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Effects and Mechanism of Ethanol Extract of Mulberry Fruit Powder
on Aging of Caenorhabditis elegans

ZENG Zhikang, ZHU Chen, WEI Ruilin, DUAN Shuhua, AN Ganding, SUN Zaixing, LEI Ji, LI Yufeng’

(School of Food and Biological Engineering, Xihua University, Chengdu 610036, China)

Abstract: Objective: To investigate the mechanism of anti-aging effect of ethanolic extract of mulberry fruit powder on the
animal model of Caenorhabditis elegans (C. elegans, nematode). Methods: To study the changes in longevity, resistance to
heat stress, motility, swallowing ability and reproductive ability of nematodes after stimulation with mulberry ethanol
extract (MEE). And SOD activity, CAT activity and transcript levels of anti-aging genes in nematode bodies were also
investigated. Results: When the nematodes were stimulated with 5 mg/mL of MEE, the maximum lifespan extremely
significantly increased by 22.24% compared to the control group (P<0.01), significantly improved the nematode motility
and resistance to heat stress (P<0.05), and did not affect the reproductive capacity of the nematodes (P>0.05) when the
swallowing capacity was improved by 30.43% compared to the control group. Meanwhile, the results showed that the
enzymatic activity of SOD and CAT enzymes in nematodes increased by 21.44 and 13.84 U/mg prot, respectively, reducing
the threshold of oxidative stress response. After treatment with 5 mg/mL of MEE, the expression levels of antioxidant genes
sir-2.1 and skn-1 were up-regulated by 45.70% and 51.73%, respectively, and the expression levels of insulin genes daf-16
were up-regulated by 161.63% and daf-2 were down-regulated by 57.10%. The expression levels of Asp-16.2 and hsf-1, key
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regulators of life span and resistance to stress and thermal shock, were up-regulated by 121.13% and 41.07%. Conclusion:

The ethanolic extract of mulberry fruit powder achieved anti-aging effects by enhancing the activity of SOD and CAT in

nematodes and up-regulating the expression levels of various groups of genes in vivo.

Key words: Caenorhabditis elegans; anti-aging; mulberry fruit powder alcohol extract; lifetime
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Center) ; OP50( JR & WE ) [ B K G FT B8 Escherichia
coli)  VHAEI2EFr W HE A7 S0 2 S It el AU fh B iy
(Superoxide dismutase, SOD) | i H L & i (Catalase,
CAT)IRFI & W A A W o T B AR
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1.2.1 RSN QB2 BOR (MEE) 14 AR
il A SR e ST il £ SR A I T, FEAE
St RS CPER ST RAL(E KA 6.28%)50 g
ZFPEE T, ¥ 1:4 g/mL FERHE LS K TE A 3%
22 ZERRE (IR H591), 3R 203K, 4680 °C BAIKIRL Tl
7R 12 h JEIAZRTHI-40 °C T4 24 h 15320y

MEE (il £ $2 FOR ZRPEAF ) il £ RE T 2 Isidi
BRI TIT L, FEVEScE . BRI 25 g #18 1:20
g/mL A EL Bl In A 70% Z L IR %, 40 C 1
300 W BEATIBA$2HK, 60 min J5HIuE, EuE)S 4 g
H ) 4% B 7 M 10000 r/min 250> 10 min V5 W%
Ao NG I WSS 25 kv 4 2 JRAR R D 432 —
JEFEREENAFE T, $25), £
1.2.2 iR RKEEFREINGM) IHIEE  NGM RS
IS B 17.0 g BHUEKY . 1 mL 5.0 mg/mL JIH [& 5 2,
B L 3.0 g NaCl, 2.50 g ZE T 1000 mL 751
N, JEIMA 25.0 mL 1 mol/L 14 PBS &%, 1.0 mL
1 mol/L i4 CaCl,. 1.0 mL 1 mol/L ) MgSO, {57
IK, FEZS, ¥RA), 4, 121 °C KB4 15 min, 12712 [
R, FIARFEIREEL, &1,
1.2.3 FuEfafr& i mibEESR  C. elegans 1
[FIHAfE RS FR0 O SR P U SR AN 2Ly RS A E elct,
20 mL M9 ZZ R 3 3R 3L P i £k v | B 00AE
TR e T E, e DI, JE I 1 mL 1 mol/L
NaClO. 1 mL 1 mol/L NaOH, J5 A 3000 r/min &5.0»
2 min, JBE3F_LIEW, FEERIINA 2 mL M9 2% bk o
Ve, A vk = RIS ARSI DT TE RIS 2R L DR, o d
RS OP50 Y NGM P AE 20 °C By E IR T 1%
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1.2.4 FELAFXTIEAH NGM ECH]  FHE4H NGM
Bl e m] 1.2.2, INA SSRGS, 35 lC i
J% 1 mg/mLUEFE4H, LD) . 2.5 mg/mLOPF|E4H,
MD) . 5 mg/mL(&F&= 4, HD) A5 # 4 NGM!'7,
Xt FEZH NGM LTl 7k A 1.2.2, INASFE &1 7508
JK, BT BEZH (BC 41)NGM.
1.2.5 ZRH G BEYLEEER 90 H{HRRE La 2k
L, SRS BC 45 NGM A, SE2E6 24 K0
SRS 0 d, #E 20 °C REIEIEFE (5 48 h #F1 7564, 5%
e BT 0T L MR B A B R Ak b ), URER Z A TS 1
Do SEEGTREE T e — AR BT M 1, SRR
TG,

