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Abstract: In order to investigate the protective effect of the ethanol extract of Lonicera macranthoides on oxidative stress

induced by D-galactose in mouse embryonic fibroblasts(MEF) and its potential mechanism, the active substances in the
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ethanol extract of Lonicera macranthoides were detected by extensive target metabolome sequencing and high
performance liquid chromatography. The MEF cells were treated with 20 mg/mL D-galactose to establish a cell aging
model. According to experimental groups, the MEF cells of the control group(0 mg/mL D-galactose), model group(20
mg/mL D-galactose), Lonicera macranthoides ethanol extract group(100, 500, 1000 pg/mL ethanol extract of Lonicera
macranthoides added with 20 mg/mL D-galactose) and positive control group(50 pg/mL Panax notoginseng saponin
added with 20 mg/mL D-galactose) had been grew for 48 hours, observed the number of cells with ordinary light
microscope, detected the inhibition rate of cells with CCK-8 method, detected the activity of superoxide dismutase(SOD)
and the content of malondialdehyde(MDA) with biochemical method, detected the level of mitochondrial membrane
potential(MMP) and mitochondrial reactive oxygen species(mtROS) with flow cytometry, and detected the expression of
p53, pl6. Besides, the expression of mitochondrial complex gene, Bcl-2, Caspase-3, and the expression of mitochondrial
complex protein, Bcl-2, Caspase-3 were detected by Western Blot. The results showed that the ethanol extract of Lonicera
macranthoides contained phenolic acids, flavonoids, organic acids, terpenoids and other active substances. Compared
with the control group, the inhibition rate of cells in the model group was significantly increased andcompared with the
model group, the ethanol extract group of Lonicera macranthoides and the positive control group effectively reduced the
cell inhibition rate(P < 0.05), significantly increased the number of cells(P < 0.05, P < 0.01) and SOD activity, decreased
the content of MDA(P < 0.05, P < 0.01), increased MMP, decreased the level of mtROS(P < 0.01), effectively reduced the
protein levels of p53, p16, Caspase-3, and increased the protein levels of Bel-2 and NDUFV1(P < 0.05). It showed that in
MEEF cells, the ethanol extract of Lonicera macranthoides can resist the oxidative stress induced by D-galactose by

increasing the concentration of mitochondrial complex I protein and slowing down cell apoptosis.
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2.1.1 REZZATBERBMYG L

S WOSCHR[ 12 2 B B . #F LLARAE 2544 T
45 CHET 3 h, L2l el i (fL7E 0.425
mm), FREUHIA 100 g, A 1 L50%Z 0, 12l 24
h, YA IEE A 1 L 50%Z B, 60 “CiZi 3 h,
P8 B 2 TRIEIRZ 2 L T 65 Chek 7 ks &
TR, INZEM/K B ZE 100 mL, RIFS3) ik
1 g/mL LI  F K IR B 2 44 SR ICY)
14 0.45 um ATERE 2 K,

2.1.2 HPLC ME R4 EEA LB F 955 R BR

W5 2 TR R A i 25 B 70%% FFY T i 71 Ay 5 28 S
TN 0.4 mg/mL MR, P 70%H BERR B AL
RIS B . R Z R 0.45 pm AYUERETUE 2
Ko VEMRIE A G VR B 4 0.5%M L2 0
min B8 12%, 10~20 min 54 20%, 45 min 528
30%, SRJGHE 5 min IR [AIE] 12%, LA 1 mL/min [
T 30 °C AR E AERERE 10 pL A ERICY) o 3R
B 330 nm AR TSR], T SRR Y & i
2.1.3  JREAREHAS T RELL L LEERBY

TR 7 A DGH R R A= IR AT BR A 7 o
FEHE S N80 CUKARHL L, AR5 HERTR 2T, B 200
uL #E50T 2 mL EP &, fiILA 200 pL 70% H BN
PREEIUR, BEMRIRS] .

