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Inhibition Effect of Enzymatic Hydrolysate from Japanese Mud Shrimp
Upogebia major on TNF-0-induced Vascular Inflammation in Human
Umbilical Vein Endothelial Cells (HUVECsS)

So-Yeon Kim, Ji-Eun Yang, Jae-Hee Song', Sang-Hyun Maeng, Ji-Hyun Lee and Na-Young Yoon*

Food Safety and Processing Research Division, National Institute of Fisheries Science, Busan 46083, Korea
'Tidal Flat Research Center, National Institute of Fisheries Science, Gunsan 54014, Korea

Arteriosclerosis is the major cause of coronary artery and cerebrovascular disease, which are leading causes of death.
Pro-inflammatory cytokines induce injury to vascular endothelial cells by increasing cell adhesion molecules, leading
to vascular inflammation, a major risk factor for the development of arteriosclerosis. In the current study, we investi-
gated the inhibitory effect of enzymatic hydrolysate from Japanese mud shrimp Upogebia major on the inflammation
of tumor necrosis factor-a (TNF-a)-stimulated human umbilical vein endothelial cells (HUVECs). We first evalu-
ated the antioxidant and angiotensin I-converting enzyme (ACE) inhibitory activities of eight U. major enzymatic
hydrolysates: alcalase, papain, a-chymotrypsin (a-Chy), trypsin, pepsin, neutrase, protamex and flavourzyme. Of
these, a-Chy exhibited potent antioxidant and ACE inhibitory activities. The a-Chy hydrolysate was fractionated by
two ultrafiltration membranes of 3 and 10 kDa. The a-Chy hydrolysate of U. major and its molecular weight cut-off
fractions resulted in a significant reduction in NO production and a decrease in cell adhesion molecules [vascular cell
adhesion molecule-1 (VCAM-1), intercellular adhesion molecule-1 (ICAM-1) and endothelial-selectin (E-selectin)]
and pro-inflammatory cytokines [interleukin-6 (IL-6), interleukin-8 (IL-8) and monocyte chemoattractant protein-1
(MCP-1)] in TNF-a-stimulated HUVECs. These results suggest that enzymatic hydrolysate from U. major can be
used in the control and prevention of vascular inflammation and arteriosclerosis.
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ik, Uit 7| UelE A Qe Uit A S, S| ol B
of BlAJo} FFA 0] STt HAEAQ} AR Ao E3
she, Zdofuf 27k o] Befi7} 419l 252 vietof S-S 1t
AL kS o] §1 Al £3}0] I7F ROt &2 MR 579
gk W, Seuel, 42, S HlEste] HEY, Bl 5
RAAA E2 A ool A 2802 o] g-5aL §ltH(Hong, 2013).
M-t Al -2 AReoll= 719, 7]1EAL, carotenoids A
259 -8 =45 o sk glem, o5 E4E o,
Jupole] 2, ksl S 5 thdeh Aol Hilko
Qltk(Pan et al., 2000; Rosa and Barracco, 2010; Sindhu and
Sherief, 2011; Oh and Jung, 2015). 121} £:of tj3t 1=
A A gH Tk e EA of) et AE7F 5 o] AL 1AL, 4:9] 4
FoH2 B0l e ol w3t A= HarE o] Q1A ot
2 AolA = & aarkrEeiEe] @A A5 Al avE
H7Vsh7] Ysto], Al @ W 1] A Z£21 human umbilical vein
endothelial cells (HUVECs)o] Z9F#AF212}2] tumor necro-
sis factor-o, (TNF-0)2 HSH--& 519, & A7k
dlEo] dF A AR NO, FHAIE f sk Al 72}
o]z} vascular cell adhesion molecule-1 (VCAM-1), intercel-
lular adhesion molecule-1 (ICAM-1) and endothelial-selectin
(E-selectin)]@} o] =2] Aol wolst= H54 AlE7HI
[interleukin-6 (IL-6), interleukin-8 (IL-8) and monocyte che-
moattractant protein-1 (MCP-1)]of| ] 2| += 3k ol QITh,

ERTETE

M=

2(U. majory: 201691 38l e AHoIA 5 kg )
Astgon], A 5 EAE FAAL] Bt 5 20°Ce
Al Bsto] ARESIATE Alcalase® 2.4L (Alc), papain (Pa),
a-chymotrypsin (a-Chy), trypsin (Try), pepsin (Pep), serine,
o-phthaldialdehyde (OPA)2 Sigma-Aldrich Chemical Co.
(St. Louis, MO, USA)oA G+451%2™, Neutrase (Neu),

