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Antioxidant and Antihypertension Effects of Enzyme Hydrolysate from

Hippocampus abdominalis

Jun-Geon Je, Hyun-Soo Kim, Hyo-Geun Lee, Jac-Young Oh, Lei Wang, Sum Rho! and You-Jin Jeon*

Department of Marine Life Science, Jeju National University, Jeju 63243, Korea
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Seahorses have long been used as ornamental and medicinal products. The sea horse Hippocampus abdominalis has
a beautiful color and unique shape and is also used for ornamental purposes and as a traditional medicine in China.
This study examined the value of H. abdominalis as a health functional food or food additive. H. abdominalis was
hydrolyzed using seven proteases: flavourzyme, neutrase, alcalase, trypsin, kojizyme, pepsin and protamex. The
yields of all of the enzyme hydrolysates were higher than that of the aqueous extract. Of the enzymatic hydrolysates,
seahorse Protamex hydrolysate (SHP) gave the highest yield and had excellent antioxidant and angiotensin-I convert-
ing enzyme inhibitory activities. It protected Vero cells against oxidative by 2,2-azobis-(2-amidinopropane) dihydro-
chloride (AAPH) and antihypertension in Spontaneously Hypertensive Rats. This study attempted to demonstrate H.
abdominalis as a health functional food or food additive in the future.
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o] Al o] o dhAbbe] ofste] AYE AU ke o &
&(Cytokine 5)2] AA=2. & Qlsto] AL, 0|5 Fdto] A
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SR, WA T2 vIER 53 E3H w7kl A A,
= 507 AMgEo] 2971 Z7)5kaL Qlck(Kang et al., 2017).
F-eluetell= M simH( Hippocampus  histrix), =8 Hip-
pocampus kuda), A+S sJuH Hippocampus mohnkei), 7 3ljuf
(Hippocampus trimaculartus) 5-0] S-3E3[ANF SHE oy
e, A o] = QlsiA] AFH o g A 9] djntE A=t o]
°| $itHHuh etal., 2014). S}A| Rt Bl 2] sfuf= 2| Al 520
A sl o FAoll ekl 27171 A4l ol gty FEE
ZHAIAL Qlof TFE o 2 A ZEA|7F ol AP A o2 77t =
THKo et al., 2015). 7]£2] sfuh= gH4atst, aef, =3}, 3kt
Y 5 B2 A7E = QAN 2| oFAlof AdEgt vl sfjnt
9] A9 mko. of Sy} 3 @ S} Alagumuthu et al., 2016; Kim
etal., 2016). whehA], o] A-toll A= oFA e simte] 2+ &
2 7R E S A o] & 210 & 8HelE protamex 7}
o= Hold 4tsl, Fardsl avks silste] vz
sfute] gt BG5S S StaLAL gt
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5l sk B4 3 Astorh. T R AT Rl A8
435t 4 73 (Protamex, Neutrase, Alcalase, Kojizyme, Fla-
vourzyme, Trypsin, Pepsin)}2 Novozyme Co. (Denmark)o]|
Al 45ttt 1,1-Diphenyl-2-picrylhydrazyl (DPPH), o-(4-
Pyridyl-1-oxide)-N-tert-butylnitrone (4-POBN), 2,2-azobis-
(2-amidinopropane) dihydrochloride (AAPH), 3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), di-
methyl sulfoxide (DMSO)+= sigma-aldrich (St. Louis, MO,
USA)ollA F-elste] ARGkt a8t 242 gelshl
$3F] ACE inhibition potential evaluation kit (Dojindo Inc.,
Japan) & AMgSHE 1 9] J]ek Aok HALG Aok A

dle] sjuks FA0%, 24
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off A 7ES ARgSHe] slinf ARl Ee Al 2stal
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2o A BaTgEellEt Zo] 2447 Hs ¢k =S5kt
Water bathol] A 1025 ¢t 523t A 7FEaiE g%
o} o] % YA1E 2|8} (12,000 rpm, 15 min, 4C) 4}
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DPPH, Alkyl radical 275 &3

