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Study on antioxidative effect and mechanism of water extracts of white
mustard seed based on Caenorhabditis elegans model
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ABSTRACT: Objective To study the antioxidant activity of the water extract of white mustard seed and explore its
antioxidant mechanism. Methods The antioxidant activity of 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical,
hydroxyl radical and iron ion reducing ability in vitro was evaluated. The wild-type N2 nematode of Caenorhabditis
elegans was used to observe the effect of the water extracts of white mustard seed on the life span, locomotor ability

and reproductive ability of the nematode. The effects on the antioxidant capacity of nematodes were assessed by
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oxidative stress, heat stress, lipofuscin and reactive oxygen species (ROS). The expression levels of genes related to
antioxidant and insulin signaling pathways in Caenorhabditis elegans induced by the water extracts of white mustard
seed were determined by real-time fluorescence quantitative analysis. Results The water extracts of white mustard
seed had certain DPPH free radical and hydroxyl radical scavenging activities. The optimal concentration of 10 mg/mL
was screened out by oxidative stress and it had no effect on the locomotor ability and reproductive ability of
Caenorhabditis elegans (P>0.05) and could significantly prolong the average and median life span of Caenorhabditis
elegans (P<0.01). The 10 mg/mL treatment group significantly improved the heat stress resistance of
Caenorhabditis elegans and reduced the accumulation of lipofuscin and ROS level. At the same time, the mRNA
expression levels of daf-16, sod-3, clt-2 and skn-1 were increased, and the mRNA expression level of daf-2 was

decreased. Conclusion Mustard seed has good antioxidant capacity in vitro and in vivo, which may be related to

FH13E

the expression of genes regulating insulin like growth factor (IGF)-1 signaling (IIS) pathway.

KEY WORDS: white mustard seed; antioxidant; mechanism; oxidative stress
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7R P AR T IT Sinapis alba L. 87
Brassica juncea (L.) Czern et Coss [ T F 1, A&~
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MRS, IR PUAA . U I 2y S R BEPE bk
RAERE NS HE .

1 RS
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FITFF S 1809033, 222 2 T3 [ 25 [y A7 PR
], 2 BE 25 RS R ER B IY 5 % S AE R
FI T BT RAFN 1, KIGFFIE(E. coli OP50), HF/E
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JRE A R@eE OXOID 2 wl); Bk (H AR 24t
ARl HEANGEE 98%) . —IKEFFERRE (- Hral) (L
BTr T A AR A AT BR 2 D) 1,1- 2R Ak -2- =i SR
(1,1-diphenyl-2-picrylhydrazyl, DPPH)[4[ £>97.0%, #f %
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2FD AU & TAE & (RN LA SBEARG B H); 1X51
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YR DHL(RFE Reckman 23 dl); FDU-1110 %k T 4L
(EYEL4 H A 5 B AL 2 7]); SpectraMax M5 £ I BE b
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PCR % (3 [ Bio-Rad 24 r]); MD-803 #F & HIL(*E i i #%
il A BR 2 HD); JE-1002 HAr 22— PRI (EBHE
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1.3 /5 &
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B A FHIE, A mEBNE, K5 0IETT T
Ko FREL 50 g BEARITFHS, TIA 8 fiF i (/K [ 4R H 2 ¥k,
BIR 2h, BHIEME, BIRTEAR AT FREY .
1.3.2 RSP AALE R

(1) DPPH H HH &35 BRiE 1

Z: 25 SCHK[ 19T RE T i W VR i sh, FH /K 2 e i il
DPPH [ W iF#(0.02 mol/L, #7 30 min, PLACELH). HX
96 fLtk, FFLFHA 100 uL #£ 5 F1 100 uL DPPH W,
1R A)J5 % IR RN 30 min, FHEFARAE 517 nm Abi 2
% (optical density, OD){H(4,), HJi/K %5 DPPH &
o IR 2T 9 OD {H A FE il ) B (4,), JE7K Z B4 DPPH
NS OD {H 25 11(A4)). LAgEAE 2 C (vitamin C, VO/EH
PR IR, RS 3 AT, BORE. #a)
115 DPPH H B LIERR R

DPPH [ i3k /%=1 2~

)x100% (1)

