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B E:ARRFRK (Prinsepia utilis Royle) EZREAMNFMERS, WAL BZMF LM, KFRALI-ZRL-
2-Z A A KB B w & (1,1-diphenyl-2-picryl-hydrazyl radical, DPPH-) # & £ 4 #54%, K A &kt & (high
performance liquid chromatography, HPLC) # 5 11 #tF Rl K R L B #, H L6 RE, ARt
ZRE AT T A S B i A e B A AR A ] 695 K R, R B AT A B AL T AR AR KRG 4 AT ik
oV Ae B AR AR & R B oA, #—F @itk DPPH-. ABTS™. -OH # % fk /) fe AR K R 4F 42 49 f. (human
foreskin fibroblasts, HFF) & &FEHAMN, iFMAERELAIEFE., 2K 1 TR LRI EEFIRE
BAEHE%E, FRHE P 6 MLFERS, EFFT. KMU3F, 2 F. AMBFAEFHFFLEIBAFTAR
RIER BN BB RS, CEOIERANENFEBRSNEEEA—CER, HEZLERS (738.123 ug/mL)
HARFT (538612 ug/mL) . KAL3F (385.881 pg/mL) A= F#F (337.168 ug/mL) , B & ERILE MY RN
BB R R AR ERFRIFORRZAR, L F P TAKAMWFRA AR DPPH-. ABTS™ % -OH, £+ 7F T
3t DPPH- A= ABTS"#9 iF % & 2 A A 92.84% A= 92.44%, *+-OH & 4 Fl 89 IC5 18 4 0.45 mg/mL; 7K 4l 4 3
DPPH: A= ABTS™#9 /&% £ 4 37.71% #= 82.01%, -OH i#F & 1F Fl 49 ICs, 154 1.0l mg/mL. B #H¥H. & # ¥ 3F
(P<0.01) A F T (P<0.05) 7T 2 F# SA-f-gal FHE, MEAKREA X B-FILpEIrEaattmiprbs), 7H R4
HREXR, MR HBER P, FFHF. 2 F. KUFAELHBBEIF. # T 2FE TH MMP-1. MMP-
3 #2 MMP-9 &9 % 5 (P<0.001) , REABKKRREAESERIFMHLER, EHBAGRRERS. £ EEAF A
ROGRANAKTRRGELMEIF. FFHFF. FT. KMUFREZEZESANERSLERERZLGE R,

KFER: F R K, A, - X R, Pearson A8 XM, MR == )a I
HESEE:TS201.2 SCHRFRIAAE: A X EHS:1002-0306(2026)04-0348-12 Sl
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Screening and Identification of Antioxidative Material Basis from
Prinsepia utilis Royle Based on the Spectrum-effect Relationship
GUI Pengyan'?, YANG Xiuxia?, YANG Zhaoxiang"?, QU Liping"*"

(1.Yunnan Characteristic Plant Extraction Laboratory Co., Ltd., Kunming 650106, China;
2.Yunnan Botanee Bio-technology Group Co., Ltd., Kunming 650106, China)

Abstract: To investigate the antioxidant chemical constituents of Prinsepia utilis Royle and reveal its pharmacodynamic
substance basis. HPLC was used to establish the fingerprints of different batches of Prinsepia utilis Royle extracts (PRE).
The DPPH scavenging activity was used as an indicator of drug efficacy. Pearson correlation, Spearman analysis, and
partial least squares regression (PLSR) analysis were used to study the spectral efficiency relationship between the common
peaks of the HPLC fingerprint spectra and the antioxidant efficacy substances of PRE. This was followed by LC-MS and

HPLC analyses to identify the primary antioxidant substances. We assessed the antioxidant and anti-aging effectiveness of
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these active substances through various methods: scavenging 1,1-diphenyl-2-picrylhydrazyl radicals (DPPH"), 2,2'-azino-
bis (3-ethylbenzothiazoline-6-sulfonic acid radicals) (ABTS'), OH radicals (‘OH), and anti-aging activity in HFF cells.
Results showed that thirteen common peaks were identified and six chemical components were identified from the
fingerprints of 11 batches of PRE. Among them, rutin, narcissoside, clitorin, shaftoside and typhaneoside may be potential
antioxidant substances in the 11 extracts of PRE, and the contents of the above five compounds exhibited significant
differences. In which, the content of clitorin was the highest (738.123 pg/mL), followed by rutin (538.612 pg/mL),
narcissoside (385.881 pg/mL), and typhaneoside (337.168 pg/mL). Rutin and narcissoside demonstrates significant efficacy
in scavenging DPPH-, ABTS'-, and -OH radicals, with the scavenging rates and ICs, values recorded at DPPH- 92.84%
(Rutin) and 37.71% (narcissoside), ABTS™- 92.44% (Rutin) and 82.01% (narcissoside) , ‘OH 0.45 mg/mL (Rutin) and
1.01 mg/mL (narcissoside), respectively. Additionally, schaftoside, typhaneoside, and rutin significantly inhibited SA-j-
gal activity, reduced the proportion of senescence-associated f-galactosidase-positive cells, and exhibits notable anti-aging
effects (P<0.01). In the hydrogen peroxide (H,O,)-induced cellular oxidative stress model, typhaneoside, clitorin,
narcissoside, and shaftoside, along with rutin significantly downregulated the expression of MMP-1, MMP-3, and MMP-9
(P<0.001), promoted skin collagen synthesis, and inhibited its degradation, demonstrating potential anti-aging capabilities.
This altogether indicates that the antioxidant effect of Prinsepia utilis Royle is the result of the combined effect of multiple
chemical components such as shaftoside, typhaneoside, rutin, narcissoside and clitorin.

