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Abstract

Skin aging is a complex biological process driven by both intrinsic and extrinsic factors, among which
ultraviolet-induced photoaging is the major environmental factor leading to structural and functional
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damage to the skin. Plant compounds, as natural products with wide sources and multi-target effects,
exhibit unique application value in delaying skin aging and preventing photoaging through multiple
mechanisms, including anti-oxidation, anti-inflammation, inhibition of matrix metalloproteinases ac-
tivity, promotion of collagen synthesis, regulation of autophagy and mitochondrial homeostasis, and
elimination of senescent cells. This review systematically summarizes recent advances in the molecu-
lar mechanisms of plant compounds against skin aging, focusing on the regulation of oxidative stress
and inflammation, MMPs-mediated extracellular matrix protection, collagen synthesis and cell regen-
eration, autophagy and mitochondrial homeostasis regulation, cellular senescence control, and the
cross-regulatory network of core signaling pathways. The aim is to promote the translation of phyto-
chemicals from the laboratory to practical applications, thereby providing safe and effective natural
strategies for promoting healthy skin aging.
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1. 51§

FEIRAE A NAR I KT AU HRAR S PR S 35— S P I e % e b . B A BR N 12208
AR DI DL S M8 M S A 2 R ER (3G I, BEAE N SR A g R Do A A2 g 7 AU SR A R FE 3 I, 2
JR 2 2 MR A0 ) 98 28 I B AR O £ 52 RV I A JE TP AE ) . R 3 2 AR I R b 2 BRI A SUINIA
PGB . AR TUE R RS A K BERE DI RE N . X SR A I AU, 38 B R R i R
R R A RIS T v B A 9K

J k32 % NIRRT 2 A AN S A I AR 4% . IR 2 A0 3 2 A% TS S AR B IR AR 2
RN RSP E AT TR R AMETE . SMEMEZAE T IR &, H R o efm it e £ 2
B, I FB ERE A BRI GEAN. R IR T, ERAMR RS AT 5 3% 14 4 (reactive oxygen spe-
cies, ROS)IT & /=42, MM 51 RAMBIEL . DNA 45 S A8 9808, il i30S 24 5 £ 8 25 1 B (matrix met-
alloproteinases, MMPs) /15 21 g 732 J5 AT R AE 1]

BEXE FIR Sy FRE A, TSR S YDAEDT B IR 3 2 AU B H 28 2 R . YL S EA,
FEZMROEIZE. MK, I, W, BHIE. KHY AR 2], XEMEYANEE B
PIPTEE AT R I, A REIE I RS HE R % 2 I E 5 I8 B KA 2 2 IR R ORI 3R FA A SRR
2. difzrt, HEAGZEAME. FRWERHBAIRI S, 78RR 3G A0 T 77 T R 30
U B2 AN 32 1 . ARG LRI R AEYI NS VBT R 1 70 P AL ik e, =1 i [l S A db
NMEORATE . MMPs S0l B A Rk B S 2R A TR A i S AN P o A S R T AT R

2. EREENR S FHLE
2.1. B EIESHNENWRHS DNA Hifs

BOMNE R R R PICE R FEIE R R . RBAEAMERT 7328 UVA (320~400 nm)Fl UVB (280~320
nm) B . UVA 773% 77%8 UVB B 5, Al GEUR B ™= 4 L4 48 %(10,2) . UVB W E42807%E NADPH
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SAALEEA OB B (05 . ), AN HAR S e E I DNA 707 EHERW, TR T emsng — J 44 (cyclo-
butane pyrimidine dimer, CPD), 5 FHRHIEMEN] C—T fl CCHTT RAZ . 1% U AR sl ik 57 ok R 1 4t
LU RGRIERRAE SIS, (B H I AA BNIROIRES ,  a3E T fk A M S e . PR 2T E I R S5 PR A . R4,
3R DNA it Rae KB R, W SBERKRA R, W3PS FDCEE R .

