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JUIRIGVE R SFIF RS RS BT, [ T 524088; 2. AR WIIWEERE, T4 R 518120; 3. 1l
KRN EYR B A R A A, (N4 B 264211)

WE: BT BT RSN ESERRRARRERR S, I ELBEIR R R T B AR 69 U )
TR, A CBIL AR B BEI7 ) F M 69 F ik AT E M a8 35, AR AARAEEA . Sephadex
LH-20 # /%A%« 5 208 A8 €352 4 bk, 135 LA 4R 5 LB BsBadp Rl 7E a9 205 H 40, KA MTT
BB RGNS AT NIRRT e (BV-2 fmlie) A Kt Bk, AR LPS S mind s m
fe KGEAEA, 441 KA Griess i& = ELISA &4 M L af LPS #5549 BV-2 @@/ ¥ NO #= IL-6 /K-F 89 %5 7m0
YREYN: BLBMERSAFENGE. BFTHR, 2ERHN S oG8R L F ALK LR
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C4-2-E EREH 025 g/L B3t TELAZARE B 093751 4 91.04%; B 5B R & IS0 2 — 84
RETCE AT BV-2 @R R R F I HIAER, A% 2 E 69474 LPS 4569 BV-2 @I0PT = 4 6%
NO A= IL-6 #9450k, ¥k A BEARR ARG SR T BA — AP E K Ao 5 RAER, BIKE

WY R AT M T s —F AT

KEIF: BS BB B,
PB4 ES: TS254.1
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2y 780 T3, JEFREE 0P Fk, FHRARE A RGE
TR RIRE MY C A TEJEE . s —RINET £
TR AB-TE MR IRZDRAB LT 24 19 2 I L KBk 2 S %of
AR A FIVEFHAEAIR, fL58HY BG4 48 2 2R
AR Wi FBEAERIDLE], 22 Dt 0 R G s w4 i)
RGBT SN B Y 54, W R0 it
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2 (Sea cucumber, Holothurian)J@ i) sh¥)i]
(Echinodermata)i % 24X (Holothuroidea) 4= 4 . i L ifg
ZREFEE, 2RAAES 1100 &F, LhTgH
40 AR S A LK R TR N R A 1 b
Bhh, Ak, BEE AR, S
FEARAa A (B 2 3 56 110 BB I S 2 A B
mEAwRS 20, RIFEN ., BiIE. SR,
TR M2 IR 2 AR s e R, e —2
FRAF 2 UE A L B e g U2 P ) Pt
PrEC ™, mmte . prEim . Bk s gk
JEUVEA B2 P ME, o 550 AD HHSCH AR YT
PEALFEPUAACTE P . £ Tk AR08 il 00 151 35 1 R
ZRAETH RS, O — e OGRS, ) R 2 45 0
TR S i 7 W) b o B A o AR RS T, X
DPPH H Hi 3L A9 15 B 1k 56.3%(1 g/L); Lin Z:21% B
VK& H 2 (Cucumaria frondosa) Wi 22 Ik il S 3803%
/IS BRI 2, P AV A it 735 1 B 1K Song 26 1P°BR
Griess i, WAl NO BB AT RT-PCR LIHfE 1L-6
1 TNF-a 7 LPS Hl3# 89 RAW 264.7 B W41 9
1L-4 mRNA £ikKF, FRER, RSB EA
PUAMARAE BTG . U] UL, SRR h S
HATF BT AD AHSTE W) i B — 2 T 1Tk,
P HIF R BT 10 AD BB T RerE & st s 22592
NG SR EE T R R B 510 .

R YE /N G314 Jo B A TG % i ik e o 3% o
SRIMAZ A A 1k, NP2 A ) 6 M 0 AH DG i 9% = 4k
AEIRIE Y, 6 A O 2015 2 8 v 1 43 4 i) 2 1
JIFL P il B % it A 28 9 0E R G o AR 3 T I
RE fe 2 B UE AN P 28 ARRE B, 32 B2 AT X 1 2 il i
Wh R BRIy 7y, B R EA R4 WA
9 P A0 T e Y 2H 53, [ 0T S AR e
17 TP RIE AR TE, R BiIR B AR A 1 T 25 )
5B RO a0 i I ST SR ALK

1 ABRENE
1.1 A5 A
111 APk bk

WS MR IR, LR 28 NI PR Rk 4 AR W I 0y
AR AL, BV-2 i ik, g B B P4 % .
1.1.2 &7

LAk 2. Bea A CHBR( A cetylthiocholine iodide, ATCI)
5, 5"- —mi At —AEFE S H iR (Dithiobisnitrobenzoic acid,
DTNB). Z [ AH5sHE B4 (Acetylcholinesterase, AChE) .

'M@Ammw

A= L3/ F 45 EH (BSA); Silica gel 60 F254(Merck 23 );
K & /E, 24605 =98%, (L% wmdbaBRAR;
TEARRE S Gl S AL T, I AHEE S HURE ODS-AQ
(HAS YMC #fa 24t #ElIE A Sephadex LH-20(%
+ GE-Healthcare Bio-sciences 72\ f)); 1% 7% &
(DMEM). 0.25% Trypsin-EDTA J§ . 5 £ B (lipo-
polysaccharide, LPS). ®ifRh%% i (Gibco A H)).
Ji& 2F 1fiL 35 (Fetal bovine serum, [ XU AE YR A
FRA D), % % -85 % R 5 O (Penicillin-Strep-
tomycin Solution, HyClone A F]); MTT(#H = 4 YFH
HARAF), —FAEIH & (Promega A H]); IL-6
ELISA XK & GERHE N AW H AR A BRA ), HALRT
FHI T Kbt 38 g = o A 2l )
1.2 RBEE

IKA RVI10 BEf478 &L (5 E KA #H); Biote-
kEpoch2 4= I 1< A br AW (3 [ B (25 47 FR A |]); HP
Plus 50D 4= [ 2 i & il £ YR €335 43 (T 90 R AR
HABRH); Aglient 1260 11 5 808 A (35X -t —
WA BRI K 28 (DAD, £ E Aglient 23 7)); CKX41-
A32 PH {31 & B (AR Tl AT BR2N ]); Eppendorf
5804R/5810R = #¥2 R 25 L AL (12 [E] EPPENDORF 23
F]); SW-CJ-2FD #i# TAE & (L RS0l A R A
Al); IC1000 20 i 3 HE AL A TRE A= M RHECA BR 2
F]); MCO-175 CO, ¥ 3346 (H A =V LR &4t);
SHA-82A HIRIR & (7 MAEREAL 28 A FRA A

Agilent 28 C18 43#71#E, ALK Poroshell 120
EC-C18, #i#% 4.6 mmx 250 mm, FURPRIAE 4.0 pm.