12 000g. 4 ‘CE5.L>» 10 min, B i, FH 0.22
um JERESRIVE, HCE TRESRP R, TR
WORR LT 0 ER I BT D (LC-MS/MIS)

3R, Agilent SB—Cig(1.8 pm, 2.1 mmx 100
mm), JishA A FEAK, A 0.1%HR; B
R CNE, A 0.1%MH IR, VEBAERE: 0 min B
LB N 5%; 9 min N B AH HLBIZEMERINZE 95%,
{545 1 min; 10.00~11.10 min, B AH L BIREAE K 5%,
AT 14 min, BEREFE 0.35 mL/min; H:E 40 °C;
PR 4 1L,

Jik ok WSS BRI 550 °C, B
Wi%5 L 5500 VOEEF15X)/~4500 V(T &4
X)), BT, BT 1A

B 50, 60, 25 psi, ST ESEOE R,
7 QQQ A LIT AU F 4511 10 #1100 pmol/L 3R
N B TS PR IR BT B A HE . QQQ
FH MRM #5258, Kehif R & oA, it —
A 1 25 7% B (DP) MRl 3 RE A AL(CE),, 58 B4 4>
MRM & F5F# DP il CE, MR¥EAEHHIZER AL
WY, TEREES A I —ZHRRE ) MRM B 7% .
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22 pEEFRAR

¥ MEF 400 & T3 10%J54- 1137 7Y DMEM 15
Feerp R, CEAE 37 C . 5% CO, HE A ks
TR 0%L A HATIEAN, WOERCE R AL, H
1xPBS 1H5¥t, FIA 1 mL JERHEETA 400, %
LR, WAk 3 min S5 S 10%06 4 M3 ) R 5=
S, #1003 TR, g 4 KR
4, 1IEF 10%M64E M) DMEM; D-P2LpHA,
10%JiE45 117 DMEM £ 20 mg/mL D—FFUHE ; 1141
HECTEEIA, & 20 mg/mL D—FFLHER 10%/5
A= 3% ) DMEM HOIIA 100, 500, 1000 ug/mL )
JRHE B A QBRI 5 FHPEXTRRZE, & 20 mg/mL
DEFLBE 10% 06 4R M3 1) DMEM HimA 50
pg/mL B =LA G—7E 37 C. 5% CO, 1%
FEFET SR 48 h,
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We, BHRE 6 MEE, HAIERERERF, 2h
JE AN RE , SEEREEIRIE, # 2.2 AbFE, FFLASN
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SEHIWOEAE, #2()THAHHI AR
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R 3 AEYFES, R GraphPad Prism 7
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2.5 R ARKEN MMP F1 mtROS 7k F

¥ MEF 4HHL) 4x10%/mL R0 F 12 FLBk, IF
WHSE 2 h kIR, ¥ 2.2 AbFRIE EALR
3IREE,
2.6 SOD &M MDA &M
2.6.1 Wst—1 i&4m SOD A&

W50 MEF 40aF% 4x10%mL $580 T 12 1L
Me, 512 h JEfELIERE, $22 2.2 Ab3 48 h J5 57 2:
Regedk, H PBS vhik, JHREEHEAL 3 min, 1 mL K533
FEE, 5009 %0 5min, # F, BEERAIM(EE
BEH AN BP A TPMAZEIRK , AW 5 s Ja T
R A—20 ‘CUKAH 30s, =ilfA, =& 31K), H
BCA e B R, #1070 S B B A K .
WIVAW, 37 ‘CJUW 20 min, 7E 450 nm AR 5E G
BE Al 2 20(2)(3) - SOD il 2 F1 SOD {if 71,
e=(b—f)—(c—e)/(b—f) )
h=(e/50%)x(i/j)/k (3)
K. b HXTHE OD{H; ¢ Mikd OD1H; e
SOD #liil%; f AXFHRZSH OD {H; g Wik [
OD ffi; h iy SOD i J1; i WIRNARR; j AFREAS
Bk OHTRRMAEA R R
2.6.2 fHAREAM MDA A%

P MEF 40f03% 4x10%mL 80T 12 1L
Me, SFF2 h JERr e B Re i ae i R
% 2.2 b3 48 h R FAIEFEL, H PBS BB 11K,
JERMEHF 1K 3 min, 1 mL #5325 5058, 5009 25.0> 5 min,
35 10, IEREUK 500 pL, TRAT, FHK-4H B G

7L, IR 300 W, KOKIE, B3~ 5sih 1k, 1]
B 4 ¥k, FRRIEIRG 30 s), HX 100 pL F 1.5 mL EP
EROHEERIL 1AM, 2% s TE
B 1 mL TAEMR, HEHR. &R, B
WHARREE A 0.2 2 3 ¢ 1, WHERE], 95 ‘C/KIE 40
min, JCEJEHTRKE A, 40009 2.0 10 min, WEHK
250 pL W 2 96 fLAkH, FHEEFR{GIE 530 nm
AERIWOGRE o #7283 (4)11H5 MDA &,
I=(c—d/m—d)xn/k 4
A 1 MDA 85 ¢ ks OD{H; d b
25 OD fH; m AprifE OD {H; n NFREMMEE; k
FIREAS B MR
2.7 qPCR &M< ERERIE