2k AFI PR v DAAZZ 5 2R 1 S35 10 s
JE AT S o
1.2.6 RPN FELAE S e BEMLPEEL 90 Hfa
B L4 Zely, /3B G40 BC 40 NGM i, 20 C
1535 48 h Ji, R 35 °C FIEEREFE, 45 1 h W
ERATIGIE L, SCHRFLE & 5 Ja — R e T A k)
1.2.7 ZRHGEshae J1iaE  BEVLPRECE T S a5
L4 28 i1, S35 AFI =40 BC 41 NGM H, 20 C
TEIRIEFE (B 48 h AT, FERE S0 T WM BE 1Y)
BiFedhdn), S50 PRE 10 Hiz SRS S gk T
TR IR AL AN T A HLAESS 0. 4.8, 12, 16d
B iz ShRe IVE TP FEa R . P AT 224N A
"l H s A28, L8N FRIETT | s shigia
ShH@ZE, LA NFHRNBAN T 36 h 3k R A @20, G
T4 LH Lk R .
1.2.8 ZRMAFMEE ST AE  BEVLPKECS T H R
L4 £, S35 AR &40 F1 BC 2H NGM i, 20 C
TEHR B TR (B 48 h PEATHHR, 58 2B X e BE 1Y
Brgedtdh), K HBEPLPRIE 10 A7 ALkl T B i
B PSR HAESE 1.2, 3. 4. 5 d B} 1 min PYAYFEIR
YEPY, TSI
1.2.9 ZelAGHAEIME  FEPLPEER 10 HizspiREs
LR L4 £& 4B A G E 40 BC 4 NGM Hr,
20 5 DEFFRIL, B REFE NS — Hgk i, 5 d(FEER
3 d BEFTEH, FERL Z T B I R R B IR AL ) JE
SRBNFAEEFRAL L B E Rk = g B I 861 7
giits
1.2.10 £k iR PNPLE ARG e BEYLPRECE T
TR L4 28 U E=FE4H A BC 4 NGM A A =5
3 h, SRR AR P, £95 HBF L1, F 20 °C E
WEEFE S A(HESS 3 d YA THEAR, FERE 00 It N Tk 5
PG FEIRET) o RS S B ZH FNXT HEZH 9 pl ALk Hadie
MRS SR AE SOD 7% 380 CAT 3% /71221,
1.2.11 SEBF2856E H PCR(QRT-PCR)  BEHLPKEL
AT HAAR L4 2RS4 BC 4H. HD 26 NGM i
72N 3 h, SRIEFE AL Pk, 1938 BN L1, F 20 C
MEBERE SR 5 d(FESS 3 d I TEMR, B RS E0E X

W R FR R o IR AR S L AT FRZH 1 AR £k
H, FRF ST R RNA, MSE KL sir-2.1 . skn-
1. hsp-16.2. daf-16. daf-2. hsf-1 BFEEIK, LU cde-
42 FE N Z, (] 2722 vk ek FE N BE AR X
RE L, A FEH G Y THBEE AR 1,

E 1 FFNERNASIFS)