DPPH, alkyl radical &7 AAA3-3H(Electron spin
resonance, ESR)S o|-8s}0] 3|t A|2E =43l+= Heo et
al. (2005)2] W2 wigfrt. DPPH radical 4752 Z43}7]
915t} DPPH 60 pLe} A& 60 L= 1:12 E3tsto] 25
ZF HEGAIA capillary tubeol] €74 57833t Alkyl radical
2SS 4357 Yste] 7420 uL, Al& 20 pL, 40 mM
AAPH 20 uL, 40 mM 4-POBN 20 pL2 &3}s}0] 37T water
bathol| A 3057} WH-S-A]A capillary tubeo]l £7 i Al 22
243190t} 7} radical®] 7O E AR thl F5H4E A}
gsteich
Angiotensin—| MetgA (ACE) A& =X

ACE A3 a2 =435}7] $J3] ACE inhibition potential
evaluation kitE AME-3}o] Kim et al. (2018)2] protocol-S o}
gttt Enzyme working solutionS TH=7| ¢J5lo] SH+E kit
2] enzyme Bol| 2 mL $+¢J3}¢] 50|11 enzyme Al enzyme B
£ 1.5 mLof| =Ygt Indicator working solutiong A 257
5lo] S35 212} enzyme C, coenzyme Bottleo] 3 mL#4)
3 =0 indicator solution®]] 27} 2.8 mLA& Yo &3}5
TH=-21 T 96 well plate©]] protocolS whek blankl, 200+ %
FE 20 uL, A RE ZF =R 20 ubA A Psioitt B
wellol] 20 uL2] substrate bufferS # 2|3t 0] 3 blank2E A| 2]
31 wellofl+= enzyme working solution=- 20 pL& A 2]8}% 1L
blank20]l = 254> 20 pL= %) 2]5}$ch. 37 shaking incuba-
torof| Al 6057t WES- & = wellof] 200 pL 2] indicator work-
ing solution A 2]a}o] 420 A 1057 WHS-A]A 450nm]
g0l A 75k
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Vero cells culture

Vero cell:& RPMI 1640 (include 10% FBS, 1% antibiotic)sl
A5 ARE-SFRAL M| 32 vl Disholl wlj sttt Al 4
of wzka] 5% CO,, 37°C 9] incubatoroll A 2-3U7E At vl <F
3o At
A MM Kol & - DCFH-DA assay

2~ A

. =]
well & 5.0 X 10°2. 2 24 well plateo] %] 2]}l 24A] 7k vljoFs}
e}, o] & Aol AR A 2]ste] 302E <k incubatorol 4] 1
S-A171 3 AAPH (stock, 200 mM) ] 2]5}o] 1-3A]7F incuba-
toro]| A ¥H--A| k. ¥hS- S DCFH-DA (stock, 500 pg/mL) =
2| 2|5} 485-530 nmoi| 4] fluorescence® =45t}

=4 5ot A MatEs st £



W) sjnke] ahrsle AT A 129

7} 7hEstoll gt Al 2ol Al o] =4S B 7] $1sl vero
cellS o] 8311 Wang et al. (2018)2] HI'H-S wleba] MTT
assay =S o]-8sto] 273513tk 96 well plate 2} wellof] 1 10°
cells/mLL&z A4Fste] 190 uLA £3510] 5% CO,, 37T 2] in-
cubatorol| A 24 A|7Fs¢t vijoFslQIt) o] S A RS T HE
A2lste] 24 AIZF & MTTE 50 ulLA A 2jste] 3 AJ7¢ vk
% DMSO (dimethylsufoxide)Z o]-&5}o] &3] =<1 & 9lS
APEA|A 12 AJ7E Hk $-0]] 540 nm SF =l A S5k

S2 U A8 B

o] Agof] AFE-% FE-2 SHR (Spontaneously hypertensive
rat, =B LHS F) 2 SYs =A@ LAt itH s =
29185 2017-0017). SHRE Ko et al. (2012)2] WS e
A L5 24+ 17T, ZHAZE 1247 2] 2 Flo] 27227k AR

Sk DAL} SE4E It 0l A3 F A
ol AT AT ol A US| AL 5

H
Asl9S wf) 42%7] ek 160 mmHg oA 24 sto] s
AL H|=T S AR ES Adste] A3

Table 1. Optimum conditions of enzymatic hydrolysates prepared
from Hippocampus abdominalis with eight proteinase

Optimum conditions

Enzymatic digests

pH Temp. (C)
Distilled water 7.0 28
Protamex 6.0 40
Neutrase 6.0 50
Alcalase 8.0 50
Kojizyme 6.0 40
Flavourzyme 7.0 50
Trypsin 8.0 37
Pepsin 2.0 30
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A S SHT ARES 0AITEO. 2 Blof o] & 3AI7E 714
ol A
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j[N

