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Abstract A randomized double-blind placebo-controlled study was conducted on 63 subjects
to determine the antihypertensive effect of a vegetable drink in which sardine protein
hydrolysates containing a dipeptide, Valyl-Tyrosine (VY), were incorporated. The subjects,
consisting of people with mild hypertension, high-normal blood pressure and normal blood
pressure, were randomly divided into test (male/female=25/6, average age 50.1+10.4 years old)
and control groups (26/6, 49.0+5.0). Each subject in the test group was given 195 g of the
vegetable drink containing 0.5 g of sardine peptides (sardine protein hydrolysates) with 0.4 mg
of VY (test drink) once a day for 13 weeks in a row, and subjects in the control group were given
the same amount of the vegetable drink without sardine peptides (control drink) in the same
manner. In the test group, 40 subjects with mild hypertension or high-normal blood pressure
(130 mmHg<systolic blood pressure (SBP)<160 mmHg and/or 80 mmHg<diastolic blood
pressure (DBP) <100 mmHg) showed a significant decrease in SBP, from 142 .0 +10.3 mmHg at
the start of the test to 134.4+11.1 mmHg during the first week of the test period, after which
similar values were seen throughout the test period (13 weeks). Compared to the control group,
the difference in SBP from baseline was statistically significant in the test group throughout the
intake period. DBP also decreased significantly from 83 .0+7.9 mmHg at baseline to 83.5+8.
6 mmHg after 13 weeks. In the control group, SBP and DBP were 140.84+8.4 mmHg and 90.
546 .6 mmHg respectively at the start of the test, and neither decreased during the test period.
In subjects with normal blood pressure, neither those in the test group nor those in the control
group showed a significant change in SBP and DBP during the test period.
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An excessive ingestion test was performed on 25 subjects with hypertension, mild hyperten-
sion, high-normal blood pressure, and normal blood pressure by giving 585 g (3 times the
recommended amount of intake) of the test drink for 14 days in a row. As a result, a significant
decrease of blood pressure was observed in the hypertension, mild hypertension and high-normal
blood pressure groups, but no excessive decline in blood pressure or any side-effects were
associated with any subjects during the test period. In the groups with normal blood pressure,
the excessive ingestion of the test drink did not affect blood pressure. In these two studies,
physical check-ups and biochemical analyses of blood and urine were also conducted in all
subjects, and no abnormalities were observed. These results suggest that the test drink contain-
ing sardine protein hydrolysates exhibited the antihypertensive effect in only the subjects with
mild hypertension or high-normal blood pressure. No adverse effects were observed in either
hypertensive or normotensive subjects,

Key words: randomized double-blind, placebo-controlled study, Valyl-Tyrosine, sardine pe-

ptides, blood pressure, antihypertensive effect, vegetable drink
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Table 1 Subject profile

13-week double blind placebo-controlled study
Daily intake: 1 pack (195g)

2-week excessive ingestion study
Daily intake: 3 packs (585g)

Mild hypertensive and high-
normal blood pressure group

Normotensive group Excessive

ingestion group®

Test drink®  Control drink®

Test drink®  Control drink®

No. of subjects (Male/Female) 20 (16/4) 20 (17/3) 11 (9/2) 12 (9/3) 25 (23/2)
Age (years) 51.8+9.4 52.0+9.9 47.14+11.9 43.8+11.2 44 9+13.9
Height (cm) 165.1+8.0 169.3+9.0 167.6+9.5 165.3+7.5 169.5+5.7
Weight (kg) 63.7£9.6 65.0+12.4 65.7+14.7 58.1+8.0 64.9+9.0
Body mass index (kg/m?) 23.6+2.8 23.1+3.2 24.1+4.1 21.4+2.5 21.4+4 4
Alcohol consumption (%) 17/20 (85) 14/20 (70) 10/11 (91) 8/12 (67) 23/25 (92)
Smoking habit (%) 9/20 (45) 8/20 (40) 6/11 (55) 7/12 (58) 13/25 (52)
Hypertension family history [+] (%)  8/20 (40) 7/20 (35) 3/11 (27) 3/12 (25) 6/25 (24)
Systolic blood pressure (mmHg) 142 .0+10.3 140.8+8.4 111.4+7.8 113.4+11.2 140.3+5.6
Diastolic blood pressure (mmHg) 88.0+7.9 88.4+6.6 70.6+5.3 71.7+5.6 85.2+6.2
Pulse rate (beats/min) 72.1+16.2 72.7+£11.6 68.0+10.9 69.8+11.3 68.7+7.2

