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Study on anti-aging effect of raffinose based on model of Caenorhabditis elegans
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Abstract: Objective To study the anti-aging activity of raffinose and to explore its anti-aging mechanism. Methods Raffinose (150,
200, and 250 pmol-L™") was added to Escherichia coli to incubate Caenorhabditis elegans, the body bending frequency, head and tail
swinging frequency, and body length of the nematodes were observed under a microscope, and the survival time of the
Caenorhabditis elegans under heat stress stimulation was observed. The effect of raffinose on the anti-aging ability of nematode was
evaluated by lipofuscin, and the anti-aging mechanism was determined by DAF-16 nuclear localization and SOD-3 expression.
Results In the body bending test, the three concentration groups of raffinose accelerated the body bending frequency of
Caenorhabditis elegans campared with control group (P < 0.001). In the head-tail swing test, the raffinose of 200 umol-L™"
concentration group accelerated the head-tail swing frequency of nematodes campared with control group (P < 0.01). In the body
length test, the three concentration groups of raffinose had no toxic effect on the growth and development of nematode. In the heat
stress test, the three concentration groups of raffinose prolonged the survival time of Caenorhabditis elegans under heat stress (P <
0.05). In the lipofuscin test, the three concentration groups of raffinose decreased the content of lipofuscin in Caenorhabditis
elegans. In DAF-16 nuclear localization assay, raffinose at three concentrations promoted the expression of DAF-16 protein into the
nucleus. In the determination of SOD-3 expression, the level of SOD-3 protein expression increased in raffinose 250 pmol-L™" group,
which together with DAF-16 nuclear localization assay showed that raffinose's anti-aging activity depended on IIS molecular signal
pathway. Conclusion Raffinose can promote the activity of Caenorhabditis elegans, has no toxicity to its growth and development,
and can delay the senescence of Caenorhabditis elegans, promote the expression of DAF-16 protein into nucleus and increase the
expression level of SOD-3 protein. The anti-aging mechanism of raffinose depends on IIS molecular signal pathway.

Key words: raffinose; Caenorhabditis elegans; lipofuscin; anti-aging effect; DAF-16; SOD-3

Wiks B #A:2023-08-07
F—1EE: WA (1996—), L, Wl vy N B E 004, WFE 7 1 o P 242 . B-mail : 18035799221@163.com
*HEIBIEIEE KR, 2%, 07007 M A 25 2 e i 2l . E-mail: liuyg0228@163.com

ke el b , @) 24082, W 7E 05 1A R RAR P & 15 45 HI A& . E-mail : choenen@163.com



+ 340 - $F47% FE28 2024528 ‘ﬁﬁ-#ﬁﬁti Drug Evaluation Research

Vol. 47 No. 2 February 2024

1R SO B =08 B =R A S B BN R
B, & B AR A B A4 I — B =R, BRI SR
A 2] B8 256 10 B, AT 3 1) D RE PR AR B B
KGACERE W EZE IR 2 — T B
BT B A R 3 1 R0 A B G ik X
FEER G , o3 W B DR T e AR ot YA ] e
W55 g ) P VDU S S 5 R T Re MR SR
H R

AR IR B — TR R A #1822 R AR S A8 IR
SN, BETT A A A . Mg b g e AR
Z PR R, B B Re bl I B, 25
AN TR ARG . R AN
gl ENAEZMRATERE . B, —L2 50
R A NGRS EnNE R EEE SNk R /It
RIS 2 05 . PLE L RIPLE Z My EE,
AN HEAEE

75 TR B AF 2 B A= P B A A 36 1 PR L AR KR
o THEMBEEER A, HENFY PE
60% ~80% HJ N K [F] Y Jk [R] , A2 245 40 vk Ak 0 ik 1 2
HERF T H F AR QAR AR AT T U DL S T e
2 s A5 AR, BE 50RO 75 T e AT 2 L 1)
PO L AR IR FEIALH] , A 08 S AR i 771
NP 2 AR L S %
1
1.1 EHEZHBmRA