H=
84~ Alo|H(Control), é01
(Positive control) S0} protamex 7}’\
H F=ofsl4d o sfjuf protamex 7HrslE-2 50 mg/kg, 100
mgkgo 3 el ofsto] A4S Hselch Aetel 274
o AuERe] SR AV AL 991 30320, Zepay
x% x}x]oﬂ/e] ;@l# ]7] kel /‘kj_l%l%%_,] 773] /\]xl- x]x%g,] EUH_OF]
2| & EHlslal volume pressure recording sensoro]] 719 &%
P@l F=7] Y AL dlolHIsiinh =57 Y S8
71 (CODA" High Throughput System, U.S.A.)E ©]

ol

i
A

dAe] SARAL 7 ARl diF B+ REHAR
LERN AL, SPSS Version 14 program< ]»9-3}0:] neway
ANOVA-tests AA|8t3ic} &85 7] o4 152 Tur-
key's teste]] 2]al] P<0.01, 0.05, 0.1 4] AA3}ict.
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Table 2. Yields, free radical scavenging activities, and ACE inhibitory effects of proteases hydrolysates of Hippocampus abdominalis

] o Free radical scavenging activity (IC,;, mg/mL)
Sample Yield (%) ACE inhibitory effect (IC,;, mg/mL)
DPPH Alkyl

Flavourzyme 57.67+0.76 0.13£0.00 3.45+0.23 0.32+0.03
Trypsin 57.1740.76 0.11£0.00 2.3540.22 0.33+0.03
Neutrase 65.50+3.04 0.06+0.01 3.04+0.11 0.48+0.02
Protamex 70.67+1.89 0.06+0.00 3.0240.07 0.47+0.03
Kojizyme 39.3310.58 0.1440.01 2.20+0.18 0.40+0.05
Pepsin 55.67+1.04 0.16£0.00 4< 1.29+0.03
Alcalase 67.17£1.15 0.06£0.01 2.6310.13 0.43+0.03
DW 36.0040.87 0.9540.10 1.41£0.01 0.58+0.02

ACE, angiotensin convert enzyme; DPPH,

1,1-Diphenyl-2-picrylhydrazyl; DW, distilled water.
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100t} 12 =3+ o sfivl protamex 7F3ll=(SHP)-
70.67 + 1.89%= F 752 thl A g4 Ve RelE 5 7MY =
2 82 H G tH(Table 2.). th3-9 2= alcalase, neutrase, fla-
vourzyme, pepsin, trypsin, kojizyme <=0 2 £ 582 B
t}. Kim et al. (2016)2] ZAx}o]| w2 alcalase 7|23l &= 4
£ 78.00+ 1.00%, neutrase 7}l 78.33 £2.00%°.2 2
A%} 2 3ol 7} gli= AlR7 SSI ¥ protamex 714-25)
=589 4 67.00+2.00%, DW 7H=E3l= 37.45+0.35%
2 |5t A Bole AlRE AT o] £ ESRE A&st
a1 A AL ARk 2B 2o tiRh A S He Y
OS2 o|F o]gste] Tl TeEeleEe SrEEe] &7
-8 2}els9ith. DPPH /3 2ol T3t IC, = DW 222
0] 1.41+£0.01 mg/mLZ T2 G4 7fpEsEo] vlsle] &
& Holth(Table 2). &0 &=94H SHP= 3.02+0.07
mg/mLE tE 7hpEsiEaEdt Hadls wf AA o w2
IC, & gIst3itt. Alcalase, neutrasei= 77} 2.63 £0.13 mg/
mL,3.04+0.11 mg/mLZ 211 trypsin2.35+0.22 mg/
mL, flavourzyme 3.45+0.23 mg/mL, kojizyme 2.20+0.18
mg/mLE S = e} Pepsin 7HioiES IC,, 277} 4
mg/mLE Tt} =7 4= ¢lt) Alkyl radical 475 IC, | 4=
Table 2¢] 7|3t 3} 2], flavourzyme 7+l IC,
7} 0.32+£0.03 mg/mLE 714 k3L trypsin 0.33+£0.03 mg/
mL, kojizyme 0.40+0.05 mg/mL, alcalase 0.43+0.03 mg/
mL, protamex 0.47 +0.03 mg/mL, neutrase 0.48 =0.02 mg/
mL, pepsin 1.29 +0.03 mg/mL, DW 0.58 +0.02 mg/mL= &+
o1& 31t} Jang et al. (2010)0] A4 ==