Q)FSE A L R e

S35 SCHR[2010 2 J7 8k o

B)ik )= I

2 SCHR 21100 7 v o
133 &REALHERHL

LR R A NGM Bi3R3E, DL OP50 KA FfE
LAY, T 20°CTH IR IE I SR P s 5

SR R RIS 7K 2 U TIRIDIARAR BT 1 mL
M9 B s R 7 I A Yk ZEJC T EP &, 1 mL 3
RSN, REIRY, BIGEEOHLE 5500 r/min B
0> 1 min, 3 F3, T S-Medium 2 Mg kg di 21k, &
D3 FIEE R BRE EP &M E T hEK
NGM ¥ FRFEMTCHIX, 29 48 h J5 240 M4k dUAR I 32 K
BREEA R H AL L4 A%, 58 i[RI AL A
1.3.4 FWFBATR R ER

(1) A BA A A O 8 S

FIWLIE L d B K 3] L4 )5, BH 50 mmol/L H

TR B LR R AR BE T i A S AR AL, R A I
ABHE A 0 h, FF 12 h R UETIRA, H B R4
BT, SEHER 3 .

() P S 5

P BESCHR T VR [2213 R0 3h, s R AL sk UL 3
FFFREEY) 10 mg/mL 4L 0.5% DMSO 25 [ NGM ;55
Ferp, B4 40 4%, 20°CHE SR 3 d, FER B 35°CREFRAH h 1%
F% 2 hJa, B3 20°CHEFRA S, BRI AT
BH, HELBSTIT, LhldfFd.

135 FmBHLREY. BN F L TG A0 L

FHArSEy: RIS E L4 AL R A 9T TOKIEY
10 mg/mL F% 0.5% DMSO %5 [ NGM H; 353 4% 40 4%,
5 R TR A AR (B L 26 R IS R S I A5 Y, Gt AET %
B, HELRETILT

B ENRE I RIAEFERE S92 me: HRIELE L4 WLy
BT A2 FK 4 10 mg/mL 4 F15 0.5% DMSO 25 (141
b, ARSI 145, A 10 4%, MBS AR RO EK
HEAZIESH 1d 258 5d), BIREIREGAZES 3. 5.
7. 9d), FRERHEE 3K,

1.3.6  JE#Z& & A

FRAACE L4 Wik A B E F EIF 7k 10 mg/mL
U 0.5% DMSO 25 HALH, 20°CH; 37 10 d, BEALPRE 10
SR, TGRS T WL, A, I Image ] G453
o s B
1.3.7 F W RBATL R4KA ROS 40 %

HREAE L4 iZe B HIE T 9T F7K 424 10 mg/mL
A 0.5% DMSO 75 14, 20°CH; 5+ 4 d, HI S-Medium
ZE i e 3 IS, LA 50 pmol/L DCFH-DA 1 mL, 20°C
WEE 2 ho I S-Medium 28 Mgk 3 1K, A 0.5 pmol/L
BRI . TE2OGEIE BMEE T R L2k iUk o¢
SEIEN, FIRREAE, I Image J G400 e iR Er . H4H
2710 K40,

1.3.8  FAEZREEHE X R LN

AL E L4 BRI E T T F/K$249 10 mg/mL
A 0.5% DMSO 55 HALH, 20°CH; 5% 4 d, WERERT
BB, BERRERSE vPRTEVE 3 WK, Trizol JAHRIER HUAY
RNA, | SYBR Green 2}y DNA #GHek}, SEf9¢ 6 5E 1 58
4 T 5% 2 /2 Vi (polymerase chain reaction, PCR){l &, LA
actin-1 NINBME daf-16 B ILF IR £ KR, FEH
FALL PCR 1Y 28 ERR . 5IRITHINE 1.

139 #¥BEHitE L

BRI E/PELE 3 IR, SRLUSERbrEER
/N, JRifl SPSS 25.0 BRI R Iy 20 ik AT B
FAESHT, P<0.05 R 3 2257, P<0.01 Fif i 3 22 5 H A,
A A2 5 1] GraphPad Prism #4347 log-rank #6543 4
B
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®1 FWERFLBRENEELHNESE PCR5Y
Table 1 Real time quantitative PCR primers for antioxidant
genes of Caenorhabditis elegans

