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ABTS H B3 BRI LW RCH: A B2 BREE T R H, 0, 1755 A KR U4 4E 2 il (human foreskin fibroblasts , HFF) 45
AL AR 3 3 A PN % ( malondialdehyde , MDA ) #8 S Ab 41 57 {1 B ( superoxide dismutase,SOD) i J5 B4 it H
K (reduced glutathione , GSH) JE M4 (reactive oxygen species, ROS) SR AL N IR PR B T AU R A ( type I colla-
gen,COL-1) .COL-II .35 4 )& 8 (¥ 1 (matrix metalloproteinase 1, MMP-1) MMP-3 5 H &1k, b H o0 S AL 3
HIRE ST R 28 Sk (ultraviolet B, UVB) 545 3D SR GiR6ERY @ ik HE e (3 L4 K AG B2 85 1 2 2R 11 -1 (clau-
din-1,CLDN-1) A 8/Ni7 25 -1 ( zonula occludens-1,Z0-1) 8 335, W H GG Z/E ), 25 &1k Hopr S Ak iE 1
S5RFRI] AL 3 B G BRIE T D7, SR RIS, B R A0 BR B8 0 U0 TR s ZE BT O T 45 SR U
SR RE RN L EE R IR AR h MDA 54 $2FF SOD ik 5 GSH 4 il ROS £ W {2 #E COL- I 1 COL-I {9 3R35 |
] MMP-1 F1 MMP-3 [)3K (P <0.05,P <0.01,P <0.001) , Hrb S g -5 B2 ) 30 A AL DI RE AR 5, B 2 0l
s A SR A S5 T, A SR U REAE K UVB T B IR B et 4 , @3 13 CLDN-1 15 Z0-1 9335 (P <0.01, P
<0.001) , S BRI BERAEE RE TR R, K O BT, S 2 RS, AR RGIE T = ERAEHF BEHE A
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Comparison on antioxidant activities of total saponins, total flavonoids,
and total polysaccharides from Panax notoginseng roots
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Abstract: To investigate the differences in antioxidant activities of total saponins, total flavonoids, and total polysaccharides
from Panax notoginseng roots in vitro ,these three components were extracted and their free radical scavenging abilities were
compared using DPPH and ABTS assays. The capacity to alleviate oxidative stress was evaluated using an H, O, -induced hu-
man foreskin fibroblasts ( HFF) cell model by measuring cellular oxidative stress markers including malondialdehyde
(MDA) ,superoxide dismutase (SOD) ,reduced glutathione (GSH) ,and reactive oxygen species (ROS) ,as well as protein
expression levels of type I collagen (COL-1 ) ,COL-III , matrix metalloproteinase 1 ( MMP-1) and MMP-3. Additionally,,a 3D
skin damage model induced by UVB radiation was used to assess barrier repair ability through HE staining and detection of
claudin-1 (CLDN-1) and zonula occludens-1 (ZO-1) protein expression. The antioxidant activity of each component was
comprehensively evaluated. Results showed that in terms of free radical scavenging ability, total saponins exhibited weak activ-

ity ,while total flavonoids demonstrated superior scavenging capacity compared to total polysaccharides. Regarding antioxidant
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stress, all extracts significantly reduced intracellular MDA levels, enhanced SOD activity and GSH content , suppressed ROS
generation , promoted COL- I and COL-III expression,and inhibited MMP-1 and MMP-3 expression (P <0.05,P <0.01,P

<0.001 ). Among them, total saponins and total flavonoids showed comparable antioxidant effects, whereas total polysaccha-

rides were relatively weaker. In barrier repair, all extracts effectively repaired UVB-induced skin barrier damage and signifi-

cantly upregulated CLDN-1 and ZO-1 expression (P <0.01,P <0.001) ,with total saponins showing the strongest barrier re-

pair effect, followed by total flavonoids, and total polysaccharides being the weakest. This study systematically compared the in

vitro antioxidant activities of total saponins, total flavonoids, and total polysaccharides from P. notoginseng roots, confirming

that different components exhibit distinct yet complementary antioxidant functions, providing theoretical support for the high-

value utilization of P. notoginseng resources.

Key words : Panax notoginseng roots ;free radical scavenging;oxidative stress ;skin barrier repair;3D skin model
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ikl Z N U EES R Z 2 fE
NN EANZE R R A E, Bk B 7 87 T A AR
i B ) 52 B A AR B A, DT e 2 i
FED L PR, R 3R 4 0 B TR T SR I RE ) L 8 22 LA
PR AR, BA H AR 7 o 8 0 52 B v H
[i[ip=e

=t Panax notoginseng (Burk. ) F. H. Chen &
MBI AZS B, £ TIRE =8 s, £%
DIRAZY  HORPE O E 2R =6 R 2
R AW R, = B R B A
Sy RV BB AL 20 B — e bR L RE
JiteT s ARV TR R B, AF = AR 2R
FERYASTFIFRAL AR A S22 30 2 B B i B S Ak
FORS BRI, BT 5 2 3 T RLER W, 4R IOy
FEDRTR] 54, 1 To vk B B BT S A P T A ) A
)i B BFE 22 3 T 80—y, s 2 0 = AR
AR BUR DU BTG PR RS L. Rt A
FEAUXT =L AR B2 (total saponins from P. notogin-
seng roots,NTS) | —-EAR LB ( total flavonoids from
P. notoginseng roots ,NTF) [z =-EAR & ZH (total pol-
ysaccharides from P. notoginseng roots, NTP) P78 L
IRHEAT R GERAVEAN , 5 78 I 36 Ve ok Tk
FHIRIES, IS At i T & e =5t
PR S AR PSR AERL AR
1 #R57E=E
1.1 545

=R A = EE 2GR B A R R 77
A ST, 22 1 8 LIS BT R AR 25 %%
TR 5T R4 0 OB NS R AEY) =& Panax no-
toginseng (Burk. )F. H. Chen fJT14R .

