MA). Sequence analysis was done by stepwise

dman’s degradation using a 477A gas-phase automatic
equencer (Applied Biosystems, Foster City, CA) coupled
o HPLC, for identification of the resulting PTH-amino acid
ompounds. The molecular mass of each peptide was con-
rmed from its fast atom bombardment mass spectrum
FAB-MS) obtained with a JEOL DX-300 spectrometer (Nip-
on Denshi, Japan). Peptides were synthesized by a solid-
hase method using a 433A automated peptide synthesizer
Applied Biosystems) followed by treatment with hydrogen
uoride to cut off the support resin and to remove all of the
rotecting groups. The synthesized peptides were purified by
PLC on a Capcell Pak SG-120 column (10 � 250 mm,
hiseido, Japan) with a gradient of acetonitrile of from 5% to
5% in 0.05% trifluoroacetic acid for 30 minutes at a flow
ate of 1.5 mL/min.

.5. Animal study

.5.1. Single administration
SHRs were purchased from Saitama Animal Facility

enter (Saitama, Japan) and fed laboratory chow (CE-2,
lea Japan, Tokyo, Japan). After a 2-week adaptation pe-

iod, SHRs with systolic blood pressure (SBP) � 160 mm
g and body weights of 280–320 g were randomly divided

nto four groups. A group of six SHRs was given the synthetic
ipeptide (Tyr-His, Lys-Tyr, Phe-Tyr, and Ile-Tyr; 50 mg/kg
ody weight) dissolved in 0.9% saline via gastric intubation
t 8 AM. SBP, mean blood pressure (MBP), and diastolic
lood pressure (DBP) were measured at the beginning and
t 3-h intervals using a tail-cuff with a UR-5000 pro-
rammed electro-sphygmomamometer (Ueda Co., Tokyo,
apan). The dosage was according to the previous study [17,
3]. At least five readings were recorded, the maximal and
inimal values were discarded, and blood pressure values
ere calculated from the remaining three values.

.5.2. Continuous administration
The source and feeding-type of the experimental animals

ere the same as those in mentioned above in the “Single
dministration” section. SHRs were randomly divided into

our groups (n � 6). In the first week of the experimental
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eriod, SHRs were daily given the synthetic dipeptide (Tyr-
is, Lys-Tyr, Phe-Tyr, and Ile-Tyr; 10 mg/day/kg body
eight) dissolved in 0.9% saline via gastric intubation for 7
ays. The blood pressure was measured weekly during the
tudy period by the tail-cuff method as described above.

tatistical analysis

Results are expressed as the mean 	 SEM. The signifi-
ance of differences of blood pressure before and after
dministration was analyzed using the Student t test. A P
alue of 
 0.05 was taken as the level of statistical signif-
cance.

. Results

.1. Purification and identification of ACE inhibitory
eptides derived from wakame

In this study, ACE-inhibitory peptides were isolated
rom the hot water extract of wakame by dialysis and
on-exchange column chromatography (as described in
Methods and materials” section). The yield of the peptide
owder from 60 g (dry weight) of wakame was 7.2 g. The
eptidic fraction was dissolved in distilled water and ap-
lied to an ODS-5 column. Figure 1 shows a preparative
PLC chromatogram of the fraction. Although approxi-
ately 100 peaks were detected with chromatography, 10

eaks of potent inhibitory peptides were obtained from the
eptidic fraction of wakame (Table 1). The IC50 values of
yr-His, Lys-Tyr, Phe-Tyr, and Ile-Tyr were lower than

hose of the other dipeptides. These four active peptides had
yrosine residues in the structure.

.2. Hypotensive effect of wakame peptides

We confirmed that four dipeptides (Tyr-His, Lys-Tyr,

ig. 1. A chromatogram on a reversed-phase ODS-5 column of the peptidic
raction from the hot water extract of wakame. The peaks marked 1–10
representing the dipeptides Tyr-His, Lys-Trp, Lys-Tyr, Lys-Phe, Phe-Tyr,
al-Trp, Val-Phe, Ile-Tyr, Ile-Trp, and Val-Tyr) were found to have
CE-inhibitory activity.
he-Tyr, and Ile-Tyr) derived from the hot water extract of w
akame produced antihypertensive activity by oral admin-
stration into SHRs.