Key words: Prinsepia utilis Royle; antioxidative; spectrum-effect relationship; Pearson correlation; partial least squares
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B NI (Prinsepia utilis Royle) J& ¥ 1%F} (Rosa-
ceae) A& (Prinsepia) FE¥IZEM, B4 IO BA]
BT 5% A ZEARSE, B—Ph AR RN, &
ZLOAR TP EPE R HBIX (AN =g . S0P . I, PEAER
S LI EFIHE | JEIAR . AFHRENEEILES, =
P ZE AR TR VL . BRI PO 8 vE Nt e
7= P VL P 25 B g b X B 4 i 25 B [R) 5
PrsaBl, Yl A RIS SV ER s e il L i kD
B T 8 ST, S T NERESRE B, L2l
I A AT, 20T R BT R o4
TBC 04 e R B v L S 1 ) R TR SR B
P, FHHIGM e s ', "I SR, 1
K, I O X 718 SORE, WEHAVE SR AR AT TS
H&EAAs., B8 AR ST, FRIRP I EH
WA i3 E LA AEA 3R C AR E R NsT, X Ee) i
SRR PR, AP, SR RGN E
BEALVERDT . BRI R, F P & H EEN
AR, IR EILR S BB FEE, RS4RI IE
HWIAERKEE . A4 RS Xt Kt & g
TR AT S BT T ST, UESE T 5 WIS i 5 F=2 40
{H. S5RGBT iSRS E 17 Fha B, &4
T P TR AR 12 Fi . gt d g b &
LR N 27.8%, Mg i 2 B IR T 27.9%,
B R — I R RIS S EAA —E e 1E
FHo s @it Bz kAl it i i e F 9%, HDFa
MM B PRS2 50 R, FE 100 g/mL ¥R R, IR
ZE M ZER I CEEREY), 40 RIS R ALE 80%
L b, Ul B R B B R A& 4P (ICs=
0.242 pg/mL) o T RRIEY R BATMEE"Y . Xk
TP SN B RS R A E Y

HRTH RISTF & T w6 4L T 2B BB, B 0H
RIS EEAC DI HRAE 2 R AR TR LR &5

AP0 e = o HP TR A I B B PR A T BT
TRz . L, A B3 43 M HG PE ARtk
ATIRAWIGE, PR E RIRAEDIRE . Akl . BR24
SRR SR B P S R AR o H 2GR LA 2
FROUEE Ao a5 USRS, G, IR AR
YIE B F T R R ST S-S S AT, AR T 3 v
SRS PRI R T

ASHIFGE AL PG Uit DS 36 P E T DX R
FRAE A9 AR SRR, BT 1,1- 2R IE-2- = A s
JBE(DPPH) [ FH ZE775 B S5 504000 #5- 32 B 19 P A Ak
Wit SR FZ/R#h(Pearson) . W7 /K = (Spearman) #H
For T RN 3[BT (PLSR) /M4t b2t -
T3, BT T RIS (o i R AT 04 ST AR A
SR R AAE S E, DT ST. 1 — PR 0 e I T 5
e H P E AL A R T i WO R, I
i #F LC-MS. HPLC FIARH#E S EE X3, o 7 3847
U AT RO Sy AL A L AR O . e X hT el Abys
TTRRBER L 43, LA USSR 0T 1 )
MDA E LTI SR AR 1L, T e 7 )
IAETREE S . Aotedh o B 2GS AH G Y r It &
FeEaFI A 1.
1 MRIERE%E
1.1 MRS5S

TR SR E = A PEO% A VAN A% L
T BV LR AZ AR AR B A= s, vhRk B L FHAR
WS I A SOG4 e Ry 5 3R s A% AR g i A AR
(Prinsepia utilis Royle); LN JBiEY, F2E Merck
oNEl R ERkal, LigsTHn T AR B A BR
NE) aligok ERTEERTERR A Ve ral, -
HRIEI AR FR AN 7 KA PS010272(HPLC =
99.67%) . LLIZ=W-3-O-Z=FF W1 PS012599(HPLC =
99.63%) . FFIHHT T PS000961 (HPLC=98%) . i &
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2 PSO012216(HPLC=98%)  AAR M A MRl H7 1%
A BRASE]; 2T PS012221(HPLC=98%) . B A#%
H 51938-32-0(HPLC =98%) 4Eva &7 ARG
BN H]; AB-8. D101 RALWZ iR S FHE(h
VAP B EAT RN F; ¥Rk F i 3L B a0k
F&(BC1325) . ABTS' H Hi 3B K aE A7) &
(BC4775) dbmtREFERMEA R 7l HFF (Human
Foreskin Fibroblasts))4ilfifd ' [EREBE4IMEEE; 401
= p- R iYL 23055 & (Beyotime C0602)
VRS RAEYIFE ARG BRATF]; B RNA $2EBGF &
(DP430) RARAMFHZ (dbm0) H R\l SYBR
Green qPCR Master Mix( GK10002, Glpbio) . 5X
PrimeScript™ Master Mix ( RRO36A, Takara) . D-
2B I e 55070 £ (G0750) | Takara &2 5% sl
#(RRO36A) EHIMHZRZ A R "
Thermo Fisher DIONEX Ultimate 3000-LTQ XL-
LTQ Obritrap Discovery WAHEIEBRIFECHN  FEH
Thermo Fisher 2\ 5] ; 75 AR (4351 Agilent 1260
Infinity 1T ( DAD £ 2% )  2& FE % 0 48 7] ;
SpextraMax® i3x BRI ZDIREMFAR{Y 32 [E Molecular
Devices 2\ F]; XPR205 HLF40 77 MERRE-FEH]
ZAUER () A PRAF] Milli-Q 47k Rge KEE
B/ F]; KQ-800DE s M s I i Pedn RILT
B R AT HWS-26 BB PUEIR KIS
WF—ERLE AT BN F]; MFO3 /NI R 254 TAG AL
1 [ W 5% 4% ) ; BUCHI RotavaporR-300 JiE #% 7% &
{X. Lyovapor™ L-200 {2 VR TR BIFEII =
5 5 ( L) A PR Fl; QuantStudio™S SEET 26
& PCR X . VERITIPRO 96W PCR 1% . Sorvall™
Legend™ Micro 17R i3RI ZRELLHL FEER KR
B (PEDAARAF.
1.2 EWHE
1.2.1 FESE e
1.2.1.1 fafFemstiles HERE L 5.9 Al
JRG. W0, 7 A4y o LB L TR X AR B
BT IS, i FHAFEE D LIS s 4mps, SR 5 i 1ot 7
) (2581 2 507, 0.85 mm FLIR) 4. FREES M AR IS
&5, P 1:10(g/mL) BPEHE LD A AEK, 7E 96 °C T
BIFHEH 2 h, FEEF R 2 IR, PRI, fhig Fsds
J& » G BLAS P AR R 4, RIS AH N $2 )
BT A5 32 B 43 5)ie o S1(5-1L ) « S2(5-1LTh) |
S3(7-lJiE) . S4(7-1lLTo) . S9(7-1L %) . S10(9-1L
JIE) L S11(9-1L ), Jf->RH] AB-8 #ll D101 KAL#Ag
T S4(7-LLTTOAE T A TR R 432, SZA95] S5(7-101
T5i-AB-8-JE B i) . S6(7-11L1TH-AB-8-#4[) . S7(7-11
-D101-FEH) A1 S8(7-1L TH-D101-FE 85 HR) . SRS
S BIFREL 10 mg S1~S11 BE4h, MKz, il & 153
10 mg/mL By HEAE S W, 48 0.22 pum P8 IR i pE
J&, 4T HPLC 4347,
1.2.1.2 XfHRS A mhlA  RSTRPRIBGE il 3K

