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Abstract: As individuals age, their skin undergoes physiological decline and aging due to a variety of internal and external
factors. This process manifests in visible signs such as increased wrinkles, pigmentation changes, sagging, dryness and
roughness, enlarged pores, and dilated capillaries. Anthocyanins (ACNSs) exhibit a diverse array of physiological activities
and demonstrate significant potential for delaying the aging of the skin. However, the structural instability and low bioavail-
ability of ACNs considerably hinder their practical application. This article discusses the factors that influence the stability
and bioavailability of ACNs as well as methods to enhance these properties. Furthermore, it elaborates on the role of ACNs

in mitigating skin aging through various mechanisms, including inhibition of oxidative stress, promotion of collagen synthe-
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sis, suppression of inflammatory responses, reduction in melanin production, and repair of DNA damage associated with

skin aging. In summary, ACNs hold considerable promise for use in anti-aging interventions for the skin and show poten-

tial applications across food nutrition, health care and beauty sectors, as well as clinical treatments.

Key words: anthocyanins (ACNs); skin aging; stability; bioavailability; food nutrition; health care and beauty
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Fig.3 Mechanism of collagen damage in aging skin and the
repair of the collagen network layer in aged skin by ACNs
1 ACNs: 7875 1 (Anthocyanins ) ; ROS: 15 M4 A 13 (Reac-
tive oxygen species) ; MAPK: 22 %4 [ 7% 1k 25 1 4 i ( Mitogen-
activated protein kinase) ; P38: P38 22 %4 J& % 1k 2 ¥4 ¢ ;
ERK: 4l jfti #MJE 5 2 1 il ( Extracellular regulated protein ki-
nases) ; INK: C-Jun 22 3t 7K Vi 184 /it ( C-Jun N-terminal kinase) ;
AP-1: i#i%5 %5 F1-1(Activator protein-1); Smad: Smad % 1.
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LR T AU PN ROS B9 A 1%, FEAIK Smad7 mRNA
B3R, BEHN Smad3 mRNA Y235 45 5555
PILT 4k, IESE ACNs J&il i3 3#7% TGF-f/Smad 15
A R A B IR, 2 BH ACNs AT FH T 2B 22 ;7
ke . Bae S5 W %% ACNs 4bFHZ: UVB % 5
BN B IR BET A 4N s, AR i TGE-B 2 Fk-F
B E N, B W AE ACNs @ i [ TGF-4 B3
ik, fEE Smad2/3 HBEMRR AL FIAZ LA, NI 98 T
TGF-A/Smad 15 5 3 i 14975 P, P mife 8 1 i R
A 35k PRI A 5 SR D RS DL BRI 9 B A, A IR 2% 2 IR
A1k,
2.3 ACNs j@id #0#] NF-«B 15 S B B E R L B Ak
RIER ML

535 K7 NF-xB 2 IxB-a. P50. P65 ZH il
K, S 5T REE M GRRE N, ROS Al BiR L%
i IxB 34 (IxB kinase, IKK) , ZE 1 # i NF-xB i
RO, R e B R B R AU 5 B 3 R SR A0 R4
42 1 (Interleukin-1, IL-1) . FIZHEANZ= 6(In-
terleukin-6, IL-6) . N4 & fF-2 . MR RSEE F-a(Tu-
mor necrosis factor-a, TNF-a)45, 175 & J&0E 2 w520
NF-«B /& MAPK Y T Ji##! &1, ERK. P38, AP-1
AR IR AR AT UE NF-xB 18 B A5, A5 1 & e ik
JRE, N R R