.2.1. Single administration
Antihypertensive activity of each peptide from the hot

ater extract of wakame was evaluated by measuring
hanges in SBP, MBP, and DBP at 1-hour intervals after
ral administration at a dose of 50 mg/kg of body weight.
fter administration of Tyr-His, Lys-Tyr, Phe-Tyr, and Ile-
yr, SBP was significantly lowered by 50 mm Hg at 3 hours

Fig. 2a), 45 mm Hg at 6 hours (Fig. 2b), 46 mm Hg at 3
ours (Fig. 2c), and 33 mm Hg at 3 hours (Fig. 2d), respec-
ively. The hypotensive effect lasted for another 3–24 hours
Fig. 2). After the administration of Tyr-His, Ile-Tyr, and
he-Tyr, blood pressure showed the lowest value at 3 hours.
esumption of the hypertensive blood pressure occurred

aster for Tyr-His than for the other two dipeptides. The
endency for MBP and DBP versus time was similar to that
or SBP. On the other hand, after the oral administration of
ys-Tyr, the blood pressure showed the lowest value at 6
ours, and the duration of its blood pressure-lowering ac-
ivity was continued for 4 hours.

.2.2. Continuous administration
After 1 week of oral administration of Tyr-His, Lys-Tyr,

he-Tyr, and Ile-Tyr (10 mg/day/kg body weight), SBP was
ignificantly lowered by 34, 26, 34, and 25 mm Hg in week
, respectively. The hypotensive effect lasted for another
–8 weeks (Fig. 3). Additionally, after administration of
ys-Tyr, the lowest MBP and DBP were shown in week 2
y a reduction of 20–22 mm Hg, and this was consistent

able 1
nalytical data and ACE inhibitory activity of the isolated dipeptides by
PLC

etention
ime (min)*

Dipeptide Amino acid ratio† IC50

(�mol/L)‡

27.5 Tyr-His Tyr 1.03, His 0.81 5.1
42.6 Lys-Trp Lys 0.87, Trp 0.99 10.8
48.6 Lys-Tyr Lys 0.79, Tyr 1.08 7.7
57.5 Lys-Phe Lys 0.85, Phe 1.12 28.3
59.9 Phe-Tyr Phe 1.08, Tyr 1.16 3.7
76.6 Val-Trp Val 1.04, Trp 0.92 10.8
81.8 Val-Phe Val 1.02, Phe 1.04 43.7
96.1 Ile-Tyr Ile 1.26, Tyr 0.97 2.7
00.6 Ile-Trp Ile 1.33, Trp 0.94 12.4
04.8 Val-Tyr Val 1.27, Tyr 1.14 11.3

All amino acids had an L-configuration.
* Expressed from the results of HPLC (Fig. 1).
† Each peptide was hydrolyzed with 6 N hydrochloric acid at 110°C for

4 h.
‡ The concentration of peptide needed to inhibit 50% of the ACE

ctivity.
ith results for SBP.
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. Discussion

A previous study showed that the recovery rate of ACE-
nhibitory peptides from wakame hydrolyzed by a protease
as low [17]. Thus, it is important to find a new preparation
rocess to increase the recovery rate. Compared with enzy-
atic hydrolysis, we obtained a greater number of dipep-

ides from wakame by hot water extraction in the present
tudy. Seaweed contains various kinds of polysaccharides,
nd therefore it may be easier to extract nitrogen com-
ounds using hot water or organic solvents.

In this study, four tyrosine-containing peptides were
ound to have ACE-inhibitory activity. There are three ac-
ive sites of ACE: the zinc ion, hydrogen bond, and posi-
ively charged residue binding site. It is thought that the
romatic side chain may be the binding site with the active
ite of ACE. Their special chemical structures may partially
xplain why these inhibitory agents work.

