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Abstract

Dysregulation of melanin production is the main cause of skin pigmentation disorders. Consequently,
the discovery of safe and effective natural melanogenesis inhibitors has emerged as a prominent
research focus. As naturally active ingredients derived from plants, polyphenolic compounds demon-
strate remarkable potential in inhibiting melanogenesis. Network pharmacology, a research method
that reveals the synergistic mechanism of multi-component, multi-target and multi-pathway of drugs
from an overall perspective, provides new insights into the complex mechanism of polyphenols in
intervening melanin production. Based on a systematic review of the regulatory mechanism of mel-
anin production, this article summarizes the application progress of network pharmacology in the
study of melanin production inhibition by various polyphenolic compounds (flavonoids, stilbenes, el-
lagic acid, catechins, etc.). Specifically, it focuses on analyzing the core targets and key signaling path-
ways of polyphenols in interfering with melanin production, and summarizes the research model of
“network pharmacology prediction coupled with experimental verification”, with the aim of provid-
ing a reference for the research and development of natural polyphenolic melanin production inhib-
itors.
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BORRAAT I, BRI HREZEEYOR, FEOBRRAR TR EMEGHR, LI
T RE MR AN CLER T WA SR 32 010 0. SR, BRI R E A RS SBER. mRH. ZFER
H 2BV RO E L MO RIUE RGN, ™ B0 B A WA A5 i 5[ 1] B2 R Bl (tyrosinase,
TYR)/& B A O A 1 D i PR B, HL ARk 50 1 32 21 /N MR W JE2 AH 5<% 3 A - (microphthalmia-asso-
ciated transcription factor, MITF) I & AT[2]. Hallm R _ LA ) — 24 iR B R A sl 5 B2 A
BT R0 BAFAEAUN AR . BRI SR WSS RIE R, B, PR %2, mARAROERE
FIAM R 77 LA BE R 5 2 24k T IR BT [ 3]

ZHEEYR — K ZAE T EM TR B Y, OHEEIEN I, FEi. SRR, 16
HRE) KEANEAR T REATEY) B E. LR RBNMIREE. REVRIER, ZHELE
PHEAGUEM. FIR . TUNR. DGR SEZ R EY) G IE, IR RILAE A 8 € 3K AR 7 T RO H 2
R BRI [4]-[6]0 IR, AL FRFRITFATAT SRAE T8 — pe oo B — B i P, e DA 41 e 22 T 2Kk
BN AL RIS 2 T I R 00 1) € 3R A R R AL

W £ 2 B RO R O RR R R M R AL T A B . BT 25 - Ry - BE AT - O M ELER Y
WL 3T, 48 245 B T R G SR TR 7R T 25 2 07 BUORSR =0 b 2 i W RAE FH B 20 5~ M 4%, 9 R IR
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2. RERERDTRENHIBLE

MR EDE R NZEZRAENE TR, FERAS BRARSEA RS ——E D
P, TYR & BEAG Il i 1 RO G, (GBS SRR R 0N 20 e 2 L (L-DOPA), 1 1R 446 h 2 TRk
(Dopaquinone), Ji& & AEBHEBAIE S Bk — DA i B A R B A R . R TYR 4b, BRERREGAH G
H 1 (TYRP)FIE R EGAH S E [ 2 (TYRP2), RIZEGRRHWENSE T RARNE MRS S FES].

TERE R Z T, MITF 2 BERAE MM O-RRR T, HITH0E TYR. TYRP1 Al DCT2 S5 A5
A B ST R (17 55 [ 9]« MITF (315 5iE M52 3 2 M Rl (E 5@k i 1s, 3245 cAMP/PKA/CREB
AP . MAPK/ERK 15 5 A PI3K/Akt (5 5@ B S5, 8 T — BRI E G S HEMNZ[10]. o8
FYN MR B R (a-MSH) 5 B % 1 ZAAMCIR)SE & )5, oS IR T R LR, 31% cAMP/PKA/CREB
A R N, B AR E MITF (I3RiA[11]. 5IE AR, MAPK/ERK 15 538 i ol 38 i R b MITF
SO AL ST v, PR TR/ AR IR ALHI[12]. PISK/Akt 3 5 I 7 22 2 400 i () 16 5
1715 M B A B R EE XA AFEER 9] shAk, ZRhAi R i B E-1) RIEN TS AL
PRDR 7R AT 3 R S e S R AR 13

