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Study on the Effects of Atractylodes macrocephala Ethanol Extract on Life Span of Caenorhabditis elegans
and Its Mechanism
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ABSTRACT OBJECTIVE: To study the effects of Atractylodes macrocephala ethanol extract (AM) on life span of
Caenorhabditis elegans (called N2 nematode for short) , and to investigate its mechanism based on transcription factor SKN-1/
nuclear factor E2 related factor 2 (Nrf2). METHODS: N2 nematode were divided into blank control group, positive control group
(100 pmol/L curcumin, similarly hereinafter) , AM low-dose, medium-dose and high-dose groups (100, 200, 300 ug/mL,
similarly hereinafter). The effects of AM on the life span (by average survival time) of N2 nematode under normal condition and
oxidant stress condition (40 mmol/L H.O,) as well as its effects on reproductive capability (by the number of filial generation) of
N2 nematode under normal condition were investigated. 700 pmol/L H.O. was used to establish neuroblastoma cells N2a oxidant

stress model. Effects of positive control, low-dose, medium-dose and high-dose of AM on the survival rate of model cells were

detected by MTT method. After human embryonic renal
epithelial cells 293T were transfected with Nrf2-ARE plasmid,

the effects of positive control and AM on luciferase activity of

ANELIH : FE5 QAR IS B H (No.82004019) ; r [ 1
R Rl 4 R B H (No.2018M642761) 5 Jal 1 445 v B2 245 B} 2E 5T
LI (No.2018ZYZD12) ; Il Fg A B & 114 (No0.202102310183,
No0.202102310173) ; i B 44 K 2% A= G180 Al Il 25 3 %) 5 H (No.
$202010471046) low, medium and high dose for 24 h and at medium dose for

* FRL-BESE A . BFSE 7 16« v 265 2500 S K M T L L o 12, 18 and 24 h. RT-PCR was used to detect the effects of
7% :0371-65680206, E-mail: zhaojp026@163.com positive control, low-dose, medium-dose and high-dose of
HOBE VR B B R ST, T BFGe 1« 22y AM on the mRNA expression of downstream genes NQO-1
R % ME R P . R3S - 0371-65680206., E-mail: xiezhish- and HO-1 of Nrf2 in N2a cells as well as mRNA expression of
en@hactcm.edu.cn downstream genes GCS-1, GST-7, GST-10, HSP-60, HSP-

Nrf2-ARE were detected by luciferase reporter gene method at
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16.2 and SOD-3 of SKN-1 in N2 nematode. RESULTS: Compared with blank control group, average survival time of N2
nematode under normal and oxidant stress condition was significantly prolonged in positive control group and AM groups; the
number of filial generation on the first day (except for AM high-dose group), the number of filial generation on the second day
(except for AM low-dose group) and the total number of filial generation (except for AM low-dose group) were increased
significantly (P<<0.05 or P<<0.01). The survival rate of N2a cells in positive control group, AM medium-dose and high-dose
groups were significantly higher than that of model group (P<<0.05 or P<<0.01). Compared with blank control group, Nrf2-ARE
luciferase relative activity of 293T cells in positive control group and AM groups as well as Nrf2-ARE luciferase relative activity of
293T cells in AM medium-dose group after different time of treatment were increased significantly (P<<0.01), in dose-dependent
and time-dependent trend. Compared with blank control group, mRNA relative expression of HO-1 and NQO-1 (except for positive
control group), GCS-1 (except for AM low-dose group), GST-7 (except for positive control group and AM low-dose group) ,
GST-10 and HSP-60 (except for AM low-dose group), HSP-16.2 (except for positive control group and AM low-dose group) and
SOD-3 (except for positive control group and AM low-dose group) were increased significantly (P<<0.05 or P<<0.01).
CONCLUSIONS: AM can prolong the life span of N2 nematode under normal and oxidant stress condition and improve the its

reproductive capacity, the mechanism of which may be associated with the activation of SKN-1/Nrf2 signaling pathway.
KEYWORDS Atractylodes macrocephala; Ethanol extract; Caenorhabditis elegans; Life span; Oxidant stress; Nrf2; SKN-1