Recently, several studies observed that the peptic digests
f the red alga Porphyra yezoensis [24] and the brown algae

ig. 2. Effect of single administration of the synthetic peptides, Ile-Tyr, Phe
he mean 	 SEM (n � 6). Significantly different from the blood pressure b
dministration (50 mg/kg body weight). Open circles connected by lines re
ean blood pressure (MBP); open squares connected by lines indicate dia
ndaria pinnatifida [17] and Hijikia fusiformis [25] pro- s
uced lowered blood pressure in SHRs. These data sug-
ested that certain peptides might possess potent antihyper-
ensive effects comparable to these of therapeutic drugs.
uetsune and Nakano [17] isolated peptidic fractions from
akame by ion exchange chromatography using an SP
ephadex C-25 (H�) column. The peptidic fraction was
urther chramatographed on a reversed-phase column to
ield four tetrapeptides with ACE-inhibitory properties.
hese peptides were Ala-Ile-Tyr-Lys (IC50 213 �mol/L),
yr-Lys-Tyr-Tyr (64.2 �mol/L), Lys-Phe-Tyr-Gly (90.5
mol/L), and Tyr-Asn-Lys-Leu (21 �mol/L). For the prac-

ical purpose of using food materials as physiological mod-
lators, it is necessary to confirm the antihypertensive effect
f orally administrated peptidic fractions of wakame on
HRs. In this study, we identified the ACE-inhibitory pep-

ides from the wakame hot water extract that are orally
ntihypertensive. Many kinds of short-chain peptides iso-
ated from the hydrolysis of dietary protein, such as tuna
uscle and fermented milk, were found to have powerful
CE-inhibitory activity [26, 27]. An in vitro study also

r-His, and Lys-Tyr on the blood pressure of SHRs.. Vertical bars represent
dministration: *P 
 0.05, **P 
 0.01). Right arrow indicates single dose
systolic blood pressure (SBP); filled triangles connected by lines indicate
lood pressure (DBP).
-Tyr, Ty
efore a
present
howed that peptides from pepsin-digested chlorella and
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pirulina can decrease the conversion of angiotensin I into
ngiotenisin II [28].

Although each ACE-inhibitory activity of dipeptides de-
ived from wakame has different IC50 values, the blood
ressure–lowering effect in SHRs occurred at almost the
ame level, but the period for which the effect lasted dif-
ered. It is suspected that variations in the blood pressure–
owering effect result from different absorption and degra-
ation rates for these dipeptides in the GI tract and plasma,
espectively. ACE-inhibitory peptides should have resis-
ance to gastrointestinal enzymes and can be absorbed in
heir intact active form to lower blood pressure. In this
tudy, SHRs, the primary hypertension animal model, were
reated with four ACE-inhibitory dipeptides, and changes in
lood pressure were determined. With single administra-
ion, the lowest blood pressure was found 3 hours after
reatment with Tyr-His, Phe-Tyr, or Ile-Tyr, and then the
lood pressure gradually recovered. Rats administered Lys-
yr showed the lowest blood pressure after 6 hours, and

hen it also gradually recovered. A consistent result was

ig. 3. Effect of continuous administration of the synthetic peptides, Ile-T
epresent the mean 	 SEM (n � 6). Significantly different from the blood
ral administration period (10 mg/day/kg body weight). Open circles conne
ines indicate mean blood pressure (MBP); open squares connected by lin
ound in the long-term study in that rats fed Tyr-His, Phe- p
yr, or Ile-Tyr showed the lowest blood pressure in the first
eek, and rats fed Lys-Tyr showed the lowest MBP and
BP in the second week, whereas SBP remained low until
eek 9. Lys-Tyr had lower ACE-inhibitory activity com-
ared with the other three dipeptides (Ile-Tyr, Phe-Tyr, and
yr-His) but showed a greater hypotensive effect in vivo.
his suggests that Lys-Tyr may have greater resistance
gainst protease than the other dipeptides, and thus it may
e absorbed in an intact form and showed its physiological
ffect in vivo. On the correlation between the structure and
ctivity of ACE-inhibitory peptides, Cheung et al. [29]
eported that peptides with highly potent inhibitory activity
ave Pro, Phe, or Tyr at the C-terminal and Val or Ile at the
-terminal. In this study, we identified 10 ACE-inhibitory
eptides from the hot water extract of wakame, Undaria
innatifida, that had the same properties. These four active
eptides had tyrosine residues in their structures. In 1970,
erreira et al. [30] found that a low–molecular weight frac-

ion from snake venom (Bothrops jararaca) potentiates the
ctivity of bradykinin, and they named it the bradykinin-

