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Abstract: [ Objective] To study the anti-aging effects of kelp (Laminaria japonica) polysaccharides. [ Methods] Polysaccharide is obtained
from kelp by acid-assisted extraction methods. Based on the aging model of Caenorhabditis elegans, the animal's lipofuscin, reactive
oxygen species (ROS), antioxidant capacity, and aging-related gene expression are analyzed to evaluate the effects of kelp polysaccharides
on their life span, motility, and stress resistance. [ Results] Compared with the control group, acid-extracted kelp polysaccharides (AKP)
with different mass concentrations improve the life span, mobility, and stress resistance of C. elegans. Specifically, AKP significantly
reduces the lipofuscin content and ROS levels, while increasing the activities of catalase and superoxide dismutase. In addition, kelp
polysaccharides extend the life span of C. elegans by activating the expression of skn-1, daf-2, age-1, akt-1, and daf-16 mRNA, while up-
regulating the expression of downstream factor mRNAs. [ Conclusion] AKP can extend life span by increasing antioxidant capacity and
regulating the insulin/insulin-like growth factor signaling pathway (IIS) of C. elegans.

Keywords: Laminaria japonica; polysaccharide; Caenorhabditis elegan; aging model; antioxidation

T X 42 BRI AL H 25 B b 22 DGR W AR, B SRCPR BT IOS RL AR AR A A L S R A R
B 5 3 A S 4 R Y 20 R A B A E OF 2D R B R R A 54 (Laminaria japonica) 3 KA L F Al #2540 &
{0 MR PEARLY) 200 T S R ALK S R TAE S 0 2 R AR 5 R L 2 K A BT 0 A O

E S TR A B R XU EIUH (45 :2024N3011)
BEIES HER(1974—) , B AR A K= H82 , M+ . E-mail: biohlq@fjnu.edu.cn
B (1984—) , L A R AR W Rh 2 R AT BRA W) i 90 TR0, i+ . E-mail: zpfi@sunybiotech.com
YR B 202411719 BE B #:202507-11
Sl A THOSE IRBO BT TR PR 2 M 75 T B AT S e 9 SE A [T ], fr i S MUK, 2025,41(8) 1 135-142.
Citation:WANG Yanying, XU Meigui, ZHAO Pei, et al. Anti-aging effects of acid-extracted Laminaria japonica polysaccharides on
Caenorhabditis elegans[J]. Food & Machinery, 2025, 41(8): 135-142.

135



136

E % 57& M NUTRITION & ACTIVITY

T 22 KOV RT G A 8 45 ASK22/MAPK s 3 1% 3 155 31 41 1
R A KR H B, S I E S E R B A
PUE I T A A TG P AR T B RG22
T L Ao AR B A R B MU & BOA R R Ak A A
A hIEFRIEE . FRmE 0 & B, W LA
T LLAE 9% 73 i, £ T 55 B AT 2k HUfk N SOD |, CAT 45 41t
AL VE . H R, A O A 2P 2 YA BF 5T
B,

75 i B AT 2k . (Caenorhabditis elegans) & — Fi il /)
f LAANTE O B R AR B A R T Rl N TR
Y IR 1) 07 326 B F BIL AR 9 r 0 S 0L I s R i B
$RIBOEAT B 24, SR I A D s R, BT 5T 1R 4
Al Z AT i A KO B RE 0 P RE ) i R )
DL KA 2 2 WL, B T8 7 2 0 VE S O g v & R 1t
WAl
1 MRS ik
L1 R A5&EE

W47 (Laminaria japonica) : £ 351 i , 8 13 R IF K =&
A B

K o ¥ B OP50. 75 Wil K& #F 4 1t (Caenorhabditis
elegans) : 525 E ARAE 5

SOD CAT it 5 & « B B WA ) T AR WS 5

RNA ## B ) & L #% 5% 3K 7l & . SYBR qPCR
Master Mix I & : b X &AW BEARFIRA A

oAt b 23 32500 35 g [ A T

BT AL LG-12 8, T3 2 W A BR A Fl

B B PCR ¥ 38 1% : ProFlex % , Applied Biosystems

A& HL SR - Stemi 305 8, 2R E) G (R ED) A R
S H 28t 22 fiE QPCR F& %t : Quant Studio 3 7, FEEL €

tRBHE A A
A 6 6 B 3T . DS-11 Y, 35 [ DeNovix

NG
1.2 Ak
1.2.1 A RTAL PR  ER B0 2 2K IR 4 h R K

VEH W TG, T 65 CT 4 4~6 h, WP 40 H i ; K LA 2
Pt A T Bk R TR R0 2 h RS BR R SR R, A5
1.2.2 FRIEVGAT 20 (AKP) B Hl 4 SR A IR il B 2 T
oo FRIUNE 5 (9 7 R R T Be AR of, AT B R % pHL A
% 20,70 ‘C# W 6 h, # pH Z 7.0, 8 000 r/min & 0>
15 min, B F 5 W 20 Bl 08 2 B 4% BT, e 4, BT . TR
A ToK B RIE R BR R R BRI AR SF R, B