BRI B 2T L IS E-3-O-ZEF M . K
Al RE S, 60% 2 1 e i sl o & T B 43 1 Sk
0.564. 1.692. 0.864. 1.260. 0.420. 2.592 mg/mL [
X B S TRA VA
1.2.2 R ENEE#ST
1.2.2.1 gL A%t ZORBAX SB-Aq(4.6x%
250 mm, 5 um); FEHAH: 0.1% FHRRKIER(A) -2 N5
(B), B BEBER (0~18 min, 10%~17% B; 18~28 min,
17%~19% B; 28~40 min, 19%~28% B; 40~43 min,
28%~100% B;43~45 min, 100% B); Ji#: 0.8 mL/min;
FER: 28 °C; FEFERE: 10 pL; A1 360 nm.
1.2.2.2 Fiks¥HEE alEIELg. SR RE
SE RO ST HORE 9 B S Ie SE SX T vk, RS .
BRI HE TS fl 2 S6(7-11 T -AB-8-#5 [l ) ¥ & , 3%
1.2.1.1 ik fl A g s, R A 1.2.2.1 (k4%
1, HESEIERE 6 IR, SRAEEIE G THR A AT Wi A X
PR EE BT Al i A RSD B

b. H A PRSI 2 R B R AR AP0 fF o b E A M
FEL)T e, ¥ 1.2.1.1 Tk HIE 6 7 S6 FESh Y
BT, IR 1.2.2.1 (A S EERE AT, AR
Tt H A5 A WG PR ARG B st ) Fnide T B RSD B

cREETESL . 2 e BE R AR SRR I 5y dh R e 1k
ZEETTIR, ¥ 1.2.1.1 Fikifil4s se s, 43
FHIES 0.1.5.3.45.6.9. 12,24 h i, # 1.2.2.1
TS SR ARSI, 3 1A RT3 v 25 SHeA AR X O B Bsp
[a] Fnig A RSD fB.
1.2.2.3 FHREEH 2 a3 G0 oy dokh
BE SC B B 5T, RS AEE B, B S1~S11 FE &
HPLC (A% E S A 2012 iR 25 (0% 3s 80 &5 A
BEPPMT R GE VAL, DARES, S6 S MR IRIHE, SRR
#oik, ¥ Mark WEBEAT Z2 5K 0E, A 3 VT HELA: X g
Ye LU, I TAICUEE 5347 o
1.2.2.4 OEHBEEICED S35 TS iy
B, IR . FRIC S/N>10 B (o jkids, X ide i
BEATAR G 11 AR o i B D B I i LR B
ARG AR . N7 (o AT AR S B R B, R4
HEARE B B 18] F /N R B I X5 T AT (i e 2 - . DU
e, SRR RE AL A5 G S UG T A, T Rl (L i 0 2
X R LIFESREL Y PURERG . #7 RRE S O ik ige, D)
TAH 0.
1.2.3  ARSMUEALIE I
1.2.3.1 DPPH H HFIEFEREEIIIE =% Kawa-
mura 2523 R g R (7 IR REVES . ¥ Ve
VA BRSO BR, AL S AT BE X FEFH 60% £ B vk e
A% 1 mg/mL BEWE, 2 F5FGE BAS 2] 7 AN [R) R 32 i 1t
I o K 96 FLAR S RRE Sh 2H | F58 il 4 S % BE 4,
BN AZEAARTL 0.1 mg/mL A4 DPPH &, 1R 5] 5
B, BB 3 AL, B S 5 B A Pk
W&, 28 REEG 2N 30 min, 7E 517 nm 7K I 52 %
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R, L 60% R AR SE has A, ook 2
B DPPH VA ERNARNIG . BRSO O
P, AR IECRER) DPPH A H LR 3. %
FINHR:

A, — A,
EDPPH(%):(l_A A )XIOO

1 Epppy #2678 DPPH H HILTE IR R, %; A,
FORAESH LRI E WG Ay FRORAE S ZS FH A e L
FCEE; A, FoaR R HRLHIMIGE RS Ay, Fos %o fifias
ZH I 2 R
1.2.3.2 ABTS'H HIEIERGE JE R ABTS
I R BE IR I S A B B TR E . AR AR TR E N
2 mg/mL, 2 {5 BAR S ZBE A . DAZEIR/K A
AR SR S as 4, 35— R O FiT ABTS T
VERAEXT B, Vo VB BHPEXT AL . ARZHAE S G
EBOPIE, THR A IRAFE RS O SRS RRR . I

D prs(%0) = (1 - %) x 100

R Dyrs %75 ABTS™ [ H LI IR R, %; A,
SERRE SIS IS A, F2m RE 25 [ 2H G P
A, FEAXT AL
1233 ¥k [ pOETRAEIIUGE IR R
LI, 4 FH] Fenton JZ I8 47 63 11 Fh S35 B i 6
(iR SRR [ phy S0 R B ORI IR v
g DR 2L, ZEE 08 /A A W R i P o 5 2L
Ve VA EA X 2EL, 2508 KA R M i AT D
Mg 28 120 ARLLRE SO HE BT PR, 15545 I
BERYEEIE 1 i SLIRR . TR T M

