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B Asrst REHARRY (Lithocarpus litseifolius folium extract, LLFE) & % &R 5 #7047, AH W IAAT
& & (Caenorhabditis elegans, C. elegans) A#A, #MKEeHH# (Lithocarpus litseifolius folium) 3% 4 R 69 5L A M
B A TR, IR TRGERMNE ., £REW: KRETARRY P A LB 52.84+£1.45 mg/g, # H R
380.74+15.12 mg/g, EHE 470.36+5.84 mg/g, —AEREAENLASMEELHAH 6.00%, LFREFAEEN 52.76+0.71
mg/g, R HE 1.64£0.06 mg/g, =vt3 4.88+0.01 mg/g; LLFE (0.25. 1.25 mg/mL) LT AR F i K& &k £ AL
B G BT O-FHFS (P<0.05) , 3R A FOREN; B H0, FF0HXRANBRGAEA, K54
AlsaAart, LLFE (0.05. 0.25. 1.25mg/mL) T AR F R &K RE-FHHF 4 (P<0.05) ; % LLFE KA H 1.25 mg/mL
i, & RARREAR R AEEFERA T 39.85% (P<0.05) . i A ABERAT 39.21% (P<0.05) , ABEHEHK
i AMHEEFRFA T 66.95% (P<0.001) ; A —Bif=FtE A a9MRE ZLL5HMY 66.05% (P<0.001) F=49.69% (P<
0.001) o %% LLFE A RAF a9 AL R, 2t it 4 R E gt fE,

KR —AF RE, FWIBATL R, F4, RACR K, KEHT
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Antioxidative Stress and Anti-aging Effects of Lithocarpus litseifolius
folium Based on Caenorhabditis elegans Model

ZHANG Huikang, MA Jiabo, SI Qi, WANG Zhenzhen, SHA Ruyi’, DAI Jing, MAO Jianwei

(Zhejiang Key Laboratory of Chemical and Bioprocessing Technology for Agricultural Products, Zhejiang Collaborative
Innovation Center for Biochemical Manufacturing of Agricultural Bioresources, College of Biology and Chemical
Engineering, Zhejiang University of Science and Technology, Hangzhou 310023, China)

Abstract: In this study, the main components of the extract of (Lithocarpus litseifolius folium extract, LLFE) were
analyzed,and the anti-oxidative stress and anti-aging effects of LLFE on C.elegans were evaluated using Caenorhabditis
elegans (C.elegans) as a model to explore the possible mechanisms of action.The results showed that LLFE contained
52.844+1.45 mg/g of total phenols, 380.74+15.12 mg/g of total flavonoids, 470.36+5.84 mg/g of total sugars and about
6.00% of dihydrochalcone compounds, with phloridzin 52.76+0.71 mg/g, phloretin 1.64+0.06 mg/g and trilobatin 4.88+0.01
mg/g. LLFE (0.25, 1.25 mg/mL) also significantly extended the mean lifespan of C.elegans under oxidative and heat stress
conditions (P<0.05) and enhanced their own resistance to stress. After using H,0,-induced oxidative damage in C.elegans
as a model, it was found that LLFE (0.05, 0.25 and 1.25 mg/mL) significantly increased the mean lifespan of C.elegans
compared with the model group (P<0.05). When the LLFE concentration was 1.25 mg/mL, the total superoxide dismutase
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activity in C.elegans increased by 39.85% (P<0.05), catalase activity by 39.21%(P<0.05) and glutathione peroxidase
activity by 66.95% (P<0.001). The accumulation of malondialdehyde and reactive oxygen species was also reduced by
66.05% (P<0.001) and 49.69% (P<0.001), respectively. This indicates that LLFE has good antioxidant effect, and then

delay the process of aging.