Mean+SD
a) Test drink group n=31:

Normotensive group (n=11): SBP<130 mmHg and DBP<80 mmHg

High-normal blood pressure group (n=6): 130 mmHg<SBP <140 mmHg and/or 80 mmHg<DBP<90 mmHg
Mild hypertensive group (n=14): 140 mmHg<SBP<160 mmHg and/or 90 mmHg<DBP<100mmHg

b) Control drink group n=32:

Normotensive group (n=12): SBP<130 mmHg and DBP <80 mmHg

High-normal blood pressure group (n=6): 130 mmHg<SBP <140 mmHg and/or 80 mmHg<DBP <90 mmHg
Mild hypertensive group (n=14) : 140 mmHg<SBP <160 mmHg and/or 90 mmHg<DBP<100mmHg

¢) Excessive ingestion group n=25: Normotensive group (n=8): SBP<130 mmHg and DBP<80 mmHg
High-normal blood pressure group (n=6): 130 mmHg<SBP <140 mmHg and/or 80 mmHg<DBP <90 mmHg
Mild hypertensive group (n=6): 140 mmHg<SBP <160 mmHg and/or 90 mmHg<DBP<100mmHg
Hypertensive group (n=5): 160 mmHg<SBP <180 mmHg and/or 100 mmHg<DBP<110mmHg
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Fig. 1 Effect on blood pressure of vegetable drink containing sardine peptides
The upper graphs, A and B, depict mild hypertensive and high-normal blood pressure
subjects with 130 mmHg<SBP <160 mmHg and/or 80 mmHg<DBP <100 mmHg. Test
drink group (—@—, n=20); Placebo drink group (---O---, n=20). The lower graphs, C
and D, depict normotensive subjects with SBP <130 mmHg and DBP <80 mmHg. Test
drink group (—@—, n=11); Placebo drink group (---O---, n=12). Data represent the
mean=+SD, *p<0.05, **p<0.01: vs. week 0 (paired t-test); fp<0.05: vs. placebo

(unpaired t-test)
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Table 2 Blood analysis of the subjects who ingested the test drink
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Mild hypertensive and
high-normal blood

Normotensive group

5:{3;:“6 pressure group (n=20) (n=11)
0-week 13-week 0-week 13-week
Hematological findings
White blood cell (/ul) 3900~9800 6173+1871 5518+1520  6635+1394 67051017
Red blood cell (x10*/pl)  427~570 471+41 457 +45** 470440 444+ 40**
Hemoglobin (g/dl) 13.6~17.6 14.9+15 14.3+1.39 14.8+1.5 14 8+1.24
Hematocrit (%) 39.8~51.8 44.74+4.0 43.04+4.07** 42.7+4.3 41.3+3.6**
MCV (f1) 82.7~102 94.9+4.8 94.4+4.6 94.1+3.5 92.9+2.6
MCH (pg) 28~34.6 31.6+2.1 31.3+1.8 31.4+1.0 31.1+0.98
MCHC (%) 31.6~36.6 33.3+1.0 33.4+0.9 33.4+0.9 33.2+0.7
Platelet (x10%/x1) 13.1~36.2 21.4+3.1 21.24+3.5 22.5+6.4 22.0+6.9
Baso (%) 0~3 0.6+0.4 0.7+0.4 0.6+0.3 0.6+0.3
Eosino (%) 0~10 2.5+1.9 2.6+1.3 2.2+1.9 3.0+2.2
Neutro (%) 44~72 57.849.2 57.3+8.2 59.7+10.4 60.3+9.0
Lympho (%) 18~59 33.1+8.1 32.9+8.0 31.7+10.3 30.4+7.1
Mono (%) 0~12 6.1+1.3 6.5+1.7 5.9+1.8 5.8+1.7
Biochemical findings