ACNS il i #1l1 il NF-«B 15 538 4, M0 i) L
FEAR AR AE K, G A B2 R0 SR N, (45 H2
JEAAT DL ZE R (18] 4) . Wang 2508 & AT ACNs
iEEAME UVB 288 A R SET 4E 4 g b TNF-
o AR R F7K P94 980T, NITTINGE UVB /31
MEH475 . Sudheer 5P WFFTIE A M 58 285 4 H2 B
i) ACNs A I B UVB BB R AR iz M R E
A 4i g P ERK. JNK F1 p38 (4 # Bk 1L Fll NF-«B
p50/p65 MG FAZELA RN, ff TNF-a. IL-18. IL-
6 SFAR R A R F2 IR REAIR, i/ T R AE LML 1
B, TR T AN SRAE I W o 7F Qi 250 Ay sk
g, 2858 ACNs It NF-xB BB S A% 545, M
2R/ N EURZ R TP Y IL-6 F1 TNF-a BI#RS, §:3%
7B R S SN 4 2B AR . /N R R R B U PR PR
&f ACNs T 311 ] NF-xB/p65 % %% (v F0EIE , 300 51
NF-xB ] K F A #4H 7 1 (Recombinant inhibito-
ry subunit of NF Kappa B alpha, IxB-a) 14 R&f#, M

2026 4F 7 A
@ a-MSH MCIR IKK
‘v : |
AC ool IxB-a. (ACNs |
o HT: | |
I!.,l L IL6., NE-xB
CREBlMIT(];OX-z *
l | |
TYR P50 Py  STSITONIN DNAKY;
e
SBAZER SRS SN

— fiRk
— KA
+~———ACNsfeil&ik
——— ACNsilifil %3k

Kl 4 AR AR JAE S PRI Fl DNA W75
ALK ACNs X2 AL B ik i = AL

Fig.4 Inflammatory response, melanin deposition and DNA
breakage in aging skin and the repair mechanism of ACNs
in aging skin

E: ACNs: 467 H (Anthocyanins ) ; ROS: i 144 H H 3 (Reac-
tive oxygen species) ; o-MSH: 2 % it K Z K # ) 7 (a-
Melanocyte stimulating hormone) ; MC1R: 2 2 7 it # 32 1k
1( Melanocortin 1 receptor) ; AC: it 1 2 ¥4 1k B ( Activate
adenylate cyclase) ; CAMP: ¥ B B2 it # ( Cyclic adenosine
monophosphate) ; CREB: cAMP J Jif TG4 45 45 7 I (cAMP-re-
sponse element binding protein) ; MITF: 3§ HE #H 3¢ %% 5% K 7
( Microphthalmia-associated transcription factor) ; IKK: IxB
fiff (1xB kinase) ; TNF-a: I8 ¥R 3. K F--a.( Tumor necrosis fac-
tor-a.); IL: F 404 % (Interleukin) ; COX-2: # & A BF-2(Cy-
clooxygenase-2) o

PR BR T A e H R THAE . MDA & R0 T = i
T S A BREE PE ai, 0 28 5E P F 1IL-6 A1 TNF-
a FEIK, FEAE MAP 340 . P38, INK 7K°F, 220 ACNs
A LLE ST MAP BEGEA NF-«B {5538 Sl ki
UVB i 5 (19 8455 FTISE SN, FE— SR %
A ACNs 14 & A $2 B (Fermented bilberry ex-
tract, FBE)PLEE . 3€ H PR AL D349 i R 56
i, PEik 66 44 35~65 Z G W “fREE” GRS TR
2 R R R A St IR AN I () L R A2 ALY
> FBE ZH (42K 100 mg & B AR H2 B ) A28 Jg 51
2H, ZEIGYT 28 56, 84 d B 43S 1358 3 i B bk
IRAS, K BB IGY T IS TR] PR3N, 5238038 e IR 558
SR 45 84 d IS FBE 2H 14035 A SOR BE U,
71> 10.6%, FZRRFRIEDCIHE FEHRS 7.9%, B2 RAEOULRH Fi
BEW > 7.3%, RZ R BESLEERE 13.3%, H AR TR EE
1 12.4%, Bz R FEAS 14 2638 I P A Tk e T $E
20.8%, BRI SJPESEIN T 20.8%, [A]AT Bz AR 41 BT 45
BT 16.8%, R ROGAE R INT 2.2%, 5 84 d
it FBE 2H 5224l 0] iR SE2E R G432
X, g5 ACNSs 215 T I kb fbage i, HA
A0 B R R (L8 S R i T3 %, ACNs X
AU IR S AE I 0 S fit HAAR DL 2.
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Table 2 Anthocyanin inhibits inflammation in different models
F kAR5 LY EEIbE ACNSsCIE I i BOR YERIBLH ik
UVBHRAT 30 myem?uvBhayy 01 OSMILOmg/mL  ACNSHUERIHMLIAE, 2 ACNsIWHINF-BIGH MR, WiiFE o
N B TR BT A 40 HiFL ACNs fR A {IKTNF-ofllcaspase-72357K o (98]
ACNsIHIIKK i AL M FHISTU VB
) ) 30, 100, 200, 300,  ACNsH/> T RAELIMIE  FAINF-xB/p6SHLIE A AL, M
B 5
s oM o0 wgmLAABE L, MRS TAASE  HOL AR, FEITILAN  [90)
ks ACNs B o BT A e H KA DE H ki
AT RTHFE
N I ACNSHE G He BRI Rk T
UvBH St (}%EZETOOUIZJ?ﬁf”% 12,5, 25, 100 mg/ ?;Ti”jlgg;ﬁz\?g (RBARR AL o-Fun-NA AT . P3STE 11
BALB/c-nu WEHE/NEL ) P (kgd) S HACNS A AR AP s kT sINE B 1)
4~8JH 7400 mJ/cm JRIEAE SR e
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B 5 2 EED
i e U a0 asACNs  HUMEULIKSLIT  IKKal) KT, SVHNFBp6S IR 99
. T JEREII 31 A TTAEIL-6., TNF-ak P,
S 3 T2 ;
66513505 st oo mg FIEICR IR acNort e cnke 1 e
E _ 2 A 1 i - s A s R L e N
e AEACNSIURRERR e T e MBI U AN AR (100