A - A,
Dou(%) = (A A )X 100

b c

o Doy TR [ HILIERRR, %; A, TR
B I 2 WG R 5 A s BE L AS A RO R
A, TR RBLH G
1.2.4 PUEEEREHNE
1.2.4.1 D-(ZUFE(D-Gal) /5519 HFF 168 11
& =% Meng ZE Fll Pan 4509 g3y s, T
YEERR . PEBUBEA R AT, 4 TXH80UE K00 HFF 41
M4 FP T 24 FLAR, 4x10* 4UH0/4L, TREFAE RS
24 h, WEESHXTIEL . 5 e,
BEE 3 AL, G E W E R D-Gal #1745
S LH FRE S 2H, BE S I A R 3288, T
37 C. 5% CO, H5FEFE T IFH 48 h, MRIS4N =%
B2 FUNHTF B a0 S e IH 15 0T 41 i o 2 1 vl
AR, A0 G2 AU T AT Y a2 SR TR
FEFARE, [ 44 F Image T %3 & F - 474040, Seit4
{0 BH AT SR A AT AR, 3133 e (o BH PR AR A &
e

1.2.4.2 iEALE(H,0,) 555/ HFF FPag S AH G
AL IE R IR S Mg e A7 iR
B, IR . BT AR, B R G
HFF 4850 T 6 L, 2.5%10° g pta/fL, FE: =458
TEE 24 he BEXTIEAE MAESNA, s
3ANEA, BZAETRANMY 4 h, A GG HE H,0, i
FALEE 2 h, FHTLA ZNURLE T 37 °C, 5% CO, 55746
TEE 24 ho MRIEEGFIE UL HH2E RNA, 30655 5%
cDNA, J-3f L 9 ' f PCR S0 Hr 45 2H 41 it v o2
HH O 1 S AR N B RE L (MMPL . MMP3 . MMP9) 1Y
mRNA FRIiLIK 3, 5387 H,O, ¥ HFnFE B 3R 3A5 1Y 52
M. 13775 2RH Comparative Ct (AACT), 5B %)
HEZH, NZSFELHN B-actin.

1.2.5 -SRI

1.2.5.1 MZIRh (Pearson) FHCH: 30T LARAERG P
M4 1/1C 5o F€on i e DR A A 2 R 58, FI W s fon i e
Sz HEZ R AHSCM: o I8 S AH IC R B X 4%
WMD)

1.2.5.2 iz /R %8 (Spearman) #H AT LAFRAE
WP 1/1C s, A5 05 T AR AU AH OC FR 20, W3 (4,
T 2O P 2 TR AR DG o A Ak A 5C SR 80 15t
XS TTRRE R 1 (a5

1.2.5.3 fiidie/ "3 IHIMTL (PLSR) - R i
N RGBT AT TRE SR SIS S IO R 2
MIAAESCM: . 7 T SER B 08 B AL ARRAE [ 335 o e
A U E A H RS I Bl A IS RS IR 5 A
SIMCA 14.1 (Umetrics, Umea, Switzerland) ", LA
WEETET RN F AR iR (X0, BES P EATE PEFE PR 1C,, 1H
PRl AR g (YD, 7 P e /N 3 Bl A O A2, i e Hh 5
DPPH &AM S E AT 25 AH S (i

1.2.6 {HMEMRIETESHT R UPLC-LTQ-Orbi-
trap-MS Y AH B35S, X iR i -2 i 1 45 SR BT
SFATE M DTRRE R G 7 TS 54T -

1.2.6.1 JRIE&MF  HmISE TR ESD ; B U(N,)
I 40 arb; FEI(N,) FLEE 10 arb, (N, it
B 0 arb; WiZ5 HL R IE & 7450 3.5 kV, B 75X
3.0 kV; B AL 5B L : 325 °C, B TR R
iR AR B/ e AR SRE T 2
i ( Full MS) 5 49 il ¥ Bl m/z: 90~950; 73 #¥ =< .
35000, . g% JBT 3% >R T K PE AR 881 PE 4 4 ((data
dependent scan, DDS), e F—Z FEEHF &9 3 4>
W4Tl 35 175 5% 25 (collision induced dissociation,
CID) #% F 434, 53 #FF% 17500, I3 —{LRiFE RE RN
40% .

1.2.6.2 JUiEEHRACIE I s 3 o AR UE ST LE
FE T RNDAE2 57 R ZRAE S SCHR A S 4R i
BRI A2 G35 FRAER v 43 HR BT A i
it Analysis Base File Converter %X {4 5% # “A1 .abf ##%
2, LA MS-DIAL A A 7R L IGEREL, o —
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RN G S R N B Y Metabolomics #504
JEFT MONA %405 2 DE ic; sl 4k MS Convert 4
JFAEE 0l . mz ML SCUFA% =, S A Sirius 54
T A% oy 45, SRS A% 2 GNPS, @237 GNPS
53 P2 s TIN5 SRR S5, KA A s sy
PR SIS - 55 R B A B DR B2 R T 75%, HL
I 5B BT TSR e R RS B S5 AR E R T
AT
1.2.7 &M RS B 1.2.1 RIRG X s
W, TH 60% s T il ZR 9 Wk B I TR 5 X6 R A
W, I 1.2.2.1 AaEARAE, 3 SIHERE 10 uL, PUE A
[FI BE AP T 28 i e pg s e A o DAAH I W ThT AR
GAABFRCY), HEG BT R ARAR (X0, il britiEih
2L, THALRAE AT REIFNAE S6 XA fLim sl
B TTHRA A2 37 T (P10), KAl (P13) | L
R (P8) . EAIE 1 (P5) FNEHHTH (PO HIE &L,
1.3 HIEAIE
A D 3 IREL, BRI LA mean=SEM 3
7, IR EAE T # A GraphPad Prism 8 #E47 5347,
K FH XU t K56 (two-tailed Student's t-test) Al One-
way ANDNA (and nonparametric) Turkey: Compare
all pairs of colunms FHATHEI 43T, P<0.05 R EHA
gt X
2 RSN
21 FEFER
2.1.1 KRS R RO Se kil
W, ¥ 1.2.2.1 WA E A, A DERE 6 W, 257
A AH X4 B8 B [A] RSD AHAH X 14 18] FH RSD 4351 K
0.06%~0.08% Fl1 0.11%~0.45%, 2& Wi J7 2k 2 )
4800
4600 1
4400 .