2.2. AZHHEXESEENELS BT

TENZNE TR, 2505 S MM AR AR, Jh FREgH M e 2R . TERAMRIE S T, MAPK
(45 ERK. INK F1 p38) s, Eid iR K+ AP-1 L] MMPs ik[3]. Nrf2 18 2 M| 40
HHRAR AL N3 1) B R ML . AR T Nrf2 AL, B PUE AN B G (ARE), iR IMAT 20
ABE-1 (HO-1)FIHE ALY AL BE(SOD) S B M BRI FR0K , 34 5m 21 o (1) P YR PE BT S AL BE 714 ] TGF-B/Smad
g ERERE R AR E RS TR, RN T E R s, S EUR S > . R )
AL AT, B MAPK @ B0 . TGF-A/Smad A2 H#01. Nrf2 @MU EE, LH S B0
TR WIE 1.

£8IME (UVA + UVB)
j— t ____________________ 1
|| %sER (0. 0:4) FEME (ROS) DNA#Rf5 (CPD) | |
B ;_____________________'
SR & RAE
s e e sy I
I [ Nr2i@ig MAPKiBE NF-«Bi&Eg TGF-B/Smadilig =] [
R ‘ : 1 - CONR
— : -
| | HO-1,50D 1 IL-6, TNF-a, IL-1§ 1 BRIRER | LHAEE | |
| ; v : AgROS 1| |
i i MMPs DU i i !
o ! | .
! i ECMBEHE |  [@----——=————mmmmmmmmmemoo o | !
o ; o
: boeeem I R R i

Figure 1. Signaling pathways associated with ultraviolet-induced skin photoaging

B 1. 2B SRR HEXESEE

23. EREREATSHMAMESNERIEMRE

S BT S 2 P S R TR S, R L& 6 MMPs SRIA R . MMPs & —2R %
WAGPE P KBS, TS SN ERNERAMEE . AT, ERIMEIES T, MMPs [13d Eisih 2 35
S i 1 T B AS AT R A . For, MIMIP-1 2 [ 1T 8RN T 2R 5L, MIMIP-3 B R RE Je s v ) TV Y
B, MMP-9 2 53 £F4E ) 73 ff . Fisher 5515 UKIESE UVB HEUR A5 5N B IR AT 24 40 i o MMP-1
MMP-3 Fl MMP-9 {3k Fif[3]. o, RAMRIRGTIL T )| TGF-p/Smad 15 5 i, S COL1A1 M
COL3A1 S5 i J R R Ik R [4], 1 — A Iin JalJsg Jir 5 o 5 e b 1) S
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24. RESHEEZHARER

VAR KA E A — D RBERFALE . SRANL N FTGE NF-«B {5 5 i, {2k IL-18. IL-6. IL-
8 A TNF- 552 Fi {2 2 AU PR 7 (K170 o TX L8 JORE A AL ELIES05 BRRAR ML, 348 W] 3% MMPs &%,
TR 2B S35 S e g o (RIS, 582 10 SR S ORT SAE A BT 375 3 B2 IR RRGET 4 241 MO AT A ST 4t R i A AS
IR . FEBAMLE L MR Z AR R (SASP)E T, W JAER T L T A MMPs 45,
MRS Jo B AL 2R 2R S s, 79 B AL K B 2 R[5 ]

25. BERIFSRRAIIRERER

s 20 D N B ) B A AL PRI A, AE4E R AR AR S Th AR OCREAE SR AP RS T ]
W, FECZARLRAANE A R R R 6], LKA DI REREIGRIL I B AL (AW m) N EE. ATP A0
ADREVE R A, D INR R . SR B W P EIR B S AL AR () LML, L ThRE
PRIR 55 B PR T AR L 2 B DI G . YRR B W AN AR (A R 25 O 6 28 A0 1A EE 5

3. EUL YR RRERN S FHLE
3.1. MEKSHRER

TRV B DR AA A AL R 5 DML L5 Bk E b SR i A Y DA AL B TS o i 2R (queercetin)
AJ 5 K MDA, ROS #1 LPO /K°F, 1#3% GSH. CAT Al SOD Z547i AL BT, [F]IFH0H] NF-«B. AP-
1 1 MAPKs 258 (RIS N7, B R 7 I PRI T IL-10, RAIEPUEEAFIHT R D E K
Mi[7]e EZE i (resveratrol) Pl H IS HE AMP 1108 FE(AMPK) A L R % K7 FOXO03, il
A RO 5 1A U AR I 2 (8] farAEFR I BT 2 3 I AR R TS (9]