Hh 2l IR BRI IR Atractylodes macrocepha-
la Koidz. I THRHLZE, IR 2 T CMIRATRIZ ) o T2 IR
H PR, M B 2, A AN KRR LR
TR, RO BE AN A RS — 2270 OB A
FOVE URNMERTE , ARG 5 1E4E AL, AT 0L A A
A T AARIER F i 110 25, H LA AL A
I

w PR Z gy an /N R BRAE R A RS
AT AR 2E S KA R B R, A3 T b 2 4 AR AR
BTG . 75 IHBRFTFLE H Caenorhabditis elegans B4 73
fre B R H 2 R sl R 2
Fr 4 5 % HL55 7L sh ) R TR 22 iR o, S
F 5w ) R AR AY | R T 4 55 24 ) 1) e 3 A O e
H.O. 2 UL AL, o R 48010 A H BR 77 2
HAE AT /0N BUM 2590 1 200 N2a 38 iR E AL 405 2 —
Tl P AR S AL LIRS VR 400 i 293T J&—
R AN, TR0 AP I R ) 23K K P . SKN-1
P UIE | B e L2 IS e e 7 A = WA Sk i Y& it
w2 % E2 A O - 2 (Nrf2) - Bt S8 Ak B v oo 14
(ARE )i B SR LA AL B N ZERLRI N, BTk,
AR LR 95% SN FAARHEA FHEEL, 5T
TR CEHR I (AM) TE IE 5 AL ROEA T X 75
I A HL 73 Ay ) B2, 915 FH N2a ATILRT 293 4 fE
G F7KF EFET SKN-1/Nrf2 3 B AM AE K F i
FABLE, BT RAGH I AR AL I KA

1 ##E
1.1 FE{UEE

A FY I FH 2SS A« Series 11 Water Jackxet 7l
CO. 2 it 15 7244 1 Multiskan GO I 423 K bR A% ( 25 [
Thermo Fisher Scientific 23 F] ) \FLUO star OPTIMA %I %
L RE B 1X (7 E BMG Labtech 23 7] ) . SW-CJ-ZF %5
H ARG RN IR IE b 545 A FR 23 \] ) L Eclipset S100
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A8 E 5 348 ( H A Nikon 23 7] ) . SMZ-168 RIA X i ik
2 (rr [ 22 v i Sl AR AT FRZA H] ) \Microfuge 20R 7
Y VR B85 .0 ML (35 B Beckman Coulter 23 &) ) . 7500 Fast i
SR UG RE T A B S0 (PCR)AY (32 ABI/AH] ) .
1.2 FEHBSIEHA

AR I BT R A8 FEAE T, 20T B v B2 25 KA
R R P2 2 72 A B AR A, macrocephala Koidz.
AT RS SEUEREAS (45 BZ1810) EL AR A7 T e Ho
By R AR

L E N (S C10372682, 46 JiF =99.7% ) I
MgSO, (#it-5 C10238019) 104 {1132 sk A AL B
BN w) TR R R A RE AR R T - R R
TRA W MTT IR A B . NaCl (H1t5- 43 51y 310C023
106L054. LK40Q28. 325D051, 20191126, 725C056.,
20191128.726F0315) 11 H AL 5t R K RHA R A A,
CaClL(#it*5 SLBK1794V) 14 H 3 [5] Sigma-Aldrich /3 F] ,
Na,HPO, - 12H,0. KH.PO, ( #t 5 43 %] & 20160219,
20160226 ) ¥4 [ [ 25 4 A b2 0550 47 FR 23 5], DMEM
T B R L (1L 5 10013031) 1 [ 25 [# Corning 23 7, Jif
A ML (HE 5 42Q0682K) 1 [ 52 [ Gibeo 24 F] , HO, (it
S 11422134) W A b3 T3 T A A RS A A BR 2 ]
PolyJet (AANE LR (#E5- 61758) g [ I BB YR
Ho A BR 2], 9200 2 M R & (it 5
0000312919) 1y H 3 [E Promega /A ) , BeyoRT™ Il First
Strand ¢DNA Synthesis Kit ¥ % 5% i 7l & (4t 5
103118190503) 14 F L3 = KA H ARG BR A F],
Power Up™ SYBR™ Green Master Mix i 7| & (it 5
00837276) Fil Trizol Reagent (5 229009) 4 Wy [ 35 [F
Thermo Fisher Scientific 2> 7] ; —H 3L A (DMSO) .5
15 SN SRR AN I R Bl , KO B ALK
1.3 ZHE5EKk