I R AT 4E 40 M (human foreskin fibroblasts ,
HFF) (41 H 545 . SCSP-109 , r [ Rk 2 e L7 15 57
YORIRZE 2 AL ) 5 N 3R B2 A JBOIE U 40 L ( hu-
man epidermal keratinocytes, KC) (55 . CP-H113, i
DB E IR RA ) |
1.2 XFI 5|

DPPH , MTT ( 4 . 98% , it 5. STBF5255V
253641F SRR LA R s LR MR (V) (L0 =
98% ,4it*5 102688692, ) A+ B I 4K ¥ ¥ ( colla-
gen solution from bovine skin, CSBS) (6 mg/ mL, it
5. 0000319064 ) . ABTS ( 4l ¥ = 98%, #t 5.
SLBV5859V) ( #[F Sigma /> ) ; B2 2% 11 ( phos-
phate buffer solution, PBS) JIi 4+ IfiL 7 ( fetal bovine se-
rum, FBS) | 0. 25% 3 1 (&% 0. 02% EDTA) |
DMEM 5 B 85 3% 3E (it 5. 8115183, N2343318P,
2520735 .3023171, % [ Gibco /2 ] ) ; Western — 471
R Western J¢ TP 5 4= Z2¢fif i . SDS-PAGE # 1
EREGEMR (5 x ) (BCA R B v 0] & i
4 (reactive oxygen species, ROS) Kl {57 & (L5 .
52424240708 . A097240913 , A179250126, 0707212
10930, A147250403 , i35 2= KA B AR e A FR
AT s YR 143 F Marker (L5 :318540 , % 5] 3%
B ] ) 5 CnT-Prime [ K2 4 Jfd 3 56 3% % & | CnT-
Prime-3D S JHE IR (L5 12503125 ,2502055 , Fij +-
Cellntec 23] ) ; B4 )& & H B 1 ( matrix metallo-
proteinase 1, MMP-1)—%{ MMP-3 —¥$ .1 Ui )i 5
H (type I collagen, COL-1) —3$t, COL- Il —%t , [ 4i
/NP ER -1 ( zonula occludens-1,Z0-1) —#i . B %%
# % H-1 ( claudin-1, CLDN-1 ) — i (it 5.
GR3180071-39 , GR3334334-8 ., GR247379-64 . GR247
379-68 .GR447589-50 . GR3321056-8 , 3 [ Abcam 2
F]) ;12 fL Transwell /N2 (it :012025ERO1 , 3 [
SN\ M A AR W B AR B ( superoxide  dis-
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mutase , SOD ) i | & . N —. % ( malondialdehyde,
MDA ) iX 7] £ (45120250724 20250708 , Fg 5% 1 1k
Y TREWFSE T ) 5 38 IR 25 B H K (reduced gluta-
thione , GSH ) 12051 & (Hit*5-: 96800160642 , i IX % 1
AR BR A F] ) s PAGE I PR il #5125
& (Hit45-:02891200, |- it A il A ) = 25 RHE A IR A
Al) ; JoK B HEE (1645 . 20250218 ,20241127 , [H
G IR FRA A ) 5 i SRR B (K, S, 04 ) (it
5 F1508005 , - 1 ) hi T A A6 BE £ 00 A R 2
Al); NZ& B F Rg, (4 FF. 98%, it 5.
N21HS205182) \HE % 53 (4It5 . KR35691A) ( I
IR EIRHECA R R 5 ECL A2 AOGIR ) (it
5:1705060 , 35 [¥ Bio-Rad Laboratories A ) 3 25T |
D-JC K 75 %G B (46 . 98% , #t 5. €15523923 .
14828297, Lifg Az e MAE AR AR AT FRAFD)

Practum224 SQP HLF K (38 2 F Bkl 24 (U
(dbE) ABRA T ) ;BSC-1806 T A2 2R W4 448
(M ERESFEARAGRRAT) ;371GP # CO, fH
K356 (3 [ Thermo Fisher Scientific 23 ) ; TDL-
SM ¥R B0 AL (D)1 B R R BR 2 F] ) 5 DMIL-
LED {5 ' AH 22 12 3058 (78 [ 3K K A ) 5 Multiskan
GO & S K #r4% ( 22 18 Thermo Fisher Scientific
ZNF)) 5 Mini-PROTEAN 3 B H 3k 1% ( 3 [H Bio-Rad
I E]) 5424R R R O HL (72 Eppendorf In-
novation A #] ) s WD-9423B fL24 K& A A (AL 57N
— YR A BR AT )  UVIBL ARG TF A (41
FIE = BEST 280A BR/A H]) 5 Axio Observer 3 ¢
I AU (1] 2% W] N 7)) ; Histocore Multicut %8 %% =X
IR AL ECLIPSE Ci-L H 3 BiK AL (TR~ B RS
( W) AHRRAF]D) ; YB-6LF A &L YT-7FB A=
YW R BL (AL 2208 G BE T H R
ABRAFE]) .

1.3 FHik
1.3.1 ZH44%&

NTS [l &« B =& T EARFT By, 4 1: 12 (g7
mL) BHE LLINA 80% £ WM EL 3 K, Bk 1.5
h, B IURIR, SR PG 75 & SO e 4 2 — e R FY,
KA B B AT 4liAk , il 2 B fe , AT B2 g
Bpfg, =R Huang 20 BT 7%, SR R Aoy et
AE 545 nm AN E AR BE N2 AT R, MO
BE NS R Re, WEE R Aebr  BOGRE(E A A
bR, A ERTZE .y =10.993 +1.543 x,R* =0.999
8. FEEARIUNTS, FH EERCH] 4 0. 2 mg/mL, FAH