R 286 | 2025 8 A | BRMSHM

B RT3 AR 20, 7 4 16.14% , SR R W) i 2 12
A 42 B i 2 & il 75.78%
1.2.3 BN FREL(10.00040.005) mg {4 Z 48, N
A1mL 2 molV/L =9 ZMREW , 121 CMITAE 2 h, B A EE
L ARKT A TEK P Bk, A B3R A
OB K A, 0L 0.22 pum SIS B A UEREAE N . AR
Bt [ 5 BRCRE b o ) 22 4 DG T, LB A2 VAR 2 B R S G o
T 2H AR A AT A 0 A i e R4S 2 0 Y R R B

% F Dionex™ CarboPac™ PA20 (150 mm 3.0 mm,
10 pm) A (3% 4k, UERE R S pL, SR B AT A ) HLO, Hi 3l
AH B 2 0.1 mol/L NaOH, Jii 3/ 4 C 2% 0.1 mol/L NaOH #l
0.2 mol/L NaAc, % # 0.5 mL/min, £ i 30 °C ; %% B F2 )%
0 min, A A B A .C HIAFILL 95:5:0526 min, A # .BH .
CHIATIL N 85:5:10;42 min, A K] B A .CHIAT L N
85:5:10;42.1 min, A A . B A . C H IR FL L 2l 60: 0: 405
52 min, A B A .C MBI A 60:40:0552.1 min, A .
B . CARARFR L 95:5:0; 60 min, A A . B #H . C AH{A TR
R 95:5:0,
124 LmEEFERSMA PRBRL R EEKEFRE
(NGM) I ,NGM H1 %4 200 pL K7 #F i OP50 (i %k 1<
107 CFU/mML)fE R 4k B & ¥, + 20 “CHE IR K5 3248 P 15 3%
SR FH R SRR S 0 0 £ R AT IR 25 Ab T AR Ak i
125 KBS 5402 Kilg 20 E R WATE
OP50 ¥ ¥ (B %% 1X 107 CFU/mL) H , 15 2| Jit & Y& J&
0.5,1.0,2.0 mg/mL W) 55 32 o K5 [5) 25 4k L4 H 4% e 73 331
i T A TR AT S A R ) B R (0.5, 1.0, 2.0 mg/mL)
15 22 05 W NGM - M -, 6 BRAT 2R R 5 W &2
Wi 3R 72 h)R e LAk, TR 2eil i .
12,6 LB HailE 43R, AR I
50 42k H,20 CHE %, g T BHLAE 75 I £k B 00 T P I 4
B2 352 3 vh R INZ4 YR BE A 50 wmol/mL i FUDR & WE Y. 45
KMEEH O - & BAFTE ST 8, B et
12,7 B8hBe ) IR ARSI E SR L4 B 75 T
FRFT 4 R, % S0 B 20 RIS [) T v J#. (0.5, 1.0, 2.0 mg/mL)
BT 2 AL BRAL B, 1 3R 48 W, AL PRER 30 45, I E
A AR TE A B R S SR
1.2.8 WA R Wl 5425 1.2.7,20 C4H
255,10 dJi , B BE L BRI 30 4%, 4518 30 s 0 % 3k FB I 4
AR i KB A U A R B, EAT 3IRAE R R
129 MEWEENE KB aHa5425R 1.2.7,20 °C
Y5255,10 dJo , A2 PRICER HUE 5 A7 Bl W R I B0 2k
Ji bR 10 pL ZE TE MR M IS W RRE AR L 3 R R, T
BENGIE B B R Bl FH Image JARAF 0BT 98 o JiE
A b FRIE SR 50 404 U Bl EAT 3 IR AW F A