Table 1 Primer sequence of the gene to be tested
GIL/ES JP5(5°-3)
sir-2.1-F CCCATTTTACAAGTCGATGG
sir-2.1-R CTTCCTCTGCAGTTTTTCCA
skn-1-F CGTCCAACCACATCATCTC
skn-1-R TCGGCTTTTTGAGTTGGATGT
daf-16-F CTAACTTCAAGCCAATGCCACTA
daf-16-R TCCAGCTTGACTCAGCTCATGTC
hsp-16.2-F GGTGCAGTTGCTTCGAATCTT
hsp-16.2-R TCTTCCTTGAACCGCTTCTTTC
daf-2-F GTTGATAATGCTGCCGAG
daf-2-R ATCCCGGTCCGATTTCTT
hsf-1-F TTTGCATTTTCTCGTCTCTGTC
hsf-1-R TCTATTTCCAGCACACCTCGT
cdc-42-F CTGCTGGACAGGAAGATTACG
cdc-42-R CTCGGACATTCTCGAATGAAG

1.3 IR

G B Sr HE 3 . >R Graphpad prism
9.0 fEIE, A One-way ANOVA #4748 114347, 2056
2% BB SR B AR E 22 (atb) o, P<0.05 FKoRAFETE
R
2 HBRESH
2.1 RERM CEHRRXZ&REBHIR N

75 TN £ 1) 73 F 0 o MR s 5 1 e O
M — bR, IR BT TP bk e bR 2 —,
AGREGI E T A [FHE MEE X} 75 i 2k L 54w il 5
mi, XAy A L S L B K IR A T AT,
ZERANE 1. 32 2, v RUE H =R E A AR a2k
FELT BC AL, U MEE X4k oA —iE
MAER 5. LD A FHAAE 15.12 d, MD 4HF347¢
1 16.09 d, HD -5V 45470% 16.72 d, 53348 BC 414
ST 10.04%. 17.10%. 21.69%, H{5; Z5 v 45 B4 25
T 1.33.2.33.3.67d, s KFmIaHEE T 1.67.
3.00. 4.67 d. FHELHLL V54, h A, el

30

& 20 —~ HD
I
=
i
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O 1 1 1
0 10 20 30

KEL(d)
B AR SRR 2 U5 A R
Fig.1 The effect of MEE on the longevity of nematodes
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Table 2 The effect of MEE on the longevity of nematodes

- A5
LD
BC LD MD HD
FFEa(d)  13.74£0.36  15.12+0.68"  16.09+£0.53""  16.72+0.78™
P A (d)  14.0040.58 15.33+0.58" 16.33+1.15"  17.67+0.58"

K HFa(d)  21.00£0.00 22.67+0.58" 24.00£0.00” 25.67+1.58"
T 30/30 3030 30/30 30/30

TE: RIS BRI DL S bR 22" Fom; * 2 2 41 5 BCYL IR T7AE
X5 (P<0.05), ** R4 5 BCAL A AEAEN (B3 25 5 (P<0.01) ,

FFfr BC 4 AH L A 325 5 (P<0.05, P<0.01)
HE e ksirt . PA_ B Ud B SR 2,
PR R RES— 2 R b IE 2R i AU 1 o
2.2 RIERY CEHRRXI L BITAR RIS

F R S BRI ROSGEHEEFE) /K18
N, WK A R 3R, 5 R, PEmT S gt
75 LR T AR EE 1 RS SR b AR I —
BARRR, UL RS SRV ARE I 2 EAH ), A
IEGM T 35 °C N AS[FH)E MEE Xt 75 2k bt
PV ILRE ST BRI, S5 RANE 2 B, Al RLE H =4
FIEH AR HS AR T BC I AR, Ui
2k P PTIANY BHE 1 A5 F4E T, LD 41 MD 41 .