3.2. EREREAHIGSHARIMERKRP

PRAF 4 i A0 IR o e 52 5k 5T 4 J8 2 11 Bl (MIMIPs ) 1) I PR gt S ALV A & D e R TR 1) ) — 2 ML«
EGCG 1E NG 18 )L &, AliEal fH K INK/p38/ERK Rk, A %% 3W# UVB %31 MMP-13 %
ik, FFH0H MMP-1. MMP-8 7= 4E[10]. faf HAi(lotusine) E AR DL A BH 48 A2k (sUV) & 55 (19 N A 5 T o4
JfL AT AR MMP-1 %35, HHLHEE K % AP-1 F NF-«B #4531, JF401# MEK/ERK. p38 Fl Akt 2%
EZ SER=p I RN

33. RGBS MmBE

Bk 740 MMPs /SRR B, TS IE nTil it 2 g A (i e R B A R LB AT
1 COL1A1 #1 COL3A1 mRNA #i&, HRMN5BEGE SIRT1 ZVIAHIE[12] [13]. LKI5H$EHH(Perilla
frutescens leaves extract) o] [A] i #l1 i) MMP-1 1 MMP-3 13i%, F F 1 BRI BR A R, FEHLHEE S )ik
/b ROS PRI AP-1 W& 1E[14].

3.4. BESZNERSEE

TP AP AR IS T B MR EE AR B LR BRI . 548 i (pterostilbene) /£ UVB 75 [ 4 AL B
BRI | M2 A T, TR R RATE S S APm, /D RRAARIE RS, SOE LRI T fE, JFE R
LR R I, NI AELR R AT 4E AR 2 [15] 0 2™ B m i ok s AMPK I8 % P 2 58 /2R 4t 1) 1 i
4 Beclin-1 Z55CHE HIRTCIF, KIETOCEWRN[12]. HHARE (cedrol) W AT H 5 UVB M 5 40 i i)
71, RE AYm M ATP K1, ERERAREY R AR ER, EMARUEEL[16].
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3.5. A= EREE

AT @ T TN 3 22 R R A PUORE AL RN . 17 Ml (nuciferine) 7E HaO2 i85 5 1 B2 kRl 4F
He s, T SA-B-gal FHIEAN AR, FE{% SASP A2 28 41 i [Al -7 (CXCL1, CXCL2, IL-
6, IL-8)[1") mRNA 7K, FF520 p16 1 p21 40 JJ R K FIERIE[17]. dhoh, AP REMEHR RS
R E B I M 2 T S, B OE SIRTL . 30 B4k SO SO | BRI e,
4. REMEDLSY R EERISE

HAPUZ IR Z G R ER AT IHg A DLUT LS, R EORIE. B /E AL S U8 %L
BN TH 1,

Table 1. Representative phytochemicals and related characteristic anti-skin aging effects

1. KRMEEMC SR ER R IKRZERHE

%5 Ry RIR Bl BRL
e Mz 2% Bk KR P, Pide. M MMPs MDA|, GSH?, SOD1
ETES T AEFE ) H sk, ik DPPH. ABTS. W1t %
e NBEE ZFHEY) I MMPs. 0% Nrf2 MMP-1|, HO-11
g PRI e M soRRRAR. RN MMP360%: A¥m kS

, Pige. PrElb. M MMPs. 3§ ERRIE AR, 2l
2k 2 e A W

; 4 ot BB INK/p38/ERK.,
LK EGCG oiens i MMPs. PLéaAL MMP-13]60%
TR BETH® Z T i MMP-1. $¥# TGF-p1 MMP-1]40%, TGF-f11
lices AR KR M MMPs. BT MAPK/NF-«B ~ MMP-1/2/9], COL1AI1/3A11
B TSDN gy 00 S TAT IRIRIREAE  rars gttt
GiF% ABEHR  AB s -1, g TP cspases, 2 DNAE
ES g oA AR, i L e, AT

, et . pa , DPPH /&R % 91.43%, ik
fif 24 ey M itk i MMPs. HiRE{L ] 42.8%
es ws e, e TPPRCTRANERRE. SA-f-gal|, SASP HT|