F&M | Vol.41, No.8

1.2.10 AL N B S AR e IS A 5 4 2
1.2.7,20 CA 255 d)5 , 2 8 Wang &Ry ki &k g =
40 mmol/mL T & Al % W 4L HE 2 h, 2 000 r/min & O
1 min & Bk LW, H MO 5 vk 3 375 #R 2
Chandler %1% (1 7 3 K 48 HURE R 3037 (9 NGM AR, 20 °C
Big% 24 h, iR AB T g . ALK 120 54k R, 3K
EWFEL,
12,11 RANFCEMEENE WS ad 54525 1.2.7,
20 CL 255 dJ , BEAH WA 3 000 54k B E A E
T UK SR WFEE L4 °C .10 000 r/min B0 5 min B[
T, 42 1 4 Ak 9 I AL i (SOD) i Ak &Ll (CAT) 351
U WY I T T .
1.2.12 RN IEHEA(ROS) LI E KB 5524
[f1.2.7,20 C4 25 5 dJ , AL BRI 50 454 B = 1.5 mL EP
B, MO 92 oo TE AR RS R AT TR 3 IR, ALK 1
5 pg/mL H,DCFDA™', 20 “Ci## % & 30 min, 10 mmol/L
B E AL BRREE LR dU, F OOk IE T AR T Mg 4k dU ik iy
ROS & &, 11 FH Image THMF 43 Mok o o
12,13 FEAMEEEFRKFENE KErHS55H4
[ 1.2.7,20 ‘C4 25 5 dJi , BEALIAE 3 000 4k 2k HL 2 57 3 4%
o, M9 28 sl RIS e 39K, 1500 r/min & .0 1 min, [ Trizol
B4R LR BB RNA, 38 2o 8 5% 5 A K cDNA; T L
cDNA J 5 #z , fifi Hl SYBR qPCR Master Mix izt 7 & #k 17
PHE R, LA B-actin H NS, F PCRAX A1 42 CAA iR
60 min, 45 % 5 80 “CA#¥& 5 min, 4 ‘C{# & 10 min, 3£ 401>
PEIA o AFAFE R 3 A L, 2 220k R AT A X A
VUSLINEAE /NS Ve
1.3 Sitatr

AR 25 3 W AEY ¥ E L, i H Graphpad
Prism 8.0 B F AT i1t 2= 40t VE L i@ ik ANOVA J5 2245

Ml T test K 06 5 P<<0.05 AT i1 24 8 X, 85 3 DLy
- hrufE2E LR .
1501

—_
=3
=

i 157 {1

Response value

wn
=

L L L L L J

20 25 30 35 40 45
i}

Retention time/min

(a) HORRBRIES
A1

5 10 15

Figure 1

FHRXE BRREBSTSHEITWREIERARZNEEZER

*1
Table 1

LEESEIR 2

Primer sequences used

HH RS

daf-16 GCGGAGCCAAGAAGAGGATA

:GACGGAAAGATGATGGAACG
daf-2 TCGAGCTCTTCCTACGGTGT
:CATCTTGTCCACCACGTGTC

TCCATCTGTGGGCTCCTGAACC
:CGCTGCGTTGGTGCCTATCC

AACTCAGCGATTGGGTGGTG
:ACGTTGCTTCCCAATCGACA
skn-1 CAACGGATGATGGAGTATTT
:TGGTGGATGCTCGGTGAG

sod-3 TGGCTAAGGATGGTGGAGAA

:GCCTTGAACCGCAATAGTGAT
TTGATGCTCGTGCTCTTGCT
:GTCGTTGGCTTCAGCTTTGA
TCGGTATGGGACAGAAGGAC
:CATCCCAGTTGGTGACGAT

rPIRIRARIAPIRIRARDIAT AT

2 iRk 5abr
2.1 BHEAR

H P 1AL, 285k H T T A5 o R AR E 43 L 43
F WEHE (Fuc) 5.41% ., B 2= #f (Rha) 0.20% . > 3L 4% (Gal)
2.32% . 7 % B (Gle) 0.68% ., A B (Xyl) 1.19% . H #& ##
(Man) 1.85% . 3 H# (Fru) 2.20% . 7 % H# B 2
7.53% , # %5 B B R (Gle-UA) 2.60% . H 55 4 B B2 (Man-
UA)75.94% . 17 220l 3225 b 1 @8 0l e /e by ) Wi TR
A SRR, &AL R &%, 5 Li
SOV RR R A R . MRS 7 A A R BT AR
B I RN R R =W s N NG
Brae 2,

2 (Gul-UA)