¥ MEF L) 4x10Y/mL 60T 12 LA, iF
WREFRELRESE 2 h 54k 2.2 A0 48 h, WGERE R,
J11 mL PBS 3%t 3 UK, B 1 mL Trizol 4# 5 min,
R 1.5 mL EP 45, i 200 uL &0, MRS,
B 3 min, 7€ 4 'C .12 000g &5.0> 15 min, B 400 pL
IEBOMA SRR TS 1Y FINEE, 1), 30 C
PLYE 10 min, 12 000g #5.L> 10 min, I LI,
BT 1 mL 75%11 L BEEVE 11K, 50009 250
S5min, 7 FIEWR, ZEXT 3 min, BN 20
uL DEPC e & iR SlK i, FH b SR D i B
4fiF , >R FH HiScript 11T 1st Strand cDNA 58585 5%
R EF RNA S8 cDNA, i NCBI(national
center for biotechnology information)i% 11 5|4 (3
1); fJailid7oEE s PCR KGR 3 X (1) 3k
i, AR AR, 3IREE,

#1 qRT-PCR SI#1%%

Table 1 The sequence of qRT-PCR primers

SR ) SR BIRITII3)
GAPDH-F TCCCACTCTTCCACCTTC UQCRFSI-F TGCTTCTGCTGACGTACTGG
GAPDH-R CTGTAGCCGTATTCATTGTC UQCRFSI-R TATGGCGCACAAACAGAGGT
P53-F CACCTCACTGCATGGACGAT COX4-F TCACTGCGCTCGTTCTGATT
P53-R GTGGAAGCCATAGTTGCCCT COX4-R TGGCCTTCATGTCCAGCATT
P16-F TTCTTGGTGAAGTTCGTGCG ATPSH-F GTGGAGGTCATGCCCCAAAA
P16-R CGTGAACGTTGCCCATCATC ATPSH-R TAAGCCCAGTCAATCGCAGG
18S-F TTATGGTTCCTTTGGTCGCTC B-actin—F GATATCGCTGCGCTGGTCG
18S-R CGGGTTGGTTTTGATCTGAT B-actin—R GATATCGCTGCGCTGGTCG
NDUFVI-F  AAGCCATCGCTCGTCTCATT Caspase—3-F TGGCTTGCCAGAAGATACCG
NDUFVI-R  TCTCCCTTCACAAATCGGGC Caspase-3-R CCACGACCCGTCCTTTGAAT
SDHB-F AGTGCGGACCTATGGTGTTG Bcel-2-F TGGCATCTTCTCCTTCCAGCC
SDHB-R AGACTTTGCTGAGGTCCGTG Bcl-2-R ACGACGGTAGCGACGAGAG
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2.8 WB(Western Blot)#l] Bcl-2, Caspase-3
URERAFBRESHREANRILE
% MEF 4L 4x10%mL $£F0F 12 fL#R, 4t
P 48 h J5 K H WB k4l Bel-2, Caspase-3 LA
RMERIBHRE SRR ; ia B BURA B524n
M R Image J 7 #i45ity . 3 IKER .

2.9 HIELBSHH

% H SPSS 18.0 Fl Prism 7 #4741 140 3], BUE
DU bR 22 o s 4HIA) LR FHBA R 205 22
50T

3 HERE5HH
3.1 REEDEZCEHRBYIBIR D 5317

JIZ AT AT A BT E Fa R
BERLIT CBRRBY RS
Wt AR T, RIUKE B AAE
AR BB HALACTE QI h &4 12 Fhiy
FRCINSEIRTR . SFERRIR . FRar)imRss). 30 Fhi&
FBALEYIANAR R | RBERE), 5 Fhsdan
REBRARBAR | W2t %), 13 FaHL
FRCINZETHR . MEVEER . BRIARRSE). 18 FhE(JE &
HATEYIAN L- S5/ . L-HERE) . 14 MR
FHEATA AN ST . MFAF) . 6 Flg T (A S IhR |
G RERR . WIMFERAE) . 4 Rl 2 UAMmERE . 4t
R CA). 18 FhA (IR e . WRIE | 5|55, 4%
W (e NRAREZGH) (AR (hEZ) )
FUE 1Y 7 i A S IR 5 1l 4.027% , FF 6 B R 24
HBRAE

3.1.2 HPLC M|&
BA
SR FH OB o R A DU S S R 7 . R TR
FRUE S AR B 11 ~ 12 min, BES SRR RR 1
PREAR ) SARUE S —2, M IKE B LRI
Yy ag R IR Y BT B 0 80N 7 mg/g.