E. coli OP50 K T 14 - B A5 4 75 W B AT 28 Hubk
N,; £k HU¥k TI356, & [K 28 N zIs356 [ daf-16p : : daf-
16a/b: : GFP+rol-6 (sul 006) ] , 4% &% ¢ & 4 GFP
& DAF-16 25 [ ; 2k HUPR CF1553, 2 K 8N muls84
[ (pAD76)sod-3p : : GFP~+rol-6 (sul 006) ], & 75
1 GFP filt 5 H S AL P B AL -3 (SOD-3) & 1, 33
EH P [ R B i A% 5 Ok B AR S ST
1.2 HREZERF

MRt iR R EARAA, # S
5014H02X, ¥UA% 10 g, 5T 55 $ 99% ) s Ik 2 1 R 1%
BESRE B (FE 8K G R Oxoid 24 &) 5 8 (1 B fig
by (b 3 B A W R R =D 5 JIH B B (B
HBEIFIARI AR A D s A A F L8 B R
AU TR K S A CREE T R AR T s T
KRR B (RETCE R R EARA D 3% 1T
FACE IR Z T2 K RHE A TR A F]D s IR BR
I COREAR R RN AR A FD
1.3 FEMH

A Al B 7R A (AL I B R R A IR A 7D

BSA124S-CW Ji 532 —HFRF(FEZ R AFD
VORTEX-7 3 /R A AT LX-300 2R B oML GAET)
T AR DR A il i A BR A &) s D-LH/LC % 6 31
B B8 (H 2 Nikon A 7)) ; XFH-50CA & kK B
B QTR = =7 S A R A D .
2 Hk
2.1 EFERBEXEREH

2t A K B 9% 35 (NGM, 500 mL) : 486 mL
BT /K+1.5gNaCl+1.25 g E A M +8.5 g I
JIE+0.5 mL 5 mgmL ' JH[#E 2B +0.5 mL 1 molL™
CaCl,+0.5 mL 1 molL™" MgSO,+12.5 mL 1 molL™"
K,PO,.

LB ¥ 1A 1% 77 3£ (200 mL) : 200 mL 25 & 7 /K +
2 g JRE AR+ 1 g BEREREU +2 g NaCl.

M9 2% pf i (400 mL) : 2.32 g Na,HPO,+1.2 g
KH,PO,+0.2 g NaCl+0.4 g NH,Cl4+0.4 L H,0.

25 U2 A - B 200 pL ) NaClO ¥ ¥, i A
4 mol-L™" NaOH ¥ ¥ 400 pL, & 2) J5 W R & )
400 pL, I 2.8 mL M9 25 i, BV IR i 3.2 mL %4
FR -

28 HURRIBE VR (1 mL) : 13 L 1-28 48 3 -2- 75 % +
1 mL M9 22

DA AR 77 B MO 22 b 0 < RR T Y 410 241 9 B B
PC 5 [ 4t 2R B0 R RR IR VA, G AR 350 75 v T v R 2K
B K T JE 8 2548 121 °CPK T 20 min.
22 LHMEFRELSK

600 pL K 7 I B 75 TG B 2% 1 T Hebh T 15 97 2k
W IERCE AR 22 CC AR A P RS IR 1 do TR
Frek AERE R @ s R E EARKE T R
W 5% 2k () A KA LRI B FR B UL, IR 3~4 dFE 1
K. AR RIFAKKEIRESHZ &, 1 FH M9
SRITR, RS WA R B R 2 b i) 4R /N O b i g 2
1.5 mL JC 1 EP &, ph e 2~3 I, ## & 1 min, T H
FIEW FHIMAMI G T EPE H, # B 1 min 5
W ST E IR E R 3 . ARJE I 1 mL 28 Ht
AR, 8 P IR i 7% 3% % R € 6 min, R TE B O AL
PL 10 000 r-min™ & 0290 s, E3F FiEWL A 1 mL
MO 2 # , 10 000 r-min™ 2 0> 90 s, B & 3 K.
a1 IR, 7% BIEW NN 1 mL M9 282 /03,
HLRE T W EPEH, BT 22 CCHFRAE N, 7 0P
AR LTI/ UG B0, WO E TR B R
Y ULUE R /)S O I 22 T 1 Bk A K g R T I R R
e S S R I SO N S 3 o =W = R )
KB E . 30~40 h 7] 55 & o0& F L4