AR - oA F - gLk

Protamex (Pro), Flavourzyme (Flay= Novo Co. (Novozyme
Laboratories, Copenhagen, Denmark)olA 3}t 2,
2'-azino-bis [3-ethylbenzothiazoline-6-sulfonicacid] (ABTS"),
potassium persulfate, 2,2-diphenyl-1-picrylhydrazyl (DPPH),
sodium phosphate, potassium ferricyanide [K,Fe(CN) ], trichlo-
roacetic acid (TCA), L-ascorbic acid, hippuryl-L-histidyl-L-
leucine (HHL), sodium borate, angiotensin I-converting enzyme
(ACE), hydrochloric acid, pyridine, benzene sulfonyl chloride
(BSC), captopril, tumor necrosis factor-o. (TNF-o1), Griess re-
agent= Sigma-Aldrich Chemical Co. (St. Louis, MO, USA)f|
A +5k3l. e, iron (IIT) chloride (FeCl,)s= Junsei Chemical
Co. (Tokyo, Japan), cell lysis buffer= Cell signaling technology,
Inc (Danvers, MA, USA), nitrite standard= Promega (Madi-
son, WI, USA)olA] FL43}o] ARE-313tt. human umbilical
vein endothelial cells (HUVECs)Z} Endothelial Growth Me-
dium-2 (EGM™-2 Medium)< Lonza (Walkersville, MD,
USA)ol A 4-91314.2™, penicillin-streptomycin solution-=
Cellgro (Herndon, VA, USA), trypsin ethylenediaminetet-
raacetic acid (Trypsin-EDTA)= Gibco (Grand Island, NY,
USA), Cell Proliferation Reagent water-soluble tetrazolium
salt (WST-1)2 Roche (Mannheim, Germany) 121 ELISA
kit R&D systems, Inc. (Minneapolis, MN, USA)f| A 7]
shof AbgSlgic

2 SATISESY

& EANZE 7+ 10 g 87 A4 (Ale, Pa, a-Chy, Try,
Pep, Neu, Pro, Fla)g A 2|53l 0, G Ay £:0] thulz 3}
& H] 1%E A2t ojnf £o] airbeisiae] 2
a2 SeE2 41.39 /100 go] ATHZE T A A]). 87 BAE ©]
43 £:9] 7[4=13)|+= Table 19]] e 2713104 8AI7F &
¢k Zh=Esliskaint. 7HEel &, a4 EEASE 9l
100°CollA 10827 7kEsk3lt E2/d3HE A&+ 4,450 goll
Al 2087 HAlE et ASdS TR Eesigict A
FAAZ T AFGAIZEA] 220 C ol A HastoiTh

Table 1.The conditions of enzymatic hydrolysis and degree of hydrolysis of the enzymatic hydrolysates of Japanese mud shrimp Upogebia

major

Enzyme Buffer pH Temperature (C) DH" (%)
Alcalase (Alc) 0.1 M Na,HPO,-NaH,PO, 8.0 50 63.82+0.04
a-Chymotrypsin (a-Chy) 0.1 M Na,HPO,-NaH,PO, 8.0 37 67.91£0.02
Flavourzyme (Fla) 0.1 M Na,HPO,-NaH,PO, 7.0 50 67.84+0.03
Neutrase (Neu) 0.1 M Na,HPO,-NaH,PO, 8.0 50 65.76+0.08
Papain (Pa) 0.1 M Na,HPO,-NaH,PO, 6.0 37 65.09+0.05
Pepsin (Pep) 0.1 M Glycine-HCI 2.0 37 67.47+0.06
Protamax (Pro) 0.1 M Na,HPO,-NaH,PO, 8.0 45 67.32+0.09
Trypsin (Try) 0.1 M Na,HPO,-NaH,PO, 8.0 37 63.13+0.04

DH!, degree of hydrolysis. Enzymatic hydrolysates were obtained from 8 hour under the optical conditions.
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7132351 =(Degree of hydrolysis, DH)

2:0] F 4712 B 20| 71458 == Adler-Nissen (1979)4]
£ WHygslo] A3 0, 11 7k o-phthaldialdehyde (OPA)
7} A3t free amino groups #EO.E $Hibsto] e SITh
(Adler-Nissen, 1986).