N LES1H(5'-3") FHES1I(5-3")
daf-2 CGTCAATCGTCACCGT  GTTATTGGCAATTGA
- TTATCTC CACAGTTCC
daf16  AAAGACAACGACCAG  ACTGTTCGAATCTCC
- ACGGAAC CTTATCCC

il ATACTCACCGAGCATC ~ TTCTCCATAGCACAT
shn- CACCA CAATCAAGTC

03 AACTTGGCTAAGGATG ~CCTTGAACCGCAAT
sod- GTGGAG AGTGATG
- TCCATACCCAGAAGCG TCACATAGATAGCCT
et TAATCC TTCCGTCC
ing  GAACGCCTACGATCTT  TATCTGCACTCCTTT
actn=t - crCCcAC CCGTCCT
2 HER55H

2.1 FIMREATEEMIREE R
2.1.1 @3FKEMHx DPPH A t A F R 6L/ 498k
FIIF /KSRt DPPH A LAY bR vk i Lt
FIEAHSE 24 ¥R B (half maximal inhibitory concentration,
1Cs0) P EIC1EL AT 887 S A0 e S Ak 7R 0~ B R R B2, 1Cs0 (R
N, RUBUEALTE AR . R 1 R, BEE AT KR
vl BE (3 n, Xt DPPH H M L7 BR R g i K, &
PRUA S AR AIOE, 76 0.08~1.28 mg/mL JEFEIN, FIF
FKEEY X DPPH H EE M3 B A 28.01% 34 K %]
80.07%, H: 1Cso K 280 pg/mL, Ifi VC (35 bR AE F1 4850, VC
f91Cso A 3.34 pg/mL BFFE 45 5 7R FIT /K $2 4% DPPH
B i HA — R ERR R

100
o @ ® ®
80
=
& 60 - -e- VC
w & [P FKEY
£ 40 -
{0
jan)
& oL
& 20
0 1 |
0 0.5 1.0
SRR /(mg/mL)

Bl 1 FAFFFKI% DPPH H 30935 BR AE 1 952 1 (n=3)
Fig.1 Effects of water extract from white mustard seed on DPPH
radical scavenging activity (n=3)

2,12 AIFARRYTEEHGEAFRERGT A
FIIT TR IEYI A VC XT3 H R B R Sk 5

WEIEAMR, AIFFKRIEYS VC 1 1ICs [H 51N 8.77 5
35.03 ug/mL. H1E 2 AT Bl T KSR B 38,
Xt ERHE [ PR T BR R R WG A, B 1 7 A
P 7E 0.0625~0.2500 mg/mL ¥EFLEN, MIFFKIEY
XA E A BR RS VC 24 (P>0.05). B F13TFIk
PRI A B BT —E T R R

100 -y
90
5
.
ﬁ 80 -
H - VC
{m
B o0 - - HIFTKEY
iy
60 | |
0 0.5 1.0
SR E/(mg/mL)

B2 FIT RIS A ph B I BRI 5200 (n=3)
Fig.2 Effects of water extract from white mustard seed on hydroxyl
radical scavenging ability (n=3)

213 AFFARRYEZRAMELER

ABFFEEALTE 700 nm TR I 5 WO A 3o i
PEV SR R RE T, WOLREEMOR, SRR ke bl i8S RE
TR, IR AN VC XA JFRE ) 5 e 3 5 A
o B3 WAL, BURHE R 0.5~2.5 mg/mL B, FIIFF7K
SEWIH VC Rk J5LRE T B8 AR N5k B F) 18 o 5
R, HAIF TR R G L iE T VC (P<0.01),
VI FAITF 7K S v I S 0y S5 0 P A58

3.0
25+ ——o— % — ¢
2.0 --VC
V:.g\ 15 - FFOKIRY
1.0
0.5 |
0 ! I I |
0 0.5 1.0 1.5 2.0 2.5

BTtV /(mg/mL)

B3 FOT PRSI B A 5 RE T 520 (n=3)
Fig.3 Effects of water extract of white mustard seed on total
reducing capacity (n=3)

2.2 FEWRTFLBNEHKHER
1E AL S AL E T, e 4 B, SEREM

W, TELAZREWE N 5. 10, 20 mg/mL i}, #B{EHE T4
HUAE A il 2 0 3 A F2 (P<0.01), i R SE 3 28 43 i 3G T
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45.45%. 54.55%. 45.45%. FWATE 5~20 mg/mL L2575
PPN HL AT B A 55, DT UG6 B (1 2 /K 3 LA 4
R HUEAC RO 01 . S AL, Y4 R
WK 50 mg/mL B, WELRWFHERELRE EES
(P>0.05), H7E 0~70 h Z [0 575 FILA LA TG RAAR, )
KGR A5 5 T 50 mg/mL.