$F47% FE 28 2024528 ﬁ!‘l-i{-‘[ﬁti Drug Evaluation Research

Vol. 47 No. 2 February 2024 © 341 -

B3 1 2% ol
2.3 SREHhRE

53 B A AR N2 Gt BEZED AV IR 7 B (150,
200250 pmol-L™) & K Jli #F & 1) LB A B 77 2
600 umoL £ NGM 1, 5 H A+ J5 , K B AL Bk B [7)
R L4 MARI N2 28 RS E T Hod , & 2H 30 %0 B of
2dJE, LRI EAR T BRI FRE S, 7 BMER
TSN 1R K B B M9 G2, R0 20 s S L B
s A . R B R 25 i e SO BB AR R
J S T e i £ Sy il , 9 L DA IE 5% 38 1) W RS B 1)
24 SLEZBINE

AR 2370, K2 dJa AR N T
1.0~1.5 mL K B J& 1) M9 28 /% 11 55 20 NGM K 77
B, FEAR 5 20 s (10997 MR AR 57 2 S 35 B R
VeIV SEE SN TE
2.5 HBKNE

HUERAER 2370, Ki 95 1 d e, ¥ % 4 Bk
BN 2 HURBR R I 803 7 b, ## B 3 min 7 AR
NG N E RO RS T,
Image J F A XF BUREAT 7381, Hox) & 2148 s kK
BTG
2.6 FROEMRS

BUAER 2370, 44 5d)5 HERET
37 CCHE IR AT M EE , /NI T H B AR T 2k U 2
&, HEIFTA LT,
2.7 BERERA

EPHRAER“2.37T0, 45245 5 d 1Y) L4 2k U AE
WY BN iR 2R ORI . By AR,
W3R IE TE B B BB N . WERRI B W
BRI I L [ S HE O N TR) R BR L ORI K
B 380 nm, KK 1 B R 420 nm, 4758
BI% . 8 H Image J 81 3 A B 20 7 30 2% 46 HUIK) 7%
JCEREE, FEEAT St
2.8 DAF-16#E LM E

TE TI356 %% B K 45 divhr, GFP %% Ot &5 1 & A
5 daf-16 % [F fl & . DAF-16 & [ 1) 4 A 7] LLiE
b e BB W B . [F D B L4 Y TI356 £k
B ERAER 237, B HR3d)E, LR ER
WY bR R, R A B R TR
18] B % 't o 1l s QORI K 485 nm, BT 530 nm)
TS , Gt B4R AR AL AL I 2k HU Ll
2.9 SOD-3ZEBFTIENE

1 CF1553 B HL R 4k Hi , GFP 2 e B F B R 5

sod-3 7 KA, T DLIE i 18] B 2¢O W e B B L 4%
F| SOD-3 H R IL . K B AL B HC [F] 25 2 L4 #
[ CF1553 £k HUS & T A in 24 Cof B 2D A i g -+
BE (250 pmol L") I NGM 1, &: 2130 %% . 3 d 5, ¥
28 OB BB B b IO R YRR . 28 AN B)
S AR E DO AN MR . {H Image JK
PRI UG AN R R RO R -
210 FitFERHE

21T 7 148 B Graghpad Prism 8.0 4% 11 8 4 i3t
17, B R v ks TR, SEUERF & A0 A Bo7 2
FEIF, 2 20 TA) LG R A B IR 2 U7 22 49 i (One-Way
ANOVA) , AN A 15 7 43 47 1 % H Wilcoxon Fk Al
3 #R
3.1 BFEXFWRATE RS AT HRENR N

WE R, 45252 d, 55 LLEL, 150,200
250 pmol- L™ A -4l 2H 75 T R b 26 R B 4 25 ity A %2
BEM, ZRA SR L(P<0.00D), HE—%
{1 751 B A DR A

