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Abstract: In this study, the protective effects of polyphenols from Coreopsis tinctoria Nutt. against glycation-induced aging damage were
investigated. First, response surface methodology was employed for the optimization of polyphenol extraction from Coreopsis tinctoria Nutt.
(CtNE), and liquid chromatography-mass spectrometry was applied for component identification. Second, a glycation-mediated aging damage
model was established in HaCaT cells using methylglyoxal, and intervention with CtNE was subsequently performed. The levels of advanced
glycation end products (AGES), senescence-associated -galactosidase (SA-p-Gal), superoxide dismutase (SOD), and malondialdehyde (MDA)
were detected. Reactive oxygen species (ROS) content, cell cycle distribution, and cell apoptosis were analyzed by flow cytometry. The protein
expression levels of nuclear factor erythroid 2-related factor 2 (Nrf2) and heme oxygenase-1 (HO-1) were determined by Western blot assay.The
results showed that 28 compounds were identified in the optimized CtNE. Compared with the model group (P<0.05), AGE levels were reduced
by 28.81%, the positive rate of SA-B-Gal was decreased by 43.97%, and ROS content was lowered by 61.05% after CtNE treatment. SOD
activity was recovered to 95.75%, while MDA content was reduced by 42.16%. The proportion of cells in S phase was increased to 35.50%.
Furthermore, the nuclear protein expression of Nrf2 was increased by 2.21-fold and that of HO-1 by 1.82-fold in the high-dose CtNE group, the
Nrf2/HO-1 signaling pathway was upregulated, and glycation-induced aging as well as oxidative stress damage in HaCaT cells were ameliorated.
This study was designed to provide a theoretical basis for the application of Coreopsis tinctoria Nutt. in improving skin glycation senescence,
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and its application and development were further promoted.
Key words: Coreopsis tinctoria Nutt; polyphenol; response surface methodology; liquid mass combination technology; anti-glycation; skin
protection
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Table 2 Experimental design and results of response surface analysis
S5 aiBE/SC  bEE/mIn ¢ ZBE% %8R E/(mg GAE g DWY)

1 1 1 0 24.84
2 0 0 0 27.33
3 -1 1 0 21.03
4 -1 0 -1 19.52
5 1 -1 0 24.32
6 0 0 0 26.53
7 0 0 0 27.48
8 -1 0 1 23.94
9 0 1 -1 24.41
10 0 0 0 27.61
11 0 -1 1 25.73
12 0 0 0 2743
13 1 0 -1 25.62
14 0 1 1 23.98
15 1 0 1 23.57
16 0 -1 -1 23.85
17 -1 -1 0 22.29

& 3 NN HAE O RIRBN S E S

Table 3 Analysis of variance of response surface quadratic mode

R IR F 7 An ER:2 )4 )75 Fa F1& P1a
ARA 84.40 9 9.38 75.54 <0.0001
aRAE 16.73 1 16.73 134.80 <0.000 1
b B ja] 047 1 0.47 375 0.094 0
c LB 1.82 1 1.82 14.69 0.006 4
ab 0.79 1 0.79 6.38 0.0395
ac 10.47 1 10.47 84.31 <0.000 1
bc 133 1 133 10.75 0.001 35
a 31.68 1 31.68 255.21 <0.000 1
b? 8.41 1 8.41 67.72 <0.000 1
c 7.91 1 7.91 63.71 <0.0001
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Fig.2 The interaction effect of 3 facters on polyphenol extraction rate
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(RDA B, Xt it btbxs, N S (Flavanomarein) 55 B (Marein).
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Y8 N ETBERE (Gluconic Acid) .

&4 9: [M-H] m/iz 133.01 (C4HgOs), T m/z115.00 ([M-H-H,01), #IE%E N YKE: (Malic Acid).

&Y 10: [M-H LW FEEYD 1, PRE RN, HEN D9 S JE R AL B ik, WD 5 a5
(Neochlorogenic Acid) .