2 ERFE
2.1 EBRBEBRGHE
2.1.1 BSEER

1 kg BRBS U, VIR ABGARRE, A
HPERR I AT UG . R PR 2R 1l O 4 IR
ZEBIRKHN 02%. 0.125%F1 0.1%), KR 1 :
1.5, BEARIRIE N 52°C, BEAEITEIN 4 h,
2.1.2 EEMEWT MR

W 1 LR 50°C LA I8 Hedn 25/ IMAFS, 4
BENREE, T AR UR TR R A ST 5%,
2.2 EREERRRRS O EBEBIES
2.2.1 MBS EEHBLSTHR

W5 0 2 WA 3% 2T M A3 AT O 3k s A T R
R, IR AR 2, AR 1~3R 3.
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Tab.1 Main ingredient analysis results of sea cucumber enzymatic hydrolysate

SrHrIi H A 45 2R A LSRIIDIRES
5y <0.5 g/100 g GB/T 5009.8-2008/45 i
) Tix 1.3 % GB 5009.4-2010
HLIE i <0.5 g/100 g GB/T 5009.6-2003/4 — i
HEH FI(N%6.25) 2.51 2/100 g GB 5009.5-2010/4%—
oy 38.1 mg/100 g GB/T 5009.91-2003
A 402 mg/100 g GB/T 5009.91-2003
55 31.4 mg/100 g FAAS(GB/T 5009.90-2003)
B 62.5 mg/100 g GB/T 5009.90-2003
BE 1.4 mg/kg GBI/T 5009.14-2003/55—1%
B 0.23 mg/100 g GB/T 5009.90-2003
B <0.1 mg/100 g GB/T 5009.90-2003
% <0.1 mg/kg GB 5009.123-2014
i 0.079 mg/kg GB 5009.15-2014
it <0.1 mg/kg GB 5009.12-2010/%5 —¥%
fif 0.48 mg/kg GB 5009.11-2014/55—% 5 1k
fif 0.145 mg/kg GB 5009.93-2010/5 — ¥

R 2 BSEREEDMIEIHERER (%)

Tab. 2 Fatty acid composition in sea cucumber enzymatic hydrolysate

34T H 0 25 R Ve iipuyE| K0 25 S
TER(C14: 0) 2.9 VKR (C18: 3) 5.5
TE—IHIR(C14: 1) 1.5 1E4ETR(C20: 0) 2.3
T FHAERR(C15: 0) 0.27 16— 2 (C20: 0) 7.1
T bR — MR (C15: 1) 0.37 A6 ZIRTR(C20: 2) 1.4
FEMAFR(C16: 0) 16.3 A6 = IR (C20: 3) 1.1
FEt— IR (Cl16: 1) 11.1 ARA(C20: 4) 6.7
+-E5ERR(C17: 0) 1.8 FFER(C22: 1) 25
+-E— R (C17: 1) 0.65 EPA(C20: 5) 6.3
T IEMR(C18: 0) 5.3 Z TR ER(C22: 4) 2.0

IAR(C18: 1) 17.0 T PR — MR (C24: 1) 0.60

WAHFR(C18: 2) 5.2 DHA(C22: 6) 2.0

KB GB/T 17377-2008

R3 BSEMBATHEEEEAR(g/100g)

Tab.3 Amino acid composition in sea cucumber enzymatic hydrolysate

Sy Hra H ORI S Sy M E i 2% 51

KA IR ASP 0.24 S5t Z R ILE 0.093
IRE MR THR 0.13 SR LEU 0.13
25 R® SER 0.11 fit &M TYR 0.065
A& GLU 0.36 RN % PHE 0.082
H & GLY 0.28 H AR HIS 0.045
W ALA 0.15 iR LYS 0.11
B R VAL 0.11 A ARG 0.17
EHEMR MET 0.044 i #& PRO 0.17

VI KRR LR 1Y BRI 2.3

H: A OE ¥ GB/T 5009.124-2003
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2.2.2 BESHRRNEER TS
S FE2 143 (amino acid score, AAS) W BRI HE FH JF 1L
#3143 (chemical score), 1%F8bRIETH AN &

‘m@mARnaf

(18 0 70 28 B TR VT 43 5 R 77 (0 BAR B U e 2 % 2
H AT LS00 o AR SCS MUBAR N Y 2 2R R
SR, RS W TR O B R R A TP 4

A AR TSR 5E SR 5 IR 1 i (mg)

HILRES) =

23 BLBMRRGRIRYE
23.1 BSMRIERRR

K Tk 2 Tl A0 DRV VR T3 (617.4 ) IRUCHE AR A A
ANEIRHIES K. S Pk, LRl WEE, K
TR LE 10 1 IR 24 h, BAERIK 3 K,

HUAEBEA IS % i 0 PR T RS ) AR R (mg)

TFUC 30 min, FATECH -, 497 3 UuB, HIje
R AR A T 1, FeRs AR, AREE, 733 1A
ISP, HhiEC k. Rk, LR OFRMIEE
Yo T4 T RIS TR 3 B9 23, YRR A LR P 5 K
RS BT 4 CRREIRAE .