BT AR A PR A I 45 R A, B — B P T T SR A A A LA T B AR R AR, T 22 R R
22 18 2% 4 P[5 TSR s J Y s Y B SR A AR 3, X B U 5 2 R AW 2 i M L 20 SR AR EAR 32 G

3. SEPRUEAWINFIREREROTZRERR

LR EMEREYI P ATz, RN ER, TEA D NEEIE. KR MR,
LT RAENER[14]. IEFR, BOREZ TSR, RS R LM SR 2 ML A R B E
ENULESES

3.1. RERAEY

TR AR TN 20— R 2 By A0 3 A A 15] . 1L 23 vl i@ ik 1 5 SR A R st
TR AR B T R AR M, JRae LT B R GPX4 MRIA[16]. Mk & MR
S DL B R A P AR SRR B E AN TYR W61, J8/D> B16F10 SE A 2 4t b B s 1 & & 17].
WAL, AR CIESEIE L T a-MSH/MITF 8@ 0] B16F10 5 (5 2358 40 1Y B0 3 A pR [ 17].

3.2. JLREXULED

IR BB AR THBIRP I EEETE, UGRTSEFEENREETILRRKE TR
(EGCG)NR#F . EGCG 55 LA H IR ety W& 0] B16F10 B A3 A e R AR, HAERL
#9 J T 1 PI3K/Akt/mTOR {5 5@ B VG E[18]. EGCG b ml it i S G R AL EE 1. BE LY
EALEE . TERMEMSIEMERE, R B RN 2 A i[19].

33. BEXULEaD

ERUEVLLAZE TR R, AZSEAE N—MAERSE N B =57, i@ TYR.
TRP-1. MAPK. PKC. PKA Fl KIT AN&ESEBIEPIA R R-1 F2BERAER, M KESE AR
YEAI[20] [21]. i, MAPK/ERK 38 #% (1) 45 & A i) 22 €4 2 A2 A% O fLk 2 —[22] .
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BRI N — M RRZ I &Y, AR RIRBIEA VN LA IR BESE A sy . BRI, BRAE
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FRAeRe R B A0 b TYR v, [R]IEaE REA0 ] 24 25 ) R 03 B PR PR A 8, e I HH AN o) B 3K i 3
REL KT 28 2% i 1) W B A 23]

FRBARE, ZEAEINE] R E R AR E RN R 2SS RN, AR Z 8 IME
FAAE 5 RS 5 B AT 22 S 538 S, IX R FH 0 2% 24 B 28 DA 2R 95 2 T 48 78 22 By ZRAL B 0 B AR A FE L 4
P R

4. MBAHBFESBHNGRERER TN
4.1. MEHEEMRTTESRIERL

W) £ 245 T2 R SR A ) R £ 3R AR LA AT 9 e ) S R O A B AR X, AR R 3
BAFELLN PR © ZEETERSr & IAE A3 I——i83d TCMSP. PubChem. BATMAN “5##5
S5 G SCRRAE RUER TG 05 S, FIH SwissTargetPrediction. TargetNet. STITCH %% T H il 2% 143
FMBE R HE s @ PR 2 AR AH S HE 55 ISR —— LA “melanogenesis” “hyperpigmentation” % <4 1]
£ GeneCards. OMIM. TTD J DisGeNET <54l Pt A 2 2B (0 3R AL B G Y NI ] () L [RIHE s
ie——FIFH Venny T EoKE o #0352 $E S AT LU, RIS EACHE, IR SLHE S A N2 2 ) T Tl
BRI EERE A @ HAR - & A5 AR (PP M 25 #4 d——Ii81d STRING $(4f 7 74 % PPI
W%, FIH Cytoscape #AFHEATHNEHT, TR th FEE . A B0rb O VAN T oo Pt HE 44 SEHT A% O 4
M5 ® GO YR KEGG g & 4 70 —— 15 B Metascape. DAVID %°F & #17 GO 7251 KEGG
WEE LN, FHFRHMAEGSETREMTALED; © sy - 5 - Bk MgRs——IiBid
Cytoscape f L sy LN LB L AN, REHERZEHmHFRIERIE; @ 25758
UE—— i UL OB J SV 1 100 HEAT 20 TR BT S 4 G RE . B b o) 5 0 AU B HAE AT REAE

