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Abstract: In this study, the in vifro antioxidant capacities of the anthocyanin from black wolfberry (BWA) and
epigallocatechin gallate (EGCG) were investigated, and the synergistically protective effect of the combination of the
two compounds against the oxidative damage of immortalized human keratinocytes (HaCaT) was investigated through
constructing a model of oxidative damage induced by UVB. /n vitro antioxidant experiments showed that BWA and EGCG
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had strong DPPH radical scavenging ability, hydroxyl radical scavenging ability and iron ion reducing ability. Isobologram
analysis revealed that within the safe dose range, the combinations with different proportions of BWA and EGCG exhibited
greater protective effects on the damaged cells compared with BWA or EGCG alone (P<0.05), and the combination with
the mass ratio of 6:4 (BWA:EGCG) exerted the strongest synergistic protection, with the synergistic rate being 17.08% and
the survival rate of the damaged cells being 89.71%. Compared with the model group, the 6:4 combination increased the
activities of catalase (CAT), superoxide dismutase (SOD) and glutathione peroxidase (GPX) by 2.66, 1.91 and 2.33 times,
respectively, while decreasing the content of malondialdehyde (MDA) by 40% (P<0.05). The results showed that both BWA
and EGCG had in vitro strong antioxidant capacities, and their combination exhibited synergistically protective effect against
cell oxidative damage. The mechanism might be realized by enhancing the activities of antioxidant enzymes in cells, thereby
reducing UVB-induced oxidative damage to HaCaT cells, which may provide a theoretical reference and experimental
support for the development and application of the combination of the anthocyanin from black wolfberry and EGCG.
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Fig.7 Isobologram analysis diagram of BWA and EGCG

composition on UVB-induced HaCaT cell interaction

* 1 BWA, EGCGERMAEUVBIERHaCaTHMAITFE
EIC, ERHEZE
Table 1 IC;, value and synergistic rate of survival rate of
HaCaT cells irradiated by UVB treated with BWA and

EGCG complex
RS ] ICs/(ug/mL)  ICs/(ng/mL)  SR/%
82  4123+330" 34.78+2.16" 15.65
6:4  42.15+2.08" 34.95+3.05° 17.08
BWA:EGCG 5:5 42.61+1.54 41.48+287  2.67
4:6 43.07+1.16 4020202  6.67
2:8 4399+1.42  42.17+4.00 4.16

E: RV EATFERERFEZATER ICsor 5 FFF ICse
{EZ I8 £ 7 BA &4 (P<0.05).

Isobologram 43+ Hfr | ] B 18t B UL kb ] B 44) o7 2 [1A]
BRI KR HE 7 AAL, HElh 8:2. 6:4 [ 4:6
(S IC AT AR s 3502 T 95% RTERR N 77, KM
BWA. EGCG #% L f 8:2. 6:4. 4:6 E L J5 % UVB
14 ) HaCaT 4 B A PRI EH, R 2
RLsREEANE . 1 BoR, & HAI ICs, [E /T
ICsor 1, £t KC5R 0 BT 15 AN EL ] 8:2. 6:4 HICA
b5 SLR A EREEZER (P<0.05), Hrf
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SRy 6:4 BF P[RR KT 8:2 HRCA G, JFH
A2k B B KN 17.08%, 8] BWA 5 EGCG 1E
I LE R RS R X UVB % 519 HaCaT 4 Mo S AL 45 457
BA RSP FERER, Bk 6:4 [ et
HEAT Ja SeAa bR R .