MMP-1

4.1. HERRLEY

B A VR AT ) I R U BTG T R o R SR8 I 22 B R ML R A R R R
YEF . Okselni WAL RN, Mt RBRPUAM . PUR RN, 38 i8 I 1) S B e Vel > R 3R B |
KU L ATh; FIR @ (e 3k AT 4 gn i 0 A« b Ak RO I = A 5 D @A (7). i AE SR B
(Nelumbo nucifera flower extract)%: % fLI IR 1% 73 25, 30%FH 70% L EE2H 4343 5l 2.7 H e v (4 22 Ty Al
S E, FEBOIERF E=ATAEY) . X EY(E DPPH. ABTS 1 FRAP $UA Ak 525 g 1
53, AT TNF-a 7551 IL-6 F1 IL-8 Rik[9]. AJREL Z (luteolin) Al FllH] UVA i S 1) N\ B BT 4k
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Y EEE, FHNLRIE R AME] AP-1 #3635 1t & 4% SIRT3/ROS/MAPK {5 5 4H[18].
4.2. BEULED

DA 22 B AN G B AR I BRI B E BT G2 T & 52 50E . 22 P B (resveratrol ) 7E
ZMER R BN POCE T, HUHERE: © g SIRTL, ik p53 % 4Btk, #iif] UVB
FIRHI LT gEMpTEE; @ i COLIAL A1 COL3A1 ik, {E#RE AR @ Eid AMPK B BHIE
AW, PKERANMEINHI R @ ik AMPK-FOXO3 il &t N i S 10 # 5R B 4i i B[ 8]
[12][18][19]. &M (pterostilbene) i it 3 5 L Wi ik H WR & TR LA T 5, AEZE LR AT i 2,
RENAE UVB Ha /N BB Hh 45 250 IE [ 15]

4.3. SEPSEERK

2P 3R (curcumin) & 22 BAR ZE T 1) 2 BEE M 0 o 7E B2 RO 0, 2258 R AT UVA 5 51 MMP-
1 FB TR S B R, RS T #0%] NF-xB 1 AP-1 15 5384 [20]: [FIN;, W EILAEHRD 3240
MadE:, HaRA R A K[21]. EGCG R4ZFh i 5 LA R EY, MLl INK/p38/ERK HfRIL
A RANH UVB 75 5 1) MMP-13 ik, J5A 301 56038 A2 s 228 B & T2 (gallic acid )il it 411 MMP-
1 FILFH TGF-1 73 Wb B E AL, P iR RS A . BRERR (ellagic acid) ] B & 4011 UVB
FESH MMP Fik, W IRIERBME, HHLEEE & L a2 e/ BB b RIS T
PP RIS PE[22] [23]

4.4. EEXEHEA

i RAEY) S B (TSDN) T AEHOE EAT AR B Y 71 . Cai (2025)% € TSDN FE S HE
R IT. EHEH LW Y. £ UVB RS HaCaT ZH0 A1/ A ch, TSDN dBid#E[5 STAT3 &
H AL RSN T2 STAT3 W RIE G HPOEBILAE 1 %, BiE STAT3 JoE/EH LA [24]. T
RESEAZAKE W ) £ 225y, wIH s UVB U S ARINE 71, W2 APm Al ATP /K, Ei# SIRT1. PGC-
lav Nrf2, TFAM %5&E M, F4ERFEZEEREARIA[16]. ASEH Rel ")k UVB 75 51 HaCaT 4
Mt ts, FALHI BAREE Nef2 &% 5407 B HO-1 %5 FUF LR RIE, MBS 54 i o A AL By i 78 7 9
ik ERE S N [25]

4.5. 1M RERS A PR A 5y

T (Nelumbo nucifera Gaertn) 15 & & S EHSAN AR Ky, EPUR R 2T AA 2 HiE
P o i HHEEUILE 1000 pg/mL # % ~, DPPH. ABTS A A B T 375 R0 5iA 91.43%- 99.31%
H73.7%, Xof otk 2 1A AT T g PO 0 1) 2R 43 73 A 42.8% 11 55.3%; 50 umol/L ¥ R n fd MMP-1 & 4 3€
IAFEAK 35.0%, EFVEARMITE26]. mlCESSIREUY @IS L 2 R | I8, W& Nrf2/Keapl @EE, H
SRV 4 pAY L AT G SO SR A 2R P (AGE ) A2 B[ 27 ] fir ik (nuciferine) 7E Ho0, 75 5 1 57 Ik il 41
YA h, BE /D SA-B-gal PSR, F#MK SASP FHOCMR R A MRIA 13RIk 7E sUV 2iE
N R AL, 7] B MMP-1 %35, 4% AP-1 il NF-xB 5635151, F40#] MEK/ERK. p38 Al
Akt 52 % G 5[ 11] [17].