o

0|
il

rlo

2w Hippocampus € =
5] 341552 2182 A3} DPPH radical 4:7%5-9] IC, &
87.46 ng/mL 2 21w 111 10| ¥l 2-2] 2] protamex 7
Sl St 242 Hole= AS ER1E 4= l3lth ACE A
dlarts Boks o sfut DW 3% 0.95+0.10 mg/mL IC
Fholl vlsto] A5 AR 7HiellE59] &/ o] Holuth=
AL Btk £ 8-S B9 SHPE 0.06+0.00 mg/
mL, neutrase®} alcalase:= Z+2} 0.06 +0.01 mg/mLZ 13}
it o] & Ao ofsf A2 THEdlEe At e
2 5% WUekS Bt olyg} ACE Asjatol A% 0.1 mg/
mL o4& UERfo] Wkt Kim et al. (2018)0]] w21 &
2] afju} alcalase 781 &-2] alkyl radical 227% % ACE A
s 24L& riet Ax), 7 E49] IC,, 3 0.58+£0.09 mg/
mL, 0.32+0.06 mg/mL& ZR1=|GIth. o] gt Ab= o]
Trol| A vl e] sfuirt gRaksl, gFard Qe =gt &Adol Al
S B, -2l ol Ate} th27 protamex 7l
S22 0|83t alkyl radical 227247 ACE A3 24 =
Ast Ax}, 7 IC,, %% 0.47+0.03 mg/mL, 0.06 +0.00 mg/mL
2 gl it} o)A alcalase A4 7HpEa|Eo] Ankel 22
9] protamex 7}<=E-8llE 2] AIE v} S 1 protamex”}
Segt Ggo] FRIE T el o]t 2HES EY & ]

¢ - olad - QA Y - Lei Wang + =4
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Fig. 1. Cytotoxicity of DW and Protamex extracts of seahorse on
Vero cells. Cell viability was measured by MTT assay. The ex-
periments were conducted triplicate, and the data were expressed
as the meantstandard error (S.E). ¥P<0.05 compare with control
group. MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoli-
um bromide; DW, Distilled water; Pro, Protamex hydrolysate.

93] o} protamex 7}EEEE-S 0] 43 oA o)A H}
=7 %2 SHR 522 DS o83t in vivo Fu Y &2 4

7t

HI3| sHot Protamex 7262 (SHP)2l AAPHO|
oI5t Atg}™ AER|A Xalls1}

Al 7keEsiEsel et A 2442 ojn] W2 A7t
%) o] Qltk(Chung et al., 2006; Ko et al., 2010; Kwon et al.,
2010; Kim et al., 2016). 71 & Kim et al. (2016)2] 3-Lof|A]
< 2Ee efjup fal 7= ©18-3t vero cell W ROS
(Reactive oxygen species) AA) &, A|3Z AEE-S H13Hu}E Q)
th 2 A3 o sl Eell et Al W 93t Ak &
AL Rl 4= Ut o] & vig e & vde] sfu} protamex
Aral et gkt Sl ol Ak 4 AT vero
cell ol g5}e] AAPHS| of3t AHs1 AE a2 A wahS
SRRIs19I}. H|24-0] 2] AHGEI A el W Q) MTT
assayt & Boto] AEAEE 2L o S whet 24519
o}, 8o} DW 7142522} SHP] S48 H7}sto] Fig 10] b
EPiSIc) H2TE ARE Qs g AdEes 8}
Atk 7k Al2.2] 50 pg/mL, 100 pg/mL, 200 pg/mL, 400 pg/
mL FEo) A AlE A2 2447t o] F =4S SIS AL Fig
1o Jep It 7 =2 522 400 pg/mLoj|A] {222
2 (P<0.05) B40] 922 HIBIA T 2 BroAs =
/do] 81Tt Vero cellol A AAPH 10 mMoj| 9|3k S AtAE
(Reactive oxygen species, ROS)2| A4 A &S &ls}7]
o8] ST DW 71456 23} protamex 71418} 58 7
W& 50 pg/mL, 100 pg/mL, 200 pg/mLE 3 2|5}o] Fig, 22
Ut Stk AAPH 10mM2: 7t 5= 2 A 2eklS of st
DW 7hpi s gl A= w04 2 2 ROS A/ o] AA ¥ =
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Fig. 2. Protective effects of D.W and Protamex extracts of seahorse against AAPH-induced oxidative stress in Vero cells. (A) Intracel-
lular ROS level; (B) cell viability. The ROS level was measured by DCF-DA assay and the cell viability was measured by MTT assay.
The experiments were conducted triplicate, and the data were expressed as the mean+S.E. #P<0.01 compare with control group; *P<0.05,
*#P<0.01 compare with AAPH group. DW, distilled water; Pro, Protamex hydrolysate; SHP, Seahorse Protamex hydrolysate; ROS, reactive
oxygen species; DCF-DA, 2°,7°-dichlorofluorescin diacetate; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; AAPH,