1501
Z100F | s
<
-z
=
=750
[a'=]
0
L L L L L L J

2b 25 3b 35 40 45
BB

Retention time/min

(b) WA 20

A ERFRIET SHAOBTERA

Ion chromatogram of monosaccharide standard and AKP

137



138

E % 57& M NUTRITION & ACTIVITY

22 MNEHEMHHIN

H P 2 FT A, S R A L, 28 S T) VR R 4
AR B S & R AR F IR W A . hER 2w
AL R AL B2 (0.5, 1.0, 2.0 mg/mL) BY A A X T
X ML B EE K T 6.02%,23.69%,28.99% , e K i KU 75
AT A X BRZHAE R T 7 o FRBIAE— 8 BT A Wk B A
iR i Vg 22 M i b 25 A K 2k Ui
23 M&HBIEFEEN EKIEEHHME

2 1Y 32 2l e 7 Uk BUAE LI UL DY R fr G2 B 2 B A

R 286 | 2025 8 A | BRMSHM

fri%

Survival rate/%

|

20
i 7]

Time/d

B2 MRBEF ZHEFERESHY 0

MUK 2, 4 B LR A0 2 % T 2k 2506 91, MR 3 Figure 2 Effects of AKP on C. elegan life span
R2 LmEGHITER
Table 2 Statistics of C. elegan life span
VA 22 B A /(mg - mL ™) 2 SNl -4 75 i /d P ARAT E AT % XA PR L
0.0 29 20.0940.55 20
0.5 34 21.294+0.67 21 6.02 <20.050
1.0 36 24.84+0.57 25 23.69 <20.001
2.0 38 25.914+0.78 27 28.99 <20.001
151 1 0.0 mg/mL 15001 1001
s [ 0.5 mg/mL
2 1.0 mg/mL i g 80r
< 10- 2.0 mg/mL < 1000F ~
BT = 5= 60F
N YR B=
T E == £F 40
c St £ 500t 5
7 = R o0k
0 0 0
0.0 0.5 1.0 2.0 0.0 0.5 1.0 2.0
LR 2] ] Tt Z2 W T e T M T L

Drug administration time/d

(a) ZhiES

Kelp polysaccharide mass
concentration/(mg *+ mL™)

(b) &K

Kelp polysaccharide mass
concentration/(mg *+ mL™)

(e) 38

5% BRALH E , #**Hy P<0.001

A3

BB A S HE AT RIE S A KR AR T 09 R

Figure 3 Effects of AKP on mobility capacity, body length, and body width of C. elegans

AL, AN [R] T £ Vi B TR AR 1 AT 22 Wl X 4R 1 32 B e ) gy
SITESS 5 KA 10 KA B3 36 (P<L0.05) . LRk
A 5 45 DR B ) R 2B A R BT 9 AN T T A2 B 5% e, /T DL
i 2R R R R IR R AR . xR4T e, BR R
T 22 AL BILZH X 2k BU IR A TE 52 AL/ (P>>0.05)
W8I AN T o e 2 R 2 00 Y 22 Wi R ol i A R R M2

Bhae S B TR

2.4 Mgk HEESNE R R

S g I WA A 0 5 B 2 AT A 1
KRG, BB 4, 5% B LG Vi Y 2 XA R
2 HUFNAR 5 28 A IR R0 3 7R 45 5 RAAR 10 R & |
FHEH(P<C0.001) , 6 B R $12 1 iy 20 Wl 0T 2k A WA 252 2K 7

Papaevgeniou %

Tg 1007 3 0.0 mg/mL
Lf‘ H]]]]]]]]Oimg/mL
: 80r 10mg/mL
= £
-l
EE o
=g,
& E
=
E
£ 20
=
=
= 0

10
2y 24T

Drug administration time/d
X5 BRAAAH L, **+*y P<<0.001
B4 BATEW AR REBH G
Figure 4 Effects of AKP on pharyngeal pump frequency
of C. elegans



F&M | Vol.41, No.8

AR, BN SR R E .
25 MEHRGEHNEBREASENIN

Ji 48 A O 2 ) — AR M AN AR AR L B R R
F R TN —F 4y B S, 5 AR L, B 5%
dJi L 2R HUpk N 9 IR 48 2 58 6 BRI (P<C0.001) ; B 37
10 dJ& , 2k B o 19 2 0 5 AR B 2 (P<<0.001) o Li
SRR Y R W R A8 3R Y D b ik i i 2 2R H Y O R
FRE . DL, N[ 5T e B2 R $2 02 20 3 B AP Y
L EhET] .
2.6 X £k B HVIE 0 S0 & AL R R0

AT R BT 5% 1 1] S S0 MR AR g R A
TR 2 2 it ﬁ%@ﬂk%t“om@Kmuﬁh?
XFHEZH,0.5,1.0,2.0 mg/mL I Z WAL BRAE ¥ 8 T4k
HOX BT B T 2L BE TSR A BRI T 5.77%,9.27%,
mm%sﬁﬁ?ﬁﬁmmjﬁmzm%MLﬁﬁgﬁﬁ
P2 B4 g T 2k R S b R SRR T, 3 A OAS TR TR v
T2 i Vg Y 22 W 340 R 334 0 2k o X 306 PR B 1) R SZ BB T