42. SHTFHRERERPZLER SRS RN

B 5 X 4% 24 B 2 1 22 T ) S 3 A U A 2 N, — RAIEE OB S AE A R AR R
I, WP HEIR T 2 MR G YT PUR 3 A B SR R . a0 2 AN 7 R 480 1 28 SR AT
24 LB, Aktl. p53. STAT3. EGFR. TNF. IL-6. ESR1. MAPK3. SRC. HIF1A %548 f7E A A k5
[ 22 By S B 23 v 20 S 7 HE S v PR 0 A, R I S I I IR T R A 22 Ty 1A 4% S €0 3 A IR 4 T X 44 v Ak
TR A AT [24] [25].

N2 T3 SR 5 B0 S DR BRI A B AT, AN IR) 2 B BT B A 0o A BB SRR 2 57 B, %
TR LRR ILREGSIAR, RILKER. RILKRMGENE 4 MEMERS @I SwissTargetPrediction
Hl TargetNet # e L3k 1F 173 MEFEHA, 5B O SO OCH S IS & 5 3515 82 N LFISE s (] 1),
2 PPI MM H iR, Aktl. EGFR Fl TP53 2% M4 R i) 12« 15 BB i L B AR 4155
M(E 2)e X—4REH, 2GR AT 3 SURIEMER, T I8 [m 4% 2 %0 S
(YA b T BCBE D) A 1 2219 s P [ 45

EAERNRE, ERZ O S ENCLREER, MRAILE T — AL E &0 %R F——MITF
[26]. MITF £ TR IEHIME SEE ML 0, KR EAXEM:: — %G TYR. TYRP1. TYRP2
GROFKEMMGHER, EERERERER: 7 R A SRR P 5 40 AR [26] . X FXE
TheReEIAA , ATfE R A MITF {55, #2s [RIRT o028 2 4 3R 4 M AR IR S 5 AR AR IR
T 2 A 52 25 1) A B AR

TEAZ W R H, MAPK/ERK 5 PI3K/AKT 2070 S AR AN 4515 S i@ g, HILTE MITF %
HHE IR AERET B WS - 307 ZOnoR R, DUENTSEZ BRI NG, E o-MSH HIB1 B16F10 2
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IR, Z AR EUY) [E IR0 PI3K/AKT A MAPK/ERK P 2538 % B BR AL 0%, AT R I MITF 25
FIERIE, #Em4H TYR. TYRPL & TYRP2 ik, H2em/b BERA M. Lo FHH AR : ERK
BERR ALK T PR 530 MITF-Ser73 7 sl £ BERRAL, (R HEZ & - EAMMBEREIEMR: F AKT B
TS GSK-38 Ser9 7 mi L R AT K ST B &L, — 7 THNE e 3E B-catenin FEAR IS MITF (1% 564
TEDIRE, 75— U7 T ELAEEREIR A MITF Ser298 fi7 i LAFFIRH DNA S5G75 14 . 9 2538 B I A0 i 7E D e IR Ak
), 3 ) 2B ER AR AR [27]

SR, [F) )& 2 By A AW WL A3 1 A J I AR R 45 5 1 48 o Ll 23 o p38 Al MAPK/ERK {5
SIEEK, FELEEBEERIL MITF-Ser73 i/, MM 5E MITF & (I fa e e iq e, i TYR Al TYRP1 %
ik, ik R R AR B[ 28] AE UL I R, PIBK/AKT B ER AL /K- SRR FE R 1A, {HIX — 280 AR HETH p38/ERK
MEE R s AR, PIBK HIHIF o] B 58 1L ARy 5 S SR 35 & & X MITF KI1A[28], #i7~ PI3BK/AKT il
PRI AT B 5 p38/ERK WU 7EIX — 45 E 15 5 T IE AR SR PRI DG R o EadSx LT i 3 BH =R 2K 2
7y Pt 003 % 0 71 B I MITF Ao M, i Ll A5 1y M p38/BRK B0 325« AKT B[R] A i X
B9 MITF F20E 1. W92k I % 2 (] R 52 2% BR R OC RIL A e | MITF 1) 2% 7 1H)