DH=h/h,, x 100

h -2 protein equivalent I Epeptide bonds&, h= 7}

3| Agrolrt.
CLERE

2:0] 379 A7 R ES 10 mL S50 =91 &, 3
kDa¥} 10 kDa2] ultrafiltration membranes (Amicon Ultra-
filter devices; Millipore, Billerica, MA, USA)S ©]-8-5}4] 920
goll A 2087t HHE4 0 & AR e sto] ExjsE R 7tz 23
5% tH(<3 kDa, 3-10 kDa, >10 kDa). A HE 224 £2
2o 5AAZ ) A8
ABTS' 2iC[z 4 &4

ABTS" 2}t]ZF 47842 Roberta et al. (1999) HFH-S- ¥
3to] 2433t} 7.4 mM ABTS2} 2.6 mM potassium persul-
fate bufferE 212F 1:12] B &2 313t & 40 2] oFho|A 3}
F5 Ut WA AZITE ABTS' 2h]Z g-o] 734 nm T} 4|
0.7-19) FHES 258 FR42 545}0] 10 uLe] AR
3143 ABTS' 2tz 88 190 uLE &3tk & 429 oA
oA 1027 ¥H-3-A1# 734 nmol| A T35 S35k A
)zt 0 & L-ascorbic acidE ARE3}9 a1, ABTS' 2oz A&

7] BAgE ] o] B4 50%E A FE9l IC, (mg/
mL) 2 2 LeRf Qi
DPPH 2ttlz 47 &4

DPPH 2}t]Zk 27 2442 Blois (1958) WS HEslo] =
A5h9ic, vkl 814171 0.2 mM©] DPPH £ 160 uL
A& 40 L& 72F Ba5hT, 37004 3087 B AL
540 nmoj| Al T4 =5 =4t A ZR L O 2 L-ascorbic
acidE AR8-5F31aL, DPPH 2te|z 47 242 efr] o] &4
2 50%% Adfist= FE Q1 IC, (mg/mL)S = e Sich

o

Reducing power &3

Reducing power+= Oyaizu (1986)3'H-2 H&5to] =435S
ch. A& 100 pLeof 0.2 M sodium phosphate buffer (pH 6.6)%}
1% K,Fe(CN)Z 2 100 uL4 282 go] EF3t 7, 50T
of| 4] 2087+ BF-S-A| 71T, ¥HS- 5 10% TCAE 100 uL 3 7}s}
31,2,000 goll A 1027t A= 22}, 424 200 uLef 0.1%
FeCl, 40 uL= ¥H-3-A171 5, 700 nmoj A 3 =5 74 5H3 T
OFA | 20 & L-ascorbic acidE ARE-814 L, 292 2
a9] 50%¢°] =gsk=d agt 5%=¢l EC, (mg/mL)= 1
e},

ACE %X g1t 53

ACE 94| &3}= Li et al. (2005)3H-S #3sto] 24519
c}t. 20 pLe] Al=of 50 uLe] 5 mM HHL, 0.1M sodium borate
buffer (pH 8.3)& 37Cof|A] 587 vh&-A|71It} 1 UACEE 10
ulg ¥ 37 Cof A 3027 9| gt} 1 M HCIS 100 pLef
sodium borate buffer (320 uL), pyridine (600 uL), BSC (200

Table 2. The antioxidant and ACE inhibitory activities of eight enzymatic hydrolysates of Japanese mud shrimp Upogebia major

(mg/mL)

Samples ABTS* (IC_") DPPH (IC,) Reducing power (EC_?) ACE (IC,)
Alcalase (Alc) 0.09+0.00°3 3.23+0.22° 3.10+0.18%¢ 0.07+0.06°
a-Chymotrypsin (a-Chy) 0.09+0.00° 2.87+0.18¢ 1.7740.137 0.08+0.05°
Flavourzyme (Fla) 0.09+0.00° 4.28+0.21° 2.81+0.19° 0.17+0.087
Neutrase (Neu) 0.08+0.00° 5.61+0.697 3.38+0.42° 0.18+0.207
Papain (Pa) 0.13+0.00? 3.560.61° 2.60+0.09° 0.11+0.28°
Pepsin (Pep) 0.18+0.00° 4.72+0.28° 5.93+0.66° 0.17+0.05°
Protamax (Pro) 0.09+0.00° 4.59+0.17° 2.64+0.32° 0.02+0.05¢
Trypsin (Try) 0.12+0.00° 3.68+0.38° 3.62+0.22° 0.11£0.08°