A 7 R RO B A4 N2 AT Re, brifElhi it
S E R 5 A (1) A NTS 26 (P) 5, 5
e (2)IHHE = LR NTS it (w) .
P=(C,/C,) x100% (1)
Ko, €, ARFR =L AR 4R IO 43 I T AR
(mg/mL) ; €, FF = AR HE PO 53 Be i o & vk
(mg/mL) .
®w=m, xP/ m, (2)
K, m, RF = RSB T (mg) ;P
RE = LRI 46 E (% ) ym, 10T =L
MARBR(g) o
NTF {41 4 . 18 Nie 21 9073, =£ T
PEARTTHY R FH 90% £ I ] i 4 B, 43 15 4l 5 B
1o RABSERER - WA FR B L 75 FE 500 nm AR
ARV BE P T RO RE | Lhs T Wk BE S R A b, WO
JE NP ALR, 2 HIARHERNZE .y = 8. 18345 - 0.016 5,
R*=0.999 8, A5 FREL NTF, ] Z B Hc M 0. 2
mg/mL, FIAR[R] 5 250 72 WO B, AR = T s v i 4%
TR E R 5 #2 A0 (1) THA NTF 268, FHZ A
K (2) A =L NTF &,
NTP il % . B =& THAR T8, R 95% &
Pt (R R B, B2, O R4 3 Wk, 0k, &
FFRRIBOR B O, BB OB A DR R A v, U8
3 € (M > 10 000 Da) J& , U8 P23 40 08 A5 ML
(10 000 Da >M >300 Da) , BUR i 40 BEIE 5y, FH 4
YR 95% CBERET 4 °Ca s B BUTE T
RIfS, 08 Huang 55" (005 35, SR 2 -7 R 72
FE 490 nm Kb E AN [F] v BE R A R 1 OGRS | AR 4
W BE B AR bR WROGRE AR bR, IR E T 2k .y
=14.997x - 0.003 8,R*> =0.999 9. A5HFREL NTP,
FHAEZKECH A 0.2 mg/mL, FHAH R J7 s & WG RE ,
HRYE TR RIE I S A Wk IS 3 A3 (1) 1A
NTP 45, % a2 (2) THE =B NTP &,
1.3.2 DPPH A w & maE Al 2
Z: B8 Yuan 551 (7 IR INECshi b T E L K
V¢ NTS NTF | NTP 53 51| F F st 75 i A [m] Joit 122 9k
J¥(6.25.12.5.25.0.50.0,100. 0.200. 0 pg/mL) ¥
W, FIW EEEC 6 0. 15 mol/L AY DPPH IA W, 5C
i FAl XA PHME V. 41F0 NTS ,NTF , NTP
B ERE A, L AE 96 FLAR R UEAT, A T A
200 L FIEE XFBRZH A 100 wL FFEE, BHME V. 41
A 100 wL V. 3 W&, #F b 210 53 51 A NTS  NTF
NTP £ FERE AL 100 pl, BB 3 MR AL, bR A
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HAN , A& FLIMA 100 wL DPPH ¥51 ,37 °C

JEIEE 30 min, T 517 nm FIEWRIEEE(A) , 7

L (3) A A IEIEBRR(S) .
S=[1-(A;-A,)/(A,-A)) ] x100%  (3)

Ao, Hr A, A, A, RS gL R R
FSZG 2] B WG RE (A
1.3.3 ABTS A WA &k Az

S8 Tang' ™ 97 RS NS S aE 4700 52 o e
2.45 mmol/L ) ABTS 5 14 mmol/L ¥ K,S,0, 7K¥%
W, JEHE ABTS 5 K,S,0, W% 5: 1 (V/V) 1 H 6
IRA14],25 C /K 30 min, JH 50% 2R B 4 1%,
el B ABTS T AE W4 A, # V. NTS NTF NTP
53 M 50% S BEERC T A R BT f vk B (6. 25,125,
25.0.50.0.100. 0.200. 0 we/mL) MWW, SCH %
2L XA BHME V. 4R NTS NTF  NTP 4% ¥
JEREMAL, B AE 96 FLAR T EAT, 25 T4l A 200
wl 50% £, %R LA 100 L 50% Z W%, Bk
Vo @A 100 pL Vo %W, A b 2053 50 i A NTS |
NTF \NTP £ ¥ FE 5 100 pl, BE4H % 3 NE AL, B
2 A, A4 LI A 100wl ABTS TAE®,37
CHOCIEE 30 min, T 734 nm FllEWSEIE(A),
s (3) A A R ERR %,

1.3.4 ik

HFF 4 ffifdi &4 15% FBS 1) DMEM 58 b5
FRF 1637 C MWBSE 5% CO, B bR gE,
Jo e 3R ) 80% ~90% R, FH 0. 25% [ 26 11 il (7%
0.02% EDTA) IHALALAR 1% 2 U #7555

KC 40Affdi ] CNT-Prime 353558 78 37 C A
SHEL5% CO, IEFRAFh SR, Ak B iR 31 80% ~
90% I, H1 0. 25% JR 2 1T (5 0. 02% EDTA ) iK1t
TR S 3 AR TSR
1.3.5 MTT it 2m o 55 36 &

PEREFBE KW HFF 480, DL 1 x10° /mL
FREERAN 2 96 fLAR, BAL 100 pL, & T 4 H 3% 57
b REFE 24 h, 4 NTS NTF NTP 435 DMEM 1%
FrHEMC I LA [F] 5T i vk B2 (5. 0,10..0,20. 0,40. 0,
80.0 pg/mL) MWW, B0 H 25 H 41 Ml NTS,
NTF NTP Jii 5 RS A, Bk EE I 6 N &R
FL, FEBRBT SR 2 AU DMEM 15 3#%5 100 wl,
A AN A 5 5t vk B 32 10K 5 1) DMEM 3%
FHE100 wL, B THIFRFE PR 24 h, £ FLMA 10
L MTT ¥ (2.5 g/L) ,37 CIEH 4 h 53 % B
W, B A 200 L DMSO, #5630 min, f1F