HD 203 BC i KAFIERT R Z8hn 1 2. 4,

4 h(P<0.05) . PLFVIKRAETT I BT H 2 —E nY5T)
AR

40r —e— BC
30 —4— MD
E(/ HD
i 0|
= 20
Jict
AiSng
ot
ccC
0 L a )
0 5 10 15

IFA] (h)
K2 RN SRR OO 2k BT AR ) B 520
Fig.2 The effect of MEE on the heat stress resistance of
nematodes

1 ARVNG R RR L R 25 5 8 35 (P<0.05) o

2.3 RIERMY CEHRRXI & RIEENEE IR
A SEJYL B AL, &z shaE 1 B
ik T HAE AR, 12 ShEE ) S54RSS W B A Lo
R, BRI IR R PO AR SIE T
ANElH B MEE X 55 B2k B iz shRE 7 1452 e, X R
0.4.8.12. 16 d iz ZhEESIHATHIHT, G5 R AN 3, AT
LI H 0~4 d ) H4H 5 BC 2H2k tt i3z ek &3 7
MEBEAEH B2 5, #4512 d 5 BC H@3J i
B W w1 22 2550 i D2 £k i Hio i e v oK T
BC #H. #%5 16 d J& BC HJogk e A E7%3), 4557
EEAE L B Re i r A a2 3h, AHET BC 4,
F LR B B RE I WA . DL R B S

RO | 55 SN OB BURON 75 I e T SR T i i S AL - 417 -
Sy 21 =75 IR L AAB shRE T o
100 HARE = 3%
: == Q%
= 0%

50

HEE (%)

e ..4... ..8..
KE(d)

K3 FAURA QBRI 2 dUE Zh RE T IR
Fig.3 The effect of MEE on motor ability of nematodes

24 RERHCEHRRXIZBREEE IR
2k AU I BE o S i T £k ol 25 S U 3 ACRE

G BhEE ST, HHE R 5 A S, ASRgG ) T AN
[F] MEE X} 55 IN£k L Zr R BE 1 s 52, g5 SR an &l 4,
2% 3, AU H =50 e ] A0 B IR Bt £k AR A T
BC 4 BB 2, UiBH MEE 345E T £ H 19 75 A
Yife. BC A VF-HBEMHRECHES 1d 147.72 YK /min.
%5 2 d 140.30 YX/min. 45 3 d 129.33 X/min. 5 4 d
107.40 YX/min. %5 5 d 99.25 YX/min; LD ZH~F- 33751
WEAHES T BC dHIEAARSFHIHETH T 13.91%; MD 2H
SEEYFFNRUEEET BC 4R AR T T 20.61%;
HD ZH -5 R B 52 T BC ZH 3RS 190 1
30.43%. FIFELHLE HAEWKIRES BC ZHAH L HAT
225 (P<0.05) HE2—Ewlmift:. L Lo

250 ¢

—o— BC
—— LD
‘= 200 - —— MD
£
2 HD
= 150
.}5
=
= 100
507
0 1 1 )
0 2 4 6
KE ()

K4 RN SRR OB £k BT I RE ) B 5200
Fig4 The effect of MEE on swallowing ability of nematodes
F3 RHAR CEHRBUR XL A RE ) A0 (Y /min)

Table 3 The effect of MEE on swallowing ability of
nematodes (times/min)

25
KE(d)
LD MD HD
1 147724121 167.50+2.70™ 175.83+3.03"™ 192.33+6.14™
2 140.30+3.82  160.47+3.63™  168.53+2.72" 180.57+1.58™
3 129.33+3.12  147.47+4317  152.07+5.15™  160.13+5.28™
4 107.4042.21  127.70+£3.24™  137.50+3.84™ 147.53+5.94™
5 99.25+1.46 108.07+4.20™ 117.46+4.34® 126.53+5.58™

e IR AR DL T EbRfEZE " FR; * RN BCA 5 LD A7 1E B %
25 (P<0.05); [AFT AR FHREA QR4S ) B 4 AU A7 B35 122 52 (P<0.05) o
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Ui HH AR L PR O RES — e PR s 2 IR Ay
MABES .
2.5 RIERM CEHRRI LR IEREIHIFINT
AARIETE VP2 AW FF A K S ARSI RE ) 2
R AR, FHa2EPT AEmE T b A S AETT FRAEIE
LR A RN IR T LR L i AEBERE V), (/7RG
TEWTFE R A SRR B AT fifF 22 WA AE (2 i Fgviy F) (] s
AL B AETARE ST o AR E T A [R5 =
MEE X} 75 £k ARG RE JJ A2, S5 5Ranl&l 5, aT LA
A=A A IO T BC 2HI 00 W35 AR
£ (P>0.05) . LIS Arid I SRAR R Ll $E BGR ]
TEAE R LR A YT O N AN U A= AE T -