SRR T4

l l

oo

IECBEt AP LB AR KA
I
a
ol Lo
HS-1 HS-2 HS-3  HS-4 HS-5 HS-6 HS-7 HS-8 HS-9
I

A A A R

HS-4-5 HS-4-6 HS-4-9 HS-4-10 HS-4-12

HS-4-16 HS-4-19 HS-4-20 HS-4-22

o

HS-4-24 HS-4-26 HS-4-28 HS-4-31

e

HS-4-12-13 HS-4-12-15

oo

NJ-2 NJ-3

|

!

oy

C-2 C-3 C-4 C-5

o b

oo

C4-2-H

C4-1 C4-2 C4-3 C4-4 C4-5 C4-6 C4-7 C4-8 C4-9
| |
g
v ! ! ! !
C4-2-A C4-2-B C4-2-C C4-2-E C4-2-F2 C4-2-F6 C4-2-F9 C4-2-G
P R B IR o) B
Fig. 1 Sea cucumber enzymatic hydrolysate extract separation process

Heoar WEMEEEEE, BB IEARER 100~200 H), KD . 1%HF B, 2%HF B, 4%HEE . 8% EE ., 15%HEE . 30%H EE, 50%

SHN

Lo D BBREVERR; o IEARH A (BBSAE, BORL: IEAREER 200~300 H), HKHIA7imAE © PAR=50 : 1,

Al RS BE VR A b WA B, OB IEAHEERE 200~300 H), KK A MHEE @ LR LER=50 1,

10:1.8:1,5:1, 2:

30:1,20:1, 101, 5:1,

201,10 L BREEVRIRG; d: BEMCHE (BEIAL, JEOB} Sephadex LH-20), FHS{ © WEE=1 : 3 SFBEVEIN; oo FOMIRERCAL (ISR, H0KE: C18),
FE : k=20 @ 1 ZEREPR i, £ ROMIAE AR (BB A, BORL: C18), FHINER @ FIEE : k=3 : 1 1 ZEfEPeiil; g OMIMOM I 4 OR S A, 3
#}: SinoChrom ODS-AP, HUEPKIAZ 15 pm, #A%: 20.0 mm=x250 mmyK KT 45% . 60%. 70%. 100% . -7K A6 B e it
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232 HRYKSBELL

FR A AL 2 e 25 S e AR Wi I F P AR,
WSHIRYIEC KM, AP, LRI
BTG IF (IR R BRI PR 53, TLF) o AR UGHE i
WA A | W R IE AR LA )2 HT . Sephadex LH-20
BERCHE 2T, C18 [ AHRERCHEJZMT . il & %! HPLC
FHIE B PEAR RZE oy B lifh . @t 44145 TLC
M2 AMERAE | T A 8 2 (5 15 2 Tt Lk i 410 ) 2
Wi e A B BT ERE, KBRS, AR
L4l 5y, e bt teib &4, S HbRTE e &
YInaB ER oy B, 15 B BA BT £ Tk R B8R w0 ) 0
PEARE 404173

2.4 REBYE LBLRBESBEWH A B ENR

a2%
SCH 3 7 5 A S 5 2 AT Oy i,

2.5 H AR @4 HPLC 4547

YR A0 2 0 P G 3 F T VR B R 1 /L R
VWL, AL 10 uL, VRS R 0~5 min, 60%~
100%1) F f-7K ; 15~20 min, 100%4[i Ff fi%; 20~25 min,
100%~60% [ H BE-7K . i 1 mL/min, DAD il #%
S5 R K N 190~500 nm, WEIIE K 254 nm K
210 nm,
2.6 B AT @A 1Cs 184 M

UL A 5 1 2 BRAR S0 8 2 iy iR P
277 BAEIEEMESI R EFERAR
2.7.1  MTT BEA I 40 3% 4

SR MTT A5 I vEE 2 B ff W TLF X BV-2 4 fifg
(R, 2% Wang 507k, dePRAL T X8
AR BV-2 20 A i B S 40 R, A A 2
H5.04x10* A~/mL, #HEFF 96 fLAR, MALIARBD
100 uL, #5357 24 hJ5, Tt — kG55, BALIHH
TR IR 100 pL, MRIGLIEFHME, B H
XFRRAL | BRI AL AL, B S AL, B H
A 50 pL DMEM, EARIZHA S 0.5%DMSO 1Y
DMEM i #£ 3 50 uL, S50 40 I A 4% v B B
50 pL. & CO, B MM E 24 h Js, fEBAFLTm
A 20 pL B9 MTT(5 /L), dRELASEFRFaEE S+
4h 5, SFREBEFREN ERS . AL A
100~150 pL DMSO ¥, % 10 min, {7k 245
MR TSRS, TEJK 490 nm FE OD {H, %M

'm@mARm1E

T AT E AR R AR,
AR R/N
MMAFTEER % =1~

2.7.2 Griess /M NO

K H Griess ¥4 TLF X LPS #5514 BV-2 4
Jig H NO B F5 f2: o 7F BV-2 4H i 3135 % B K, K
HA O BN MR, PR A 1.14%10° /mL,
YIS AT 96 FLAR, FEFL 100 pL, FRgifd K 20
BESS, T —RIGFRW, BEALINAE 5 IR (O &
IM3)100 pL, ARHESZHAE B0, B2 R IR
BERVATFISC 4, BALs i & 5 A AT, Hha
X B L A R4 A LA A 50 uL DMEM, SZERZHm
A TR B BIRE 4% 50 uLl. K5 96 FLARUICE T45 3%
P aksERE 3R 24 h I, RS PO IR FL i A
50 uL DMEM, #5254 41 Fl S 56 28 W) 43 S A 50 uL (1)
LPS(1 pg/mL), FHHAIM 17 h 5, Wi L3
W, e IR —F A AT G UL 5 HAE, ZEUEK 540 nm
FIE OD {H, FRAEARHEITZESR H NO Ay
2.7.3 ELISA ¥4 1L-6