1001
80—
NS
E | *%
%29 = xs
8% 4
<
=
20+
0
0.0 0.5 1.0 2.0
T

Kelp polysaccharide mass concentration/(mg * mL™)

Ca) o T2 B A T BE R AP 2R 9

FHRXE BRREBSTSHEITWREIERARZNEEZER

L.5r  [30.0 mg/mL 2 1.0 mg/mL
[ 0.5 mg/mL  EZ 2.0 mg/mL

0.5F

AR Do i

Relative fluorescence intensity/%

0.0

5
el

Drug administration time/d
EXRALMTLL %2 P<<0.001
BS5 BREFSHEATERIEBERR ARG 0
Figure 5 Effects of AKP on lipofuscin accumulation

level of C. elegans

27 R R RAEE N 0

L4 fl O A5 5 A 11 SOD L CAT
K2 F B MRS T 5 BB T T
HEE T X B AL 7R ) R Rt v R 06 4 2 6K 40 SOD 3%

401

9%
=)
T

sk

FET-H
Mortality rate/%
N
S
T

=)
T

0.0 0.5 2.0
flogiEs zwm (Z%J#

Kelp polysaccharide mass concentration/(mg * mL™)

(b) BRGS0 AL

53 BRAIMI LG %y P<C0.01,*** )y P<C0.001
B6 BRAETSEATERRESRN YR
Figure 6 Effects of AKP on the stress resistance of C. elegans

— 801 ok
\E kkok 1
o o
60l ok
e 2
= .
EE = 40+
@ =
£ 20t
]
g
2o
0.0 0.5 2.0
@ﬁ?%*ﬁﬁmdﬁf

Kelp polysaccharide mass concentration/(mg * mL™)

(a) SODIEH

D x®
(=4 =4
T 1

CATRE
CAT activity/(U + mg” B [1J5)
S
(=)

20+ H
0
0.0 0.5 2.0
GiEEZ m%ﬁr
Kelp polysaccharide mass concentration/(mg + mL™)
(b) CATIEJ

5 BRZLAH L, %%l P<0.01,**%2y P<C0.001
7 BRAREA SRR &R AR AR S 0 Ha
Figure 7 Effects of AKP on the antioxidant capacity in C. elegans

139



140

E % 57& M NUTRITION & ACTIVITY

GG INT 1.10,1.27,1.39 4%, CAT i J1 40 B3I 1 1.37,
1.60,2.77f% . VLW R 421+ Z M fe$& /& SOD .CAT % 77,
B 2R PR AL TS ), 15 Ma ZEDO B BF g 5 R — 8
2.8 Ft&k B K ROS KFHIF M

ROS J&—Fl [ 1 3, 78 S04k 07 3 Fn o 2 45 1 8%
T, SR E NS R 8 BN DNA %5 K4y 790 5, ki 5|
RIRFARDL IR0, R 8 T, M T xR4T
R TR T b v B T 4R T 22 BRI R SR B A R AR T
19.29%,26.77%, 52.84% (P<C0.001) , 3¢ W iR 4 ¥ 4F £ bl
T BB R I £ He 1) 75 R AR L AR R I A
29 MEMFTEHEXERRENHIE

M A A PR A B S R R/ RREE S Rk

(IISL ) F skn-1 38 1 5% YIAH L2700 daf-2 SRS 1Y
TR S 5 N 26 B I R B 30% 19 JF 81 AR L 4 e

age-1 %EE@%HEMHB@?M}W@(PBK)Eakt-litlﬁliﬁ
¥ daf-16 W B M. USBRARWEN FTiHES S
daf-16 B ake-1 95 B2 L, F2 8 daf-16 JE A A0 A%, 55 #0 %

.51

kR

seskok

ROSHHXS ik
Relative ROS level/%

0.0

0.0 0.5 1.0 2.0
VAT 2 WS R EE
Kelp polysaccharide mass concentration/(mg + mL™)