A0 11: [M-H] m/z 465.10 (CpHp012), MS? 2k 162 Da 5 m/z 303.05 (&Ml 4 7), FiZk/K. RDA
2k, BRI R -3 &HEE (Taxifolin-3-Glucoside)

&4 12: [M-H] m/z 819.20 (CarHg0z), 2K 162, 210 Da 5 miz 447.09, FIAF4RJERLZ miz 353.09 & —
SR 20 miz 303.05, A LR IR RRIEAE S Z-#i & B (Chlorogenic Acyl Taxifolin-Glucoside)

WA 13: [M-H] m/z 479.08 (CyHy013), 2K 162 Da £3 m/z 317.03 UHHEERF I0), A & LR SRy
fiE, WA AR 2 BER (Myricetin Glucoside)

&4 14: [M-HT m/z 317.03 (CysH100g), MSZ5H m/z 299.02 ([M-H-H0]). 271.02 ([M-H-H.0-CO]),
BN (Myricetin)

&%) 15~16: [M-H] m/z 287.06 (CisH1,0¢6), FEF miz 269.05. 151.00. 135.04, FF& A /R B2,
A NEET (Okanin) 555 B-K5* (Isookanin).

th&Y) 17: [M-HI" m/z 303.05 (CisH1,07), #EF miz 285.04. 175.04 (RDA HFE), N AR R
(Epi-Taxifolin) .

11 18~19: [M-H] m/z 285.04 (Cy5H106)» B A miz 257.05. 151.00 (BA-RDA), 7R NA R E 2 (Luteolin)
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s iLZE/y (Kaempferol).
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Z: (a) RBTHATROTALSHWNEBRTEER; (b) IR EB T EEE,
®4 ROEHFEFRYELENLEIIH UHPLC-LTA-Orbi trap-MS' ¥4z
Table 4 UHPLC-LTQ-Orbitrap-MS" data of the identified compounds in Coreopsis tinctoria Nutt
Y% a3 P 4 AR #MX, Measured[M-H]-  RT/min Ms™ ppm
1 Chlorogenic Acid® 4t /& B4 @ C16H1809 353.09 5.54 191.06, 179.03 1.45
2 Cynaroside® A& 3 3 2 Cy1H2001 447.09 6.31 285.04, 327.05, 135.04 2.73
(E,E)-3,5-Di-O-Caffeoylquinic Acid® 191.06, 179.03, 353.09, 173.04,
3 . CosH24012 515.12 6.84 2.03
(E,E)-3,5-—whwir Bt AT L @ 135.04, 61.99
4 Gallic Acid® /& & F 8 ° C;HeOs 169.01 2.73 125.02, 78.96, 97.03 0.36
. . 287.06, 151.00, 135.04,
5 Flavanomarein® %% % 3 ° Cy1H,0n 449.11 5.83 2.68
169.01, 269.05
) 287.06, 151.00, 135.04,
6 Marein® 2 2 3 2 Cy1H0n 449.11 6.42 3.21
169.01, 269.05
e 125.02, 285.04, 177.02,
7 Taxifolin® fLAfAn % ° CisH1,0; 303.05 6.92 291
241.05, 217.05
8 Gluconic Acid #] Zj4& 84 CeH120; 195.05 131 129.02, 129.02, 177.04 1.03
9 Malic Acid 2 kB2 C;HeOs 133.01 1.45 115.00, 71.01 -1.73
10 Neochlorogenic Acid #7 4 /& B2 C1oH160s 353.09 5.06 191.05, 179.03, 135.04 1.87
Taxifolin-3-Glucoside 303.05, 285.04,
1 . s C,1H201 465.10 5.37 2.36
TAEANE-3-F) B AR 275.06, 177.02
Chlorogenic Acyl Taxifolin-Glucoside 447.09, 303.05, 285.04,
12 ) . L . Cs7H40021 819.20 5.57 131
LR BB — SMUE £ -5 B4R E 275.06, 353.09, 191.06
479.08
13 Myricetin Glucoside #A##ER & £)#E & CyHyOus 959.17 6.02 317.03 2.20
[2M-H]
299.02, 271.02, 245.05,
14 Myricetin #A&r Ci5H10Os 317.03 6.97 1.28
227.03, 194.99
) . 135.04, 151.00,
15 Okanin &+ F C15H1,05 287.06 7.84 3.85
169.01, 269.05
) . 135.043, 151.00,
16 Isookanin f-&2-F 7 C1sH1,06 287.06 7.36 4.37
169.01, 269.05
285.04, 241.05, 217.05,
17 Epi-Taxifolin & ¢34 CisH1,07 303.05 7.39 4.72
175.04, 125.02
) " 257.05, 257.05,
18 Luteolin K EH % CisH10O0s 285.04 7.05 2.90
133.03, 151.00
241.05, 135.04, 175.04,
19 Kaempferol L 28 C5H1006 285.04 7.81 3.42
151.00
3,4-Dicaffeoylquinic Acid 173.04, 179.03, 191.05,
20 . Cy5H24012 515.12 6.58 2.03
3,4-O-vk BL A B 353.09
4,5-Dicaffeoylquinic Acid 173.04, 179.03, 191.05,
21 o Cy5H24012 515.12 6.80 2.03
4,5-ohe AT BR 353.09
22 Eriodictin 23 & Cy1Hx0q0 433.11 5.99 271.06, 135.04, 153.02, 253.05 1.89
23 Prunin A4 & £ -7-O-#) &)453% CyH»04 433.11 6.77 271.06, 135.04, 153.02, 253.05 2.15
Actyl Okanin Hexoside 287.06, 151.00, 135.04,
24 Cy3H24015 491.12 6.72 2.50