490 nm AL 2 2 FLOBIEE (A) 3 A (4) 1
BANMIAFIG R (R)  W0E S5 SR LR 2R
R=(A,/ A,) x100% (4)
Ko b A, A, S RRERZ I S 2
JEEEE,
1.3.6 ZALHi45 HFF 48 13 MDA .SOD & GSH #)
5
S8 Zha % WOT LRSI sh B AT I E L K
HFF 4001 1 x 10° 4~/ mL % B 43 53R 2 6 FLAR
AL 2 mL, B T AHMEIE SR R 24 h, LI
BB S 4 AL NTS NTF NTP 41, &340 % 3 4>
BAL,FE R SR S 4L A 2 mL DMEM £33
B, A A AL 900 pmol/L H,0, A% 57
W2 mL, 3557 6 h g7 AL B AL, bk IE TR,
2% LA AR 20 4 LA 2 mL DMEM 1537 56 H
AR BN A A 20 wg/mL NTS NTF , NTP
() DMEM 355755 2 mL, LA FR40 1555 24 h, 5F6R
W, PBS TEVEANIE 3 Uk, 4541 A0 AL A
400 L ¥R 1 mmol/L Y PMSF Z4f# i , 7850 41t
J&i,10 000 r/min,4 °C, B0 10 min, WEE FIEW, K
F BCA 7 &0l 2 2 vk B, T MDA [ SOD F1 GSH
T 43 A 4R H SOD 36 1 MDA (GSH &+,
1.3.7 &AL$i15 HFF @ik ROS & & 69 M 2
Z 8 Liang"™ {95 350 ke sh e A5 00 %2, 4>
P 2] Bl TAIR 1. 3. 67 T, HFF 414524 24
h &, 36 E 1, ) PBS W B4 3 ¥k, 4 ROS
LI 25 ) 25 2H A0 i AT S e £ SR S
T HEATHAIIR (200 1%) , Image J #4347 4% 40 40 i
1 ROS GIREE
1.3.8 Western blot ;&4 & 4LHi445 HFF @it M %
&G R RF
SR Ge 5 T IE RIS B AT E . Ay
W 525 Bl IAIR 1. 3. 67 T, HFF 414524 24
h J& , 0Bk VW, 1 PBS YE VRN 3 vk, 24 40 |
e B HWBE S, A loading buffer (5 x ) F 95 C
BB 5 min TN HEAKH 10% SDS-
PAGE BEiEATHLVK , FEIKSE A, A TG AL 5 1 59 i
B3 EF 4] 120 min; TBST PE7 3 WK, K 10 min;
6 MMP-1 MMP-3 ,COL-I .COL-Il —¥%,4 CHH
WK H L TBST PE¥% PVDF i 3 3K, &K 10
min ;%N 40, ZIEIFE 60 min; TBST PE 3 1K,
K 10 min, H ECL fb2% & E1E #4752 | Image] 4K
PEor BT R EEAE
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1.3.9 UVB B35 3D R HER Y RELEER L
IR 5 F B LK

S8 Song 25 B IE R N S AT E L K
6 x DMEM & #1385 5 CSBS(6 mg/mL) #% 1: 5
(V/V) B HRR A 45) B w5 mg/mL 1)
e I TAEW, >R 1 mol/L ) NaHCO, ¥ W% 75 pH
1B 2 vk (R JE RS MY LT B L4165 ) X HFF 2
AR, V%% HFF I E R 5 x 10° 4~/mL,
# HFF 20025 5 mg/mL A9BSR TAEW % 1: 4
(V/V) W H R A 3450, A0S R BE 8 4 mg/mL,
HFF 4 BE N 1 x 107 A>/mL, LA FEAES7EVK T
BT, TERNTEIE ) 12 FL Transwell /N2 FRHIA
600 pL 7 HFF 20 M09 e B, 3145 % HFF 48 A 1) i
JE SR B B G ) B DR S AR B8 %2 37 C Y FRAR T
HER 2 h,BEJSIIA R 15% FBS () DMEM = 455 57
B IR S A0 e IR BT 37 C R R Rk
7835 1 d, Wt Transwell /NE N AR B B 953
i FHICES DMEM }5 3% 302 90 /N2 2 h, BRARAS R 3
ZENES B MR EE . i CNT-Prime 35 5% 25 4 4
KC 4k E 0 7 x 10° 4~/mL, 7B Transwell /N3
AN RE SR TR R IR S HR 45 i A 500 pL
PRHEVREE S (1) KC 40 M, T Transwell /NEFRITA 2
mL CNT-Prime A4: K355 0E 8T CO, HiFRAE R 7R
2 d, T Transwell /N N A% B 15 35 3 7E Tran-
swell /NP AP 3 mL CNT-Prime-3D 15375
R TR IR /N PSSR SR ke 3R 1 d il
KC 2085 R 2 A0 i )2 5 W5 Transwell /NEE P
HER R B IR AH H TC R B Transwell /NE RS 2
12 FLEALSCH, I AGE i CNT-Prime-3D 55558 i
SR R IS T B IR S R R, 3D B IR A %
H#EE TR, EESR- WS 6 d, LR ES
4l BEARIZH NTS NTF NTP 41, R4 3 &1L,
SRS LN, A 2 BRI 2] 53 BIAE 10 mW/ em?
HRSRP R B2 1Y) UVB D62k T 2585 50 s i85, 25 L 24H )
BARIZHAE 3D e BRI 2 T N 20 L PBS JF iRk
Y957 ,NTS \NTF NTP 2143513 /it 20 pL 1.0 mg/mL
()45 i PBS W WROIT IR KI5, i A 85 37 46 vh 35
I¢ AL 5253 d, R 1 IR, K4 3D B R Tr-
answell U 4% 22 5 W8 22, K, A S a0 3
AT 4 pm VIR, 85 A B BOK S B HEAS I 3
iU 4T HE Gt S IR, B MREAS R 6 5K
VIR AT &, vhisk, BHWr S (L A, e ik, 3
1, B FEAR S 3 3k U] 43 il i 20wl Z0-1 —