4200
4000 T . »

2026 4 2 A
B,
212 WHEMEIH BT HEK 6 B S6 BRI

W, Fe 1.2.2.1 WA R ST, THEAS 2B A
WA A X O B BN (B9 R A 0.19%6~0.28%, AH X U 17 AR
RSD [l K 1.71%~2.47%, SRWZ T L EEER
201,
2.1.3 FsE ks BURIFHER S6 £ il 5 A A
L 9 F 0.1.5.3.4.5.6.9.12.24h, % 1.2.2.1
I N O A AR ST, T A4S AT W AR AR Y
Asf 1] AR Xof e 1 B RSD 7 61 43531 S 0.09%~2.48%
1 0.35%~2.02%, FRIZ e e A2,
2.2 HPLC #545UEEE S KA E TN

T 248 S S S — P2 TA Y, AT L4 Sz e
252 AR BT Rk, 2R eR G e weh
205 B AR DS I T R e e BT, gl
HA Z W5 . 28058 SR, FERSIRYT bR b, H
Tk EBEEPET RS L RIVE Y. Sk i
R 5 HDRLRI DG R, ANSLEG AT T8 JlEy
FRECEE . 11 LR RIS ¥ 1.2.1 k&1
BMLERE S W (S1~S11), Ff2R A 1.2.2.1 T F €5
LA EREIN S o B AR S HPLC S EdE S
AP 25 a3 48 SCHRUE PEA R S8 2012), DAFE
S6(7-1LTH-AB-8- i) (14 (o33 FEE 2225605, SR
LR, $ Mark IEEAT 22 55K, H ShPCHECA: %
WE 1 s s s B . 3 TAHRUEE 00T, 4551
SN 11 AR AR S 0.838~0.998(FK 1), &
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Fig.1

HPLC fingerprint of Prinsepia utilis Royle and its reference fingerprint
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Table 1 Similarity evaluation results of HPLC fingerprints of Prinsepia utilis Royle
. AHALLEE
P
S S2 S3 S4 S5 s7 S8 9 S10 Si1 R
S 1 0.998 0.97 0.948 0.984 0.858 0.99 0.839 0.966 0.986 0.994 0.968
s2 0.998 1 0.968 0.95 0.98 0.867 0.989 0.853 0.968 0.984 0.991 0.972
s3 0.970 0.968 1 0.988 0.968 0.874 0.979 0.865 0.996 0.99 0.984 0.971
sS4 0.948 0.95 0.988 1 0.948 0.853 0.965 0.866 0.99 0.975 0.969 0.955
S5 0.984 0.98 0.968 0.948 1 0.808 0.995 0.785 0.963 0.982 0.981 0.947
S6 0.858 0.867 0.874 0.853 0.808 0.855 0.983 0.898 0.85 0.854 0.953
s7 0.99 0.989 0.979 0.965 0.995 0.855 1 0.839 0.98 0.988 0.989 0.972
S8 0.839 0.853 0.865 0.866 0.785 0.983 0.839 1 0.894 0.832 0.838 0.939
9 0.966 0.968 0.996 0.99 0.963 0.898 0.98 0.894 1 0.985 0.979 0.982
S10 0.986 0.984 0.99 0.975 0.982 0.988 0.832 0.985 1 0.997 0.964
S 0.994 0.991 0.984 0.969 0.981 0.854 0.989 0.838 0.979 0.997 1 0.966
R 0.968 0.972 0.971 0.955 0.947 0.953 0.972 0.939 0.982 0.964 0.966 1
o v
¥
(]
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B 2800 v @3
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Fig.2 Common peaks in the HPLC fingerprint of the sample S6 from Prinsepia utilis Royle (A) and the HPLC chromatogram
of mixed reference substance solution (B)

FE: B0F 1~13 AT RSB HPLC $88CRTTE i, WEIE | 3B | AR 10 13 AN Refidre LA e, $4 0 B N (R] i /N B R Y

74334 5k P1~P13.

23 HBIENRE

M B BhVLEL A Wb, SEEETE | Sr B R
AEPERSUT 0 13 A RRENGE (B 2)VE o brae g, #e4%
B4 sk a] | /N8I R T 43 3 w5 S P1~P13, Ffid
¢ 13 Mg IET AR, TR 13x11 BYEERE,

24 BIMAELIEMENE

AL B FIRE . A PR ) 3
FR I, FSRBTEALTI P RTENR 1 R TP LAY
FHALTHPY, HItk, A5 BN KSR =1 b T =528
TR PLEALT . HarmlEa Ay MNmRE [ 3R R
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Table 2 Results of DPPH free radical scavenging activity of Prinsepia utilis Royle extract
¥ S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11
ICs5o(mg/mL) 0.556 0.518 1.061 0.635 0.134 0.082 0.122 0.202 0.510 0.610 0.390

PP LTS M, AP A (o R B 5 i B R 3 (1
W' B R AR ) B i G FR, AT A THL AT PR Y
PFHr. DPPH H B =i LB A bR
ARSI 73, B I 5 KSR . B A1
P AbiE R, Sy b BRI 2 s 5 Hb T A b
DR E B e F& L, X 11 HE R A RE S AT T
DPPH H H L5 KRR i, &5 RN 2 i, 78
DPPH R4 A ARG PESCE T, 11 HEU AR S 3
HA—E M DPPH H i 3L BRIE M, 458E 58 iR 4
PLEALIETEAATE— B 2257 . 1C, (H M EDTA LTS
PEIRGS I — N EZAE bR, TR PUEILRE iR B
T BRI B T T R BER? . nk 2 o, Hovb Se6 #E
rhiE B DPPH H H Y 1C,, {HH%/N(0.082 mg/mL), #&
Y R DPPH [ FHJERE 1 feoim, HoA R4 biss
Aeis P . HR S350 S7(1C, fH 0.122 mg/mL), S5
(ICs, 1 0.134 mg/mL), S8(ICs, {H 0.202 mg/mL)
XG5 R R, I BV RE NS A %50 K DPPH
FI S, WdEss T i g i 2a o R R b A A
WP ) o