157

_
i

AT HIR/(R s

X B 150 200 250
- F¥¥/(umol - L)

5%t B4 LA -7 P<<0.001
""P <0.001 vs control group
1 BT F WA & B 5 5T 57 R B0 (s,
n=30)
Fig1 Effect of raffinose on body bending frequency of C.

elegans (;:ks, n=30)

3.2 B FHEX AW R L EIZEAIF N

SERIE 2 R, 5252 d, SRR ELEL, 150
250 pmol- L™ A B 35 A g A 75 F Fe AT 4% e Sk R 4%
B 25 I A T B 200 pmol- LR S BEAE TS
T B A 2k Bk AR ) P B Bk, 22 R G it
=X (P<0.01).
33 R FREXH WL RAKAE

ZE R FIR, A2 1 d, 50 IR L EE, 150,
200250 pmol L™ #5 7~ 4 ¥ A fe f 75 ON B AT 26
KK, ZR LGP ERE L. SRERNTT



© 342 - $F47% FE28 2024528 %35-?(«'[4’% Drug Evaluation Research

Vol. 47 No. 2 February 2024

[\ w
d S

kAR (K5
=2

Rupic] 150 200 250
F-FHE/(pmol - L)
0 A - T P<<0.01
P <0.01 vs control group
B2 WFHENFETIATE R KRR IR M R0 (xks, n=
30)
Fig. 2 Effect of raffinose on head and tail swing frequency

of C. elegans (;:i:s, n=30)

B 5 T AT 2 R AE KRR B I d H A

6001

pupic] 150 200 250
- TH/(umol - L)
B3 BT HEH AT A R KA (xts, n=30)
Fig. 3 Effect of raffinose on body length of C. elegans (;:i:
s, n=30)

3.4 BT HEXT B INPRAT L& BRI AR AL S 89520

45255d,37 CCRAL B 5, 5 0B ZH B4, 150
200,250 pmol- L4 7 B 25 BE B 25 1E K 75 WN B2 T 25
HUPE AL RIS P A 3 B TR 0 ) A 358 A8 4 06 AL
A3 B i . AR AR e 1 4 W] L B TR
WEEH B H M RAT R R A MLHELE, 2R
B g5 E L (P<0.05,
3.5 BFIEXNH MR RERRITIRANEN

SERME SR, 445 d, ST RA L E, 7
150.200.250 umol L' # FHE I AL HE T, IRt &R & =
IR ERL, ZRA %R X (P<0.01.0.00D).
3.6 T IEXI BANFRATL RIFA DAF-16 & B #4455
(VA=A

75 N AT 22 di Ak ) DAF-16 & A # A i 6.
7 Fr 7R, DAF-16 R i 7 2 HU 470 300 PR R RF A1,
W e O X B R SE R 2O B . TI356 4k g i
W DAF-16: : GFP [{)%¢ Yt 3214 32 2253 4 B T 5E 7

oo K FRE 150 pmol-L™!
- - - K- THE 200 pmol-L !
-+ KT8 250 pmol - L1

100 1

t/h
E4 AT T TS AT S B AN A A (n=30)
Fig. 4 Effect of raffinose on heat stress resistance of C.
elegans(n=30)

AR RICRE
o w

—

X HE 150 200 250
Fi 74/ (umol L)
xR A :TP<0.01 TTP<C0.001
P <0.01 ""P<0.001 vs control group
E5 A8FHExTH RTS8 X TUARMI M0 (ats, n=
30)
Fig.5 Effect of raffinose on lipofuscin deposition of C.

elegans (;:I:s, n=30)