3.2 D-FIA#EFS MEF MR EEMNET

3.1.1

RELLA LB R F R

3.2.1 REVRERED - F3U4E 4L 32 64 MEF fm e dy
LIES

M 2 AT, Al REEE D5l

WEUR B 3G miRE N, 24 DP 2L ikl 5
mg/mL K UL R, 02 80 5 & 0 B, D-
FFUBHUE N 40 mg/mL B, KK 70%4 4,

O 22 A M ) TE 8 A= o AR SCHR[13-15], il
FN S0%LEABNEIE; B, B0 MEF 41
EFEEE A BIG S B 20 mg/mL 0 5 S5 R4
W,

%2 TRIRERER DI HELEY MEF M

HIZEn=3)

Table 2 Inhibition rate of MEF cells treated with different mass

concentrations of D-galactose(n = 3)

gy DOPIURBIREIRIE. s
(mg-mL ")
Xof HEZH 0 0
DY FLbE4L 5 (28.68+6.25)"
10 (39.74+3.98) "
20 (54.37+2.42)"
40 (70.23+4.55) "

RS LR, Z5A ST X (P<0.01),
Bt &4 R

Jyitt—2C i MEF 4 7E AN R BT vk i D—F
FUBEAL BRSO FE R, XA Bk bE T YL
o, e RN 1 PR, SIEF 4L, 20 mg/mL
D= ZUBH A 3 20 e BH A A IR 3 2, sk
30%DA b, AR SCHER[13-14], BHPELHMIEGE 30 %L
TR A IR (2 3.2.1 BIZER ¥ 20 mg/mL

3.2.2

VE BRI IR

60
50 L

S a0k

% 30 L

§ 2 L
10 |
0 s B

A B

b
A XM, B BRI C REEZRA+DPIML; DO =B
T DR, c# R SR LAY, R A SRR L(P<0.01),
E1 TEREKRE D-FIAMEES MEF AMERLESR
Fig.1 Identification of aging of MEF cells induced by different

mass concentrations of D-galactose
33 REBEDRZLCERZIIX D-HFHEFES MEF
IS DA
M3 ATLAF Y, SXHRAMLE, S
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PR EE B SEBAMLL, KEERL LR
SR =L SR E S AR I s g2 D—FL
BEXT MEF 4iiffirdsml, HBE KB BEAL R
By B B RGN, 2R M R A, KRS
BAL LRI BTN 1000 pg/mL 1}
WAL, M(20.87£6.31)%.

#3 FTRIREBREREELLCEFRIEILER D-

I HEFS MEF HRHIHIZER(n=3)
Table 3 Inhibition rate of MEF cells induced by D-galactose

treated with different mass concentrations of ethanol

extracts of Lonicera macranthoides(n = 3)

Buikik i/

4151 - iR /%
(ug'mL ™)

papicE:) 0

el e (55.37+6.13)"
TKH B A BRI 100 49.59+2.75
IKRHBRA L EEAR B 500 (32.22+5.48)"
IR BRA BRI A 1000 (20.87+6.31)"
=LaEtd 50 (18.24+4.29)”

HTN G IR LA, 27 A G E R L (P<0.01); <+ R

MRV LLAS, 22 RA G2 L (P<0.01),

34 RHERLZLZEBRERYN D-IAEFS
MEF 4% = #0520

MIE 2 ATLAE L, SR, BRI 40

B W Rl ISR B A SRS =

LA S AR A 2 TR R B,
BEE IKH B A CBEHEIMR L T, A0 g

Bt %, BRI, BUKH BAA CEHR

1 2 3 4
GAPDH e S - <3 ; ()0
P16 — - 16000 %
=

53 e —— S ()

WYy aT LASGE th D= UM S A A= KA
3000 -
2500

2000

N=R
o

1500

iilizkS'e

4

1000

500

0

A KR4 B OMOUZL; C 100 pg/mL KH B2 A L BEREU20
mg/mL D2EFLHEA; D 500 pg/mL KH B LEAREY+20 mg/mL
DpFME4; E 1000 pg/mL KEEHA L FEHREUY+20 mg/mL D
FLBEA; F oS0 pg/mL —-EAVE T +20 mg/mL DRFUMEAL, “## R 5%
HRAL LA, 2R eI 25 R L (P<0.01); 53 Sl FoR HRTRIL L%,
ERAGAE L (P<0.05, P<0.01),