K ELISA ¥4 TLF X} LPS %55 BV-2 4
FfLH IL-6 B7K - 76 BV-2 435K %0 54 K, 4%
HAHCh AN B, T HA RN 1.23x10° 4>/mL,
Y514 R0 T 96 FLAL, 4FFL 100 pL, FEgifAd & 20k
BEFS, W — G, BALIMAH B IR (A&
ML3E)100 uLo SCEG43 R 28 FAXTIEZL . DMSO 4 (W B
9 0.5%) . LPS ZH(1 pg/mL)FISZ52H (I AKE 5 Hy2¢
WREMKIX ly 80, 120, 160, 200 pg/mL), HE2H 43 )%
B S AT, AR LPS ARALINA 50 pL
DMEM, DMSO 41Jil A% 0.5% DMSO {J DMEM £
FRHE 50 pL, SCERAUIN AR EE IRE S SO pL., BT
R Ak 3E 24 h 5, AN BH A
50 uLDMEM, DMSO #H . LPS ZH FISZE 20 43 50 A
1 pg/mL LPS 50 pL, 5 FAIEA0M 19 hJ5, dEn
Mg 35 W, 2 000 r/min 5.0 20 min. FEANAE TR BRI
R GV A TEAE, 7R 450 nm T illE OD A,
THE YN IS IL-6 /9% &
2.7.4 GEitEESET

S A R B bR E 22 xks Row, WA

SPSS17.0 BRAFHEAT 04 b B UL K 4, Ko 45 2 8
PEAT RN R 7 220 HTF1 LSD #6565, LA P<0.05 A4
WENZER, BAGIH R L.

OD%* [ 4 — OD=L 5 2.
ODZFHA
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3 &R

30 EABBARAMMHEERAEIRRS S
AR BRIT S

3.1.1 BSEERRES A

163 2 B U5 A P 45 A s (& 1~36 3), &
NS R TR 24.3%(UN S 31.4. Bk 0.23 .
BE 1.4, Bl 0.145 mg/kg), ML 1.48%, MR 5
2.4% (o ammg 5 e 5.2%, WHRAR 5.2%, ARA
6.2%, EPA 5.4%, DHA 1.9%), & s & 55.2%
(2P TG F R, AP TE S i i BR
IR -HE R 2.33% ., SRR 2.01%).

x4 BEHEMRRIERITIH

.m@mARMIE

MF 2 W S EHE R DS A KA AR
2, 2011 4E, Lou Z255% H GC-MS it 5 1A il il
FRIEAT o0, KA C20: 4, T & HA MGEICIZ
JURUR 3 . VR RS R RS A2 T eV Y SRR
WS BRI S KER(6.7%)C20: 4, R HATRE
HABENMEEPER, B rTRECh C20: 4 1)
HERE AR
3.1.2 WBSEHHRREAERTS

2 BN T T B LR (W bR, X6 2 il A
45 N5 F LR IEATIESY, M 4T LIE L i
it T HP ) T R R T A ST T 1
.

Tab.4 Amino acid score of sea cucumber enzymatic hydrolysate

BN e 25 1 o P e o R R

TE S A WA 1 R o TR 5

AL RIEMRIT >
/(mg/g) /(mg/g)

SRR 13 40.4 311
SHER 19 56.5 297
iR 16 47.8 298

TR 2 R+ R 17 63.9 375
IRER 9 56.5 627
AR 13 47.8 367

A BRIy

297

32 REME TLC. {LF R &R LB

BeBadr ) E M A 2%

R PRI S AR M T e SR B 10 AR T SR A
i, ARSCR IR IR B BUC A PRy, %
AT T Z LRSS RS PRI A TS PRI BT .

WIECbEAE . AT B . LR ZBERRLER Y,
FH43 38 (49 R T 76 TLC W22 Fib R IF (8 2). A

ik = &

ik = &

JEIFERRE, IECiM . S W EH . LR g
SEWCY) = ARG 2 5 B 2, ELl i T A - R
AT LUE I = A B 2y, BRRA
T A T A0 0 1, BCKs — AR B IE O
g ¥4 41 43 (total liposoluble fraction, TLF).

— YA, R T Sk i 2 o3 T 3 Y R
FHIAE TLC )22 L RIF, R ANEZ ALY
H W85 AChE #61E PR (B 3). BT

E = Z
K2 JREVELAL S A B il B ax L
Fig. 2 Comparison of the bioautography and chemical coloration of the liposoluble fractions
e OIE: IECkE; o TEWEE 4 LRATE; A 254 nm ERAMNEME; B: 365 nm G EIMG; C: i FEEHLER fLar 6 D: £ W E A R A
QiR E TR
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A_

HS-12 3 456 738 10 12 13 14 15 16 17

HS-12 3 456 738 10 12 13 14 15 16 17

HS-12 3 456 738 10

12 13 14 15 16 17

3 R ARG B2 43 i v 2 R A IR B i v A R s R
Fig. 3 Thin layer chromatograms and bioautographies of
medium elution fractions

TE: Ar 254 nm EAMNEME; B: 365 nm B GIRIME; C: Z Tk B B R it
S A Y

HS-1~HS-3 J&BE 4 73 A PR /0N, B =SV A
VEE T Sk 410 M PE AL /N, TLC JR TR SR AN Hi AR
HS-4~HS-8 #84A AChE #liili&H:, HS-10~HS-17 1Y
AChE #1115 PEAR B & H A s v

83k IEAHRE A | B AE I G 4l Ak At (RS A 4l
g3, ARSI A WO AT RO A5, A A LA A3
C4-2~C4-2-6 £ I FH il 2% 753 Y AP SR AR e g £ A
K, VKRR N CHE- KB EVERL, 15200 9
Ao BEAT W2 EATRAE OIS T H B, A5 RR,
C4-4-E. C4-4-F6. C4-4-F9 F7 #1015k Ji lt 417
TG PE o A 4 38 )21k B 6 KOG PR 2 SR mTAL, 4H gy
C4-4-F6 fidl sy C4-4-F9 HA MM 5y, H L BEIRmK
i I A0 1) 378 M B 7 AR ), AT DA 7 2 ] g
E e Sl 43 3 O B e 41 7 03 11| B s =V & |
o[ S 2 ol BERZ Y-8
3.3 AmLnt) HPLC 544 RA ki