Hh ) 52 6 DA S A0 A B Lo TI3S56 % Fk [R 2% U4 24
3dJE, 45 R E IR, 6B DAF-16: : GFP ¢ 641 i Ji
€L IR EL B 61.20% , 18] 52 47 1) L A7 K 38.25%
Y0 A% 5 7 1 EE BN 0.55% 5 150 pmol- L A 7 B 21
DAF-16: : GFP % 't 4 Jifd J5i 5& Az 1) EL 451 08 9.72% , vh
5] 5E 7 1) EL 1 A 81.95%, 41 i A% 52 A7 /) B 1]
8.33%:200 pmol-L™' 41 DAF-16: : GFP %¢ J't; 4 ff Jii &
BL I EEHI N 5.76% , v 18] € A7 1R B AT 9 87.77% , 4 i
¥ %€ A7 1 B A 6.47% 5 250 umol-L' 41 DAF-16: :
GFP % 641 B J5 52 A 1 LL A8 A 0%, Hh T 52 A6 F4) EL 431
4 78.03% » A A% 72 A B ELAG R 21.97% . 45 3
K3 F 4 B 13k DAF-16 [71 40 A% (13T 7%
37 HBFEMNEWETEZRFERNSOD-3EFERKRIE
oA

75 N B& T 28 4k Py SOD-3 85 1 £ ik /K T 1 /4 8
B 7R 5 sod-3 5& DAF-16 [ 88 3 [H], 4% 5% B #: %2
DAF-16 4% . 24 DAF-16 & [ ()5 6% M1 ok
H WM sod-3 R TRk kK L. AT HE— B
F 7 2 5 B2 i DAF-16 2 [ /0 %% 5005 v, 138



475 E2H) 202428 L @t %  Drug Evaluation Research

Vol. 47 No. 2 February 2024

200

HaF¥¥/ (umol - L)

6 THHERIMET DAF-16:: GFPIE (L E (x40)

Fig. 6 DAF-16 :: GFP localization map under fluorescence microscope (x40)

300 g

w2 i
C T

(3]
[=3
S

100

DAF-16 &7t

pugii 150 200 250
5/ (umol-L )

BE7 DAF-16#%¥ 7 Lb Bl (n=30)
Fig. 7 Ratio of DAF-16 nuclear location (n=30)

10

AHXT RS IREE
I =) oo

N

<

oyt HiF8E 250 pmol-L !
SR RALLE - "P<0.05
P <0.05 vs control group

8 SOD-3BARAKF (xts,n=30)
Fig. 8 SOD-3 protein expression level (;:I:s, n=30)

CF1553 £k 1k Il SOD-3 # R IE K. 45 R %
7N > 5 % B ZH LR, B 7 B 250 umol L' g 2 3 i
R SOD-3 EARIAKY, ZERARITEE
X (P<0.05),
4 g
AT 5 UL F5 T BT 2k oA s R, i AR 1
BT 75 W B AT 4 R pi o 2 AE s . 4 AR AR
K& B bl & ) A K, H Oz Bl g ) 4 18 8 BE
G, T A - AL 2 Sk 2 AT e A 75 R AT 28 e )
FRARAE , o AR Aoz e, (H S 7k 25 il Sk R 5 3 A
RN, FEA T H A KR B B AT T AT 3 5 7
KjJHujJ NEM A — PP AN EFREY), B4R
U (10 386 K TR A R R AR R TR AR R T B AR R

SN 2k B, BT AR TG # 1 & = T LR
e Sk T E fE 7, AW 5T 45 R WA T 3
P S5 T I 2 PRI 2 A N B AB U AR ST 0 B A
THE A R IEX B AT R R ZEH . 45
W%H?)%Eiilmﬁ*ﬂfﬁa’ﬂ’ﬁﬁ%ﬂ#,%X\Jféﬂm%