(a) ROSFikH

R 286 | 2025 8 A | BRMSHM

R 455 108 8l H 335, T30S TR ) DR 3 AL, 38 2k
AR A

B9 T %0, 5 X R 4L A L, i 2 0 Ah B4 Y
daf-2 .age-1 32 57K V- b 3 F B (P<<0.001) , akt-1 . daf-16
B F TH(P<0.001), sod-3.gst-4 7 F I, sod-3
FIEZ daf-16 15, gst-4 % skn-1F daf-16 V2, R 204
NECR AT, €% 7/ i N R o A Vi o () TR
T A 22 M b TR 2H Y sod-3 ., gst-4 KK B FE (P
0.001) , 5 i 15 Z2 B Xt SOD | CAT % J7 Al 4 5 &5 S — 5%,

skn-1/NTE-2 Sy 8 45 40 i A 25 Fn AL 55 i 1 56 B 5 5t R
TS AR R A — E AR P T T S A A

WY skn-1 23k W E T e, 5 H B S 0 OR [k
JIE ¥ A 22 W I AR D B mAH — B g b 2 e
WG skn-1.daf-2 .age-1 .akt-1.daf-16 mRNA 1 %3k, If:
FIHE TN T mRNA A A FE KL R
3 &5

W5 il 2% 00 T2 42 1053 22 0 el H B WE R IR L 2 M

0.5 mg/mlL
2

(b) LT OLRIER

XML, *** 2y P<C0.001
B8 BN S AL KK N ROSH R 69 %
Figure 8 Effects of AKP on ROS accumulation in C. elegans

3 0.0 mg/mL
[0 0.5 mg/mL
1.0 mg/mL
E& 2.0 mg/mL

g
=3
1

—_— [SS]
n =

mRNAAIR} ek
5

mRNA relative expression level

o
n

I
=}

aki-1
Ht
C(",n(",

(a) age-1, akt—1, daf-2Fdaf-163ik /K-

age—1 daf-2 daf-16

7 0.0 mg/mL
= 2.01 [ 0.5 mg/mL
z 1.0 mg/mL
i =20 E& 2.0 mg/mL
®ELS
_;E 5
=10
z =
e £
£
<Zf 0.5
i
0.0
sod-3
P
G(“,n(“/

(b) skn—1,sod-3 *ﬂgsl—4%=z,‘$/qu

5%t BREALAH H, *#++ 5l P<<0.001

B9 BT Sma g RAARERTER

K 4 %

Figure 9 Effects of AKP on aging factor expression levels in C. elegans



F&M | Vol.41, No.8

i 0 e O L o M) T T B T O R AT AT 4
REH ,Eﬁ%ﬁ%g%ﬁﬁ‘é%'ﬁﬁiﬁﬁ%Eﬁﬁﬁﬁ?”ﬁ &
B RE 1 AR i A K RN B RE Ty B AR AR A IR 4R R
T P SRR SR A AR AR A0 40, 3 4R v o A S A
SE AW B AL B 3 5 30 3 VRTY shon- 1 38 0 BRI 2R /IR B R

PR = i@ 2 (IS & 42) h A G 8 7 TRk HE I 2 5 £
Mol B B o ST BT ST 2 R HE S R I 1k
LA 2 DY RE TG M #2011 AL

ﬁ

I

S ik

[1]AGHAJANPOUR M, NAZER M R, OBEIDAVI Z, et al
Functional foods and their role in cancer prevention and health
promotion: a comprehensive review[J]. American Journal of
Cancer Research, 2017, 7(4): 740-769.

[2] RAHMAN A, REHMANI R, PIRVU D G, et al. Unlocking the
therapeutic potential of marine collagen: a scientific exploration
for delaying skin aging[J]. Marine Drugs, 2024, 22(4): 159.

[3] ZHAO X, LI B F, XUE C H, et al. Effect of molecular weight
on the antioxidant property of low molecular weight alginate
from Laminaria japonica[J]. Journal of Applied Phycology,
2012, 24(2): 295-300.

[4] LAUKAITYTE S, RIERA R. The status of research and
utilisation on the subtidal kelp along the Chilean coast: a
literature review[J]. Acta Oceanologica Sinica, 2022, 41(12):
7-17.

[STLI H Y, YI Y L, GUO S, structural

et al. Isolation,

characterization and bioactivities of polysaccharides from

Laminaria japonica: Food Chem, 2022, 370:
131010.

[6] CHEN H, WU Y, CHEN Y, et al. P-268 Seaweed Laminaria

a review[J].

Jjaponica peptides possess strong anti-liver cancer effects[J].
Annals of Oncology, 2021, 32: S189.

[710ZAWA T, YAMAMOTO J, YAMAGISHI T, et al. Two
fucoidans in the holdfast of cultivated Laminaria japonicall].
Journal of Natural Medicines, 2006, 60(3): 236-239.

[8] GUAN X, WANG F Y, ZHOU B Q, et al. The nutritional
function of active polysaccharides from marine animals: a
review[J]. Food Bioscience, 2024, 58: 103693.