E# ] GraphPad Prism {44 T log-rank K34, 545
HITRARIEA 5. 20 mg/mL APAHEL, 2525 R 10 mg/mL
I VA B F5(P<0.01), RUITE 10 mg/mL 452451
TR B R RO R 51 A A S AR N S AR RE T R,
K E R 10 mg/mL 45 2 BT HF AT IR 2255 50

R P EMUR PR ZEEL . BTG SR, PR
W E R ROS, SIEEIN B . HE 5 fTH, 520
AR, AL, VLIS 2540 hE W 2 TR 2k
W HRE 1 (P<0.05).

100 251

5 mg/mL
10 mg/mL

;Er 20 mg/mL

ar S0

E 50 mg/mL

0 1 ] 1 J
0 50 100 150 200 250

A E)/h

W HaE A M, **P<0.01 A E 2T, ns P>0.05
TRENERESR
B4 ARSI LI T AT N2 1A 2k (n=3)
Fig.4 Survival curves of wild type N2 under oxidative stress
induced by paraquat (n=3)

100

-o- %[

- 10 mg/mL

0 2 4 6 8
A fa)/d

F5 B Pa T B A T N2 A FETE f 2R (n=3)

Fig.5 Survival curves of wild type N2 under heat stress (n=3)

23 FURHFELREFGLIEER
WA LR th (B 20 2~3 JH, K 6 AT, &gk
BRASE 35 (Log-rank) 73 AT AT 148 1 415 T2 B0 2H 28 75 A A7 16

2k 22 5 HA Geit 2438 L (P<0.01), ‘%%i?ﬁ?ﬂﬁ?ﬁiéﬁ
Fa it KA P ER . & 2 ATAL 57 A,

B AT 2 1 OF 3 5 1 *ﬂﬁﬁ%ﬁﬁ?“&ﬁﬁik
(P<0.01), E¥HEMIINT 16.13%, F i A ardm T
30.77%, fRFFAHEANT 15.90%, Ui AT F/KEEYAEH
T IER L U

100

-z

- 10 mg/mL

I ) /d

& 6 A S T P A T N2 JIAETS th 4 (n=3)

Fig.6  Survival curves of wild type N2 under standard
conditions (n=3)

k2 LHEBFEERESRITSH(=3)

Table 2 Statistical analysis of survival time of nematodes (n=3)

20531 ¥ Fm/d rp (v i /d K FHw/d
H 14.20+0.34 13.00:£0.00 21.00+0.00
10 mg/mL 16.49+0.31" 17.00+£0.00" 24.33+2.31

e 54, *P<0.05 7 B 225, *+P<0.01 A B &
E5,

2.4 FWERAFELRSHEENDMEERENDVESR
HiE 7 nlA, %%ﬁiﬁﬂﬂﬂﬂ’ﬁﬁﬂ, 2R HU KA R B)
PRI, SRS B e h, s shfe T2 i

400 -
-l =
*ok [] 10 mg/mL
«» 300 T ¢/
(=]
q
=
% 200 +
% ns
=
g 100 +
0

%Mﬁﬂﬂfﬂ/d

T 5o AU, *+P<0.01 Ak B & VE# 5, ns P>0.05
T FEMZES, TR,
B 7 X i SRR S S I (n=3)
Fig.7 Effects on head swing of nematodes (n=3)
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T, SasAEMEL, SR RTES 3 d AYSLEESK
oAU R E, HAAW 2 5P<0.01), HEN 3 dZ)5
2R SRR S B0 A B2 25 57 (P>0.05), DI (1T ok
YRR LR MA IR T, WA XL iz sh T haE
I3t AR, F H AR A A AT R B — e R R .