Total protein (g/dl) 6.5~8.3 6.77+0.31 6.68+0.39 6.81+0.23 6.74+0.36
Albumin (g/dl) 3.8~5.3 4.19+0.27 4.08+0.31* 4.10+0.16 4.024+0.19
Total-bilirubin (mg/dl) 0.2~1.0 0.76+0.26 0.68+0.24 0.584+0.15 0.64+0.16
AST (IU/1) 8~38 21.3+5.4  23.4£5.0* 19.2+4.0 24 1+7.8*
ALT (IU/1) 4~43 23.94+155 26.4+16.5 22.1+10.1 31.3+23.0
ALP (IU/1) 110~354 2154+41.7 213+£45.5 242449 .3 256+96.2
LDH (IU/1) 180~450 309+41.3  306+40.0 282+28.8 293+27.5
y-GTP (1U/1) 16~84 45.1+44.8 55, 7+£45.9** 38.1+33.5 48.5+45.9
LAP (1U/1) 30~70 51.7+10.4 51.4+11.1 46.0+9.5 50.4+17.9
CPK (I1U/1) 38~196 161+117 114 +63* 110+£52 100448
Total-cholesterol (mg/dl) 130~219 198+23 198+30 187+ 34 192442
LDL-cholesterol (mg/dl) 70~139  124.9+26.9 117 5+26.1 116.8+29.3 109.7+29.1
HDL-cholesterol (mg/dl) 40~77 50.9+12.0 50.2+12.2 52.6+10.9 48.5+14.3
Triglyceride (mg/dl) 30~149  120.4+98.0 144.94+142.0 100.5+73.0 143.8+107.3
Uric acid (mg/dl) 3.5~7.7 5.45+1.35 6.03+1.58* 4.94+1.26 5.08+1.05
Blood urea nitrogen (mg/dl) 8~22 13.6+2.6 15.6+2.7* 15.1+4.3 15.4+1 .4
Creatinine (mg/dl) 0.6~1.3 1.00+0.18 0.96+0.19* 0.95+0.19 0.9540.22
Na (mEq/1) 135~150 143.3+1.5 143.4+1.7 142.3+1.8 142.4+1.5
K (mEq/1) 3.5~5.3 3.92+0.37 3.80+0.28 3.88+0.21 3.75+0.20
Cl (mEq/1) 98~110 104.2+2.0 103.4+2.3 103.7+1.7 103.3+1.7
Ca (mEq/1) 4.2~5.7 4.51+0.18 4.4840.16 4.46+0.14 4.404+0.16
Mg (mg/dl) 1.4~2.6 2.20+0.15 2.17+0.14 2.20+0.13 2.224+0.13
Fe (ug/dl) 58~188  100.7+26.6 100.9+32.7 89.4+25.1 97.4+22.1
Blood glucose (mg/dl) 60~110 91.0+9.7 95.0+18.0 88.2+6.2 89.9+15.3
Hemoglobin Alc (%) 4.3~5.8 5.034+0.47 5.06+0.42 4.964+0.29 4.794+0.18
1,5-AG (ug/ml) 15~45 23.1+6.7 22.4+6.2 27.8+7.7 27.5+6.8
Insulin (xU/ml) 3~15 5.54+3.5 12.7+16.9 9.6+11.9 15.94+3.6

Mean+SD

*p<0.05, **p<0.01: vs. 0-Week (paired t-test)
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Table 3 Blood pressure of the subjects who did “excessive ingestion testing”