738 B A 7R 55 O R R L (RR R N2, AT TR FR “N2

China Pharmacy 2021 Vol 32 No. 4 <419 -



28 1L ) PR 1 IE S g TR K g 2 A T8 OP50 ( Escherichia
Coli OP50) ¥4 [ 5 [# 75 1 fo AT 28 1L 38t 1% a0 (Cae-
norhabditis Genetics Center) .
1.4 YRS RAL

/1N FRUPP 2298 1 20 i N2a AR B 41 i 293T #4111 H
25 [E ATCC 44 Jifd i , Nrf2-ARE J5i Rzl H 3£ [E Promega
ol
2 FHik
2.1 BRHFE
2.1.1 MO UE ) AR B Na,HPO, - 12H,0 15.0 g,
KH.PO, 3.0 g.NaCl 5.0 g . MgSO, 0.12 g, J{I7K 800 mL %
R EZE 2 1 000 mL, 1R2), 121 C i FRZE 7K 30
min, 75,
2.1.2 AMIEW REGR RN &AM, FRECIAR K
h 2 kg, H 2 £ 5k (L/kg) 19 95% £ i35t , i 05t 31K,
WL R AR UE R I A 9 R M 4615 2] AM B 359
g(1FFN18%) ., ¥ FRIZHE T4 CHR, & M.
FHRT B A ARBZ % T DMSO 1 mL i 55 ik 3
300 mg/mL ( LAFREY &) 1 AM I8, 42 0.22 pm €
JEUE R PR B, T — 20 CLRAT s e Z2R IR HT A MO % 1 ()
TS RS 10% 4105 1% -5 KR
A WY DMEM (= Bl BE 5 5 (5 SCRTAR R 58 e B 4R 27,
FAF AR, ™ )R AR R 2 it v B mT (R &= rp
DMSO Z4R BE <1%o0) -
2.1.3  BHMEXT RS ORS 2 PRI R 0 2 X0 IR i 36.84
mg, & T DMSO 1 mL 9, il B3 B >k 100 mmol/L A
B, 280.22 pm UERIE R BRIA, T —20 CIRAF; e 20k
B L MO 75 8 50 4 1 35 SR FOR 15 28 i i v B BV mp
(& 2 DMSO 23 Ji <1%0)
2.1.4 NGM [E{AEE R FREUNaCl 0.6 g B g # 3.4
g JEE I 0.5 g, Mk 195 mL, #6457, 121 CH R K IH
30 min; @ HIE £y 55 CHF, FAKKIIA 1 mol/L i MgSO,
V5 0.2 mL .5 mg/mL 4 i[5 B2 0.2 mL . 1 mol/L [#)
CaCl, 7 0.2 mL . JH 0.22 pum JEEVE 1 BR 4 1 mol/L
TR £ 2% ik (pH 6.0)5 mL, TR J5 48] AT 1 0 15 557
A, B3R 10 mL, BT, 238 T 4 CokFaH, & H.
2.2 N2Z&HIEFSREALAE

B N2 2k d 3R T B 48415 E.coli OP50 () NGM [ {4
Kigederh, 20 CHEBEFF , SO E oA KRS I A%
R0 B AR B ) N2 28 HL 25T 1) NGM [ 485 77 3
770N 2 h AT [ AR AL R, 54 R I10 5 Y L4 9 N2 2k
BT
2.3 ZHRELESF

HF N2a i L1 293T A5 FP o8 ks R, F
37 °C 5% COIHEFFE TR, W H 40k , e 4 i 4k 1 %F
oK WIBHER TR R IR T, TR
2.4 AM X N2 & HE AR