AL-Ascorbic acid (ug/mL) 5.61+0.09¢ 4.46+0.27° 4.71+0.00°

BCaptopril (ng/mL) 0.25+0.05¢°

'IC,,(50% inhibition concentration) values of ABTS" and DPPH radical scavenging, and ACE inhibitory activities were expressed as a mean
£SD. *The reducing power was expressed as an EC, (concentration of the 0.5 absorbance) value. *Mean within the same row with different
superscripts are significantly different by Duncan’s multiple range test (P<0.05). #L-ascorbic acid was used as a positive control of ABTS*
and DPPH radicals scavenging and reducing power. BCaptopril was used as a positive control of ACE inhibitory activity. ABTS", 2, 2’-azino-
bis [3-ethylbenzothiazoline-6-sulfonicacid]; DPPH, 2,2-diphenyl-1-picrylhydrazyl; ACE, angiotensin I-converting enzyme.
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Fig. 1. The cell viability of the a-chymotrypsin hydrolysates of
Japanese mud shrimp Upogebia major and its molecular weight
cut-off fractions in HUVEC. HUVEC, human umbilical vein en-
dothelial cell.

uL)E vhg-Eof k2t H7Fst 537 Tof|A 3027 ol T,
410 nmol| Al FFEE SHsHAUTE. FHHETL = captopril
S AME3FA AL, ACE A E74= ACEQ] 4S8 50%= A
8h= 51291 1C,, (mg/ml)2 b ek,
M|

HUVEC A22+= 2% fetal bovine serum (FBS)2} vascular
endothelial growth factor (VEGF)7} 3%3$}= o] Ql+= Endothe-
lial Growth Medium-2 (EGM™-2 Medium)& A8l 37C,
5% CO, 270l A v eFatairt.
NEZ=M &3

A= O] Al Z54dE 2elst7] 98 HUVEC Al 2zof| A WST-1
S 0|83} cell viabilityS =735ttt 96 well plateo]] HU-
VEC A|EZE 5% 103 cells/wello] B2 BF3 & A G5E =
TR Asto] 40 AR 5 vieFRE &, 7t welld WST-1
|HE 10 uLA A gfste] 2417k 5k HAX1 v, ELISA
reader (US/MQX 200; Bio-Tek Instruments Inc., Winooski,
VT, USA)Z 0] -8-3}0] 450 nmol| A TG == =433 Th
Nitric oxide (NO) M4 2dxls &4

HUVEC A|2EE 6 well plateso] 24A|7F vl Fst & A 25 5
T Ze|slal 24)7F o] TNF-a (20 ng/mL)E #2]3t =
40417t vl eFsliT), viA| S A A kAL, lysis buffer 120 pL 4

cell-& o] B.0.31, 14,000 rpmof| A 1027+ A4 Ee] 5}
ch. A5 100 uL2} Griess reagent 100 LS ¢4l A] 20
7} vk

standard®] 5128 EEIAS oot NO2| skeg 245}

W - o)A - g1
120
. 0.125 mg/mL
# 3 0.25 mg/mL
100 0.5 mg/mL
3 1.0mg/mL
§ 80 .
3
< 60
o
Q
Z 40 |
20 +
Blank  Control aChy <3kDa 3-10kDa >10kDa
Samples

Fig. 2. The inhibition effect of the o-chymotrypsin hydrolysates of
Japanese mud shrimp Upogebia major and its molecular weight
cut-off fractions on the production of nitric oxide (NO) in TNF-ao-
stimulated HUVEC. All data are presented as means+SD of three
independent experiments. "P<0.05 compared with TNF-¢ treat-
ment only. “P<0.01, compared with the TNF-a-nontreated group.
TNF-a, tumor necrosis factor-a; HUVEC, human umbilical vein
endothelial cell.

NZEZIXKCell adhesion molecules, CAMs)

MEF =X
S Fo

HUVEC A|ZE 6 well platesof] 24A|7F v oSt & A2 & &
=& Aestal 2417F 3o TNF-o (20 ng/mL)E A 2|3t &
40417k vl kst Ao B ol ELISA kit (R&D systems,
Inc., Minneapolis, MN, USA)E- ©]-8-5}] VCAM-1, ICAM-
1, E-selectin®] W& =S ELISA reader (US/MQX 200; Bio-
Tek Instruments Inc., Winooski, VT, USA)E ©]-8-5}¢] 450
nmolA] 245},