Subjects (n=25) Blood pressure (BP : mmHg) 0-week 1-week 2-week
Normotensive group Systolic BP 115.3+6.8 113.2+6 .4 112.2+6.6
(n=38) Diastolic BP 71.4+4.1 70.1+5.7 69.1+6.8
High-normal BP group Systolic BP 132.5+2 .4 127.5+7.3 126.2+5.8*
(n=6) Diastolic BP 78.9+6.4 77.6+4.7 76.0+3.5
Mild hypertensive group Systolic BP 153.9+3.8 134.6+7.6* 139.2+6.3*
(n=6) Diastolic BP 93.0+8.0 84.1+8.1* 85.4+8.0*
Hypertensive group Systolic BP 169.2+3.8 161.5+9.2 150.9£8.7*
(n=5) Diastolic BP 104.3+5.4 101.5+6.3 96.3+4.4

Mean=+SD, *p<0.05: vs. 0-week (Wilcoxon signed-ranks test)

Eh S b ABREHERIC X 2 BEIZL&HTERD 5
Nnixpoiz (Table 4)., MEEILFEREIZB W
T, WS OrDEBIZOW TEBIHIBREELEE
BAH SN, TNTEEEHHENTOLH TH
D, BRLEEL 2T o7z, EfiC
X 2B OBER, BEEROVITHIC LR ER
Hoohzholz, UEOKERL Y, RFHEBRE
X, EREBHENEES L CEMEEDIE 2B F
SRDZDOIETH 3 L3z, BELRIMEET
EER b 22 <, —FRAIGEREIBIRET> T EE
MBI RAED I W Z L SRR & Tz,

% =

R IMFERE X MDY < M S e iR, Mxzes
PLARED B WIFBRER L EOAIHELT &
TRERE %S, GE2TFHLNE2EET 5 2
ENSBETETEREL S, EWEERICELT
1%, T, ACEFHEE® 2 COBEENHRE S
h, BELELBAWSRTWSEE, s DREESK
BEIMEREZEOIME D > b o — )V RERSE I E
NIZBHERMS BRg—F, 222 R £ L BHAE
EER CORWERRRED s Twa, — RNk

FEEEEIZEIERYa Y 7947 v A% E Qual-
ity of Life DECHIERH 2D BHEETH 2. &
o3, MERLVEETH  »PoBAEINTWVS S
TYFURZBOTNHY) FaT T —EoE &
D RH L7z ACE [HEEE DO E R T T R 9192028
BT MLEIC XD EREPED BRED, %%ﬁﬁ
HEEH 2 { BT E %, B DEIWERFRED
nig WIEREER SRS — 7/«7%%%%%L
7o, RPN, FERHOBEH E2X—R L
LB A OB WERRERETHY, 1K
195g Y7209 —F > _FF K 0.5g (BRIERS

VY £LT0.4mg) BEEEINTEY, 1H1IAK
DR TH & R BRI S iz,

P—F v _RFF R X BMEETFERICOWT
FBEIZ % & D BRBRER A8 1013~1918~2024~28) 3 3, 7,
28, “EEREC X 3 RIFEREBRSIREINT
WL Z LS, REABRECEIORRIMERHE I,

HEENEE 2 SCBERMIESE 2R E LT,
ZEEMREIC L 2 13 AREGERGRER R E L

160 SBP
150] | wx oa

’8 X ** *k *x >

T \

Ew L] T ]
130

e

2 120t

P *

5 110} * *

B DBP

S 100} —

m I** *x * * *k il "k
] R D R S |
T
70F

012 4 6 8 10 13

Week

Fig. 2 Blood pressure of the mild hyper-
tensive subjects and the high-nor-
mal blood pressure subjects in the
test drink group
Mild hypertensive subjects (---@
---, n=14); High-normal blood
pressure subjects (—@—, n=6).
Data represent the mean+SD,
*p<0.05, **p<0.01: vs. week 0
(paired-test)
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Table 4 Blood analysis of the subjects who did “excessive ingestion testing”