Ht .CLDN-1 —470 4 CHFE 7%, Ve, 1% 20 pL 2%
PRI E 2 h, PR, 0 20 pL DAPI & 5
min , PRI, SR & SO TG E 7 R ok
FHZEE WA HEAT 31 IR (200 %) , Tmage] B AF 40 #r
HHHLY) R ZO-1 ,CLDN-1 %60 i |
1.4 it

KM Graphpad Prism 10. 2 RRGE 278K {17
Girt T, 4 R LI = BRI (v +5) TR, BIERS
PG5 R0 7 22 55 P A 50 T 2 DE A A3 A A 22 55 1
Jo AT R Ty 22 404, Al ) 22 R LB LSD K
I KK KEN a=0.05,P <0.05 FRERFEHAES
PEI-3'S
2 #R
2.1 Z=+#& NTS NTF NTP EE45H

=-EAR RS B AY NTS NTF NTP & 43 5
$796. 4 4.5 44.7 mg/g, 46 5 5 K. 80. 4% |
85.7% 14.1% (WK 1),

1 Z=+#R& NTS.NTP.NTF & ERAE
Table 1 NTS,NTP,and NTF content and

purity in P. notoginseng rools

43 Ingredient

i Content(mg/g) 4l Purity (% )

NTS 96.4 80.4
NTF 4.5 85.7
NTP 44.7 74.1

2.2 NTS.NTF . NTP B HiERE LR

BRI vV, & NTF NTP #4263 B 4-f DP-
PH 5 ABTS H HH AW BRAE T, HHE BR 238 0 ot vk
JEE BE T v, 2 BB v BEAROPE . NTF 1935
W fE 1 7E i A vk B N AL T NTP, MHIELZ T,
NTS 76 & W FE T X 2 i A o B35 bR R KT
10% G PERLSS ., 25 b, &40 0 Bl RV B e
NTF >NTP > NTS( /L& 1)
2.3 NTS.NTF.NTP Xt HFF 4RBa1EiE RIS 00

HEHA R, ¥EmkE N 20 weg/mL B,
NTS NTF F1 NTP 44 1) HFF 20 A7 T 5 50 5 4
101. 1% .99. 3% 1 98. 7% ; 24 5t 1 ¥k F&F #2751 & 40
e/ mL I, 41 M A7 35 2853 51 S 99. 3% .92, 0% Al
101.5% (WL 2) , R PRIEZ0 B 7E 1 & A FORAS R
AT IR SR 5L, A 5% 5 40 L AF 15 AL T 95% ~
100% Bl v BE LR 2 A 4 2 10 1, BT I
)RR <40 wg/mL i 2B B> A& F P
Wi AR EE P, (H R AE AR TR S5 10 T LB 45 SR U 4
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Fig. 1  Scavenging effects of NTS,NTF,and NTP on DPPH and ABTS free radicals(x +s,n=3)
120 120 1 10
£ £ " < 100 ]
z 100 Z 100 z
= = i i
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E E =
3 60 3 60 3§ 60
o o -
i 3 it
4240 40 540
& k g
= 2 20
= g 2 g
0 0 T v 0
FHEME S 10 20 40 80 TAA S 10 20 40 80 ISEC ] 10 20 40 80
Blank NTS (ug/mL) Blank NTF (ug/mL) Blank NTP (pg/mL)

B2 NTSNTF.NTP %} HFF HARA7EE R AR (x £5,n =6)
Fig. 2 Effects of NTS,NTF,and NTP on the viability of HFF cells (x+s,n=6)
LS AR, *P <0.05," P <0.01, Note:Compared with blank group,*P <0.05,*#P <0.01.

RIS ST Y], NTS NTF NTP 2 EA 2 A1

AL T, Fe 2

ABEHE 20 pg/mL ARG — 5 24

2.4 NTS.NTF NTP 3f &4k 355 HFF 40/ 7K MDA

SOD X GSH By &4Mm

H,0, 4 B/5 HFF 4N MDA 7KV 2% BT,

5

S

(S}

o

MDA 7KF 427} SOD 5 GSH 7K (P <0.05,P <
0.01,P <0.001), SKIM, 7 33 7% 5 Ak N 3% 48 45 7

I, = %} MDA ,SOD GSH HY Bt & L EFEAE 22 5,
MK, wlest S AL N I BE T - NTF > NTS > NTP

SOD 5 GSH /K- B E T (P <0.001), £ AL  (WLE3),
8 ﬁ 50 =
:é‘ il R _ 2 40 e &
g 2 6 E"o ,L*
£ o o & £ 30
= g 3 %
E wn S 4 E' i
= a = 20
3 2 %
= 2 Q 10
T T T 0 0
A B4 NTIF . NTP NTS FAMH B4 NTF  NTP FHH HAH NTF NTP  NTS
Blank Model 20 pg/mL Blank Model 20 pg/mL Blank  Model 20 pg/mL

B3 NTS.NTF NTP 3t E{L3R{5 HFF 4AEA MDA SOD B GSH BISSMA (v £5,n =3)
Fig. 3  Effects of NTS,NTF,and NTP on MDA ,SOD,and GSH levels in oxidatively damaged HFF cells (; +s,n=3)
0 52 AR, P <0.001; SRR LE, * P<0.05,"*P<0.01,*** P <0.001;NTF NTP FI NTS 41[d] [t%:,4 P <0.05,44 P <

0.01, Fd,

Note : Compared with blank group,** P <0. 001 ; Compared with model group, * P <0.05,* * P <0.01, * * * P <0. 001 ; Comparisons

among NTF ,NTP and NTS groups, 4 P <0.05,44 P <0.01,the same below.