U 2R Gh R R S A TR R TR AR A
/%Jzia i NI 52 1. daf-16 15 85 5 K 0
IR, A2 L HE 11S 38 P& 7E 4 16 2 A 322 40 005 5
)R SR A, DAF-16 & A v L — R 51 75
B AR E B RRERETFIRIE, Y el
FI 20 M A% J5 AT DAIBOE AH DG 3 DR 3R IA , 3 5 4k
HIPL P . TI356 1k & 14 H AL &% % DAF-16: : GFP
—M4aEEA, EENmEREEKMEE RS,
HARN— B St , {H— H DAF-16 52 2| il
B BT 2 RS B4R TE e — A A4 R
A A% B34 . FER G R T, 1T E B — R 51
RUR R 56T, AR 5256 1 250 pmol - L A -1 HE 4
ST RN ARG AR, R TR
DL TG DAF-16 1) 3k, AT B00E 6 Ui 48 A .
DAF-16 <= [A] '~ Ui #H 5¢ & K 40 sod-3 %& K 3k 47 &
ik, RIEPL AN A I8 o sod-3 & DAF-16 [ #E 3
R, H4 5% B 5% %2 DAF-16 1% . 24 DAF-16 &
(1) % SR v PR 3G I B, FE R U I sod-3 BT Rk K |
W, A Sz a6 A ] CF1553 2k Gl SOD-3 2 A 1)
F1%,250 pmol- L™ #ff - K 41 SOD-3 & H £ i& W
& Ff L, R T HE R T DAF-16 8 A 1% %
T PR 3E T A E AR E B P 2 0L ) e O TS i
% K 56 B -

MR AU 2R, FAE LT AT e 28
RS IS 15 5 il % b ¥ 50 5 DAF-16 3 5%, (2 it
FONZFIA B N EE AT SOD-3 B 134 i, A
MK &R A dr. ABHTAEPIE T FhbUEs
(1 FHE R , A B A TR Ut T, o
MR E AR B 2T R AN FHBEE T Al

MBFR FAGEHEAREEAEF R



.344.

$F47% FE28 2024528 "éﬁ-i‘ﬁﬁti Drug Evaluation Research

Vol. 47 No. 2 February 2024

SE

(1]

(2]

(3]

(4]

IRRH, AR . MRFRE X R R A i D e S i AR AR T Y
S ()], E BB, 2019, 55(2): 36-38.

Xu D Z, Li Z. Effect of rafinose on immune function and
antioxidant activity in SD rats [J]. Chin J Vet Med, 2019,
55(2): 36-38.

R PR RE BT S [J]. R SRR, 2021, 33
(11): 47.

Gao Q. Can anti-oxidation resist aging? [J]. Food Health,
2021, 33(11): 47.

Wyss-Coray T. Ageing, neurodegeneration and brain
rejuvenation [J]. Nature, 2016, 539(7628): 180-186.
Suhyeon  Pa, Bo-Kyoung K, Sang-Kyu P,
Supplementation with phosphatidylethanolamine confers
anti-oxidant and anti-aging effects via hormesis and
reduced insulin/IGF-1-like signaling in C. elegans [J].
Mech Age Dev, 2021, 197: 111498.

JER, EWSE, S, &5 L s YRR I BT 5L R HAE
PUIEE 25935 TR T ik o 1) B 0], Fh s 2y, 2017, 48
(6): 1061-1071.

ZhouY Z, Yan M L, Gao L, et al. Study on aging animal

(3]

(7]

models and its application in activity screening of anti-
aging drugs [J]. Chin Tradit Herb Drugs, 2017, 48(6):
1061-1071.

B . BT A [F] AL U0 75 T B AT 2 de 34
LB A AR AT [D]. ERBH: B PHITYE K2, 2021.
Li X L. Studies on the protective effects of extracts from
different parts of Toona sinensis on heat stress of C.
elegans [D]. Fuyang: Fuyang normal University, 2021.
Stroustrup N, Anthony W E, Nash Z M, et al. The
temporal scaling of Caenorhabditis elegans ageing [J].
Nature, 2016, 530(7588): 103-107.

Zhi D J, Wang D, Yang W Q, et al. Dianxianning
improved amyloid B -induced pathological
characteristics partially through DAF-2/DAF-16 insulin
like pathway in transgenic C. elegans [J]. Sci Rep,
2017, 7(1): 11408.

Zheng S Q, Liao S T, Zou Y X, et al. Ins-7 Gene
expression is partially regulated by the DAF-16/1IS
signaling pathway in Caenorhabditis elegans under
celecoxib PLoS One, 2014, 9(6):

€100320.

intervention [J].

[FE%E ZHH]