SOV AS N HR A BH X B AL (100 pmol/L 22
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BR KIS SCHR[12) A TS 56 25 SRR AT AMAIR
R4 (100,200,300 pg/mL, LAEEBCIH, Fl %
BSEWALIEERBEE, TH) . FAMIBERKEZERZM
AM 725 W B 2 S 00 BT s MR, T4 NGM [ {&
Br g5 e rboin AR 25 500 uL, f 25 e 2B B s, 1
TN E.coli OP50 B (LA LB A RS 753 157 ) 100 uL,
25 [ % BRI A 25 R B M9 ¥ i 1 E.coli OP50 W,
37 CHEFEI0, B SE I NGM Al 45 52 1. # [ml 1k
[ LA HA N2 28 RS 28 45 4H S0 NGM Al |, 4540 100
4, F 20 ClEIREE SR R IR . N2 28 HLk A7 B e
AL, B 24 h L 2 1A B S50 NGM SF-Aie B (FRTFR b “F%
M), EASFE = BRSOk b H A 1k A H e i A
RIS AR, G4 N2 28 U AMASE T $E, HE
N2 28 H A0 T (AR A (4O BILARC P 38 98T s 1o, AR
BT, T A5 A4 U ST Y4708 B R o SRR s o «
(D)CZ A RESL 35 b1 T4E 5 (2) 2k HAb T J5 LB 7Efk
WAL s (3B ATEIR . SEIRTEA 3R,
2.5 AMX &L R BT N2 £ H & B 220

Z25 SCHR 137 iR B sl g A T 52 00 . 6247
TR J7 9L 40 45 523 NGM SERROIE In A N2 £k it | T
20 CHHEE AT EEIR 3 d)G , A A N2 LR 2T
40 mmol/L H.O. %) 24 LAk HP Tl A AL N IR S, B 15
2%, BRLH 60 2%, (AR B AU IR, T BB /NI N2 2k
HAAIET- RO, HEN2 L R 3seT, iR & HL
HO) - YA TG I B) o BET s o 50 B s o 7] 2.4 33T
SCHG A 3K
2.6 AMXIN2Z&HEEEE M

2% R[4V A T 5L 0 . 422,47 TR ik
4 A S5 NGM EARIF N A N2 L iy, 20 “ClEIR B
FEAA PR IR  IEBIE A B S0 5E 1 R B H A 1K,
B N2 2R U AR T AE 7 (LA N2 28 U6 RS 28 i S 06
NGM F-H 24 h P A& WL IR R He e e AR B RE 7 ) .
20 CFWEE =B, Wb e i A A B B g IRl
SEPARBGE, L RE0E M A RE ). SERE R 3.
2.7 AM XS N T N2a 4R A 7FE R A 250

FKAMTT AR . H N2a 2 i1 2L 2% 10" 4~/4L
)% 1 e AT 96 FLAR R, T 37 °C \5% COL 15 37 46 rp %
FE 24 h)E B LML RS O BRZ AR | BHAE XS B
41 (100 pmol/L 2 # 2 ) Fl AM AR . | & 71l 5t 21 (100,
200,300 pg/mL) , B 1% 6 M fL. HTE 2RI 2
HR N AM IV & R B BT 8O S 2 A%
FHIV 25 0 52 A K355 100 pL, 25 1106 BRZH i A 25 (4R
SEARIFERL. B3R 2 h)E, BRas I IR AN HoA 45 41
B Ho0, (244 JiE 4 700 pmol/L ) & i 48 A I Y 75
kL5522 hy A5 mg/mL MTT AWK 20 pL, }5 554 h,
FEEREFRIE  FALIN DMSO 150 pL, # AKHEHF 10 min, {f
FHA UK BEART 490 nm P AN 2 6% 1 (OD) I
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THE 2 MAFIE 2« 20 AFE 25 (% ) =K 2H OD /%5
XTHRZH ODE x100% . X3 3K,
2.8 AM X} 293T 48 Al Fh Nrf2-ARE 7% 3¢t 2 B i 4 19
A

HF 293T 4 L LA 4x 10" A4N/FL 1% %% 3 2 0 F 96 FL Ak
WL 2T IR i L OB Z ) R i 6 N
fLo FEAMmh G 2 80% B, BEAL 34 kI 4% U Nrf2-ARE
Bk 100 ng, I T4 44 6 h J5 B o8 e R R i s dh kb
18 h, FEREFEH, IMA S “2.77 01 F A1 [E 1Y & 24 58 2 55
FRHE 100 puL, K597 24 h; 735 AM Hr R4 4 Bl 57 12
18.24 h, R 962 B 2 I 2400 5 Nrf2-ARE %51
KOS HARERMEAT SRR 5 AR5 S [ 2
I 100 pL, 28 I ARTE 30 min, FALEE R 2L 30 pL 3|
96 L 4= Ui LR, Bl S in A9 56 22 A 7] 50 wL,
7 BV FH 22 1) RE A A SR I 5L B Ak 2 ke S I F
Nrf2-ARE ¢ 3 22 B AH XI5 14 « AF X6 1 = 46 I 2 fb 2
KRICAE/ZS FIXT R b2 RO E . R 3R,
29 AMXI N2afifa A Nrf2 Tif 8L ERRIZH
A