AL, TPS3 S 3G T BB A T B ORI 57— A% O h g . FFFIESE, TP53 W] E4k4s
& POMC 2R E3)T, (21 a-MSH B, J5 3 PLS% 73 s 7 S0 R R 4B ML i MCIR 244, %S
MITF #0% & TYR ik B, fA&EHEBAESHK[29]. £ UVB %SH DNA #PIRE T, X%k
A R B [29]. T B RS Z M ARERE S T TPS3 RIA, JHEId TPS3 (KU 42 I 4
1B[30]. HEERMNAZ, TP53 HARIIS, K45 /E ] ——Akt il i MDM2 520 TPS3 faseth[31], X{#
73 TPS3 Jl %5 PI3K/AKT @ 2 [BITERL T 5T iz R R 2%

HEZlh  REOR

4430

(96.2%)

Figure 1. Venn diagram of intersection between targets of main active ingredients of grape seed tannins and melanogenesis
targets

B SEfRTERERRN R SRR R REF AR

AR Z By BB (22 A E R, PTRE S HAL 2R R B H B E . RE . Bk e SRR A
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i I 0] PAR2-Ca?*-PI3K-Akt-MAPK 38 i FFLWT £ /53 T 4 i o B8 6 38 AR IR 1T PAs(4) (IR &L
) M3E IS~ i Myo Va. Miph #1 Rab27a ik, il 56 €4 2 4H i 4 ¥ B (B AR08 i [33 ] IR A2 X PhEsf -

DOI: 10.12677/acm.2026.1662453 2315 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.1662453

HKH &%

IR R Z RN, I MAPK/ERK. PI3K/AKT. TP53 5 E% 2 [0 2« sR M4, 154N E 2 Hf
B AEIL M AL DR S AT N, AR R ) SR AR RN . X — B AT R 2 B P E ) 2R
BRI T R TR AE TR B A AR T AR AN EZ M1, A S B AR A N
B REE . B AT

RPseKA3 RIPK2 HSDI7BI i
v/l

Figure 2. PPI diagram of grape seed tannins inhibiting melanogenesis
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RN 2 By A B A ) B R AR IV TE Z WL, 07 18 BT 49 IR A% O BB RUOEEAT KEGG i B 4
AHT(E 3)e LR FEMIKTRAVEMTENR, & ERREHEAAHT 20 B WA 3 s, EGRER, HAREE
BT 2R EBROFRAER. MBIGTE . SOE RN AN A VA S Sl . Jodr, R ig”
(Pathways in cancer) ] & SR fE i iy, WA | HE R 2 AL O S . 2@ KRS T PI3K-Akt. MAPK 552
FEMAF YR, 7R 21T Ae e I 1 $5 R 8 R DG Y AT (W0 Aktl. MAPK3. EGFR %)% 500
BEEORMEMAANE WHES ORI ERERNE, “BEREMIEE” (Melanogenesis) R £ i #
B, EFGEEPHEZ S 11 7. ZEBEEES TYR. TYRPI LA MITF Z 83N 5 T PPI 4%
SrHTHAESE TYR A1 TYRPL 40T 4% 18351 fhr B (] 4). X — 45 R EE R 2 Wrisid M & e a3k
A RGE S R IER FER M. 25 E, KEGG &&ITRM, LB &4 e th seiid R 45 i i
KB R GE Y, FEP S ErbB. PI3K-Akt. MAPK %5 Filf (55 40k, &2 N TYR fl TYRP1 25
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DOI: 10.12677/acm.2026.1662453 2316 I PR = 2 3t


https://doi.org/10.12677/acm.2026.1662453

HKH &%

Pathways in cancer 4

Human cytomegalovirus infection 4

Chemical carcinogenesis — receptor activation -
Fluid shear stress and atherosclerosis 4

Thyroid hormone signaling pathway

Chemical carcinogenesis — reactive oxygen species -
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Figure 3. KEGG enrichment analysis bubble plot of potential targets of grape seed tannins
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Figure 4. “Drug-component-target-pathway” network diagram (Note: The green circular nodes represent the active compo-
nents of grape seed polyphenols, while the orange circular nodes indicate metabolic pathways; the transparency of node colors

reflects their importance, with darker colors indicating greater significance)
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I T XA ARAE N 48 25 B ) B B S5 AR FE, R AR AT R e B S A% OB B A 2 S
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X EEHL A (145 TYR. MITF. Aktl. EGFR. ESRI1 Ml STAT3 %, X454 RE— K T—5.0 keal/mol HI
PN R EA BI85 & .
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