Vol. 38 BN =B AL

LERSRNEN VLIS 2 i R LRy Rl L T

1921

2.5 NTS.NTF . NTP X &4 %5 HFF Z0HE A ROS
A R B 820
% H,0, A ¥EJ5 , HFF 402 N ROS /K-8 2 7

(P <0.001) , RAAMBGBA R T, NTS,
7 [ 2 Blank LR 2 Model

HIRT S
= &

Relative fluorescence intensity (%)
%3
[=3
(=}

(=3
(=]

N

(=]

NTF NTP Y HEA AN HI A0 A ROS Ay B r= A (P
<0.01,P <0.001),NTS 5 NTF #4] ROS ¥ fig
A2 NTP Rz (WIE 4)

NTF

T

THA B4 NTF

Blank  Model

AA AA
ﬂ
deded Sk

NTS

NTP

20 pg/mL

B4 NTISNTF.NTP £ % &5 HFF 4R ROS B98I (200 X ;x +5,n =3)
Fig. 4 Effects of NTS,NTF and NTP on intracellular ROS levels in oxidatively damaged HFF cells(200 x ;;c +s,n=3)

2.6 NTSNTF NTP X} &L #15 HFF 40 f 9 48 %
EARIENFIT

AAbififE HEF 4 COL- T 5 COL-M 7=
KW T, T MMP-1 5 MMP-3 [y 3350 B 3% -
JH(P<0.001), 7E¥ X —Fi 473 75 1, NTS | NTF
NTP 3 W VE R, X F COL ik iy 8 15 . NTF
5 NTS Y6 B COL- [ B2k (P <0.01,P <
0.001) , H&% /7. NTS > NTF; NTS \NTF . NTP ¥ RE{iE
# COL-M KKK (P <0.05,P <0.001) , HAEHIHH
M, X MMP KA 35 . NTS NTF \NTP i !
FH MMP-1 5 MMP-3 f9£3iA (P <0.05,P <
0.01,P <0.001), 4 MMP-1 fI%L S NTS Fe ik,
NTF 5 NTP #f4, #l ] MMP-3 #J%% 1 NTF 5 NTS
FYONTP K2, BIE, 256 U 52 S A N 3 [k
Bk 3 22 1 AH G 2R 1 R 3K HE J7 . NTS > NTF > NTP
(WLES) .
2.7 NTS.NTF . NTP X} UVB BB5t/5 3D R EkiER B
£

HE Yt 5 5 o, UVB BRETS [E 3D Jz PRk Al
TR AR A HE S ZE L H 2 B0 A M s
Hifk, % NTS NTF NTP T HiJm, IR0 115 5
st RN R 2R EESE N  25 WA 4 s /b L
HNTF 5 NTS BI/EHIAE Y NTP IR Z ., Sy oot g

g5 R W , UVB B 5 BRI 2H 36 i 2 v % B2
FE [ CLDN-1 5 Z0-1 i3RIk B E (P <0.001) ,
NTS NTF NTP #8874 24 X 2 R 2k (P
<0.01,P <0.001) ,H FJ%L 7 .NTS > NTF > NTP,,
DL SR F W] NTS 1 5 A& 52 RE 1 s, Hk ol
NTF,NTP 555 (WL 6) .
3 iFit54ie

FI LA R o = A ) e T M S e
JoT, FEAE A PN it R R i 5 R ) SR R A, 2
PUAFEE RN 2 —7 ) L, RS A
A BT sk e S Ak I A 43, AT A 2% 1 ik
W, AN EALTE PRSP, DPPH 5 ABTS H
P 9 R S0 2 8 FH A bR v 7 v, LV BRAe ) vl B
P MR S PR AR RE Y A gT i Lk 2
FPSCEGAR R PPA T =L ARAS [R] $2 OB 43 B Bt F
FEIE M, S5 NTF 5 NTP £ 3 4 4 1Y
DPPH 1 ABTS H B JETHBR AR J1, Hord NTF /3 B
AT NTP, 1 NTS X 2 Fl [ b 3 19 1 B AR 2
JEH I

HFF 2002 52 1k B0 R 23 v R A% 0 2 R S 7R R
AHE A4 B PR S5 AR R 25 vl DGR B2 B
ZEBIE EEMNBREMZ " BT R T
F RT3 22 0 AH DR 5T O H, O, 1T 75 5 4 A 7



1922

KIRF=WEIE I K

Vol. 38

O ——— -2 0:

COL-IIT

MMP-1

THH HER4H NTF  NTP  NTS

Blank Model

1.2 1

MMP-3 -- - - W 53kDa

139 kDa

54 kDa

NTP___ NTS
T 20pg/mL png/mL

1.4 1

T
1.0 e . 12 4
= Z 1.0
E 0.8 4 A
< S 08 -
S 056 A =
A T 06 1
S 041 S 041
02 02
0.0 0.0 .
”EI"H f;%ﬂéﬂ NTF  NTP  NTS ZEMA BAA NTF  NTP  NTS
Blank  Model 20 pg/mL Blank Model 20 pg/mL
1.4 1.2 4
#it# A
1.2 1 —1— 1.0 1 e A ‘
¥ *
o i i
g 10 e 8 oig
g <
0.8 1
0] 0]
Z 06 g0
(=9} .0 1 =5}
b =
= 04 4 S 041
0.2 0.2
0.0 . . . . - 0.0 . .
ZEHME BAIH NTF  NTP  NTS A A4 NTF  NTP NTS
Blank  Model 20 pg/mL Blank  Model 20 pg/mL

B5 NTS.NTF NTP Xt &L Hifh HFF A AHEEEERIEMNH (v £5,n=3)
Fig. 5 Effects of NTS,NTF,and NTP on the expression of related proteins in oxidatively damaged HFF cells(; +s,n=3)