CRAFT T

169.01, 269.05
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. 287.06, 151.00, 135.04,
25 Actyl Marein 8t 2 3 CysH2401, 491.12 6.24 2.50
169.01, 269.05
Actyl Okanin Hexoside 287.06, 151.00, 135.04,
26 . . CxH2401 491.12 6.24 2.50
BT T 169.01, 269.05
27 (+)-Naringenin(+)-# & % CisH1,0s 271.06 7.28 135.04, 15302, 253.05, 227.07 3.32
28 Naringenin A4 & % Cy15H120s 271.06 821 135.04, 153.02, 253.05, 227.07 3.80
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24 BT 3B 5 A R 2 A R B A

B RS Kb . AR N /i . DNA 505 BA0. diE T R o A 2 AL .
FHEWN, BRBAEL AN, EHMEIRN . (2 TR M N AT & B it S Fedis, s
W JEHE 5 R A R SR A S M. (Maillard Reaction) A= Rl IHESE AL R =) K AT A (WSS 2 88

(Methylglyoxal, MGO)) IR DNA. Zekifk Kk (REEH, ARSI % ORI, BRSO R
R SRR R 1) B S

SEEG A, MGO ARHERT 330 HaCaT 4HMupy AGEs & Ft =4 46.71 U B 1 (Microgram microgram
protein, pg ug pro.™ (& 5), ROS /KFFi % 23.75% (&l 6a), SOD JiF 1% 2 0.47 4525508 1 (U milligram protein,
U mg pro. (& 6b), MDA 7K-F-F1 5 2 88.32 umol {L mg pro) (&l 6¢); A5 Sl 75 1 ROS T 4 61.05%,
SOD M E £ IEH ) 95.75%, MDA /b 42.16%, SAAHFTAALSGERE 5 100 pmol L™ 4i4E K E MY, $nS
56 2 T A B BRI B o 245 R 1 06T 5 B il I TR {5 245 K+ 1 (Silent Information Regulator 1,
SIRTL) /Nrf2 i3 SOD ik SCHRIRIE, itk b it B 5 45 S Myl T AE B — B2 AT e AL DRI R o ST
AW FAR R I K (Glutathione, GSH) I AR 35 [F1 T, $&n HpT A MM LT SR E T Oy —EFRMHE H0;,
AR, ST 7R S A SIS 1 & GSH IEIRARI,  DAAR T A i g i