Key words: dihydrochalcone; Caenorhabditis elegans; lifespan; oxidative stress; Lithocarpus polystachy folium

FWRIE—F AR AEY LSRR, AR P A5 LH 2
o5 B IS5 A 5 T BE 2 I AF I8 18 0 110 AN T 306 5% b
IRM, 33— Ak B R ol BRI | O R I A B L A
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AR T . P RTR B R bR bTE N, 4R s
=AMEE I PUAEAREE SIS TS T M Ve, /IR
A B ARG RS Mt e . 2R, BRI
R P T EALIFTE 2 DAY MEE - S =2, T
Hie =z b e tE b 2 AR NI REETIE. N
TR RARZEA BT EARTE PR R TR TR, A
ST MBI i A 22 4] B I S A KBRS X L
JENE B AT AIHT, I LA TS AN BRA T4 KO, PR
ARSI LR BT A S I TRV E A, ST
BRI AT RRAAILH, BHER G R AR ZNM P TR
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1.1 #R5SNEE

ARZMFT(2021 4F 12 HRAi)  B7LPEA LBE
iAol R B A= 780 55 TR BeA 26 HL (C.elegans Bri-
stol N2) | PRUEBE G BBk EE B K AT 18 (Escherichia
coli)OP50 W g A=A R IR A RS
o WETIR. tRARE ] . BRIREN . WAEIREN . 5
T LBE. THIRER . SAEAREN . WRARER . Ry [EIZ4E
P20 BR A A d bl LIRS R aefb 1%
A BRA W R H AR MESL (HPLC = 98%) gl
AR MR A BR2Y =5 MR B Z AR AL (HPLC>98%)

A Ay AR Tk & A B2 W s = it AR fE A
(HPLC=98%) &R ik B LA R Al
BCA & A& Ak fbf (Superoxide Dis-
mutase, SOD) . id & L& fifi(Catalase, CAT) . 7H P4

(Reactive oxygen species, ROS) . &bt H kg & ik
fif# ( Glutathione peroxidase, GSH-Px) . PN [ ( ma-
londialdehyde, MDA &  FaRt @B AR L
i

2695 EREAH AT SEE Waters 2\ H]; Spec-
tra Max 190 Jiff#R41% 3£ [E Molecular Devices 2Y 5] ;
SW-CJ % TAES JoBh 5 sl ik 2545 B Al
TS600DC s AXUZFEIR g RE LIS
BRZSH]; LRH-150 fEREMREEFRAE  _Bilg—{ERl2
A ASA BRSNS 7] 5 AR SZ680 AT isss  HA
Olympus 237l o
1.2 LWFHE
1.2.1 ARSBMHABSTAHREL S5 BRE 1k
FEREAEAE UL, HORZZ ], FZKIE BR SR 2= B A
FLAS VRO TEEPL TR Brae . 1ok 80 Hifi. HUKIR
50 g, Il 1 L B 60% B4 24, T 40 °C,
300 W, 50 kHz &4 #8724 105 min, 10000 r/min &5
> 20 min, BCEIEW, 76 40 °C &M FUdRess 25 %,
PEHRGE WA FLZS R VR TR AL T4 48 h, 155K
LA EEEU) (Lithocarpus litseifolius folium extract,
LLFE) YR T 8. B LLFE VR T8, /KA, BH B
1 mg/mL W, FFEREEE
1.2.2 LLFE A5 sl e
1.2.2.1 S-S EANE  SRAHMEME gkt
AT e, LA 1R bR dE S, AR S 919 5 R y=
0.0218x—0.0553(x N E T ERIH L, AL pg/mL,
y HGSGREE, R?=0.9993), I amy & .
1.2.2.2 BOEENEEME  SRAERES - AE RN
AR SEATI R, LU T bR S, AR R D S
Pt y=1.0362x+0.0746(x S T ¥, B mg/mL,
v AWSGREE, R?=0.9989), TS Bl & & .
1.2.2.3 BBESEANE  RAEE - L @kl
I BE B i, DA 28 0 b i, AR LT R
y=5.7481x+0.0099 (x Jhy #j e Wi (A B, FAA3. mg/mL,
y HWESGRE, R*=0.9978), 14 bl o
1.2.2.4 MEZFR WL EFM = HSEmilleE =
2% Huang 551" (8 I BEA RIS, FRE—E BTE PR
HESh, FHEMAE 40% FEEHIS 2R (100 pg/mL) .
= (10 pg/mL) AR FZ 2 (1 pg/mL) IIFRE T B
W HX 1.2.1 By LLFE #1865 10 mg, FH 40% B4 HI e
VA, Bofl A 1| mg/mL W, i 0.22 um 8RS, HF
1 RORFH LRSI . (A% S5 (LA Sl XBbridge®
C,5(4.6 mmx=250 mm, 5 pm), FBIAHLE N A: 0.01%
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H PR K IE W, B: N K 7 1 . 285 nm; ¥t 3K -
1 mL/min; £ 75: 40 °C; #FFE R 10 pl; B4 e
JF: 0~17 min: 30%~40%B; 17~25 min: 40%~30%B
1.2.3 £l 3% B 300 L E.coli OP50 B =
28 i K 9E 5L (Nematode Growth Medium, NGM)
SPRR L, BI5JER AT, 37 °C B55E 12 h s, VIR a 4R
R IR, B 3R I B T _ LR AR L, BLA 20
C ISR