BB B 3 ) 7 M
3.3.1 X448 HPLC 4iE N

HIEl 5 A, 414 C4-2-E A —A ik, (55
BFTE] R 10.694 min, % FWEIETAIAR & L 85.3%. 4157
C4-2-F6 FIERIREARTE] R 14.703 min, WAL

qﬁ@AﬁMlE

AlBIC DF
aWa ! W, Wa h

E F6 F9 E F6 F9 E F6 F9 E F6 F9

Kl 4 C18 ST AR & A: e M 2H 43 1t v )2 2 47 1 S T vk Y
2
Fig. 4 Thin layer chromatograms and bioautography of

elution fractions from C18 reversed-phase prepara-
tive column

e A: 254 nm EAMEMR; B: 365 nm FOGEME; C: HIFER R
2 D: LTk IR GG e 1 0 o A A R

29.3%; C4-2-F9 &AL B i [A] & 14.716 min, W4 TH]
S 30.7%; 2H74) C4-2-F6 5204y C4-2-F9 WiZH 4y
%) E WA B8 B IR A 32T, %o BB 4143 C4-2-F6 7EIR B3
BFfE] R 14.703 min 14855 FILL 73 C4-2-F9 FER
BRI 14.716 min AYEESMGTE, PIE 225 LIEAR
HL, HABTED K 280 nm FA AWM, el wE
Al REsE Rl — RN Y5
3.3.2 96 FLAR M E S BY) B vk fi 4 5 Bk
JIEL R i A4 9
El 6 WR: FERSHRIET, —A-Hirdlsrh, C4-2-E
XoF Tk AR G P 410 ) R ek, ZEVREE R 0.25 g/L B,
k2K 91.04%, 1l C4-2-F6 Fl C4-2-F9 & A
Tk MLk g ity 400 0 0% MR B 55, C4-2-F6 7R I Rk
0.5 g/L I}, il H N 28%.

3.4 HBRERIRREIS AN TANE KT R
34.1 BSEHERSIEHASXT BV-2 HfiHE
HEAEH

H & 7 A UL, TLF 78 75~150 g/mL 36 BN, %
YA T EIE R, (BR300 g/mL, 23X 4ifEA
A 30 00 R L 200 4 00 A K i e, i R
TE TR B VR BE 2o i, e rhoxk 40 A 35 W o ) vk B
(880 DL T 5 2 40 i i A . B E IR R 4L 4
TSR 100, 525 FH41AH L, DMSO( A 0.05%)
75~150 pg/mL IR A 253 B 41 50 VE ] BV-2 4iiif1 24 h,
oA M 22 R R Ge 24 L (P>0.05), % BT
WA EEYEME R . T 300 pg/mL A9 TLF A4 B & (40
HI4E I (P<0.05), i8] 300 pg/mL 1) TLF 753X 525
FR B N B AR, PR R 3 A R v R L
PR R B R AT — 2B A

Marine Sciences / Vol. 43, No. 7 /2019 47



Bt

mAU
C4-2-E
175
150
125
100
75
50 -
25
2.5

5.0 7.5

mAU
250

200
150
100

50

C4-2-F6

25
C4-2-F9

5.0 7.5 10.0

mAU

80
60
40
20

2.5
K 5

5.0 7.5 10.0

' H@ART/CLE

10.694

12.5

/\254 nm
\
12.5 15.0 17.5 20.0 22.5 min
S \
[l |
=
280 nm
12.5 15.0 17.5 20.0 22.5 min
= $
=
=
280 nm
15.0 17.5 20.0 22.5 min

= EARKS A2 4> 1 HPLC &8 & F2 0% UV &%

Fig. 5 HPLC chromatogram and UV map of three targeted fine components

= C4-2-F
® C4-2-F6
C4-2-F9

0.016

0.031 0.063 0.125

W /(g/L)
K 6 C4-2-E. F6. F9 Z04F AChE il

0.25 0.5

Fig. 6 Inhibition rates of samples C4-2-E. F6. F9 to AChE
1.0+
= T
£ 0.8+ e T o
§ *
T 0.6+
X
R 04-
s
0.0_ T T T T
TLF/(ug/mL) — - 75 150 300
DMSO - + + + +
K7 SRR SR XE BV-2 41 2 4 50

Fig. 7 Effect of mixed solvent soluble fraction on the activity
of BV-2 cells

T 5E A4, "P<0.05
48

3.4.2 BSEHEBREBIEEEHSX LPS S BV-2
AR NO &8 K IL-6 K FFEk KM

16— HOHe B YU Bl Y, TLF REAZ W] 5B A 3| LPS
P BV-2 453 NO, B HEAA MBS (K 8a). 5
S HAM L, BV-2 484 1 pg/mL LPS 4b¥E 17 h )5
NO 43ub K-8 TH R, ASRIFH & (" P<0.001), wiHd
LPS il 38 /1N s J53 240 Jt ey # JEOTR 25 7 £k ol 1 AR 3,
SIS, RAE A AL A . AFVRIE TLF b3 BV-2
A 24 h, wTH S AGHME LPS HIE BV-2 4R
NO, BA G it X (" P<0.001), Mt k#E TLF g
11— 4T oA I

TE—E BT BN, TLF 40k LPS 55 BV-2
b TL-6 AYERIK, SHVRYT R 7 IE At T SR
I (K 8b)., 525 AL, LPS %S BV-2 41/fi P 1L-6 43
W, BA S22 577 P<0.001), 1M7E S LPS
HAHLE, 80, 120 pg/mL AY TLE H-3A#0H LPS Hilik
BV-2 4iifirf IL-6 (36 1k, RNEA BEMEER(P>0.05),
160,200 pg/mL [ TLF AL T LPS 45 BV-2
M IL-6 K, BAT G4 (' P<0.01),