BT HEHRYIE MGO 175511 HaCaT ZH iR e 1 Y 3 (R Dok -Pria i SE TR, 5 HE & 2
i (ARG A E) A%, HhD R fifeM R 2 Ba fiaiuste, BaBeEm
B S5 710 BEAh, SRIFRRYY. AR EE Bear TR, AU B R C AR AIE T,
T M 2 A5 o AT L ELREA 3K MGO 111 AGES A2 AP0, $RIR 2 44 (KIH0HE b 250N T B e LTS A i 5% A U
BT A PR A

B A5 %10 AGEs /KF T 28.81%, SA-B-Gal FHPEZRFFAIK 43.97% (K 7D, $7RHnT THWHE L= 2R
TR 2 £/, 54252% (Epigallocatechin gallate, EGCG) £ UVB-:Z AL BRI &A% AGES
IEEEARIEY . (AR AL, ASHIT O PO T A E A A W B Bk R R I S 405 1, S A PR3 S8 B
JRe TR B O, RS AR AL T A AR SMIEYE . ARE IS R R, MGO AbFE T A A
JRHA, RIA S AL ELFIFER, $27% DNA EHI52#lid]. CINE TF5, S JH4HMIELEE T A Pk 3,
TR R A TR S JTELE] AR ZE Y 21.11%$2 7} 2 35.500% (&1 8), KM CINE iy 4t i & HIdkrs, ek
AN S 1, {21t DNA K.

MGO PH# HaCaT ZHid DNA &I T S ], SHELRIENH DNA R & 0 MRS R RN U, &
IR S IR S BALLBIRR 248 (P<0.05), Rtk IEH KT, (HARTEAW I G2IM {53, FRIHAEHY
FEAKN 1 BT DNA S, G2 K e SifisA . 1M CINE 76 50 ug-mL ™ IR ERT- 255, 24 th s,
FEHAENKIAS SR8 77

Nrf2/HO-1 il iR A 7R AZ O LE] . Nrf2 1% HO-1 24 N E NPT RN E. Nrf2 & —
Pl A1, I PR SR To 3 DR R A SRR R T A M AR TR AR S o NIrf2. PRI AL (52 i
AKT FUHE R A RBEASEE 38 1A . 24 Nrf2 B#figas, Nrf2 A5 0/0, Nrf2 5 3gin, M PEARSTE AL N e F

( Antioxidant response element, ARE) FE[XIf{j4%3%, W1 SOD. GSH & EEEA HO-1. HO-1 A LA 41 R A ALk
MRZRER . WERS AN — AR IE DT RSO, HTRIER . SEBeh, mifilE CINE I Nrf2 & iR E 350 2.21 £%, HO-1
TH 18218 (9, SiZMmIE HaCaT rhilid B IR IE-3-A8 (Phosphatidyginositol-3Kinase, PI3K) PI3K/
HEWM B (Protein Kinase B, Akt) H5# Nrf2 SR IIRE—2. SR, Nrf2 s s Ay sl 51w AT &,
RERSC R IEHEL . AR AT B g e (R B8 J e S 52 /7741 (Clustered Regularly Interspaced Short Palindromic
Repeats, CRISPR) /CRISPR 454214 9 (CRISPR-associated protein 9, Cas9) #4# Nrf2—/—HaCaT, =K ML385
NI, I6AE 1208 B A S N S S RSO - A N B 2 . hAh, AGEs- A\ B HRE SR AL LR P2 ) 2 R

(Receptorfor Advanced Glycation End Products, RAGE) % i1 p38 2254y {b 8 ¥l (p38 mitogen-activated
protein kinase, p38) /C-Jun ZFEA b (C-Jun N-terminal Kinase, JINK) JMA%Z[K¥ B (Nuclear Factor Kappa-B,
NF-xB) RIEFSIRARW I, M ARAEBOCEMNPBUR [ R I E BT b8 gPCR FESIBUBEIRIL R4,
A BT 2 T R B E SN .
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