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B OE. A R B B R % ) &9 5 B (Cucumaria frondosa) % T A AR 3 %, i it DPPH A WA F %R E £
KA GEF R RAE RS HeLa 208038 7849 %) & ) R 44 5 36 & A LR (lactic acid, LA ) 4% Fo 2R 85 Bt (cyclo-
phosphamide, CY ) #5849 % )& 82 14 > R 5 e & % 95 3% & G (immunoglobulin G,1gG) 4% , 5 A1 5 i A & T 5 69 4%
BACHE D) FN B I H ARG Ik eik A, R A, DPPH A A F R F 69 1C A 12.46 mg/mL, B A b &
HIR M 1Cy H 1522 mg/mL, BB H A 035, 29 5k Fr B A AME S . 55k F 93 HeLa 20 M58 74 4]
F69 1Cs0 H 556.2 pg/mL, R IR AP L Fy o B E F L& TH, D REREHE A AR ZAHmEK E5
J& @ M Emey LA A% (19.15 mmol/L) 84K, BLAA N KB shdt A4 &, B CY #5309 i s e N AR T KRR 289 T
Feid 3 20 TgGC 4B WA EF 11.98 mg/mL, 2 L, BHEAEFHAARBA I BRE G R GHE N S5
REEBS,

KRR AR T RO A LA E AR B T I 5 IR IR
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Abstract: Sea cucumber freeze-dried powder was prepared by vibration-assisted milling combined with enzy-

matic hydrolysis. The antioxidant activity of the sea cucumber freeze-dried powder was evaluated based on the

DPPH and hydroxyl radical scavenging rates and reducing power. The anti-tumor activity was examined based

on the proliferation inhibition rate of HeLa cells. The rotarod test of mice and the blood lactic acid (LA) con-

tent were employed to measure the anti-fatigue activity. The mouse model of cyclophosphamide (CY)-induced
immune deficiency and the immunoglobulin G (IgG) content were employed to assess the immunity-enhancing
activity of the powder. The prepared sea cucumber freeze-dried powder showed the ICs of 12.46 mg/mL and

15.22 mg/mL for scavenging DPPH and hydroxyl free radicals, respectively, and the reducing power of 0.35,

which indicated that the sea cucumber freeze-dried powder possessed antioxidant activity. The sea cucumber

freeze-dried powder showed the 1Csy of 556.2 pg/mL on the proliferation of Hela cells, demonstrating anti-tu-
mor activity. The administration of sea cucumber freeze-dried powder prolonged the duration of rotarod exer-
cise of mice in a dose-dependent manner, and the LA content (19.15 mmol/L) in the high-dose group piled up
less after exercise, which suggested that the powder improved the exercise endurance of mice. Furthermore,

the sea cucumber freeze-dried powder slowed down the body weight loss in the mouse model of CY-induced im-
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mune deficiency in a dose-dependent manner, and the IgG content in the high-dose group was restored to

11.98 mg/mL. In conclusion, sea cucumber freeze-dried powder has antioxidant, anti-tumor, anti-fatigue, and

immunity-enhancing activities.

Key words: sea cucumber freeze-dried powder; vibration-assisted milling; compound enzymatic hydrolysis;

antioxidant; anti-tumor; anti-fatigue; immunity enhancement
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FEIE 2 B A AT S, HUR AR T 2 (Stichopus
japonicus) , T ZATERE TR B SR, A 75 58 2 HL i
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RS2 T m . Ak, RO R R Re g4
e PRk B T A 2R R, O T R ROy B A B e e
il 5 7= i 0 AR W TS R AR R D o R T —
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MR PR IG M . WS ERI IS 5 20 P ib &9,
AR THEE =S I fEY) Senadheera 2EUOMHF5Y & B
2 HA TERE N T5 B IR AL , N I 2 8 I A
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AR A Took =Sk . BRI (dimethyl sulfox-
ide, DMSO) : |5 24 5 14k 2712050 A B 23 7] ; HeLa 40 :
IR () AR IR A IR R 7 8 R - RIS
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Frie b 1:2) [l , B B 45 °C B AR R] 3.5 he i
e o Wb KIS K 10 min B EHFIRS 2R T8 48 h,
RENGESIR TR

1.3.2  ISHRT ARSI e

1.3.2.1 DPPH H 335 BRAE S 09 E

27 Wu SEE) DPPH H L3 bR g 1 1000 5 Jr
2 00 EE ek, Bl R 0.5.10.15.20 mg/mL
BT SR TR W, WL 1 mL RS, A 4 mL LAJEK
T 4 0.2 mmol/L DPPH ¥ , 8% )2 W 30 min
J& ,8 000 r/min &.0> 5 min, B 200 wL b5 W T
96 fL#k, T 517 nm 4 K BpR G & B A,
[ HHIE 1 mL AR RS 4 mL oK CERRGR &5
M GIE Ay, LS 1 mL KB F7K 5 4 mL # DPPH H
ML IR AR WOEIE Aye AT 3 IRBCFIIME ., %
LU ARGk % DPPH [ F3EIERE (X, %) .