NGM BiFRILA T : b8 3 g, A 2.5 g, 3

BBy 17 g, ILA 975 mL ZE187K, 121 °C KB 30 min,

FEREFRILREIR 2 60 °C, JITANHE B 2 B 1 mL
(5 mg/mL) . #ilREE 1 mL(1 mol/L) . & (k45 1 mL
(1 mol/L) 1 1 mol/L BEMRENZZ K 25 mL(pH6.0) .
1.2.4 LdipyEfE =% Meng 519 19077518
VEAE B, AL T 7= B T 1) 55 TR BRUFF 2 5 3R 100L, i
A 5 mL M9 S ohii shde, Il HF R 58 8.0,
2000 r/min &5 .0> 1 min, 3 LB W, & bk 2~3
o £ EWHRIGHIIA 1~2 mL 2%, IHHE 5 min, HIl

A 5 mL M9 ZZ i 2 11 24#%, 2000 r/min Z5.0> 1 min,

R L TE W, A B TRUTLYE, TTIE ks ] M9 28 nhigk
Mk 2~3 IR BB EL R RN M9 S rhiRiE TR
H3HEt E.coli OP50 H Y NGM A b, BF 20 C
rgE, Rinr 93 A Ak gk da . MO 22 i e U : IR
SN 6 g/L, BEIR T E4T 3 g/L, &k 5 g/L, Bk
WRlREE 0.25 g/L,

1.2.5 ZHFMHSLE =% Hu 5517 7 kI
YEAE B, {8 LLFE ¥ W 19 e 284 )% 24 0.01., 0.05.
0.25. 1.25. 6.25. 10 mg/mL, Dk M9 Z&vhig 2 bk
8,20 °C T, ¥R R = & A ARk E
LLFE 14 24 FL#k T, 7L 10 4540, ic S 4/t
W B, T 24 h S S UIAENE R, N E A
3 K.

1.2.6 £RHPYR IR g

1.2.6.1 ZRHAEALNIECE =% Liu 58U ik,
JEmgAEE M. B FIIAR Y L4 WL %2 & NGM
525 (LLFE 2944 0.05., 0.25, 1.25 mg/mL),
Horp X BRZH AN &5 E.coli OP50 W . FF:4H 30 454%
H,20 °C 45255557 48 h Ji, B HLL e = 24 FL
e, 0 A A S B A 0 h, P L Sk
B£2M 5 mmol/L H,0,, 55:[% 0.5 h WALk A 7iE M e
TR HIFOSE, R R AaHET .

1.2.6.2 RPN IESLES 2% Liu U g7k, IF
WEAEAS AL . £ AR PRSI0 434 R) 1.2.6.1, K525 2%
ACFRS Lk BT 37 °C TEIRIESRAE T, AR 2 hiid
SRER AT MAET 2 H , B R AaTpaeT, S50 &
a2 3 IR,