PEHY

B TR RE ) RAE( SIEIHAE

24 ACNs BRI BERERBLEUEKER
&

WFFERW], UV fRi e R R DTG
RAFEE FHAEAUOY . R [REAS A 8RNI A AR 45
FHLH S SR ZR A, UVA S0 i) R 2R 4
R RsE B ez AR R AR, i UVB R 5 5
F BT B A A 53 Z2 P P A0 I PR TSR AR 2 RE 2R 4 v
A8 AR ST oK B, UV BB AR (h FA 7 i 38
AR BT S RBE R 2R 1 456, dEmiSiaE
AR R E L (Activate adenylate cyclase, AC)-Ei
iz ik 1 ( Cyclic adenosine monophosphate, cAMP) -
1 A(Protein kinase A, PKA){F 5 20K 2,
25 Tl M A BEIR L cAMP 2 W oSS AR
et 53 Sl HIR AH 2% %% 5% 5] 7 (Mlicrophthalmia-associated
transcription factor, MITF ) {4 %% S 36 24, AT 38l 55 22
a2 AR O

ACNSs iE A EAEAPLRIAE R AR A — 7
T BB s 2 PR B 4, 55— T | PRI A =C
FLAFE Ko XPPPRIZON TR OR Y&
JIRAEAZ BH., I i R A W R N TR L R DA R
B2, IR R 5% B R AL AR i A U (] 4)
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UV %5 pUC19 Fiki DNA #5455 256 40Pk ok B
LIAENT | ARBEAEAEFIAE ) ACNs #2524 (Antho-
cyanin extracts, AEs) X} DNA #5455 FIAR I VE, S256
ZE 0] AEs ilit 5 DNA BRIt ZnE 248w
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Fig.5 Beneficial effect of ACNs on repairing aged skin

1F: ROS: 7 14 % (Reactive oxygen species); MAPK: 22 %4 J5 %
Ak 85 H I  (Mitogen-activated protein kinase) ; TGF-f/Smad:
¥ 1k K A F -p/Smad 2 [ ( Transforming growth factor-
B/Smad); NF-xB: #% K F xB(Nuclear factor kappa-B) .

3 RE

R 5 AT T R = P v A S ACNs IS
RWHEA, ACNs FIIT LRI FHEA T FRTE. Hlin
VERPTEACTIIE B S B R 2, TEPT IR . PR
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ZAR[ERIE Y ACNs FELAR, IR AEE ACNs 5 K5
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