¥ N2a 41 LA 4x 10°AN/4L 10 2 B B2 Fh 1 6 fLAR R
Fe“2.8" WU J kAT A A AR 2 B 6K
flo REFF 24 h5 , 2K Trizol M 42 BN It 2 RNA , 4%
BeyoRT™ 1l First Strand cDNA Synthesis Kit i 4% 5% i
) 5150 B 45 3% %% 5515 ¢cDNA., {ii Fi] Power Up™ SYBR™
Green Master Mix {71 &5 LA SERS 298 3 1 PCR A T8
B RN FR (H£10 uL) : cDNA Bt 4 uL, SYBR™
Green Mix i 5 uL, | FUEG 19045 0.5 pLo b 550
50 CHn#A 2 min, 95 °CTZZ 1k 2 min; 95 CAE 1k 15 s,
60 CiR K 1 min, 72 ‘CLE 30 s, 240 PMEFR . LA
i - 3- W 1 I U (GAPDH) YE R NS SR 2736 Hr
HARFEFE HO-1 .NQO-1 mRNA [ #6ik /K-, LAZs 1% Bd
AT Rk i . SRR 3. N2adiffirh
Nrf2 T A 5L D 09 51 90 7 910 S ) e B B DL
1,
F1 N2afifndh Nrf2 s A ER S5 5 &=

MhRBEKE

Tab 1 Primer sequences and fragment length of Nrf2

downstream antioxidant genes in N2a cell

R SN —3') P BRI, bp
GAPDH L TGTGTCCGTCGTGGATCTGA 71
T##:CCTGCTTCACCACCTTCTTGAT
Ho-l I'##:ANGCCGAGAATGCTGAGTTCA 100
Ff: GCCGTGTAGATATGGTACAAGGA
NQO-1 L AGGATGGGAGGTACTCGAATC 127

Tii#: TGCTAGAGATGACTCGGAAGG
2.10 AMI N2Z& m i SKN-1 T8 ERRIER
A

Fi2 42,47 T Jy 34341 i A8 S5 NGM -z, Bk H
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L4 H N2 28 d 3] 5256 NGM P-4 |, £34H 800 45, F 20 C
TER S FRAA TP 3R 3 d e, A I e A 4 L, A
Trizol i /| 21 2% J5 $ B2k H G RNA 306 5% 5 S e 1
PCRERVER“2.97 35, LLPMP-31E KNS, 329" F
J5 8 43 H bR & B GCS-1. GST-7., GST-10, HSP-60
HSP-16.2, SOD-3 mRNA [y X ik, KB EL 3
Ko N2 ZE i SKN-1 R e R i 51 40 )3 3 K =) e
BRKENR2,

F2 N2ZH A SKN-1 FFmELEEMSIYMFTIR

Y RBERKE
Tab 2 Primer sequences and fragment length of

SKN-1 downstream antioxidant genes in N2

nematode

R 455 -3) PR BRI bp

PMP3 i TGGCCGGATGATGGTGTCGC 190
FifE: ACGAACAATGCCAAAGGCCAGC

GCS-1 i#: AGGTGAATGCGATGCTTGGA 105
TiiE: CGATGAGACCTCCGTAAGGC

GST-7 Fii#:GGGAGGAGGCTCAAGTCAAC 184
FifE: CCAGCCGACTTGAGGAAGTT

GST-10 |§#£: TCGAAGACATTCGGTTCGACT 182
TiE: GAAGGTTGCCTCTTGCTCGT

HSP-60 iif: CCAAGGACGTCAAGTTCGGA 141
T TGATCTTTGGGCTTCCCCAC

HSP-16.2 §#£: CTCAACGTTCCGTTTTTGGTG 199
Fife: TGGATTGATAGCGTACGACC

S0D-3 il TCTACTGCTCGCACTGCTTC 79

Tii: CTGGGAGAGTGTGCTTGGAG

2.11 SitEH*

¥ | GraphPad Prism 6.0 %% £ 48 i 17 58 114>
Mro BdiLhx + SEM FRoR , L] LR SR 205 255
Bro P<0.05FIRZEFAGITFE L,
3 H#R
3.1 AMX} N2 & R E AR