AR ) E 2 2 R %) 4 A 047 o s 4 L
Z10 w T ST R A A ARk A A R
MDA 2 A& Bt A A1), LA Py 7K S 7T 4%
S W2 i A A B 0 B RR EE, SOD AT GSH ) 2 40 i Py
FEE PR ILEE ST, BENS A SOERR A H 3k, X4k
FrUAE L St Atk sh S P 2 e mED ) &’
B2 S COL, LR A 0 398 177 2 7 Ui < A2 2 Jik &
TRy FE R Z —, MMP () £ E I RE A% COL,
5 kA R YIRS R4 ROS K
S T, P U A A R R . — T T
SN T, 5 — 5 T @ i W COL A S fE ik
MMP &35 46 i 440 i A0 356 Jo A e g 2, BRI, F 9
ZARYIXF ROS (R4 il X34 FE BT B ik 2 2 Tk B
AEER Y, AFREGE DR, = RS REUR
¥R KIEJ%IBZ% FIE N SOD Al GSH 36, 42 ik
COL-1 5 COL-Il & 1 /9 3R 3k ; Al B B# X MDA &

i, W] ROS i BE A= i K MMP-1 5 MMP-3 [k
FW A5 H o3 B — R T AL T RE
A Hed  FEBUSA AL O T NTF NTS A8 HAH 24, 1
NTP AHXF 555 .

A5, BOR NTS T H0H 5 A i 5L BE
TS AR AR AL 1T AT R PR P ) AR A I
MR, BAKT S, NTS R84 7+ SOD 5 GSH
e 423 COL- 1 5 COL-M & [k, I [ B R
i MDA K F ##] ROS i B 7= 4 L &2 MMP-1 |
MMP-3 {35 DL E 45 1487 NTS i 4 48 Ak HL
FEAEMO B HEE BR k2, T 8 0 WG R A 1R
FH . — 7 A B DA =i A, o5 —
5 TR S48 558 40 L R0 905 S D ) 2, DT £ U
PR RIOIRES | 3 5 S0k HiE N — 2L

UVB 251 & B2 RS 0, 5 502 L 461 4
st HLR S R R R R S R R

—
oéﬂ"



Vol. 38 BN, S ER AR

LS S 2RSS LS

1923

7% 14 Blank 1571 2H Model

-

5 um

S um

CLDN-1
120 4
AA ‘

sk
. o
60 -

#itH
40 4
20 4
0 - T T T T
FTHMH MM NTF  NTP  NTS

100 A

80

XS 5 3R
Relative fluorescence intensity (%)

Blank  Model 1 mg/mL

——— =

HHXS TSR

S pim

_ 70-1

g 120 4 -

>

£100{ 4

5 o i

£ 80

8 ek

=

8 60

2 #itt

2 40

2

£ 20

&

0 . . .

A4 R4 NTF NTP  NTS
Blank  Model 1 mg/mL

6 NTS.NTF.NTP Xt UVB BR§t/5 3D Rz BAIEBYAI 40 (200 x ,x +5,n=3)
Fig. 6  Effects of NTS,NTF,and NTP on 3D skin models following UVB irradiation (200 x ,;c +s,n=3)

(4 CLDN-1 11 ZO-1) f3R35 , DA B0 ik 4 38 57
SEAZ A 3D H PRARR R —Fh i e B A
B IR = 2k 21 2285 K0 A ) T RE G AR SRR | EL A
St RSN e SO RO T H, 3T
U, ARHEGE LA UVB BREG5 T 19 3D S JTk 5t 45 5 784 Sy
TH WRAIRGE =BR[] B BB 7 e 408 49 1z Jik 245
P B G BE B B 52, 2553 R, = B AR A HR I
AT IR R EE Bl 3% UVB IR IS 14 3D Bz JHeAbi el
1) 2% K JRE I, Wl /28 Y A 20 i, 48 5 3R Bz 45 A i s
{5 B A S A 6 CLDN-1 5 Z20-1 Kk, 8
WAFRENRRIERRE ., e, =B
PEIUL 53 B2 R B B A8 R 1 . NTS > NTF > NTP,
PRI, AR5 3 5256 M Pl SRV B | AR
RN R FRBEE S 3 AT iSRG T NTS  NTF
NTP 752 kA 9 S8 5 7 1 i 16 vk 25 5, 45 R
7 :NTF 1) F 3838 BR TG M i NTF 5 NTS A4t
AR BLRE FIAH Y  NTS 76 5F B8 5 7 T 2 A ;
i NTP FE45 WD BE rh 354055, LR ah SRR, 3 Fb
WY TELIfE |- B W e T AME |y H AR T 1 P
TG, AR T =-EAR PR R RO R

fRiE RGBT 2 H L, SR, AWFIE EER
FEF NTS NTF NTP 2 [8] 9t A Ak 6 P &, R g
55l 8w UL T A AR W 0 AT % B, R X NTS
NTF NTP #H 5.5 BL ) DR AT 98 . 76 J5 22 T AR
o FRA B X NTS NTF NTP A9 52 it D) 3% b 47 He 85
5%,

BRI NTS NTF NTP ¥ BA B A3t &k
TR AR s 1A M A R M ROREHIT & R B K
PRI RS B At a2 a0, BROW T AR P s 24 45
B, AARTENE, SRS E= RPN EREER
L NTS & it 5 (96. 4 mg/g) ,NTP IR Z (44.7
mg/g) ,NTF 1% (4.5 mg/g) . T 3 Fs s 1E2l
BE b EA VAR B AME R At i T A, R
R RIS ES ) I R NG YT o S ) W ey
SRR, AR R S B N B A . AN NTF 9 H
FH 9 R TG PR o, T AE Ry 7 e R AR Ak 458 4 Tkt
v S TS LA S AR 400 1 DR A it 1) F= 2 JkE I AT
NTS SR, DA S AS 1 | 20, 48 0% 1 B2 ik 4
e, X ERNTEEEM TR T,

BIEAT MR A b Lo AR AE T A



1924

KIRF=WEIE I K

Vol. 38

ScienceDB %% # & ( https: doi. org/10. 57760/ sci-
encedb. nprd. 00188 ) ¥ 37 I5] 3K BX

S2%5 3k

10

11

12

Li CT,Zhao H. Efficacy evaluation of cosmetics( IV) Scien-
tific support for delaying skin aging cosmetic efficacy claims
[J]. China Surfactant Deterg Cosmet ( H 2Tk,
2018 ,48 .188-195.