AO|EFIRI(Cytokines) Mdzf =X

HUVEC AEZE 6 well platesol] 24A]7F vjoFst & A2 E
FEEE skl 247t o] TNF-o (20 ng/mL)E A 2|5t
9}, 012 40417 vjoket T A2l mo} ELISA kit (R&D
systems, Inc., Minneapolis, MN, USA)E o|-&5}o{ IL-6, IL-
8, MCP-12] W&l 28 ELISA reader (US/MQX 200; Bio-Tek
Instruments Inc., Winooski, VT, USA)E ©]-8-3}4] 450 nmo]|
A 24319,
=%

Ak et + #FHAKSD)E UERfl e, A=
SAS 2 7 3(SAS Institute, Cary, NC, USA)& o]-&3}9S
™, Duncan®] multiple-comparison test2} Student t-test= P<
0,050l 4 ATHzre] 3242 ARk
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FAALT %8 Slo] maw Jepdol, 220 Kk
IhEe] A EslE S 245t elekTable 1). %o 1
Eoe=a-Chy 7[E38]E(67.91 +£0.02%)>Fla 7lrEaf=
(67.84+0.03%)>Pep 7HE1E(67.47+0.06%)>Pro 7}
H3=(67.32+0.09%)>Neu 7F2-3l=(65.76 + 0.08%) >Pa

TV E(65.00+0.05%)>Ale 7}4=EH1E(63.82 + 0.04%)

>Try 7} ng(63 13+0.04%)2] 2=0 2 Lrepyie). 8709 &
47N BE F0-Chy 714-Be) 2 0] Fl4Bawr} 14 e
AoE LPEPka}.

SHAlst 2 ACE iR 24

B chAthg i 95 29lof ofsiA AR B
/\é}?_ A0 N|3Eubyl DNA &4}, Thall 23} 2] 2 0] ASHE =3

ki) ALl Al9| AE AEAAIE kel 1 weleks Aot
A7V 5 AIZE] B 7152 ARREo 2K 9%, B

3h ¢F 5 ofe W dghE fgth(Nardin, 2001). AW ol 4]
SHAtE0] S7h= TS Aol A 21§ cytokine,
growth factor 59| #H|E F7H7]aL, @1 =9] 57F,
FAIZ ) 225 AlZED 2 apoptosis S FUwickaL A A 9)
tH(Kunsch and Medford, 1999).
D3RS AlE A ASRE doy|= =8
2 Fuskse] AP BelS AL o] dlste Aol
FRIT), AU B W AFS U S U AR
= 5 7 4 S 2 = angiotensin-I17} §1+&=t], o]+ 34| 1]
’\ﬂi &L A 3Lo]| A superoxide anion2] 63*3 2 o 3lo] A
3t AEYAS Z7HA 7Y, VCAM-1, IL-6, MCP-1 5-9] ¥
e SV A 5SS F=3kct ACE: angiotensin-I2
angiotensin-1[Z &A1 7] 02X LS 42 A|7] 3L, A3 of| A
UEFI 479 505 doA @‘1’}%%’&/\]71@. whe}Ad

ol gt 282 A fi5k= ACE A AAl= 1Y v =3 A E
Ao x| 7of de] ARE-E|aL Qlth(Parish and Miller, 1992;
Paul et al., 2006; Takahashi et al., 2011).

A 930 fako] Tolshs BALF 9 ACES] BHL
oAlsts Sl Belsp] Slstel ] 87 maTleRHE
9] gAksE S (ABTS' W DPPH o]z &7 &4, reducing
power)i} ACE A &A]-& =23} tH(Table 2). % [TV
2= 2 ABTS' &)z A 52 IC, %;EO] 0.08-0.18 mg/mL
§om, o5 5 Alc, o-Chy, Fla, Neu, Pro 7[&3sl 50| A =
£ 248 dehisict. DPPH e £ARYoI A 8712

27t ReE 5 a-Chy 7FE38lE0] IC, 71'0] 2.87+0.18
mg/mLE T2 ES HFoH, Reducmg poweroj A &=
o-Chy 7}=&-sfi=0] EC, %kl 1.77+0.13 mg/mL=E 717 7
o 24S U Sl ACE AR/ ol A= 29 Ale, a-Chy,