Zheng 45" WAHGE T = g B BHRR SN T Il =E
i LB BUITE 20~100 pg/mL BYHEEVE N, Frfy
FESR Y DPPH [ FH 3L 37 5 1 P 25 52 v o Aol A, G
ICs, {EL 53 51 M Fl 71.46+2.85 Fl1 82.08+0.97 pg/mL.
Gupta 55 U X175 fil et (9 HH ls 42 I ) 3847 DPPH
FIFHBEPTAEURI E , 45 2R R ICs, S 62.46 pg/mL.
Bagale %" FI| ] DPPH [ Hi 3L BRI6 A T A
[RIHE B TS i O R R B b S AL IE P, 45
SRR LR LR BUIAE 500 pg/mL A R
i 1 DPPH [ B 232.(98.14%) , IC, 1H K
47.64 png/mL; HUE H EEHE B (1Cs, {H 66.69 pg/
mL) . 5 3CHREE R XT b & B, SCH T A HE B
DPPH F HEIE BRI AR (B s g S6 Al ICs, 1
{2k 0.082 mg/mL), I HE5 75 HIIAE & CHr A= T 19
IR AT 25 GEIRK B0 A [F-F EUUT AR I
2 B A AR P A X 8 T ) 2 W R TR IS B A A G
Huang £33 Fll Zhang 254t 8 IRIEFR, B HIDSH A
F R LR B S e 2R, {H R Ll EUY) F
FH 3B RRE /7 Ebr SR HUsE .
25 EBYKREMR
2.5.1 FZIRifbh(Pearson) #H 438 I Pearson
S R B 2 45 AT WXt DPPH [ FH 353 BR A DTk
FREE . AHIC R B IE AT L e 55 040 FR 55 106
PEFEFRIIAEICHE, YAHSC R BN IERT, FRIIIL — 32>
[F] A IEAH G Sz, WISk 5 AE G AE DG R B 4 X HE
B3 XY R 1 DT R, A X RS, Xoh i P ) DR RE

%3 AU DPPH A Hh 20 BRIE PR B R b A
Hr B IR s A A

Table 3 Pearson and Spearman correlation analysis between
shared peaks and DPPH radical scavenging activity

Ve Ve

(EPSES QIR IPREY (EPSES QIR IPSE Y

Pl ~0.712 ~0.764 P8 —0.758 ~0.882
P2 —0.690 —0.791 P9 —0.736 —0.827
P3 -0.731 —0.855 P10 —0.725 —0.845
P4 —0.743 —0.855 P11 —0.701 —0.818
Ps —0.706 —0.800 P12 -0.713 —0.791
P6 —0.714 —0.782 P13 —0.779 —0.818
P7 —0.723 —0.809

Ko Wk 3 R, A%l 1~13 5 DPPH [ HEERR
PR R AESC, RUIATEIE 1~13 SRR EE A H
FEEAARHAVER, HAAigE P13.8.4.9.3.10. 7 H
A 1 AE M (AE G R B S 5 2 0.779. 0.758,
0.743. 0.736. 0.731. 0.725., 0.723), & B 3X 2L 1 5>
%} DPPH H 3G GG T ook

2.5.2 MHiEZ/R%E (Spearman) #HEME 04T Wiz RS
FHe 22 B (Spearman's rho )il F A AR E-HES Z [A] 1Y
MM P AR A R o WX HER BT, &
REA BN B M AHICOC R, IR ISRt
JI3CFE o FIH B IR Bk 5 22 8000 78 £5 A 14t
DPPH [ HH 2830 BRI SRR B RO, AHOC RELEXTHE
R, XA PER TTERBE T, TR 3 o, (kg
1~13 5 DPPH H i 3L7E RGP 2 fAESC, HAA%
% P8, 3. 4. 10,9, 13, 11, 7 W = R A9 AH e
(FHSEZR B3/ 0.882, 0.855, 0.855, 0.845, 0.827,
0.818. 0.818. 0.809), K HHiX 4L 553X DPPH H H
FLVHERIEEDTRREER, B B AR RE P E RS
2.5.3 AW/ BIF4HT(PLSR) 435k 11 4k
TSR DPPH [ 3L 7E R AE AR &, 48
e B % g g s T ARAE S B 28 &, SR SIMCA
14.1 BAFHEA 7w b/ ik 43 i, 158 H i 2575 R
R 5 LA W T AR AU AR AL 0] )3 SR BRI A R
FpEZB(VIP) . 7E PLSR 431 A, 28 5 2P T
(VIP) (B 2 PEHr H AS B X 4 ZE st mk B9 3 FH 38 Fr o
VIP {HA% K, R HAS B X2 sTmhiii R, 328
X PfFRERE 1k, BIVE R (o o 8 40 B i 5%k
TEPERY SRR . AHIC R LR S BT R VE BE
B BT RR, LB, X% BE B pTmtk ol A R
A IE B AT L Sz (e 04 T AR 24 380 A i AH DG
s A R BFT B M IERT, R H — & 2 (AN IE
PG [z, e S o VIP H R T 1 HAHSG R
BT 0, FEBH 2 [ A8 B X PRAS B A i R BE ) B,



HaMasE | 45 BTSSRI RIS RGP 0T - 355 -

|
L
S
NS}

i

CoeffCS[1](IC,,)
L4l d
—_0 O O
Cl> 3] O[\ S

|
e
=
o

1 2 3 456 7 8 910111213
Var ID (Primary)

SIMCA 14.1-2024/9/24 9:54:47 (TRC+8)

VIP[1]

07 4 5 8 6 9 2 13 1 3 12 11
Var ID (Primary)

SIMCA14.1-2024/9/24 10:37:22 (TRC+8)
3 AT g fre /I —3fe 0] 3 A 4t 2R
Fig.3 OPLS regression coefficient and VIP value
of antioxidant activity of common peaks

T A: FIERELG B: VIP (.

XA ELAT (2 B TRk, Ko B A A R AT AL
AT, Sy Mg SR AN E 3 s, A A e 59
RIS FE P EALFE AR 1Cs, E ARG, H VIP (H
Z5 LTI, A DPPH H 3L 75 B R S F8 bR it 0%
P10. 7.4.5.8. 6.9 [ VIP {H>1, 05 6% 53 X
DPPH [ Hi Sy BRI A ok Bk, nT BB g
BT

ZE 4 Pearson, Spearman A1 PLSR [v] U5 43 #f &%
SR, HEI (A5 IE P34, 5. 7, 8,9, 10, 13 &4
H K FE DT SRR P 1) T T B TR AR Sy, G R (g 0
P10. 13. 8. 5. 9 FH IS 220 DPPH H
FHIEIF BRI Ry . X e R TLRR T, B 545
BUAYAH AL SR IAN TE —, (HAEF T 22 1A
AHE AN FEA L BGUER
2.6 IMEMNWEMERS I
2.6.1 PrEALIEER T E YT RS GRS DT
ZE, 11 MEELRES TP S 1~13 S, o2 g
B S6 Hh A5 W s T AR X B, LA S6 Skl
% UPLC-LTQ-Orbitrap-MS ¥ AH 3%, X1 #4841k
I P S50 TTHR AR R Y (A 35 % P10 13, 7. 8. 4. 5.
9 MEATREMESIHT, FEEh G bR Ee Xt SCHk ST, fie
L T (% P10, 13, 7. 8. 5.9 S35 T L /K
Al . LUZSI-3-O- BRSPS AR BT 2R . s
FERIFFH T (3 4) . Shen 250 WA 25 Bg i PSR IS T
HNYSHR 43 B Mg AR B P T MBS 2K . Zheng 50 H
i UPLC-ESI-HRMS/MS 7% M 75 Hill IS s 4 v 4 52
H P ARANAT, [R)AF I R 450 & R HGE AR 1 IR
MFF G2t h 2B T RS . Peng 5P 19 4F
GEAARIE T IS H A S R AT A, AR