1.2.7 LLFE XtE A b 3A A T 4R Ha g
1.2.7.1 SEE4y2H M AREE B NGM K5 3238450 3
2H. IEH NGM (25 X IEZH), & H,0, i) NGM (15

HIZH) | ¥ H,0, & LLFE ¥ (& E 43514 0.05,
0.25. 1.25 mg/mL) 1) NGM 252420 . B 1530 5L
BT FF A SR BEIE (5-Fluorouracil ), HLZ& e &k
25 pg/mL, H H,0, MR 2 mmol/L. FEA4>
SR 500 2% [FIAL AL R L4 WLk, I BT
20 °C FEFEFE IR, DIRRIR SRS .
1.2.7.2 2RHAYFHEMSEE: =% Rathor 25U B 1L
FFmEAEE P, L r2H R 1.2.7.1 FRik, B R 31E Y
L4 Bk B (% 4 DB E 1k 3 20 NGM .
AR 40 2548 0, BT 20 °C HIEIE FERE T
F£, i N FF ISR 0 do BEAIE 24 h iR
TG BT MR H , B R RAFPET- LT M
St R E AR 2 I Te I N, B BET 25 £k
Wk ARG IR | 2O CEE | A FEIE AN AT A
G BE, R s .
1.2.7.3 ZRBAPRBEAEIFE S8 Li 520 kIt
WEAEAE A, 28 i 2H AR TE] 1.2.7.1 ITid, frsk gy
ZH AT 4 dJE, ¥ 3 4] NGM B 3% 3k Ay 2k A
M9 Z b sh¥E F ok, BF 15 mL &L H, 4 C,
4000 r/min Z5.0> 5 min, 28R _EIFW, WYk 2~3 WK,
A 1 mL M9 ZZ o LR, I T ok &1 TS
WEWE 2 mine HFE S5 UNF: A TIER 400 W, 4 °C,
FAE 2 s, [HIPE 2 s. T 4 °C, 12000 r/min B5.L» 10 min,
BBNHLR S EIEW, BB BT RV T 88 R )
RE SRS AT SEEEE 3 IR,
1.2.7.4 ZRHERNTHESR(ROS) & RAIIINE S%
EmRAERPY 197k, LRI AR BEE] 1.2.7.1 BTk,
P HLR B LA 2 96 FLAR Y, FFL 5 5. FLINTISE
JInA 200 pL M9 ZZhiR, FEFLINAZAE 25 pmol/L
FA 7 M 4R 2 63541 (2, 7'-Dichlorodihydrofluorescein
diacetate, DCFH-DA) & W&, 37 °C #E G N, RHZE
IHAERFARA T8 & VK 485 nm, & 81U K 530 nm
LB 5E T SEAE . R FE 20 min K9 1 WK, 30
3 h, FUGRERTRG . SCHEE 3 K,
1.2.7.5 B RARH= S e X FaHgs
W IE W, Fie B RE m R e S 1 A 1 I R AR K
J& . SOD. CAT. GSH-Px W% J1 /K X MDA &
1.3 BIRGOtS o

A BRI LS BB EIR 22 0, Geitortir
% /] GraphPad Prism 8 #{4:. >k Duncan's 5 5
AT Z 4 18 W 2B, P<0.05 A NA Gt ar e
PR,
2 GREHH
2.1 LLFE &R SNE

LLFE 0y sy sl M s & i W3 1,
ATLAE Y, LLFE GRTBr el i 52.84+1.45 mg/g,
BEER A SEN 380.7415.12 mg/g, SHEIY SRS
470.36+5.84 mg/g.



- 366 - £ Tl B4

2023 4F 6 A

# 1 LLFE PRl 8, Spa

Table 1 Contents of total phenols, flavonoids and total sugars
in the extract of LLFE
)3 %ix i (mg/g)
KA 52.84+1.45
ps¥si i 380.74+15.12
sy 470.36+5.84

K HPLC X%} LLFE ) & /RERE T 2
5T, NE 1. & 2 7T LR H S A KB A AR 1
F . = AR B R ABAR UMb oy 2, NS 2 AT LU
1 g LLFE YR TBr AR . AR FE . =S
B 52.76+£0.71., 1.64+0.06. 4.88+0.01 mg/g.
TFARSER pFgR R BH, RSN EREA Ay E B, A
RNy 23 % Ak, Hidh 4~8 H SRAF AR SZ -] rh,
MR BB e N (0.74%~6.26%) , —HEr
BETHAR (17.14%~0.20% ) . #R B2 19 & B ist kAL
Z 000.42%~0.00%) . EXHARPEE WFFEFREH, KRR

1.5 1
1

- 1.0+
<

0.5

2
3
0.0
0 2 4 6 8 10
Ff ] (min)

BT ARBH (1) . = (2) FIRR K ZR (3) Aafe it WA (335 ]

Fig.1 Liquid chromatogram of standard samples of phloridzin
(1), trilobulin (2) and phloretin(3)

AU

0.5 4
3
0.0
0 2 4 6 8 10
HiF[A] (min)

B2 R B i 1Al
Fig.2 Liquid chromatogram of the extract of LLFE
T EH 1L 20 3 BOBRTERIA 1.