i

120
I 0.125 mg/mL
# 3 0.25 mg/mL
100 .. = 0.5 mg/mL
x 1 1.0 mg/mL
_. 8
X
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<
(@)
>
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0
Blank Control a-Chy <3kDa 3-10kDa >10kDa
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# [ 0.25 mg/mL
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* — 1.0 mg/mL
g0 L .k » Lt e w .
< *
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<
o
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I 0.125 mg/mL
[ 0.25 mg/mL
0.5 mg/mL
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£
©
<
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w
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Fig. 3. The inhibition effect of the a-chymotrypsin hydrolysates of
Japanese mud shrimp Upogebia major and its molecular weight
cut-off fractions on the expression of adhesion molecules (VCAM-
1, ICAM-1 and E-selectin) in TNF-o-stimulated HUVEC. All data
are presented as means+SD of three independent experiments.
"P<0.05 compared with TNF-¢ treatment only. “P<0.01, compared
with the TNF-a-nontreated group. VCAM-1, vascular cell adhe-
sion molecule-1; ICAM-1, intercellular adhesion molecule-1; E-
selectin, endothelial-selectin; TNF-o, tumor necrosis factor-o;
HUVEC, human umbilical vein endothelial cell.
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Pro 7M1 S5 9.2 Ltehgict,

o5 s} e £0] §7) H7}EE 3 AT ACE
Aol & TS UER o-Chy 714 Rol B e B
X 4% oA 2L BotstaA sk,

HUVEC AM|=oi thgh =4

HUVEC°ﬂ gt £ o-Chy 7w £8 52 AlZEA
< A5 tHFig. 1). & o-Chy 7FrEelEdt RYES 55
9(0.125-1 mg/mL)& AH2]dt A3, 2 o-Chy 7}=Ea|E
0.125-0.5 mg/mL 2] 5o A& 80% o]Ake] AEL-2 L}EHH
Pon, BIF A BE sEollA AlZzEAdo] YepA] ¢
Qkch.
NO MM x| ot

5 A =2 F shuel NO9J Hh=g A4S &
oA BEAL A A 320l S-S fdeto] HS AT
& #] gltk(Korhonen et al., 2005). TNF-0.2 &5 1l
=3 HUVEC Al 2] A] £:9] o-Chy 7H-oll & 2855
o] A% w7 E&QJINO *3“ oA avE s3I ch(Fig. 2).
% o-Chy 7Feaalleat 222 HUVEC Alzo 4 TNF-a
o] el sj AT NOE Rl oste A0 1}
et
M= 2IXKC
2elof ojxl=
ko] uba] =4 Aol Eul A S Aﬂi‘:‘xl—o]x}_,] uj) 7}
2 B30l £t Bswo] FAAES oA B
ofshis ARk, A9 714, 2453 W27 e
] A Lol A Z2bE]o] BhAislcH(Peter et al., 1997; Koo et al.,
2014). W 7As}o] A8y} AT EHﬁX‘]?_]_ A= ZAA= ,{ﬂ
EZBZRIZHVCAM-1, ICAM-1, E-selectin)@} 54 Ao &
F1QIL-6, IL-8, MCP-1)0] &tei#] §lon, o5 717} %)
Aol Y Qlxt= H i1y vl QIth(Bae et al., 2008).
2 Aol A= TNF-a2 9% W0l 8% HUVEC A2
oA 2:2] o-Chy 7} Ra 23 812 So] Az R atolte] ut
ol n|x|= ke Jg7}o}°ﬂr:}(F1g 3). TNF-a. A 2]of| oJsf
=8 VCAM-12 £ o-Chy 7h2 H & A2 gl wet 5
FOEA O Y TIAs=Zo& L]'E]— , £3],0.25 mg/mL
o] g Aeish o Hi AX“’ | 2448 el et
E3}, 2 g-Chy 7}=2-8]E<] 37]2] 285, <3 kDa £2l&,
3-10kDa £8&, >10kDa E 8552 25 55(0.125-1 mg/
mL)o A VCAM-19] H&& Fo08 07 Az o, 53]
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Fig. 4. The inhibition effect of the a-chymotrypsin hydrolysates of
Japanese mud shrimp Upogebia major and its molecular weight
cut-off fractions on the expression of pro-inflammatory cytokines
(IL-6, IL-8 and MCP-1) in TNF-o-stimulated HUVEC. All data
are presented as means+SD of three independent experiments.
"P<0.05 compared with TNF-¢ treatment only. “P<0.01, compared
with the TNF-a -nontreated group. IL-6, interleukin-6; IL-8, in-
terleukin-8; MCP-1, monocyte chemoattractant protein-1; TNF-g,
tumor necrosis factor-¢; HUVEC, human umbilical vein endothe-
lial cell.
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