K4 FRIARB B e o s R
Table 4 Results of chemical composition analysis
of Prinsepia utilis Royle

e [ R BT (MS /MS
peg WRMEL st W () TR T )
(min) (m/z)

sy 1 545.1313, 473.1100,
P5 11.75 ST 563.1418 [M-H] 4430995, 353.0676
- - - 7,<‘
P7 1420 ”J%giafm%ﬁ?ﬁ 739.1991 [M-H]™ 575.1322, 284.0291
5 Zel16) 1 593.1520, 575.1414,
P8  14.52 WEE 739.2094 [M-H] 2840335
S o [36-37)* - 737.1949, 605.1524,
P9  15.03 E BT T 769.2211 [M-H] 3140436
R 1 301.0358, 300.0282,
P10  15.86 T 609.1467 [M-H] 10054
P13 20.05 ARANAF A 623.1633 [M-H]™ 315.0515, 300.0280

T *FRIZ Y AR X IR

WFFEEE A S X e SCHREEAR ) 5, AN [R] Z ARAASUA B
TESCHR P 255 24 FR2E 57, TR 28 (SRR 2R
HIZE W 3-O-[a-L-RHig B E- (1—6)-[a-L-RHEIH B
ZERIL-(1—2) 1]-4-D-k i 18 25 Bl sl L 43 9 3-O-
(2", 6"~ O-o-L- Nk Mg 52 3L ) -B-D- Nk i 7] 265 1l
), AT (57 B2 28 -3-O-[a- LN e B 24 k-
(1—6)-[a-L-Akiw ERZ=PE5E-(1—2) 1]-B-D- NI i 26
WEEE), KA (G R 2R -3-O- 253 1) .

2.6.2 HUAEALIEPER S E BT IR 1.2.7 k4T
ME, ME ARSI 2 S, LAAH
R TTANAEFR (Y ), B 5 BT iR B A AR AR (X0,
LrfilbrEthZ. LI S6 Shl, #08 1.2.2.1 ik e Fit
AT} S6 Hh T AL I PESE I8 STRRE R AL Sl T
(P10), KA (P13) | #EELZR (P8) . E RS (P5)F
FEHOHTH (PO BEAT/E BT, G R ANER 5 R 2441k
27 85U TR AU AR o e A 2 1 T PN -5 000 TR o
WL R R AP, H S6 A Ao i) & A7 AE
—E 25, P 2R R (738,123 pg/mL), H
WKIZ 17 (538.612 pg/mL) . KAl (385.881 pg/mL)
FIFE TR A (337.168 pg/mL) .

5 FEN S5 S R TERL T AR MG R
Table 5 Contents and linear relationships of the five active
ingredients in the S5 sample

ey AR i ﬁ'g%;f‘
T 538.612  Y=16.6582X-26.0138  0.99998  1260~105
AKAIAF  385.881  Y=18.1819X+319.4450 0.99983  2590~216
WETE 738123 Y=13.3445X-12.0118  0.99999  1692~141
HBEHE 104805  Y=14.0332X-6.3861  0.99999  564~47
FWHH 337168 Y=14.1490X-16.8989  0.99999  864~72

AT ZRIT T H AT & A OS2 AL,
4y, Peng S50 ffF 5 & B E ISR T RTA ARG A T A
TR PR L ZR AR X & B S 13%. Zheng A5
WHGE T H g 2E L R E b o T &l
8484.19+424.21 ng/g(M)FM 1801.33+£90.07 pg/g(ZL),
IRANE B2 1108.94+£55.45 ng/g(AH)F 529.00+
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26.45 pg/g(ZE) . MASHSE hix $edyy o % B -5 SCHRR
T2 5, " RERE R R B vk it A R AR b
SO E (UNTRRE | B TR] NS I 268 AR TE], X B AR
AW IE R | et M e LR B B e A T
SN

2.6.3 PrEALIEERSEOUE

2.6.3.1 IRSMUEARIETE  HUE 2B IRER T HIZ
PrEALTE PE RSy, % DPPH., ABTSY, OH [ /%t
BRI X 2.5.3 H A 2 A G SR A Al E— 25 P 5T
FAIE . Sy AT A s 4 s, DPPH- 15506 PED
P, 76 0~1 mg/mL WRFETEE T, A RRMAE S 5
AT, BT IXT DPPH- JEBRAE 13 2 80 2 3
s, HIHE RS 55 A R 2 A BHAA Y
FIERLN e Za . Hirp s T S6 #Edh o H 5 B
Ve AR T Ve BOWEBRIEPE, 1 mg/mL B, T
FI S6 1) DPPH- & B4k 5 92.84% F1 84.04%(V,
90.51%), FHYZAKANFE, I H 37.71%.
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THERTG RS R
Fig.4 Results of DPPH and ABTS' free radical
scavenging activity

ABTS" 1 ERIE PRI, R AL TE 0~1 mg/

mL P EEYSEIY, IraFesh ABTS™ BRI S
WS . 1 mg/mL B, 27T F1 S6 FEMXT ABTS"

F FHSSEBISRII N 92.44% Fi1 82.01%(V, 94.05% ),

HOEARANTE . TR S B ORI, 7E Rk
Ay 9.32%~21.14%, Zhang 2528 3@ it 431 X 40T
58 T TIPSR A RILH S I S o3 AL B bR,
FIA Ay R B H 55 A DPPH il ABTS' H 375
BRTE TR, P SEE TS AT SRR ER-3-0-25F)
B ORAAT) S 251, ARSLIGEE 5 22 A V)& .