4 TH
ATFTER IR 2, A 78 T 5 S B F
HE 5 R A 100/ T T M A P B R, X8 2 W

WEEERLF /2019 4F /58 43 % /55 7



Bt

WO FEAT 30T, G50 Wos Hos A Z2 P N 2R J00E
FeW i, o N 2 L R A 5 RO TR
B H BT o o B3 IR 18003 U DHA 25X 47
R H A BCEEA . B REPIHE & DHA 1
RIS AD /NRIE 5 A, FUI N AR 7K R I

0.20 1
a
Hokk
Ak
< 0.15 — i
=
S
o H#it
1 ]
<\E§ 0.10 i
) fididi
Z
0.05- H
000 '. T T T T T
TLF/(ng/mL) — - - 80 120 160 200
LPS/(ug/mL) — + + + + + +
DMSO - - + + + + +

' H@ART/CLE

60%, FJ REIE ot Uel A S Ak A M A0 TR, DR SRAE
IS5 K S AN R RN 105 7R L I W i o Y IE LB, 4
R IR A A0 M SRR 1, I L Mk 200 R A R,
WA T AR RN DR, R R B . S
R 005 AT & BT AR JRR A RS PR o

5_

b
sk [
a4
5
3 wh
R 2
2
= #HH#
1_ I
O = T T T
TLF/(ug/mL) — - 80 120 160 200
LPS/(ug/mL) — + + + + +
DMSO _ + + + + +

K8 BUIRE PRI LPS 55 BV-2 4 L NO 5 & (a)F1 IL-6(b) 73 A 1 51
Fig. 8 Effect of the mixed solvent soluble fraction on the content of NO and secretion of IL-6 in the culture supernatants of

BV-2 cells induced by LPS

W A EHAM L, 7 P<0.01, 7T P<0.001; 5B L, #P<0.01, #*P<0.001

AHBRAE IR L I S50 AD B2 1y B 4 5 [
B RN PN i 22 - 2 B IR AR (ACh) B2k, BR &
Tt AL i i it 00 7 77 40 ) AChE FO36 %, ZEZE ACh /K
fif B R, 4R v 2 Mk [E] B ACh [ 7K, DTG & 4% %)
AD BRAITERR, (EBLRY B i & W2 2 5 %
TS5 A 1) £ Tk LB P g B 0% it ol 28 8 E O I o
AR SCR I P B 515 00 O 1k X v 2 il A T AT
PEWAY B, 38 i A5 G4 43 1) £ Tk IRk s Tk 10 <61
T, DN 20 B8 s EL AT R4 2 Tt I i 1 410 o) 3%
OEZER e

1994 4E, Whitehouse %51 %% Bl SAMPS /)N R (3
1CZ 0, TS HME NN IE(SCG) W & E T iX
e/ N R P2 A28, I, SCG 7E AD H BA e
M BCEAE T, I ELAMEE S IS 5 A AT B8 T 7E 52 e
P B AR R, 2016 4, Song ZEPMNINA T i 2 ik
(SCP)TEJR ZHE(LPS)HI 4 RAW264.7 B F I 41 i
PP RAER, 4598, SCP @il NF-«xB Fl
MAPK #EbIFEE R4 5SS HO-1 Rk kR
PLARINE; 2018 4, Olivera ZE VL B, Sk B Ju R0
B T2 Isostichopus badionotus W) B (EAKR
PRI SR K BB TE M, BT th S E R 5
AR R =R, MEl A4S TNFo, iNOS, COX2,
NF«B 5§, IL-6 75 N B2 2 R 323k, I il am bt
REAFTE IR MY FRIE o A CHE— 20 %1 1 2 i A W 42

HUW) 00 S BBV P 4 4 HEAT T LR IE PRI 2, R
NI BV2, P NO Al 1L-6 ik ARy
SoR, H ST DA B SCHERE H i R B 4R L, 45
FW, TLF gt I BAMH LPS 155 BV-2 4l /31 NO,
HEEMH BV-2 40 1L-6 ik, £HHND TR
WA BB EN S RAEEY, 5T LR
FR A1 T PR TRE 2 R, X T 2 A 2 W I R 1 el 1012
YER R — A EHE AN TS BEAF5E R il 2 1P AR
SRR DG M 25 W R R B AL T B . HZ,
TS I [R]RD SR A BRI, ELAA Y R B A 1
PO 22 5 AE S5 P IR D BRORE 1) )3 53 38 T ZE IR A
IR

5 i

T 2 Tl P W BB TG A2 LA N H S 0 0 1Y) 2
P T R e, ELEA B4 (4 2 T A Bk 75 e 97 71 755
FPTA 28 9 W6 M, 8 40 1 2 7 A e 1% 0 12
AT SELSE ACh /K fif AR B2, 4t 28 i [R] Bt ACh 7K P,
M RAERT AD BIRITAER, il LPS %
BV-2 41343 NO Al BV-2 i IL-6 35k,
AT S B # AR AP E . AR R A S &
AP R A DG T T A AR A 2 b TR, I N T R
S VR BT BT A1 R A G TR R 2 ) K T g e
i B T A AR A3 T — 5 I BB AR

Marine Sciences / Vol. 43, No. 7 /2019 49



Bt

& 3CHk:

(1]

50

AT, 2255 /0N LA B 5 R 2R R T B 1 A DG F
FE[0]. EIREE:, 2016, 45(5): 701-704.

Ke Li, Yan Yong. Correlation between cerebral small
vessel disease and Alzheimer’s disease[J]. Chongqing
Medicine, 2016, 45(5): 701-704.

SRR, RIEH, EPL, . BTIR G BRI K HL
KGR P R R[], R R EE 2y, 2017, 12(5):
1200-1203.

Zhang Linlin, Song Wanshan, Wang Kai, et al. Progress
in mechanism of pathogenesis and medical treatment of
Alzheimer’s disease[J]. World Chinese Medicine, 2017,
12(5): 1200-1203.