%2 LLFE H 2 —S&/REMIE R &

Table 2 Dihydrochalcone species and content in extract of

LLFE
AR REAFSE £ B4 1 E] (min) it (mg/g)
BT 427 52.76+0.71
% 4.84 1.64+0.06
=T 9.19 4.88+0.01

e FESRIE TR, P EEA 16.31 me/g,
TSR H AR J2 e K2 825 ng/ghl. AHELZ
N, RS AR LT A, HoA O T R
MR HEHU B IR AL
22 HMHEW

LLFE W INEETESZ g0 el Fan &l 3 fis, AT
25 X RE4H, LLFE & W A EE S 0.01, 0.05. 0.25
I 1.25 mg/mL B}, X 55 0 B8 A2 15 R0 i 35552
W PRI, FEZ S R SEES rh, BrH RE 3RS LLFE
PR 0.05, 0.25 A1 1.25 mg/mL.

150
s a a a
<100 P77 b
< %
% %
st 024 c
€5l | | B
k<
424
424
9%
994

Con 0.01 0.05 025 125 625 10
W (mg/mL)

3 LLFE X2k i aE R
Fig.3 Toxicity of LLFE against C.elegans
TE: Con R FIX BREH, N [R) 9 SO RE 3R 2% 70 2 2 (R A7 AR
B2 5 (P<0.05), M7 HF 7R 250 ik 241 2 [ A A7 7E
FMEES(P>0.05).

2.3 ZHHEESIRIHS

TEEARCEHRAE T, LR difik N ROS &idkb T3
SRR, UAUARSZ BN ) RN, 233 A Ak
R R G IAT, 7=t 2 NG PEARSE A FR3E, i5T
2 A s 2H A5, HE TS EAUARSET-P; 2R kT
JIRLERE 1 5 H IR aa B UIAH DGR, Sy T 2501
M AR ZE RSB BT, T T 28 R AL
R Bk 4. 3 3 g5 R, 1EE LR 3
Sege R, 25 X REZHZR LT 8 h &FRFET, LAY, 0.05.
0.25. 1.25 mg/mL LLFE ZH£R AR5 510 6.67%.
16.67% 1 23.33%(P<0.05) ; TEFN B2 86+, 25 [
Xt B ZH 28 L F 14 h &=F%8%ET2, 0.25. 1.25 mg/mL %4
220, PP s AR 2 10.87+0.36., 11.53+
0.99 h, B G124 L (P<0.05) . LA 4553401
LLFE AJ DAMS SRR B AEAS RN AT T D 38
MR, JELRLR 2, PaiaE, iy A R 2
T L ) I AFE R A Y, AP0 R Pt
AN A EEBRAE I, L AR AR A R hT
WEPERYIGSE AT BES LLFE R i 28 A iR 241k
B, ISR T T DAL B A AT S0
SEEEE, difpghi iR E YA SR BRI R, TR
LR HTEAN RIS T AT %
24 LLFE M2MEHAE T &R
2.4.1 LLFE XU FFAmmsenm s B P20 A
PRSI AS RS R, RGP A RS IR
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150r (] Con 100
U/ 1.25 mg/mL
- 0.25 mg/mL -
<100y S
& 0.05 mg/mL <
¥ ¢ £ 5o
% 50t ade
fg ef fg
TR A
. 1 h
0 p p 8é|r1' % 5 10 15 20
I (h) FF 1] (d)
ALY B 5 2t N LLFE SR d B a1 52 i
Fig.5 Effect of LLFE on the lifespan of C.elegans under acute
150 [ Jcon oxidative stress
U7} 1.25 mg/mL
— 0.25 mg/mL K4 AMERMNRT LLFE XH& A G i
0.05 mg/mL Table 4 The effect of LLFE on the lifespan of C.elegans under
de acute oxidative stress
€
f . A5 4 (d) kA (d)
g Ill " Con#{ 10.430.1° 17*
N i I 4.37+0.07° 10.33£0.47°
| Eil:n b b
6 10 14 Il 5.78+0.07 12.33+0.47
M) (h) mm 4.77+0.05° 11.33+0.47™
FARLH H,0,41 2.8440.04° 7.67:0.94°

4 RN LLFE X422 Uk
Fig.4 Effects of LLFE on C. elegans under stress

# 3 JEJINCR LLFE X2k dOF-H4 75 A 5 iR
Table 3  Effect of LLFE on the mean lifespan of C. elegans
under stress

P75 (h)
205 - ;
AL P
Con 4.63+0.36 8.53+0.88"
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Fig.6 Effect of LLFE on C.elegans ROS under acute oxidative
stress
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