Tyr, Tyr-His, and Lys-Tyr, on the blood pressure of SHRs. Vertical bars
re before administration: * p 
 0.05, ** p 
 0.01). Shaded bars indicate
lines indicate systolic blood pressure (SBP); filled triangles connected by
ate diastolic blood pressure (DBP).
yr, Phe-
pressu

cted by
otentiating factor. It inhibits proteolytic enzymes that in-
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ctivate bradykinin and catalyze the conversion of angio-
ensin I into angiotensin II. ACE inhibitors are important in
ardiovascular therapeutics because they can reduce the
eneration of angiotensin II, a vasoconstrictor that can in-
ibit increases in blood pressure. For example, captopril,
nalapril, and lisinopril are all widely used in clinical prac-
ice today.

The Ministry of Health, Labour, and Welfare of Japan
as identified four kinds of functional foods with hypoten-
ive effects, including casein hydrolysate, sour milk, dried
onito, and sardine hydrolysate. All of them contain special
eptides and may therefore have ACE-inhibitory activity.
e have demonstrated that derivatives of wakame have

ntihypertensive properties in the animal model. Further
tudies are needed to determine the effects of these ACE-
nhibitory peptides on blood pressure in hypertensive pa-
ients.

eferences

[1] Mann J, Oddou P. Ongoing clinical trials in systemic hypertension.
Exp Opin Investig Drugs 2001;10:2031–7.

[2] Franklin SS. Blood pressure and cardiovascular disease: what remains
to be achieved? J Hypertens 2001;19:S3–8.

[3] Rosenthal J. Role of renal and extrarenal renin-angiotensin system in
the mechanism of arterial hypertension and its sequelae. Steroids
1993;58:566–72.

[4] Kato H, Suzuki T. Bradykinin-potentiating peptides from the venom
of Agkistrodon halys blomhoffii, isolation of five bradykinin potenti-
ators B and C. Biochemistry 1971;10:972–80.

[5] Ondetti MA. Design of specific inhibitors of angiotensin-converting
enzyme: new class of orally active antihypertensive agents. Science
1977;196:441–4.

[6] Sawayama T, Itokawa A, Shimada K, et al. Synthesis of 1-[(S)-3-
acetylthio-2-methylpropanoyl]-L-propyl-L-phenylalanine (alacepril)
and one of its active metabolites, the desacetyl derivative (DU-1227).
Chem Pharm Bull 1990;38:1767–71.

[7] Maruyama S, Mitachi H, Awaya J, et al. Angiotensin I-converting
enzyme inhibitory activity of the c-terminal hexapeptide of as1-
casein. Agric Biol Chem 1987;51:2557–61.

[8] Kohmura M, Nio N, Kubo K, et al. Inhibition of angiotensin-con-
verting enzyme by synthetic peptides of human �-casein. Agric Biol
Chem 1989;53:2107–14.

[9] Miyoshi S, Ishikawa I, Kaneko T, et al. Structures and activity of
angiotensin-converting enzyme inhibitors in an �-zein hydrolysate.
Agric Biol Chem 1991;55:1313–8.

10] Yano S, Suzuki K, Funatsu G. Isolation from �-zein of thermolysin
peptides with angiotensin I-converting enzyme inhibitory activity.
Biosci Biotech Biochem 1996;60:661–3.

11] Chen JR, Okada T, Muramoto K, et al. Identification of angiotensin
I-converting enzyme inhibitory peptides derived from the peptic di-
gest of soybean protein. J Food Biochem 2002;6:543–54.
12] Astawan M, Wahyuni M, Yasuhara T, et al. Effects of angiotensin
I-converting enzyme inhibitory substances derived from Indonesian
dried-salted fish on blood pressure of rats. Biosci Biotech Biochem
1995;59:524–9.