PR, M, #haRE, S B RUT T R AR
P A 6L B I B 5 1 BF S A ). A ZE 4 B e Ak

2018, 35(1): 49-52.

Li Zhihui, Xiang Wei, Han Jiaqi, et al. Research pro-
gress of sensory stimulation therapy on sleep disorders
in elderly patients with dementia[J]. Nursing Journal of
Chinese People’s Liberation Army, 2018, 35(1): 49-52.

2. HE T AR SRR A 245 3R T BT R IR TR
WEE Rt R[], rhE R T BE A5 A Ak AR, 2011, 31(12):
1714-1720.

Li Na. Advances in research on treatment of Alzhei-
mer’s disease based on “AP cascade hypothesis”[J].
Chinese Journal of Integrated Traditional and Western
Medicine, 2011, 31(12): 1714-1720.

A A NLAF S/ B B 42T microRNA %
KGRI M BIE[D]. A E: WHEERIRY:, 2012.
Niu Jingya. Alterations and validation of microRNA
expressine profile induced by oxidarive stress in mouse
hippocampal neurons[D]. Shijiazhuang: Hebei Medical
University, 2012.

BIER, A2, MY, 4. TBKI1 #Y O-GleNAc i
Pk LPS 755 19 BV-2 /N B4R A 5 P A B B[]

FIE R AR (BE AR, 2017, 4: 311-314.

Shan Yanfeng, Guo Yingying, Tao Tao, et al. O-GIcNAc
modification of TBK1 increases LPS-induced inflam-
matory mediator release from BV-2 microglia[J]. Journal
of Nantong University (Medical Sciences) 2017(4):
311-314.

M. B Z KB ALEIE 7(TRPM7) 16 AB25-35 5
SR B 2T IC I D RE 10 F B v B A T B AT 28 L
HIAFFE[D]. A AL LRIERL R, 2013.

Lin Zhen. Effects of transient receptor potential cha-
nnel 7 (TRPM7) on the learning and memory deficits
induced by amyloid beta-peptide(25-35) in rats and its
preliminary mechanism research[D]. Hefei: Anhui
Medical University, 2013.

JEdli. B R AT PPARy-IDE {5 5l o A fQHY
o K AR FEMERL IR E FTRYBFSE (D). fhsE: Tk

[10]

[11]

[12]

[13]

[14]

[17]

) H@ART/CLE

K2, 2014,

Zuo Ru. The research of berberine affect on metabolism
and cytotoxicity based PPARy-IDE signaling pathway[D].
Baoding: Hebei University, 2014.

JEE, EH N, BRI, 5F. WS R A K R 7
][I, fAkETolk, 2007, 28(22): 22-23.

Tang Li, Wang Jigiao, Cheng Junchi, et al. Sea cucumber
feed use and development direction[J]. Feed Industry,
2007, 28(22): 22-23.

B WS P NS—K TS MR R
By S RE A B 5E 5 0T A (0], R R TR 25, 2001,
20(4): 37-44.

Fan Huizeng. Sea cucumber: sea ginseng: the research

and development on medical and health function of sea
cucumber and its components[J]. Chinese Journal of
Marine Drugs, 2001, 20(4): 37-44.

TR . SRR A T R R I A AL
FEIBTFE[D]. 75 HEIEE RS, 2013,

Xu Leilei. Study on hypoglycemic effect and mechanism
of sea cucumber phospholipid eicosapentaenoic acid[D].
Qingdao: Ocean University of China, 2013.

BT, EHR, BEE, & 3 MBS0 EEEMER S M
B2 IR T VE A AR SE (D). P EDK = RE#, 2008,
15(1): 154-159.

Zhao Qin, Wang Jingfeng, Xue Yong, et al. Compara-
tive study on the bioactive components and immune
function of three species of sea cucumber[J]. Journal of
Fishery Sciences of China, 2008, 15(1): 154-159.

Hu S, Wang J, Wang J, et al. Long-chain bases from sea
cucumber inhibits renal fibrosis and apoptosis in type 2
diabetic mice[J]. Journal of Functional Foods, 2018, 40:
760-768.

Wijesinghe W A J P, Jeon Y J, Ramasamy P, et al.
Anticancer activity and mediation of apoptosis in hu-
man HL-60 leukaemia cells by edible sea cucumber
(Holothuria edulis) extract[J]. Food Chemistry, 2013,
139(1-4): 326-331.

Farjami B, Nematollahi M, Moradi Y, et al. Derivation
of extracts from Persian Gulf sea cucumber (Holothuria
leucospilota) and assessment of its antifungal effect[J].
Iranian Journal of Fisheries Sciences, 2014, 13(4): 785-
795.

Yaacob H, Shahimi M M, Kim K H. Evaluation of
antinoceptive activity of the water soluble extract of
sea cucumber [Malaysia][J]. Malaysian Applied Biology,
2013, 24(1): 23-28

FoEEE, BT, M, F. SN RN
T AL ) BIF 5 (9], o B 24 5 il R A% AR, 2002,
21(12): 718-721.

Wang Xuefeng, Li Zhiguang, Chu Haiyan, et al. Study
on antithrombotic mechanism of glycosaminoglycan

TEPERLFA /2019 4F /5 43 45/ 45 7 1)



[18]

[21]

[22]

[23

—

[24]

Bt

extracted from sea cucumber[J]. Chinese Journal of
New Drugs and Clinical Remedies, 2002, 21(12): 718-
721.

Liu X, Sun Z, Zhang M, et al. Antioxidant and antihy-
perlipidemic activities of polysaccharides from sea cu-
cumber Apostichopus japonicus[J]. Carbohydrate Poly-
mers, 2012, 90(4): 1664-1670.

Whitehouse M W, Fairlie D P. Anti-Inflammatory activity
of a Holothurian (sea cucumber) food supplement in
rats[J]. Inflammopharmacology, 1994, 2(4): 411-417.
XIREE, REEWM, HFHM, F GSHHET YD E
FARS A IR OF T (0], & 5 R BT,
2007, 33(9): 50-53.