X =[1-(A, - A,)/A,]x 100
1.3.2.2 ¥Rt 3LTEBREE 1 I

Z:7% Ren U2 B2 56 B h BLVE BR AR 1
P, RS MBI L mL SR TR 2 mL
) 6 mmol/L B FR ZR VS W .2 mL 1) 6 mmol/L 7K 4% -
TEVEWA 2 mL 19 6 mmol/L 33 A AL S W L IR A 5
51,37 “Ci¥E 60 min,8 000 r/min E.L> 5 min, F 510 nm
T WG RE Ay, B AR i R A S TR
WeGEE Ay, KBS /KA AL S WA T 00 MO B
Aso FERRLLUT A AL o 3k B S B %
(Y,%).

Y=[1-(A, - A,)/A,]% 100
1.3.2.3 i Sy

Z7% Li I IE 7k FE S B 1 mL 1
ZUR TR 2.5 mL 9 0.2 mol/L MR 2% il (pH {8
4 6.6) F1 2.5 mL 1 1% BREALFPE IR G5, 18
50 ‘C NHIEME 20 min, AHEEEG, A 2.5 mL
1 10% A LR, #E 10 min, 285 8 000 r/min
B0 S mine 2.5 mL EVEW 2.5 mL ZE187K A1 0.5 mL
0.1% =ZALBRIER, KV 10 min, F5IR R B0 (0
A5 RS, B 200 WL T 96 FLH, 7E 700 nm &b 5 1
JGEE, W B v AR i e ) g
1.3.3  1FSHE K% HeLa 40T A 520
1.3.3.1  4ifksss

K HI# 10% FBS 1% 75 55 2 -4 5 ZIE W0
RPMI-1640 55555, 7 5% CO,.37 “CHY ;I 46 h k47
Hela AIEMF 37 .

325 TR - 10.0 mg IS ETHH 1 mL
DMSO ¥ fi# , 7 RPMI-1640 15 5 M B 2 0. 10,
100.1 000.2 000.3 000 pg/mL, iz 2 DMSO 7E 15 #i1Ak
AP RS ET/NT 0.5%, DLk R d . &
J& AL BERE (0.22 wm)BRTE , T 4 ChEE& .

1.3.3.2  CCK-8 73 5 40 A 348 5 11 ) R

T30 B WIS T WSS HeLa 40 A0 A KRS . 2B
KR EFRAIIE , R 0.25% R A BN L AL , Hil &
YRR . F R IR I B 2R 5%104 4> /mL,
R T 96 fLtl . BRZs HALAR, A 100 L 402,
T 37 °C.5% AL ST N R % 24 b, (20 0 B A=
Ko 52 R RIHREE IR, Sl A M zs L 4im A
100 WL ¥ 2 95 1 8 s W, B4 X B4 i A 100 pL.
DMSO 7%, 5597 24 .48 h il 72 ho B FR45H5 , A
10 pL () CCK-8 ¥, B FANMRE FR A 9% 1 h )5 7
450 nm WG RE , #52 LA T A 20T Hela 21 i 3 55 97
22, %),

Z=[1-(A, - A,)/(A, - A,)]x 100

A A S (5 A A0 G R L CCK-8 FIIy
DMSO [ FF IR ) OGS s A, Ry a8 VA (H & A B 57
%5 CCK-8 A1 DMSO MRFINEHE , JoAH ) O EE 545
Sh BT B ZH (5 40 35 95 2 . CCK-8 I DMSO %
o, TCRF AR S WO

2% LRSI 5 i, 4% DU 2 SO Eom i
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1.3.4 Bk

C57BL/6 M1 /N B, 5250 3 9 A5 7= VF 7T Uk 4 5
SCXK(9)2017-0005,6~8 JEI s, 18~22 ¢, A4l 6 H It
54 1 /NRARIFESAE R SPE /N R4 RDEL, 28 R4 )
1 20~25 °C, JREFHITE 50%~60% , ARG AZ 4% 12 h,
A RO BCE, BRUERE 2 d Bevk 1k, JERE RIS B
WEEMEMESR 7 do
1.3.5 BRIy SCEGor el M 4G 2