2 TRIRERBEEDEZZEFHRIIILIER D-+ 5L
¥EE S MEF 4HRa%

Fig.2 The number of MEF cells induced by D-galactose treated
with different mass concentrations of ethanol extracts of

Lonicera macranthoides

35 MREERXZXZEBEHMN D-XABEFS

MEF ZHAf p53. p16 EHBHIEN

ME 3 FTLIE, SXTIRAAHLE, BRI pl6.,
p53 AN Ik BEThE ;. SEBIAAL, JKE
ERA SN E OERB AN =L e e
FRAIC pl6. pS3 BRIk, WBKH BHEA LRI
PreT LA 5 AR F R I i RA

b
B XA B KHEZA+ DAY
LD =Rt Dl

a AIMESEAREIHIN FEEERR; b EAEERITTE . a F9bEGE 1 9, Yol 2 ERIA; Gl 3 MIKEBA LD EIUIA; Wl 4k
LA TD LA, A R SN R U, ZRAGERE X (P<0.01); o R S HE, 2R A SHER X (P<0.01),
3 RBEELREXCEREIIALIER D-EIAESFS MEF AR EHXEBRRIAKFE

Fig.3 Expression of senescence related proteins in MEF cells induced by D-galactose treated with ethanol extract of Lonicera macranthoides

36 IEEXRZZERERYXN MEF REH
SOD #1 MDA 7k #5401

MW 4T LUFR L, SXHEAMLL, #54 SOD

KV TR, MDA KV L7t SHEIRILIAHE
FeAg, s 500, 1000 pg/mL K H T 204 2 R HL
YA =L R R FARERA T DRIAAS
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MEF Ziffif) SOD /K-, F#{KT MDA /K. i
TRE T A QR vl LI ks DAL

HUR A9 MEF 21 i S8 AL 0K o

4 TRRERENRBEERE ZEERILIEN D-FFLHEFS MEF 4158 SOD &1 MDA &= (n=>5)
Table 4 SOD activity and MDA content in MEF cells induced by D-galactose treated with different mass concentrations of ethanol

extracts of Lonicera macranthoides(n = 5)

215

SOD % PE/(kU-g ") MDA & Ht/(mol-g ™)

Xt HREH
BT 2
20 mg/mL D—PFLIE+IKH B2 A CBEAREUY 100 pg/mL
20 mg/mL D—PFLIE+IKH B2 A CBEREUY 500 pg/mL

20 mg/mL D FLBE+KH B4 Z BRI 1000 pg/mL

20 mg/mL DP UM+ = £ SR AT 50 pg/mL

17.24+0.65 1.17+0.37
(14.33+0.51)* (2.62+0.39)*
14.88+0.35 2.37+0.15
(15.67£0.52)™ (1.79+0.26)
(16.82+0.29)™ (1.27£0.63)"
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Table 5 The MMP and mtROS levels in MEF cells induced by
D-galactose treated with high dose(1000 pg/mL)ethanol

extract of Lonicera macranthoides %
AL mtROS # MMP 7K-F
papicE:) 100.00 100.00
ik 213.33% 77.67%
B +D-FFLH 153.67" 89.00™
=hERH DR 132.33" 90.66"

RS IR, 22578 SR X (P<0.01); <Ry
BT I, 2R A 2EE L(P<0.01),

3.8 MHEAZLZEBENYINENABRESE
X EE AR
ME 4 FTLVE S, FHXTFXTIRAL, BRI, K
HEAACERWYAH . LRk E &
A3 NDUFV1, SDHB, UQCRFS1, COX4, ATP5H
BIJe WAk . BB KT b, DR 3L

MEF a2 piiik 2 AR TG W m), HismKHEE
24 QRN D ZUBEE MEF 41t S AL %
DINSZEL A IOA T

35 | B AL B OREEAL DRl
;‘530 | OBURAL B =Bt Dk IUA
®as |
Z20 L
E
o
S5t %
Z10 | ‘%
205 | %
0.0 BN
NDUFV1
FEH

4 SFIEREEDEZEREMLIEN D-F I 12
%5 MEF HRaLRiF & &R EERRIA

Fig.4 The mRNA expression of mitochondrial complex genes in
MEF cells induced by D-galactos treated with high dose
(1000 pg/mL) ethanol extract of Lonicera macranthoides
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Fig.6 Expression of apoptosis related factors in MEF cells
induced by D-galactose treated with high dose(1000
pg/mL) ethanol extract of Lonicera macranthoides at
RNA and protein levels
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Fig.5 The protein level expression of mitochondrial complexes gene in MEF cells induced by D-galactose treated with high dose (1000 pg/mL)
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