5. SR SARERE
5.1. HuET/RRS Bk
AET, Y E YR RO i 2 Pk AN A PITESU S R EERIESS 5 5
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FERFEZES . AR BRINFT TR T BON RGBSR, IR SSRGS AR REfE L)
BNZFRE, AHL AR R RRAR (AR i 1 K B XE CLIK BRSO L), T S 20 He R4k SRR
ARG AR e, AN T B4 i, (EEEILBAT SIS = . EGCG Al Ml id it
] MAPK/AP-1 %~ i MMPs, {ERTEIESIRE AN S0P R NAR RIS AR, a3 U 3 ZER T4 i
F, RNIEEA L. SRR TR SR BB, BT R, DR ARSI RIE.

BeAh, e TER Z A, AFETFK UV AR RSP fabR 2 o, BRI 745 R
FIRTEE I . SR B h 2 o) B I HLAR R AN B, B — i 5 L ARIR S I Th RO R TR s Z IR AR o
TS E R R e v 22 B BRI v o AL BEORAS A IR, K2 e AN R R A A2

5.2. KFKMRAME

BEXF Bl el 8, AR FERT AR LA T T I o AR HEAL R S AT SR NI iR &R, DAY
SEANFIBETEIA R AT ek . AR A EmARASMARAREZHAER, REMITEDLEHZ
BT IR A TR 32 A . AR Bh & B E A R E AR T, SEBLRAEE . RS, SRR AR R
BB fRZE R K RE . B T M R RS  SEB AR B R 8% 5 ST R AL YIS TT, S8l
R T T IRRAEDUR SN A UK T S B U KA BAA, A7 B RS BSOS, (H i R e
W FistE— L.

6. it

A S YIEN 2R A 2 IEER I R 2% AL 7T SRR DU R B 825 08 0 o LA A i 75
AALRIEL . 0] MMPs /53 F4A# . 45 MAPK/NF-xB/Nrf2/TGF-f/Smad (5 5@ . #i% AW S
LRkt E g, CLRAEHERG IR & S B . MR EGRAUARL ., SR RAKRESIR HHRR
BRI G R 2 AL AR SCE R G, DA, SR BOR B, B IS
G NREAFRIGEYESOCEWTT S A ME, O FEAE R AR SR RS o A7 i PR
SHEGUAAL ] MMPs. SR SIE AT 4E AL 522 T AR IR s B HUE B H LA STAT3 |4
WREBS T SRR R T AR T RER L RIS J0 o SR, 328 B RSO AN A= 08 FH FE A AT 2 e R
FACHIRZ O AR IR . B2 RS . G R AU A SRS HEAL T TSR, DA
M NI FFE RN, R R AR T 2 22 A7 R R IR BN

E&WH
TF T B B R A AE BRI R R T H (cx2023148z2).

&5k

[1] Fisher, G.J., Datta, S.C., Talwar, H.S., Wang, Z., Varani, J., Kang, S., et al. (1996) Molecular Basis of Sun-Induced
Premature Skin Ageing and Retinoid Antagonism. Nature, 379, 335-339. https://doi.org/10.1038/379335a0

[2] Tanveer, M.A., Rashid, H. and Tasdug, S.A. (2023) Molecular Basis of Skin Photoaging and Therapeutic Interventions
by Plant-Derived Natural Product Ingredients: A Comprehensive Review. Heliyon, 9, €13580.
https://doi.org/10.1016/j.heliyon.2023.e13580