O3 HEATHUIE 57 R 9 g S, HAR S Ty
AR,

SR TT /N BB G Sy 0ol 78 TE 2SI 3 d L
'S 30 min 5 B/ BT 40 v/min B8 /)N B 1 2%
SN AT 5 min B HESLG, A SR 5250 A 18 W PR I
Yio FEFELLHEE 14 d 5D e e rErt ] . X REZ1:0.3 mL
Az FEER K IR 2H £ 0.3 mL A2 FEER K +200 mg/kg 1S
ZEH s T2 0.3 mL A= FRER K +400 mgrkg 1214
T8 5 F 4 0.3 mL 2B FEE K +800 mg/kg % T
Mo SEERFFARET, NERESAKORES & 24 he AT /N ELH
R, B H A 9:00~10:00 5 B8 2H 5150 2L iE B
14 d,/NEEBRERN 3 em,

B RRE B /)N BB FR f) A 7.7 SEBR TR AR IS, /)N FRU2E
IKAEEAT 24 ho BRXTHEZLA0 , oAb 45 41/ N RS T B
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A HEER K +400 mg/kg 1SR T8 5 = A i 41 - 40 mg/kg
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1.3.6.3  IMLZLER & & (1

FRAE Xian SO E J7 vk FEAEIE . F 6 s
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T RS i R LA DR A B A
1.3.7  BESRGPE ) SHGAH OCHE il 2
1.3.7.1 /N B o o g 0

e/ NIRRT R, B 5 d B ARBERT, FREE .
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30 min, 752 ML o SRAEAY L 4% 42 B 1eG U &
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1.4 BAEAEES 5 Hr

K H Excel 2019 A4 70 B BRECHE | £ LLF-3
(B +hR E 22 Fon , B SPSS 13.0 #1447 58 112 4%
T . OriginPro 2023b #ATYER] . P<0.05 #\ A A W%
PEESR

2 BR5HW
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g 04} 150 = &
= Jao B =
03} o E
130 =
02¢F b
120 &
0.1 = N
0 0
0 5 10 15 20

ST B/ (mg/mL)
1 BSFETHE DPPH B BiEKRE BEBHEFREN
ERA
Fig.1 DPPH and hydroxyl radical scavenging activities and

reducing power of sea cucumber freeze-dried powder

XF S BB AR 0 oy - s ™ R L A 5 5 | R EE R
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SAALTIRE M SR MR AR AL, & A R b A , X 4 Ak
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P, BB T HrE T .
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AR AT 3K 80%, J5 T F-%% . SR T M%) Hela
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Fig.3 Effect of different treatment time of sea cucumber freeze-

dried powder on the proliferation inhibition rate of HeLa cells
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Fig.4 Effect of sea cucumber freeze-dried powder on the body

weights of mice

F1 BSETHI/NREERE N
Table 1 Effect of sea cucumber freeze-dried powder on the

rotarod exercise duration of mice

21 5 Bevgcs ki dhitalss
X HEZH 11£32 88.53

Iz Fy A s
78.89+13.63

T 7+2) 44355 458.21+131.30
AL 41 1355.61 1 146.28+296.04*
B! 2+1° 1 800.00 1 540.12+367.53¢

TE AL AL ] 30 min /1N R T UCEL RS 6] /NS 7 R R
2R W, P<0.05,

HEEFE] 30 min P, /)N BV O BGZ T AN 11 Rk /b &2
2 K, Iz st E) DA 78.89 s IEK 1 540.12 s, T K
iz S if A 88.53 s #EHK & 1 800.00 s, A I, 2 B
SO TR BRI /N U az shifit ) .
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Fig.5 Effects of sea cucumber freeze-dried powder on the lactic

acid (LA) content in mice
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RN A ARG BE ), 3458 T /N B 3l B e 9 35 1 g
J1, KA T YU 55 IR TE P8, T A 01 1o £ R i
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Fig.6 Effect of sea cucumber freeze-dried powder on the body

weights of mice
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Fig.7 Effect of sea cucumber freeze-dried powder on the IgG

1gG #im/(mg/ml.)

content in mice

mE 7 frs, NRZE CY B35 16 S 3%
AL (P<0.05) , BLEA CY AT S8UNRSE S TR, /MR
2 [H] 22 5 2. 3 (P<0.05) , [A] i, FIA Y 2H (5.66 mg/ml.)
FHEG IS URTRE E 1/ B 1eC & g KB, 555
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