-OH Vi BRyE IS, R ansk 6 pros: 5 g
B S6 M5 BRI G REA RUER -OH, HA%
LG P RIS T BHMEZY Ve 19 -OH W5 BRI
PR, o TR R AL E G PE E 5, 1C, {8 43 5 R
0.45 F1 1.01 mg/mL(V, 10.66 mg/mL), HK 531l 2
S6(1.770 mg/mL) . FF{#H1H(3.33 mg/mL) . 3%
F(4.61 mg/mL) A& 2 (5.86 mg/mL) . iX—&55R
W, HHISSPEB HA — @ P e fbis Tk .

6 FEHMIERTGESR (C,, {4, mg/mL)
Table 6 Hydroxyl radical scavenging activity results
(ICs value, mg/mL)

BEf Ve o se T EMEH BRER AP KAl
IC5, 10.657 1770 0450  4.612 5857 3325  1.006

FLF 1, P RIS S i BT A T TR N
ZAe 2R ST MEVE R, JER R HE TR ZE R . 53
SR i 25 T AR A SOR AN B 55 S A
O, PO RANE L AR T R AN s
A S M B i Z BIEAE — 2 QG . TS S e
DPPH-. ABTS"- Fl -OH & Bl 5 H (g 410 il SR A7 7E
xS NS TARIE Y SRS R TR
2.6.3.2 D-Gal 55/ HFF =EEEE/TME  SA-p-gal
JERSINEFE R A e de bR . o T IS 4R
TEEARZS, AWFFE P H T SA-B-gal Yetailsm) &, Xt
AN B-gal AT T YL orbr, I bR G2~
S AREEAE 100 F5FN 40 A5 AT Ao e 2 A, 8 ik
Image] FRA4-M) B A2 v e i s i 4 i te ) . 18105
WoRT p-gal Yeta s gl e, 545 4 A E, D-Gal
B 2% HFF FEYL (05 20 (050 3 ) 35 40, R
T4 B-gal, R DE X-gal JIRPHE AL A s (L 2%

Control

D-Gal S6 60 pg/mL S6 120 pg/mL

K5 D-Gal 5% HFF A R s filok, 74T
IR 35X HFF FZRYIEGAEH (200%)

Fig.5 HFF cell aging model induced by D-galactose and the

delaying effect of P. utilis Royle, rutin and shaftoside (200x)

Control D-Gal # 60 pg/mL i & 120 pg/mL
i ‘ . & = =

L Fili#t 120 pg/mL
v/ 7

2l
Kl 6 D-Gal ¥5% HFF 4Hf s 0 S iR L /KAl
FIEHBT X HFF 2 2 192 /EHI(200%)
Fig.6 HFF cell aging model induced by D-galactose and the
delaying effect of clitorin, narcissoside and typhaneoside (200x)
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e, FORE AR AT, SRR WL
PrAEAIEPERLST, [ AR Y2 25T AN [R] A BE RS
R, AT PR G AU TG T BT ATEA 25 A
FEMBIPLEERE ST, S5RANIE 5. & 6 FniEl 7 o, AH
BT D-Gal Bi5I2H, 60, 120 pg/mL 19 S6. BT
PRV T E AL FR O 2 ] SA-B-gal WP, BRAR T YL
o BHEE AT O LB, 2B T ISR S S6. B 3kE
F 0T T LA o B AP RO (P<0.01);
120 pg/mL {2 T X% D-Gal #5'5 HFF 28 HAA—&
FIII I VEFH (P<0.05) o T 60, 120 ug/mL ¥R EE TR i
2 AKANE I 60 pg/mL B9 T % SA-B-gal I
P& HFF 3309 828 oA B andvE A o
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Fig.7 Proportion of positively stained cells in the HFF cell
aging model induced by D-galactose
T ###P<0.001 3278 25 AL 5 BB AN L, 22 5 i 5
Rk P<0.001 Km0 21 G A0 Ll 22 A R 3, FRP<

0.01 2253 B3, *P<0.05 £ BA G EE L.

2.6.3.3 H,0, 55 1Y HFF i1 5 2 AH 5 19 S AL N 3
FLHRFIAKTF  H,O, 1E R/ NrFE AR 5 ot an
MRS S A F S5 b T S AR RIS, R
AP EACBT A 2R, SR A AL 1k,
JERCH AN SR, HIL, DL H,0, 58
% ) HFF 41 i Sy A5 Y, 38 3k 4G I 75 i) 22 il 53 X
HFF 4132 57 5 3 3 AR S B SR AL B B3 Rl (MMP- 1
MMP-3. MMP-9)mRNA FEik7K-FYFEN0, 5341 8 H
I3 B FHAR 2= A3 BB AR E T o S5 2R an K] 8 P,
Hos HeaAH L, H,0, 5519 HFF 84l MMmP-
1. MMP-3 Fl MMP-9 ) mRNA FHXJ 335 5 i 350
In(P<0.001), FERAT EAAIMFE R . LFFMEES

1.57

P

MMP-1 3 F%

MMP-3 FEH Fe k5

I

-
2 10f
el
& 0.54
§ ﬂ
0 L

AR

K8 H,0, 5T I HFF "4 LML MMP-1, MMP-3
MMP-9 FFHX R i
Fig.8 Relative expression levels of MMP-1, MMP-3,
and MMP-9 in HFF induced by hydrogen peroxide
T ###P<0.001 Fn 525 XS L, 25 5300 35 *** P<0.001
Fon SR A XTI, 25 TR, *2P<0.01, ¥ % F,
#P<0.05 TR HAZIE L.

e, MMP-1. MMP-3 Fll MMP-9 ({35 3%
FEAK . BT LA FHER T H,0, BRI, Sk i
120 pg/mL T, S6. FHBIE « W R FKAITF )
ETIT MMP-1. MMP-3 3345 (P<0.001); 2T
Hrp MMP-1. MMP-9 Tl MMP-3 WFAXT 26k E 3
NVE (MMP-1. MMP-9: P<0.001; MMP-3: P<0.05);
HAET . B MR AR 4 MMP-9
FIAEXT 2k i 25 R R (P<0.001) . FEHATFHIOSRE T
R HA 2143 G B . e 2L KA. 2 TR
FRIET) v R UE B R e TR R, 1A B0 ) L A A,
HAWAENPOLERE T . 456555 T 09 2
Yy B 2E S0, 28 LT HEN R HIZS b T AL TRk
FIRESZ A T KA . AT A S R F il
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