[9] &5 %, 45k, i SCIE, 5% . #E Z2 BRI L 2 e Beot Ak
WERFSE [J]. B &S PR, 2020, 36(1): 186-191
GE Z C, L1Y, SHI W Z, et al. Optimization of the extraction
process of polysaccharides from euglena and its antioxidant
activity[J]. Food & Machinery, 2020, 36(1): 186-191.

[10] HOU Y, WANG J, JIN W H, et al. Degradation of Laminaria
japonica fucoidan by hydrogen peroxide and antioxidant

activities of the degradation products of different molecular
weights[J]. Carbohydrate Polymers, 2012, 87(1): 153-159.

[11] B, RBT, TAS, 45 . 1l 208 1 (RSN S AL 15 1 2 S5

FHRXE BRREBSTSHEITWREIERARZNEEZER

KT I AT £ it Fr i (0] BRAR B R, 2022, 38(4): 1-9.

WANG M, GUAN S Y, YU J, et al. In vitro antioxidant activity

of fucoidan-containing sulfated polysaccharide and its
prolongation of the lifespan of Caenorhabditis elegans[J].
Modern Food Science and Technology, 2022, 38(4): 1-9.

[12] POUPET C, CHASSARD C, NIVOLIEZ A, et al
Caenorhabditis elegans, a host to investigate the probiotic
properties of beneficial Frontiers in
Nutrition, 2020, 7: 135.

[13] BREE, M348, FBHO Y, 45 . 75 0 BoAr 4R do 7 £ 6l 5 SR I iR T
M P B S 2E R (D], £ S AL, 2024, 40(1): 197-203

CHEN W, HE H L, ZHENG Y 1,

microorganisms[J].

et al. Review of
Caenorhabditis elegans in food nutritional function evaluation
[J]. Food & Machinery, 2024, 40(1): 197-203.

[T4]LIN C, ZHANG X, XIAO J, et al. Effects on longevity
extension and mechanism of action of carnosic acid in
Caenorhabditis elegans[J]. Food & Funct, 2019, 10(3): 1 398-
1 410.

[I5]MCINTYRE G, WRIGHT J, WONG H T, et al. Effects of
FUdR on gene expression in the C. elegans bacterial diet OP50
[J]. BMC Research Notes, 2021, 14(1): 207.

[16] WANG H, ZHAO J, YANG S N, et al. Anti-aging effects and
underling mechanism of D-chiro-inosiol on glucose-induced
oxidative damage in Caenorhabditis elegans[J]. Science and
Technology of Food Industry, 2019, 40(2): 282-286.

[17] SONG B B, XIA W, LI T, et al. Mitochondria are involved in
the combination of blueberry and apple peel extracts
synergistically ameliorating the lifespan and oxidative stress in
Caenorhabditis elegans[J]. Food & Function, 2022, 13(15):
8204-8 213.

[18] CHANDLER-BROWN D, CHOI H, PARK S, et al. Sorbitol
treatment extends lifespan and induces the osmotic stress
response in Caenorhabditis elegans[J]. Frontiers in Genetics,
2015, 6: 316.

[19] BRESOLI-OBACH R, BUSTO-MONER L, MULLER C, et
al. NanoDCFH-DA: a silica-based nanostructured fluorogenic
probe for the detection of reactive oxygen species[J].
Photochemistry and Photobiology, 2018, 94(6): 1 143-1 150.

[20] LI Z H, CUI B, LIU X W, et al. Virucidal activity and the
antiviral mechanism of acidic

polysaccharides against

Enterovirus 71 infection in vitro[J]. Microbiology and
Immunology, 2020, 64(3): 189-201.

[21] BILAN M I, KLOCHKOVA N G, SHASHKOV A S, et al.
Polysaccharides of Algae 71*. Polysaccharides of the Pacific
brown alga Alaria marginata[J]. Russian Chemical Bulletin,
2018, 67(1): 137-143.

[22] JAYAPALA N, TORAGALL V, GNANESH KUMAR B §, et
al. Preparation, characterization, radical scavenging property

laminaria

and antidiabetic potential of oligosaccharides

141



142

E % 57& M NUTRITION & ACTIVITY

derived from laminarin[J]. Algal Research, 2022, 63: 102642.

[23] LESANPEZESHKI L, QADOTA H, DARABAD M N, et al.
Investigating the correlation of muscle function tests and
sarcomere organization in C. elegans[J]. Skeletal Muscle,
2021, 11(1): 20.