13] Fujita H, Sasaki R, Yoshikawa M. Potentiation of the antihyperten-
sive activity of orally administered ovokinin, a vasorelaxing peptide
derived from ovalbumin, by emulsification in egg phosphatidylcho-
line. Biosci Biotech Biochem 1995;59:2344–5.

14] Okamoto A, Matsumoto E, Iwashita A, et al. Angiotensin I-convert-
ing enzyme inhibitory action of fish sauce. Food Sci Technol Int
1995;1:101–6.

15] Wako Y, Abe Y, Handa T, Ishikawa S. Angiotensin I-converting
enzyme inhibitors in fish water soluble protein hydrolyzates prepared
by bioreactor. Food Sci Technol Res 1999;5:378–80.

16] Hata Y, Yamamoto M, Ohni M, et al. A placebo-controlled study of
the effect of sour milk on blood pressure in hypertensive subjects.
Am J Clin Nutr 1996;64:767–71.

17] Suetsuna K, Nakano T. Identification of an antihypertensive peptide
from peptic digest of wakame (Undaria pinnatifida). J Nutr Biochem
2000;11:450–4.

18] Yamori Y, Nara Y, Tsubouchi T, et al. Dietary prevention of stroke
and its mechanisms in stroke-prone spontaneously hypertensive
rats—preventive effect of dietary fibre and palmitoleic acid. J Hyper-
tens 1986;4:449–52.

19] Nakano T, Hidaka H, Uchida J, et al. Hypotensive effects of wakame.
J Jpn Soc Clin Nutr 1998;20:92.

20] Nara Y, Miura A, Moriguchi Y, Yamori Y. Medical treatment of risk
factor-dietary treatment. Jpn Circ J 1998;61:66.

21] Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein measure-
ment with the folin phenol reagent. J Biol Chem 1951;193:265–75.

22] Cheung HS, Cushman DW. Inhibition of homogeneous angiotensin-
converting enzyme of rabbit lung by synthetic venom peptides of
Bothrops jararaca. Biochim Biophys Acta 1973;293:451–63.

23] Suetsuna K. Isolation and characterization of angiotensin I-converting
enzyme inhibitor dipeptides derived from Allium sativum L (garlic). J
Nutr Biochem 1998;9:415–9.

24] Suetsuna K. Purification and identification of angiotensin I-convert-
ing enzyme inhibitors from the red alga Porphyra yezoensis. Mar
Biotechnol 1998;6:163–7.

25] Suetsuna K. Separation and identification of angiotensin I-converting
enzyme inhibitory peptides from peptic digest of Hizikia fusiformis
protein. Nippon Suisan Gakkaishi 1998;64:862–6.

26] Kohama Y, Oka H, Matsumoto S, et al. Biological properties of
angiotensin-converting enzyme inhibitor derived from tuna muscle.
J Pharmacobio-Dynamics 1989;12:566–71.

27] Masuda O, Nakamura Y, Takano T. Antihypertensive peptides are
present in aorta after oral administration of sour milk containing these
peptides to spontaneously hypertensive rats. J Nutr 1996;126:3063–8.

28] Suetsuna K, Chen JR. Identification of antihypertensive peptides from
peptic digests of two microalgae, Chlorella vulgaris and Spirulina
platensis. Mar Biotechnol 2002;3:305–9.

29] Cheung HS, Wang F, Sabo EF, Chushman DW. Binding of peptides
substrates and inhibitors of angiotensin-converting enzyme. J Biol
Chem 1980;255:401–7.

30] Ferreira SH, Bartelt DC, Greene LJ. Isolation of bradykinin-potenti-
ating peptides from Bothrops jararaca venom. Biochemistry 1970;9:
2583–93.


	Antihypertensive effects of Undaria pinnatifida (wakame) peptide on blood pressure in spontaneously hypertensive rats
	Introduction
	Materials and methods
	Materials
	Purification of dipeptides from wakame
	ACE inhibitory activity
	Peptide identification and synthesis
	Animal study
	Single administration
	Continuous administration

	Statistical analysis

	Results
	Purification and identification of ACE inhibitory peptides derived from wakame
	Hypotensive effect of wakame peptides

	Single administration
	Continuous administration
	Discussion
	References