[3]1 Fisher, G.J., Talwar, H.S., Lin, J., Lin, P., McPhillips, F., Wang, Z., et al. (1998) Retinoic Acid Inhibits Induction of C-Jun
Protein by Ultraviolet Radiation That Occurs Subsequent to Activation of Mitogen-Activated Protein Kinase Pathways in
Human Skin in Vivo. Journal of Clinical Investigation, 101, 1432-1440. https://doi.org/10.1172/jci2153

[4] Quan, T., He, T., Kang, S., Voorhees, J.J. and Fisher, G.J. (2004) Solar Ultraviolet Irradiation Reduces Collagen in Pho-
toaged Human Skin by Blocking Transforming Growth Factor-§ Type II Receptor/Smad Signaling. The American Journal
of Pathology, 165, 741-751. https://doi.org/10.1016/s0002-9440(10)63337-8

DOI: 10.12677/acm.2026.1662261 643 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.1662261
https://doi.org/10.1038/379335a0
https://doi.org/10.1016/j.heliyon.2023.e13580
https://doi.org/10.1172/jci2153
https://doi.org/10.1016/s0002-9440(10)63337-8

IkFiZs, 25300

(3]

[15]

[16]

[17]

[18]

[19]

[21]

[22]

[23]

Coppé, J.P., Patil, C.K., Rodier, F., Sun, Y., Muiloz, D.P., Goldstein, J., et al. (2008) Senescence-Associated Secretory
Phenotypes Reveal Cell-Nonautonomous Functions of Oncogenic RAS and the p53 Tumor Suppressor. PLOS Biology,
6, €301. https://doi.org/10.1371/journal.pbio.0060301

Cui, B., Wang, Y., Jin, J., Yang, Z., Guo, R., Li, X., et al. (2022) Resveratrol Treats UVB-Induced Photoaging by Anti-
MMP Expression, through Anti-Inflammatory, Antioxidant, and Antiapoptotic Properties, and Treats Photoaging by Up-
regulating VEGF-B Expression. Oxidative Medicine and Cellular Longevity, 2022, Article ID: 6037303.
https://doi.org/10.1155/2022/6037303

Okselni, T., Septama, A.W., Juliadmi, D., Dewi, R.T., Angelina, M., Yuliani, T., et al. (2025) Quercetin as a Therapeutic
Agent for Skin Problems: A Systematic Review and Meta-Analysis on Antioxidant Effects, Oxidative Stress, Inflamma-
tion, Wound Healing, Hyperpigmentation, Aging, and Skin Cancer. Naunyn-Schmiedeberg’s Archives of Pharmacology,
398, 5011-5055. https://doi.org/10.1007/s00210-024-03722-3

Ido, Y., Duranton, A., Lan, F., Weikel, K.A., Breton, L. and Ruderman, N.B. (2015) Resveratrol Prevents Oxidative
Stress-Induced Senescence and Proliferative Dysfunction by Activating the AMPK-FOXO3 Cascade in Cultured Primary
Human Keratinocytes. PLOS ONE, 10, e0115341. https://doi.org/10.1371/journal.pone.0115341

Choo, J.H., Lee, S.Y., Min, K. and Kang, N.G. (2025) Chemical Composition and Bioactivity of Nelumbo nucifera

Gaertn. Flower Extract Fractions: /n Vitro Antioxidant and Anti-Inflammatory Properties. Current Issues in Molecular Bi-
ology, 47, Article No. 1065. https://doi.org/10.3390/cimb47121065

Bae, J.Y., Choi, J.S., Choi, Y.J., Shin, S., Kang, S., Han, S.J., et al. (2008) (—)Epigallocatechin Gallate Hampers Collagen
Destruction and Collagenase Activation in Ultraviolet-B-Irradiated Human Dermal Fibroblasts: Involvement of Mitogen-
Activated Protein Kinase. Food and Chemical Toxicology, 46, 1298-1307. https://doi.org/10.1016/j.fct.2007.09.112

Ryu, T.K., Roh, E., Shin, H.S. and Kim, J. (2022) Inhibitory Effect of Lotusine on Solar UV-Induced Matrix Metallo-
proteinase-1 Expression. Plants, 11, Article No. 773. https://doi.org/10.3390/plants11060773