Normotensive group

High-normal blood

Mild hypertensive

Hypertensive group

Reference (n=298) pressure group (n==6) group (n=6) (n=5)
values
Before After Before After Before After Before After
Hematological findings
‘White blood cell (/gl) 3900~9800 660241432 6131+1277 5482+1319  4820+827 6175+2486  6298+2459 5950+1418 554441526
Red blood cell (x104/ul)  427~570 511+18 498 +24* 489+41 467+34* 483+46 479+52 478+37 486+35
Hemoglobin (g/dl) 13.6~17.6 15.7+0.5 15.24+0.6* 15.4+1.2 14.7+0.9 14.5+1.3 14.3+1.26 14.9%1.1 15.0+0.83
Hematocrit (%) 39.8~51.8 46.4+1.2 45 0+£1.48* 46.0+3.6 44 74258 44.5+2.8 43,942 93 44.6+3.1 45.1+2.75
MCV (fl) 82.7~101.6 90.8+3.0 90.5+3.6 94.3+3.3 958+4.4 928496  92.3+9.3 93.4+2.3 92.8+1.9
MCH (pg) 28~34.6 30.6+0.9 30.5+1.0 31.5+0.9 31.6+1.36 30.3+3.9 30.2+3.9 31.1+1.1 31.0+1.24
MCHC (%) 31.6~36.6 33.8+0.6 33.8+0.3  33.5+0.7 33.0£0.5* 325+1.1 32.7£1.1 33.3+£0.5 33.3£1.0
Platelet (xX10%/xl) 13.1~36.2 21.6+3.0 22.5+4.3 22.6+5.1 23.1£5.0 244471 24.0+6.6 24.1+4.9 23.8+4.9
Baso (%) 0~3 0.1£0.3 0.7+£0.3 0.6+0.4 0.6+0.5 0.9+0.4 0.9+0.5 0.7+0.2 0.8+0.2
Eosino (%) 0~10 2.6+1.2 3.3+1.4* 2.5+1.9 2.5+1.4 3.7+1.4 3.4+1.4 2.5+1.3 2.6+1.4
Neutro (%) 44~72 60.8+7.5 61.0+4.9 56.6+9.2 60.5+4.7 50.8+8.5 551+7.2 53.3+9.0 55.1+11.6
Lympho (%) 18~59 29.2+8.6 29.0+5.9  34.3+5.9 30.3+4.7 37.9+6.2 34.3+6.3 37.0+10.6 33.7+13.6
Mono (%) 0~12 6.6+1.0 6.1+1.1 6.0+2.2 6.1+0.4 6.8+2.1 6.3+1.6 6.6+1.9 7.8+2.8
Biochemical findings
Tota protein (g/dl) 6.5~8.3 7.13+0.32 6.85+0.33** 7.28+0.44 6.75+0.44* 7.13+0.34 7.03+0.29 7.30%£0.23 7.24+0.38
Albumin (g/dl) 3.8~5.3 4.434+0.19 4.184+0.24* 4.52+0.34 4.12+0.28* 4.37+0.19 4.28+0.15 4.54+0.15 4.46+0.15
Total-bilirubin (mg/dl)  0.2~1 0.754+0.42 0.71+0.25 0.87+0.21 0.65+0.16* 0.68+0.21 0.65+0.19 0.94+0.28 0.784+0.30
AST (IU/1) 8~38 17.4+3.3 22.1+£8.6 19.8+7.1 18.3+4.6 22.5+4.2 22.3+5.2 24.8+£5.7  26.4+6.5
ALT (IU/D) 4~43 17.5+6.8 23.1+16.3 20.8+20.5 27.2+23.5 21.5+8.9 21.5+8.7 25.44+9.0 29.6+12.1
ALP (IU/1) 110~354 214+26.9 213+34.1 199+59.9 194+52.8  207+46.2  204+46.5 2441776  249+85.0