2,2-azobis-(2-amidinopropane) dihydrochloride.
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Fig. 3. Change of systolic blood pressure of SHRs after oral ad-
ministration of SHP (Protamex extract of seahorse). The positive
control is Sardine peptide (50mg/kg). Symbols indicate: ®, control,
m, positive control (sardine peptide); A, SHP (50 mg/ml); ¥, SHP
(100 mg/ml); ¥*P<0.1, **P<0.05 compared with control group. SHR,
Spontaneously hypertensive rat; SHP, Seahorse Protamex hydro-
lysate.

< 01593, 200 pg/mLoj| A 521291 2}o](P<0.01)E &
t}. SHP: &juf DW 753 E0] vl ROS A4 A9
AiiHog o £ Arks BoloH, 100 pg/mLet 200 pg/
mLoj A 822 ¢ 2}o](P<0.01)E 2 3t}

AAPHo|| 93t sl HEatE 291517] 9J8] AAPH 10
mME DW 783813 protamex 73l SHPS] 5=

2
%A

50 pg/mL, 100 pg/mL 12137 200 pg/mL} 37 2] 2)s}3lct.
ARE AEslA] Fil Akstd AEH AT REAZ] AL}
FEAIZ|A] S Ao R 27 EFaFsich AAPHRE
A algt Agatol A= AAPHE A |sHA] ¢k AdRch &
9] 0 2 (P<0.01) A|2E AE&o] WA Ukl SHPE] 200 pg/
mLEEo A= 2% 0= 943t AAPH AH38} S a3H5 &
gk = iich 1 Ay} 92l o) d dteh= e uldlz]
o} protamex 7FE-allES ©]-8-31¢] vero cell WollA| =gt

AL o] 9SS BT 2 UL,

2EfM 1 F(Spontaneously hypertensive rat,
SHR)OIMC| stuset & =X

SHPO| a1 &8} /& 545171 9lsiA Ko et al. (2012)9]
protocol & ufgkck. 4% 77 Sk o x2e] Hely maet
23] £ 457) €9k byt 94 R OE SHR
o] sardine peptide & 50 mg/kg o &2 Fois}o] 4=-=7] U2 0,
3,6, 977 e 2 ZA49t Ax 3AI7k| 57| dofo] HolA o
2T 22 Q1 210 (P<0.1)2 BH1H AL 64170 257] &
Qto] 7Hg who] oA -2 3l 2o (P<0.05) 15}k3ic.
SHPE A5=¢l 50 mgkgo = A ejstle ul 6417kl 71
e Foke BRI A ti Ry} Bl wEldS uf AT o
2 & 2polE Btk 100 mg/kg 5 =04 SHPE Folatgls
off oh2 AT TR 2 6417 7 R 57 Y
BT oFA o 23} v WS wiof] 2] 291 2}0](P<0.05

£ RYon R AFO R Holx|l WS AT 4 99
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O, SHP+= 9A|7of| QR ol 210 2 ARS8t sardine peptide
wrh o v #9he Bolch ojof Tl Heja aeh 2o
A Tl A =0] Zdof et B ARV T, L Sl
Chlorella ellipsoidea, Paralichthys olivaceus, royal jelly 5-©]
QI tH(Matsui et al., 2002; Ko et al., 2012; Ko et al., 2016).
2 Aol vue) ks hild B4 o] §ste] 4k
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