Lephart, E.D. and Andrus, M.B. (2017) Human Skin Gene Expression: Natural (Trans) Resveratrol versus Five Resvera-
trol Analogs for Dermal Applications. Experimental Biology and Medicine, 242, 1482-1489.
https://doi.org/10.1177/1535370217723628

Xia, Y., Zhang, H., Wu, X., Xu, Y. and Tan, Q. (2024) Resveratrol Activates Autophagy and Protects from UVA-Induced
Photoaging in Human Skin Fibroblasts and the Skin of Male Mice by Regulating the AMPK Pathway. Biogerontology,
25, 649-664. https://doi.org/10.1007/s10522-024-10099-6

Bae, J., Han, M., Shin, H.S., Kim, M., Shin, C., Lee, D.H., et al. (2017) Perilla Frutescens Leaves Extract Ameliorates
Ultraviolet Radiation-Induced Extracellular Matrix Damage in Human Dermal Fibroblasts and Hairless Mice Skin. Jour-
nal of Ethnopharmacology, 195, 334-342. https://doi.org/10.1016/j.jep.2016.11.039

Muralitharan, R.V., Masre, S.F., Basri, D.F. and Ghazali, A.R. (2025) Pterostilbene and Resveratrol: Exploring Their
Protective Mechanisms against Skin Photoaging—A Scoping Review. Biochemistry and Biophysics Reports, 42, Article
ID: 102011. https://doi.org/10.1016/j.bbrep.2025.102011

Xu, M.R,, Lin, C.H., Lee, H.H. and Wang, S. (2025) Cedrol Prevents UVB-Induced Photoaging by Restoring Mitochon-
drial Function, Metabolic Homeostasis, and Skin Barrier Integrity in HaCaT Cells. Pharmaceutical Biology, 63, 859-
876. https://doi.org/10.1080/13880209.2025.2583837

Charoensin, S. and Weera, W. (2022) Preventive Effect of Nuciferine on H2O2-Induced Fibroblast Senescence and Pro-
Inflammatory Cytokine Gene Expression. Molecules, 27, Article No. 8148. https://doi.org/10.3390/molecules27238148

Chung, K.W., Choi, Y.J., Park, M.H., et al. (2015) Resveratrol Attenuates UVB-Induced Photoaging through Activation
of SIRT1 in Human Dermal Fibroblasts. Journal of Dermatological Science, 92, 47-55.

Yan, Y., Huang, H., Su, T., Huang, W., Wu, X., Chen, X, et al. (2025) Luteolin Mitigates Photoaging Caused by UVA-
Induced Fibroblast Senescence by Modulating Oxidative Stress Pathways. International Journal of Molecular Sciences,
26, Article No. 1809. https://doi.org/10.3390/ijms26051809

Liu, X., Zhang, R., Shi, H., Li, X., Li, Y., Taha, A., et al. (2018) Protective Effect of Curcumin against Ultraviolet A
Irradiation-Induced Photoaging in Human Dermal Fibroblasts. Molecular Medicine Reports, 17, 7227-7237.
https://doi.org/10.3892/mmr.2018.8791

Zeng, Y., Du, Q., Zhang, Z., Ma, J., Han, L., Wang, Y., et al. (2020) Curcumin Promotes Cancer-Associated Fibroblasts
Apoptosis via ROS-Mediated Endoplasmic Reticulum Stress. Archives of Biochemistry and Biophysics, 694, Article ID:
108613. https://doi.org/10.1016/j.abb.2020.108613

Bae, J.Y., Choi, J.S., Kang, S.W., Lee, Y., Park, J. and Kang, Y. (2010) Dietary Compound Ellagic Acid Alleviates Skin
Wrinkle and Inflammation Induced by UV-B Irradiation. Experimental Dermatology, 19, e182-e190.
https://doi.org/10.1111/§.1600-0625.2009.01044.x

Baek, B., Lee, S.H., Kim, K., Lim, H. and Lim, C. (2016) Ellagic Acid Plays a Protective Role against UV-B-Induced Oxi-
dative Stress by Up-Regulating Antioxidant Components in Human Dermal Fibroblasts. The Korean Journal of Physiology