Liu Chenghui, Zhu Beiwei, Dong Xiuping, et al. Study
on the separation and antioxidant activity of enzymatic
hydrolysates from sea cucumber[J]. Food and Fermen-
tation Industries, 2007, 33(9): 50-53.

Lin L, Yang K, Zheng L, et al. Anti-aging effect of sea
cucumber (Cucumaria frondosa) hydrolysate on fruit
flies and D-galactose-induced aging mice[J]. Journal of
Functional Foods, 2018, (47): 11-18.

Song M, Park D K, Cho M, et al. Anti-inflammatory
and anti-allergic activities of sea cucumber (Stichopus
Jjaponicus) extract[J]. Food Science and Biotechnology,
2013, 22(6): 1661-1666.

PN, BAEFREIML dEat T E O K2 R
#t, 2008, 63-64.

Sun Yuanming. Food nutrition[M]. Beijing: China Agri-
cultural University Press, 2008, 63-64.

TR, HiEe, R, 5. TR EETUEF AN
OGN P A3 1 07 L R BRI AT (0], AR B AR,
2016(11): 63-71.

Zhang Yi, Bao Haiyan, Nie Yingying, et al. Screening
and tracing of anti-Alzheimer related bioactive consti-

[25]

[26]

[27]

[29]

[30]

) H@ART/CLE

tuents from marine fungi[J]. Modern Food Science &
Technology, 2016(11): 63-71.

FERR, E5, KA. 1552 PR IRER N IR 2
FREE/NRABEAM NO A5 iR )],
Bl2#, 2014, 38(10): 1-5.

Wang Xuemei, Wang Jing, Zhang Quanbin. Effect of
fucoidan on NO production induced by LPS in rat
glomerular mesangial cells[J]. Marinr Science, 2014,
38(10): 1-5.

AT, EEW, BERW, 5. RIS IR A
@O/ BEE T[], WEFERRE, 2011, 35(6): 35-38.
Lou Qiaoming, Wang Yuming, Xue Changhu, et al.
Analysis of fatty acid composition of Holothuria atra
by gas chromatography/mass spectrometry[J]. Marinr
Science, 2011, 35(6): 35-38.

WM IS, FEU. -3 22 AN NG 17 R 203t 2 47 R A
SRR A BT [I]. IR S 245 521K, 2003, 12(12):
891-892.

Hu Weimin, Fu Ming. The study of -3 polyunsaturaed
acid on pathology in models of alzheimers disease[J].
Proceeding of Clinical Medicine, 2003, 12(12): 891-892.
Lawrence A D, Sahakian B J. The cognitive psycho-
pharmacology of Alzheimer’s disease: focus on cho-
linergic systems[J]. Neurochemical Research, 1998,
23(5): 787-794.

Song Jiajia, Li Tiange, Cheng Xue, et al. Sea cucumber
peptides exert anti-inflammatory activity through sup-
pressing NF-kB and MAPK and inducing HO-1 in
RAW264.7 macrophages[J]. Food & Function, 2016,
7(6): 2773-2779.

Olivera-Castillo L, Grant G Kantun-Moreno, Nuvia, et
al. Sea cucumber (Isostichopus badionotus) body-wall
preparations exert anti-inflammatory activity, in vivo[J].
PharmaNutrition, 2018, 6(2): 74-80.

Marine Sciences / Vol. 43, No. 7 /2019 51



HRRTL » |7
H@A RTICLE

Preliminary study on anti-Alzheimer’s activity and composi-
tion in sea cucumber hydrolysate

YANG Jing-ming', LU Hong-yu', Xie Hui-feng’, LIU Ya-yue', NIE Ying-ying" ?,
ZHANG Yong-ping', SONG Cai’, QIN Bang-wei®, ZHANG Yi" #

(1. College of Food Science and Technology, Guangdong Ocean University, Guangdong Marine Biological
Products Engineering Laboratory, Key Laboratory of Guangdong Province Aquatic Products Processing and
Safety, Research Institute for Marine Drugs and Nutrition, Guangdong Ocean University, Zhanjiang, 524088,
China; 2. Shenzhen Insititute of Guangdong Ocean University, Shenzhen, 518120, China; 3. Shandong Shengzhou
Marine Biological Technology Co., Ltd. Weihai, 264211, China)

Received: Jan. 6, 2019
Key words: sea cucumber; extraction and separation; Alzheimer’s disease; acetylcholinesterase inhibitory activity; anti-inflam-
matory activity

Abstract: The basic nutrients in the enzymatic hydrolysate of sea cucumber were analyzed by national standard
methods. The enzymatic hydrolysate further was extracted with organic solvents of different polarities, and the ac-
tive components were tracked by acetylcholinesterase inhibition self-development. Silica gel column chromatogra-
phy, Sephadex LH-20 gel column and HPLC were used to obtained components with higher acetylcholinesterase
inhibitory activity. In addition, MTT method was used to investigate the effect of total fat-soluble components of
sea cucumber enzymatic hydrolysate on the growth of microglial cells (BV-2 cells). LPS-induced cells were used to
establish a model of cellular inflammation; and the effects on the levels of NO and IL-6 in LPS-induced BV-2 cells
were detected by Griess method and ELISA method. The results showed that the enzymatic hydrolysate contains
rich mineral elements like calcium and zinc, as well as high content of unsaturated fatty acids and essential amino
acids. From the solvent extract, the TLC spots with acetylcholinesterase inhibitory activity showed no significant
UV and fluorescence absorption, and the inhibition rate of the most active component C4-2-E was 91.04% at the
concentration of 0.25 pg/uL. The TLF of sea cucumber had no significant inhibitory effect on BV-2 cells within a
certain concentration range, and could significantly inhibit the secretion of NO and IL-6 produced by LPS-induced
BV-2 cells. Therefore, the TLF of sea cucumber enzymatic hydrolysate may have certain effects of anti-neuroin-
flammation and Alzheimer’s disease, and the chemical structure of specific active substances needs further analysis

and identification.
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