LDH (IU/1) 180~450 288+29.4 281+27.9 284+48.3 291+69.7  328+68.4  322+53.3  335+46.1 343+49.8
v-GTP (IU/1) 16~84 20.0+5.8  23.0+8.4 26.2+12.1 25.3+12.1 38.0+14.0 37.3+13.2 84.4+47.3 91.6+48.7
LAP (IU/]) 30~70 48 3+2.1 45.9+4.5 49,7435 46.0+2.4* 49.7+4.9  49.0+4.3 67.0+23.0 66.0+22.0
CPK (IU/]) 38~196 99+23 131455 111+10 151+122 152+118 158 +141 185+151 179+158
Total-cholesterol (mg/dl) ~ 130~219 155+37 156 +31 179+30 172+36 217433 213427 224+45 222+39
LDL-cholesterol (mg/dl) 70~139  99.0+35.0 97.3+30.8 110.8+27.4 102.5+35.2 127.7+28.8 126.0+23.4 131.8+43.0 132.8+34.8
HDL-cholesterol (mg/dl) 40~77 50.4+7.9 47.6+6.4  57.7+15.4 56.0+12.5 65.7+16.2 59.5+11.4 75.8+14.9 68.4+14 0%
Triglyceride (mg/dl) 30~149 70.1+21.3 70.6+26.2 77.2+28.3 79.2+32.1 121.7%55.2 116.5+62.4 100.8+21.4 101.6+46.1
Uric acid (mg/dl) 3.5~7.7 5.68+1.06 580+1.30 6.37+1.35 6.15+1.48 553+1.03 5.73+1.26 5.92+1.70 6.98+2.11*
Blood urea nitrogen (mg/dl) 8~22 12.3+3.1 12.0+5.1 11.5+4 .4 13.2+3.8 18.6+4.9 17.6+4.3 13.3+3.4 13.9+2.2
Creatinine (mg/dl) 0.6~1.3 1.01+0.20 1.00+0.22 0.98+0.15 1.07+0.15* 1.15+0.20 1.12+0.19 1.08+0.27 1.06+0.22
Na (mEq/1) 135~150 144.3+1.4 142.0+1.1* 142.0+1.3 142.2+1.8 141.8+15 142.8+2 0 142.2+1.5 142.2+0.4
K (mEq/1) 3.5~5.3 3.93+0.37 3.84+0.26 3.88+0.51 3.95+0.21 4.18+0.40 4.20+0.56 4.10+0.50 4.24+0.35
Cl (mEq/1) 98~110 104.1+1.5 104.1+1.6** 101.3+1.9 103.7+2.4* 102.0+2.4 103.2+3.1 102.0£1.9 102.2+1.9
Ca (mEq/1) 4.2~57 4.70+0.11 4.48+0.09 4.75+0.23 4.50+0.2* 4.43+0.19 4.53+0.25 4.60+0.07 4.64+0.18
Mg (mg/dl) 1.4~2.6 2.14+0.12 2.13+0.13 2.17+0.12 2.12+0.15 2.37+0.19 2.28+0.08 2.22+0.19 2.22+0.15
Fe (ug/dl) 58~188 104.4+58.9 103.6+30.9 128.2+255 95.5+34.6 89.8+49.4 82.0+40.1 135.2+20.9 128.6+47.6
Blood glucose (mg/dl) 60~110 84.1+£6.6 85.0+6.8 93.3+15.8 90.8+10.7 94.8+14.9 95.2+16.6 94.0+18.2 96.6+22.9
Hemoglobin Alc (%) 4.3~58 4.54+0.32 4.48+0.35 5.03+£0.55 4.95+0.51 5.07+0.38 5.08+0.32 5.04+0.80 5.12+0.78
Mean+SD

*p<0.05, **p<0.01: vs. Before (Wilcoxon signed-ranks test)
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