Gladyshev Vadim N. The free radical theory of aging is dead.
long live the damage theory[ J]. Antioxid Redox Sign,2014,
20.727-731.

Wang J,Wang JQ,Cheng H, et al. Progress of skin aging-re-
lated hiomarkers and their mechanisms[ J]. J Tissue Eng Re-
constr Surg( AR TR S5 HASME}) ,2023,19:586-590.
Li S,Yang XH, Li HY, et al. Extraction and purification of
dencichine from the industrial Panax notoginseng dregs and
its hemostatic pharmacological activity[ J]. Nat Prod Res Dev
(RAW5E S5IF 4 ) ,2019,31:663-668.

Shi LP,Zhang GZ,Liu CS,et al. Research summary of chem-
ical constituents and pharmacological effects of Panax notog-
inseng and predictive analysis on its Q-markers[ J]. China J
Chin Mater Med ( H1[E M Zj445K) ,2023,48 :2059-2067.
Gao SY,Huo T,Li XT,et al. Study on the anti-aging efficacy
of Sanqi extract[ J]. China Surfactant Deterg Cosmet ( H F
2Tl ,2020,50:783-787.

Tan L. Research on extraction and antioxidant activity of pol-
ysaccharides from notoginseng and ginseng in different parts
[ D]. Changchun ; Changchun Normal University ( K&HEIHE
KeE) ,2018.

Zha YF,Zhan Y, Li T,et al. Study on antioxidant effect of
extracts from different parts of Sanqi ( Radix Notoginseng) in
vitro[ J]. Acta Chin Med( HE2#4)) ,2022,37 :142-148.
Huang JW,Li Q, Yang HJ, et al. Screening of active fractions
of hemostatic effect and activating blood circulation effect of
Panax notoginseng (Burk. ) F. H. Chen. [ J].J Yunnan Univ
Chin Med( z Fg H EE 2B 44t ) ,2018 ,41;12-18.

Nie L, Luo WF,Wang XW. Studies on performance of absorp-
tion and separation of macro-reticular resin for Panax pseudo-
ginseng flavanone[ J].J Yunnan Univ Chin Med( z 4 91 B
B4 ) ,2007,30:10-12.

Huang QL,LEI T, He ZX, et al. Determination of polysaccha-
rides in Xiaoke Pill by phenol-sulfuric acid method[ J]. Res
Integr Tradit Chin West Med( R EE LSS IFST) ,2023, 15
308-310.

Yuan MY, Kang SH, Cui LJ, et al. Optimization of ultrasonic
extraction process for polysaccharides from Radix Hedysari
and their antioxidant, whitening, moisture absorption and

moisturizing activities[ J ]. Fine Chem ( K5 4 {k T.) , 2025,

13

14

15

17

19

20

21

22

23

24

25

42 .577-586.

Tang L,Lu AJ,Hu C,et al. Spectrum-effect relationship be-
tween HPLC fingerprint and in vitro antioxidant activity of
Notoginseng Radix et Rhizoma and its processed products
[J]. Nat Prod Res Dev( K™ Hfff 525 HF % ) ,2026,38 .
1-12.

Liang Z. Experimental study of the Mg®*/NMN-loaded , anti-
bacterial, and antioxidant hydrogel in promoting diabetic
wound healing[ D]. Xian: Air Force Medical University ( o2l
L\ R %25 R 2R R ) L2024,

Ge G. The effects of blue light on skin aging and Its molecu-
lar mechanism[ D]. Shenyang: China Medical University (
E BRI RA:) ,2021.

Song XJ,Zhou CX, Wu Y. Reconstruction of 3D skin model
and its application in evaluation the efficacy of cosmetic raw
materials to be used as active ingredients[ J ]. China Surf De-
terg Cosmet ( H FIfL#T0lk) 2017 ,47 :633-636.

Sohal Rajindar S. RS. Oxidative stress hypothesis of aging
[J]. Free Radical Biol Med,2002,33.573-574.

Wang XH, Wang Y, Jiang T, et al. Primary culture and bio-
logical characteristics of human skin fibroblasts[ J]. J China
Med Univ( H'EERR=224H) ,2010,39 :1041-1044.
Wang CY, Jiang M, Hou GY et al. Saikokeishito protecting
humandermal fibroblast cell from oxidative damage induced
by H,0,[J]. Chin J Lab Diagn( "' [E 5252 M%) ,2018,
22.1074-1077.

Burdon H. Superoxide and hydrogen peroxide in relation to
mammalian cell proliferation [ J ]. Free Radical Biol Med,
1995,18.775-794.

Chen LL. Study on the pharmacodynamic material basis and
mechanism of Qinglongyi-Buguzhi in treating vitiligo[ D] Ji-
nan; Shandong University of Traditional Chinese Medicine
(AR EEZR:) ,2025.

Ding WY, Tian Y, Li JX, et al. Mechanisms of blue light
effects on skin and brief analyses of blue light and UV pro-
tections[ J . Flavour Frag Cosmet( Tk} & A5 {04 ) ,2022
(2):104-111.

Wang HL,Sun Y, Liu XX, et al. Progress on mechanism of
action and neuroprotective effects of notoginsenoside R, [ J].
Chin Pharmacol Bull ( H [ 24 B 2% 38 ) , 2024, 40 ; 2020-
2025.

Li HD,Wu XY,Zhang Y, et al. Repairing effect of gastrodin
on UVB-damaged skin[ J]. China Surfactant Deterg Cosmet
( HAME 10 ) ,2025,55:779-784.

Tu Y,Wu W, Guo Y, et al. Upregulation of hsa-miR-31-3p
induced by ultraviolet affects keratinocytes permeability bar-
rer by targeting CLDNI [ J]. Biochem Biophys Commun,
2020,532:626-632.