[24]JIN S Y, LI D Q, LU S, et al. Ethanol extracts of Panax
notoginseng increase lifespan and protect against oxidative
stress in Caenorhabditis elegans via the insulin/IGF-1
signaling pathway[J]. Journal of Functional Foods, 2019, 58:
218-226.

[25] PAPAEVGENIOU N, HOEHN A, TUR J A, et al. Sugar-
derived AGEs accelerate pharyngeal pumping rate and

the lifespan of Caenorhabditis
Radical Research, 2019, 53(supl): 1 056-1 067.

[26] i, £, REE, 55 . FE T 75 W B 4 OB R 1197 1
KA WY BT AR BBLHI (7], £ 2 4 B AR 2 4, 2022,
13(23): 7 773-7 778.

SHI 'Y, WANG P, DAIJ Y, et al. Study on antioxidative effect

increase elegans[J]. Free

and mechanism of water extracts of white mustard seed based
on Caenorhabditis elegans model[J]. Journal of Food Safety &
Quality, 2022, 13(23): 7 773-7 778.

[27]LI R, TAO M F, XU T T, et al. Small berries as health-
promoting ingredients: a review on anti-aging effects and
mechanisms in Caenorhabditis elegans[J]. Food & Function,
2022, 13(2): 478-500.

[28] KUCEROVA L, KUBRAK O I, BENGTSSON J M, et al.
Slowed aging during reproductive dormancy is reflected in
genome-wide
melanogaster[J]. BMC Genomics, 2016, 17: 50.

[29]LIU H M, LIU B J, ZHANG S Q, et al. Lentinan protects

transcriptome  changes in  Drosophila

Caenorhabditis elegans against fluopyram-induced toxicity
through DAF-16 and SKN-1 pathways[J]. Ecotoxicology and
Environmental Safety, 2023, 265: 115510.

[30] MA J, WANG R R, CHEN T, et al. Protective effects of
baicalin in a Caenorhabditis elegans model of Parkinson's
disease[J]. Toxicology Research, 2021, 10(3): 409-417.

[31] SCHIEBER M, CHANDEL N S. ROS function in redox
signaling and oxidative stress[J]. Curr Biol, 2014, 24(10):

R 286 | 2025 8 A | BRMSHM

R453-R462.

[32] DEHGHAN E, ZHANG Y Q, SAREMI B, et al. Hydralazine
induces stress resistance and extends C. elegans lifespan by
activating the NRF2/SKN-1 signalling pathway[J]. Nature
Communications, 2017, 8: 2 223.

[33] HAVERMANN S, HUMPF H U, WATJEN W. Baicalein
modulates stress-resistance and life span in C. elegans via
SKN-1 but not DAF-16[J]. Fitoterapia, 2016, 113: 123-127.

[34] SRIVASTAVA S, SAMMI S R, LAXMAN T S, et al

Silymarin promotes longevity and alleviates Parkinson's
associated pathologies in Caenorhabditis elegans[J]. Journal of
Functional Foods, 2017, 31: 32-43.

[35] HOSHIKAWA H, UNO M, HONJOH 8§, et al. Octopamine
enhances oxidative stress resistance through the fasting-
responsive transcription factor DAF-16/FOXO in C. elegans
[7]. Genes to Cells, 2017, 22(2): 210-219.

[36] KIMURA K D, TISSENBAUM H A, LIU Y, et al. Daf-2, an
insulin receptor-like gene that regulates longevity and diapause
in Caenorhabditis elegans[J]. Science, 1997, 277(5 328):
942-946.

[37] MARTINS R, LITHGOW G J, LINK W. Long live FOXO:
unraveling the role of FOXO proteins in aging and longevity
[J]. Aging Cell, 2016, 15(2): 196-207.

[38] LUO J R, ZHANG X Y, LI W, et al. Pentagalloyl glucose
enhanced the stress resistance to delay aging process in
Caenorhabditis elegans[J]. Process Biochemistry, 2024, 146:
462-472.

[39] LITHGOW G J, WHITE T M, MELOV S, et al
Thermotolerance and extended life-span conferred by single-
gene mutations and induced by thermal stress[J]. Proc Natl
Acad Sci, 1995, 92(16): 7 540-7 544.

[40] LEWIS K N, WASON E, EDREY Y H, et al. Regulation of
Nrf-2 signaling and longevity in naturally long-lived rodents
[J]. Proceedings of the National Academy of Sciences of the
United States of America, 2015, 112(12): 3 722- 3 727.

[411 LEES H, WALTERS H, COX L S. Animal and human models

to understand ageing[J]. Maturitas, 2016, 93: 18-27.