BT TRIEATT F K B 4 5% 75 i S 15 DAREAIR B8 e 2k
AEFERE I A, T I KR LR B AR FR BE 1Y
i, 525 A2 RS RE(135.00443.59) M L, ZZjHZ R
B A5 AUB(137.67+10.02) FF- 0 i 214 22 & (P>0.05), F It
FITF PR IR AN S48 4 i A A
2.5 BERRNELSR

B R RIS IR R, RA5EA K
Fitk, BB 2T SRR mE 8 A, b
I 2H S Y90 S EE (5.780+2. 4490 [, S 2H £ Uik N g
M E DRI (2.647+1.013) B & FRIL(P<0.01), 2 T4
HUS AR ARG Y B AT IR FHE

10 mg/mL

K8 Rt REURAIE

Fig.8 Determination of lipofuscin accumulation

2.6 ROS KEMELR

MEFE MR B e, HHTTRE S I, ROS B H
MR, PEEIN K, BEMREHMEERN TN, B
WL AR A SF- i, 3 1T 4 A s 08, 5 ) I 77
w0 K 9 WA, 528 AR RPOEERE (1.377£0.091)
A, SCERZH4R R ROS 7K (1.293+0.069) 8 2 R A%
(P<0.05). FWIFIFF/KHE T LA 85 AR 2R ol oy TR 1
ROS /K-, A fE5 Hbb R b A b N RE 1 .

10 mg/mL

9 ROS K FMI5E
Fig.9 Determination of ROS levels

2.7 RHEE PCR M

HIE 10 AT%1, S PrFokeY TR, Zduikn
daf-2 mRNA R ik it 2 & T, daf-16. skn-1. sod-3 Fl
clt-2 mRNA FiXEN B E FF(P<0.01). sod-3 Fl clt-2 &

N daf-16 B TR, WTLIE RN Z A AR E T,
NITAEFE ORI LR o2 SE A . T skn-1 RIRBRES
T 5 Vi A SR PR, S e T 9 e R P 1
FeIRORAE KL R A5, DR A (1 T PR SR A0 i o 5 R
155 10 PR A 2 R U LR T ok R AR AE S 2 OME . X
5T %P g R BTG 2 RRE1 4y OE-1 3l ad 5 il i
5l A AL RO N T skn-1, sod-3 FIKAFERK L
ARG R 5, WS T daf-16 1EATL R A AR
Ak B8 T T 1

15r

i
N 10 mg/mL
]ilg 10 k3%
i -
=
junng
5= ok
>
© S5r
=
kk
Hk
0
daf-2 daf-16 skn-1 sod-3 clt-2
AR
I S5 A4, #4P<0.01 A1k B EVEFER,
K10 SERFPEEE i PCR 45 A4 (n=3)
Fig.10 Detection of real-time fluorescence quantitative
PCR results (n=3)
3 & ®

HET, ST ML 32245 B th S AR = Ul
DNA H52A800 . kil . I Tl &0 g h At
TEF LA R A 3 AR S50 DNA B s i %
Ko AR P BOE BN EEEE, i s
Ry S PR AE 27 7 S L R,

AR5 R AT DPPH B HEERR% | BHE B 3SR
UL RS I R RE IR T KSR AT T RSN R A
BEJTIIBFST . ST R BLAST F/KIEYIXT DPPH A thSEFn¥ st
B H S EA RIS RRIEPE, R AIT KR B TR
FRILH t3LR DPPH A LI, 3T LR RIMTE Lt
LG, T F5 I RSAT 4R A RIS (1 3T K IR a7 T A
WPTALLIIESE, LAGE S 4 PR 53 (1T F BBt B AR AL .

75 i 1) S 4K 5 5 R R 7 7 8 LA AR S 1 S BB PO,
DR A0 o A L A SRS B S R AR UK S M R AR B AG Y
HCHLRE ST o B0 & B SR 10 mg/mL (1 (A 7FF7K4&
Yt B HEAR PR B SOR B, EXREE R B AT
KLk R Fr, ek BACHT = R Be 1, sl iE S
E M ROS MR 2 SLI0 45 LU0 T AR UE K 4 1 754,
HE— B P TR SR S RS FE AR K-
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W, HATCAEReRECY | AT B gt

ANE PV SRR P R Tk I E MR SE, I A
SHE A S a2 A G S A EEYICR
S 25 R (5T F T L R 5 R /IGF {5 S %, feik
daf-16 WRERENL, B HLIAR A R CRE ) ok AE 28 U i

ABEFER I F T KM HAT R i B A A Kb

EAAE, AT T 2 S A RO R AR TR
AR LA TR AT A1 R AR b A A R LA )
M, WAL RBUAA . ST 8 Ry i FINRErE R A . 2R
M 57 7P B AR RGP s, BT A A A T
SRR 25 B B A HE— PR AR
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