250 - ns
ns

ns

200 +

50

B'C LD MD HD
S34H
K5 AR QREHIRON £ RV FEAE T B 520
Fig.5 The effect of MEE on the reproductive ability of
nematodes

TE: ns FRS AR AL E 2R (P>0.05)

2.6 ZHAERNIMENEEINESER

SOD. CAT [ &£k iR Py =2 AP A AL i, &
AR P AGER i DTSR AR Z 4310 3 H 3
IR FIE FEAA YA R K T H ™

AR EEI 7E T AS[F 57 5 MEE X 55 B8 H 44 Py
SOD. CAT ¥ Sy g2, 45 =i 6, vl LA H =4~
&4 SOD. CAT & HAHE T BC ¥ AH =T
£ SOD 5255+ LD, MD. HD ZHAH%: T BC 4135 /7
WihnT 6.03. 15.28. 21.44 U/mg prot, 7E CAT SZ 46
1, LD, MD. HD ZHAH#F BC 1% 13 im T 7.51.
9.95. 13.84 U/mg prot, & 414k SOD. CAT ¥if
715 BC AR AT, HoA 325 5% (P<0.05) H.
e EARRE . DA HTI I SEALAS 2 R
WO T A R R bR ARRE T, SR TR TR N
e b Al 18 s DI S RIS
2.7 ERREEE PCR (qQRT-PCR) SUELER

AEAFSE MEE(HD 2H ) %) 75 Tl & 0t 44 P ik 5]
FARZN, 25 & 7, iTLUE H HD 4Hri i 75 2 3%
K55k daf-2 A F BC HIHFEH#F . HD HAHKRTF
BC 4 sir-2.1 s8R T T 45.70%; skn-1 % 5%7K
SPARFET 51.73%, sir-2.1 . skn-1 [ERPTEALIERA, 3

EES

80

(o)
S
T

N
S
T

SODJif 71 (U/mg prot)

N}
S
T

MD HD
Pl

Kk

40 -

ok

30

20 -

CAT{f /1 (U/mg prot)

MD HD

B!
K6 FARN OB L dL SOD, CAT {1 52 R
Fig.6 The effect of MEE on SOD and CAT activities of
nematodes

e+ RR N E A5 BC A1 B E 25 (P<0.05), **F R
w2l 5 BC AL B % 22 57 (P<0.01); & 7 [,

*

_‘ " mm BC
3 -

= HD
a

* * *

NN

sir-2.1 skn-1 daf-16 daf-2 hsp-16.2 hsf-1
Bl 7 RN SRS BOBO 42 HUBE R s KT I 52

Fig.7 The effect of MEE on gene transcription of nematode

BV A R SR TIR=N R A== M W a 1 (1) || 2 ¥ o2~ SPA |
TR0 EAFRUBUEEALRE ST 00 AP, daf-
16 B F KT T 161.63%; daf-2 5% 57K AR T
57.10%, daf-2. daf-16 [FlJ& T IS {5 50, daf-2 1)
RIRIKV- 2Bl A5 A BRI BEAIR, daf~16 FiksKF-
SxBERE FR AR NG INC R, IS A5 S R TSY
AT () £ B F S0, daf-16 2k AR N =
VAT P A U R PR R 1 2 S R 5, AT E— e 2
BE PR T . HAE LT R 5 2R A5 500 B i i

*

o
T

HOFE R

—_
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71— R YBEIRAC IR N, I3 FOXOS/daf-
16 A5 R HED AMIEAZ R G, hsp-16.2 F%550K
SR TE T 121.13%; hsf~1 $2T1 T 41.07%(P<0.05),
PIARTTERTY hsp-16.2 hsf-1 [RIRPURPEIL, %
IR TR PTIRERE D9 BT L ST
VLI Ay 2 B2 IO T s 2 H A py L DRI 1y 22
A, IR FIIEA A H .
3 g

ARG 38 3 ) 55 E B AT LR R A WF A, AT
5T T AN C B R AT LR o E R 520, I
X HAE AL T WI2ARTE . G Es 1SR, SR
T PRIPOR R W PR TH R i0 754 (P<0.05), JFdiZk i
MIIZBEE T . PUNIELEE T . AR R A9 2 i E T
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