DOI: 10.12677/acm.2026.1662261 644 I A [ 2 3k

B


https://doi.org/10.12677/acm.2026.1662261
https://doi.org/10.1371/journal.pbio.0060301
https://doi.org/10.1155/2022/6037303
https://doi.org/10.1007/s00210-024-03722-3
https://doi.org/10.1371/journal.pone.0115341
https://doi.org/10.3390/cimb47121065
https://doi.org/10.1016/j.fct.2007.09.112
https://doi.org/10.3390/plants11060773
https://doi.org/10.1177/1535370217723628
https://doi.org/10.1007/s10522-024-10099-6
https://doi.org/10.1016/j.jep.2016.11.039
https://doi.org/10.1016/j.bbrep.2025.102011
https://doi.org/10.1080/13880209.2025.2583837
https://doi.org/10.3390/molecules27238148
https://doi.org/10.3390/ijms26051809
https://doi.org/10.3892/mmr.2018.8791
https://doi.org/10.1016/j.abb.2020.108613
https://doi.org/10.1111/j.1600-0625.2009.01044.x

HkFiZe, 25300

[24]

[25]

[26]

[27]

& Pharmacology, 20, 269-277. https://doi.org/10.4196/kjpp.2016.20.3.269

Cai, Q., Zhang, Q., Zhang, Y., Xue, X., Han, L. and Peng, J. (2025) Saponins from Dioscorea Nipponinca Makino
Rehabilitate UVB-Induced Skin Photoaging by Inhibiting Oxidative Stress and Apoptosis via Targeting STAT3. Phyto-
medicine, 148, Article ID: 157452. https://doi.org/10.1016/j.phymed.2025.157452

Li, J., Liu, D., Wu, J., Zhang, D., Cheng, B., Zhang, Y., e al. (2016) Ginsenoside Rgl Attenuates Ultraviolet B-Induced
Glucocortisides Resistance in Keratinocytes via Nrf2/HDAC2 Signalling. Scientific Reports, 6, Article No. 39336.
https://doi.org/10.1038/srep39336

Park, C. and Park, G. (2016) Antioxidant and Anti-Wrinkling Effects of Extracts from Nelumbo nucifera Leaves. The
Korea Journal of Herbology, 31, 53-60. https://doi.org/10.6116/kjh.2016.31.4.53.

Zheng, W., Chen, R., Xu, K., Wang, R., Wang, Z., Li, H., et al. (2025) Flavonoids in Lotus Stamen Extract Inhibit High
Glucose-Induced Intracellular Glycation in Fibroblasts by Upregulating the Expression of Glyoxalase 1 and Alleviating
Oxidative Stress. Antioxidants, 14, Article No. 392. https://doi.org/10.3390/antiox14040392

DOI: 10.12677/acm.2026.1662261 645 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.1662261
https://doi.org/10.4196/kjpp.2016.20.3.269
https://doi.org/10.1016/j.phymed.2025.157452
https://doi.org/10.1038/srep39336
https://doi.org/10.6116/kjh.2016.31.4.53.
https://doi.org/10.3390/antiox14040392

	植物化合物抗皮肤衰老的分子机制研究进展
	摘  要
	关键词
	Research Progress on the Molecular Mechanism of Plant Compounds in Anti-Skin Aging
	Abstract
	Keywords
	1. 引言
	2. 皮肤光老化的分子机制
	2.1. 紫外线诱导的氧化应激与DNA损伤
	2.2. 光老化相关信号通路的活化与调控
	2.3. 基质金属蛋白酶介导的细胞外基质降解
	2.4. 炎症与衰老细胞累积
	2.5. 自噬失调与线粒体功能障碍

	3. 植物化合物的抗皮肤衰老的分子机制
	3.1. 抗氧化与抗炎作用
	3.2. 基质金属蛋白酶抑制与细胞外基质保护
	3.3. 胶原合成促进与细胞再生
	3.4. 自噬与线粒体稳态调控
	3.5. 细胞衰老调控

	4. 代表性植物化合物及其作用特征
	4.1. 黄酮类化合物
	4.2. 芪类化合物
	4.3. 多酚与酚酸类
	4.4. 皂苷类与萜类
	4.5. 荷叶黄酮与生物碱类成分

	5. 挑战与未来展望
	5.1. 当前局限与挑战
	5.2. 未来研究方向

	6. 结论
	基金项目
	参考文献