25 AT REAL L BRI XT BEZH AT AMAER  HP L 5 2 N2
- AETE I R] 4350 (10.781 £ 2.077) ((11.883 +
3.211) . (11.819 + 3.033) . (12.634 + 3.341) , (14.453 +
3.163) d(n=3). 525 FAXTRELL Huds, FHYEXT AL FT AM
25 T 2 N2 25 () P 34 4708 B ) 3 4 25 48 4 (P<<0.05
5 P<0.01),
3.2 AM MR FH T N2 & E AN

25 AT R AL L PHAE XS BEZH AT AMARR P L 50 2 N2
2 A SR T B8 1 34 T B TR 490 R (6.238 +
2.161) . (7.061 + 2.359) . (7.429 + 2.284) . (7.764 +
2.659) .(7.709 + 2.572) h(n=3). 525 AN R4 g,
R BAPEXT BEZH A1, AM 45 511 1 2H N2 28 e S AR T 1Y
PG I R) 34 0 2 4E K (P<<0.05 8 P<<0.01) .
3.3 AMXI N2k HEEEE SRR

53 P BAL b A, BHAE X B4 Fn AMAIK | H 7] o
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ZH N2 28 3 1 RIFACEOE , BEE XS IR AL AL AM 7 | 5
F 2 N2 28 U5 2 R AR U B R EGE
R (P<0.05 8% P<<0.01) . AM X%J N2 £kt Zh fE /)

L= A
s DL 1
300 = [ Pl
o o I TR IRAL
250 - — AM{IEAE4L
I AM i
200 =
& AM & k4
- *k
i *
& 150 = *
=
N
100 =
N ' E ﬁ ﬁ
. [ : Higﬁﬂﬂlgﬂﬁ :
1R EPPN ERPN AR B

T 1578 FOW BRGLLE#R, * P<<0.05, **P<<0.01

Note: vs. blank control group, “P<<0.05,**P<<0.01
Bl AM3XfN2Z&HEHRE RN (x £ SEM,n=3)
Fig 1 Effects of AM on the reproductive capacity of

N2 nematode(x + SEM,n=3)

34 AMXEXRH T N2a i FERMN=ZMm

5525 PO R ZH HU A, AR 21 N2a 40 I 9 A7 175 2 00 3
FEAR(P<<0.01), SREAILL AL, BHE XS R R AM Hh |
i 711 2 N2a A ) A7 15 581 1 2 T iR (P<<0.05 5 P<
0.01) o AM X AL I 3 T N2a 4 Jf 47 1 25 (%) 52 1) I
K2,

TG, %

TR O BRAT AR, ST P<<0.01; SHEI4T AR, *P<<0.05, " P<
0.01

Note: vs. blank control group, ** P<<0.01; vs. model group, "P<<
0.05,"P<<0.01

B2 AMMENLEZE T N2afEFEERNZMm(x
SEM,n=3)
Fig 2 Effects of AM on survival rate under oxidative
stress in N2a cell (x+SEM,n=3)

3.5 AM 3t 293T 40 fg fh Nrf2-ARE %% & Z B iF M A
2

575 14 0 WA ZH LB B X R 2 AM 4% 3 41
293T 2 Nrf2-ARE $O6 R B YELL K AM H
R 2 293T 20 1% 57 A~ [R5 [8] 9 Nrf2-ARE 2¢Ot 2 i
X M B R 5 (P<<0.01) , FLAT 751 2 AR 1 AT st [
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A PE R, AM XF 293T 4 il 77 Nrf2-ARE ¢ ) & i
e AT N

Nrf2-ARE 5 Z M HIXHE 1

L]
{Sho) RS AM 1% AM
i el L AL AL

AT

Nrf2-ARE %¢ & WA 7

25 I PR X 12h 18h 24h
JiEE
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