2.6 BWA. EGCGHX A AW HUVBiE &
HaCaT 40 s CAT & 14 By % vl

CAT =& WIEMES AL B, RAUEPTE M E R
FREERG < —, B84 i HoO, AT 7 ih v 4 4 A
PH 35075 40 o i = 5%, 1 8 AT 1, UVB 48 A B
Z M| HaCaT 4+ CAT HIBEIE . AR E
BWA. EGCG J LR &b 3 )5, 2440 e iy
CAT B PEIZHT =y, SR AR b B A 2 2 1
Z53 (P<0.05). Z&miiE#E BWA. EGCG ALt
BIVRAEY) (200 pg/mL) 73 b EE S, 4l N CAT
fig K 7 29 5 N 21.02. 20.77. 23.70 U/mL, %57
o e 2.36. 2.33 [ 2.66 f5. HA LI A
AL PR A0 40 Y CAT Bl S 1 2 & T 3 — i ik
BH (P<0.05). LLEg5REH, BWA. EGCG A&
HAA AW nl i UVB IR S5 8000 41 i AR /K7
(1) CAT BEEPE, AR G000 40 M OR3P 1E F 5
5, B0 R
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Fig.8 Effects of BWA, EGCG and their compositions on CAT
activity induced by UVB in HaCaT cells
E: BPas oRATaxBa, A5 UVB KA
AR, 8% L1. L2. L3 %5 3R EK B KA A 50 pg/mL 49
BWA. EGCG A 6:4 tbfs| a4, 8% M1, M2, M3 45!
R E & R JE A 100 pg/mL 49 BWA. EGCG & 6:4 Lk ) &
44y, LA HI. H2. H3 53R ER ZIKE # 200 ug/mL 49
BWA. EGCG A 64 e5liody, TR. B+ REFEHLFT
TRV 485 4 o 18] 49 4 L5 M RE B R34 £ 3 (P<<0.05),
MR FEHEN A TLRZE M EZRF (P>0.05), FR.

CATiFE / (U/mL)
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2.7 BWA. EGCGUL X 4 &4 UVB#F &
HaCaT 4 i MDA 4 & ) % v

MDA 2 48 fg P9 AN 1 F0 g 5 1R kA i S| Ak
L FT AR B A W, Re )R gl i AR & T
RE PR AS H AR T, R T VE AN 4 M S Ak 45
FRERED IR —, HEBRMAEYIEED.
w9 frox, UVB M 2 2 3 B HaCaT 48 Jifg
MDA & & T E (P<0.05). Z&A[FWK FE & 259 4b
IS, P45 40 i N K MDA 2 5 il 245 P03 B2 3G i
b, HBEBEMHARBEEZR (P<0.05. &5
5B (200 pg/mL) BWA. EGCG M bt iR
UG, ML MDA &8558 2.33.2.15.
1.88 nmol/mL, R N2 LY 4 v MDA 7K1 4y
AR 26% - 31% A1 40%, FLrh 4 &4k P K
P4 N MDA & & B E KT — Y b B
(P<0.05), B BWA. EGCG ZH & Wi s Fh ¥y i
B A B AR A R SR A 4015

35r

3.0 b

20F
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MDA & E/IEIN

Fig.9 Effects of BWA, EGCG and their compositions on
MDA content in HaCaT cells induced by UVB

2.8 BWA. EGCGUL X 4 &4 UVB# &
HaCaT 4 . SODJE M Hy & 7

SOD @MUk N = EZ M lg, HA T B
Yo 4n e N R IR B B RS B, AT BE BT A A P AN
FHR W B2 A AR ot S8 Ak S B2, A S 400 o 4 f 25 44
P IR AR R, AT A B AR B 4l B e Y. B 10
SR, 5EAXIRAMEE, RN HaCaT 400
SOD i P i ZFFL (P<<0.05). SHAIAHMEL, A
[ BWA. EGCG K LBV A ¥ RE 55 35 42 5 52
YHHL N SOD JEME (P<<0.05), JFEmEMkEE. 5
BRI MH, &K E BWA. EGCG & bR &
(200 pg/mL) f8 5245 40 s 9 SOD 7K1 43 il 3G K &2

33.33.30.23.36.56 U/mL, 43 /& A BRI 20 ) 1.74.1.58
J 1.91 f5 o HoAr b 20 AP A B B 4B N CAT
B 1 o = T R — Y b B (P<<0.05). &
FH, &Y UVB 75511 HaCaT 28 il 4L,
i, HBCRIET SR —2 i A H A .
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Fig.10 Effects of BWA, EGCG and their compositions on
SOD activity induced by UVB in HaCaT cells

2.9 BWA. EGCGJ X 4 & 4 3t UVBi% &
HaCaT 48 8 GPXJE M 8 % v

GPX J& — Fhid S AW o3 R G, w48 20 i 1)
AEREHUEA BB K (GSH) 46 98 A0 45 e
K (GSSG), [Fl ¥ HA 85 v i E A it )5 o G
LAY, (R EER i, 4R R S
AN Tl B 52 58 M SR BT A A A S BaR 4. W 1
Fir 7w, UVB 5 18 & 2 4 i) HaCaT 44} o GPX V%
Pt (P<0.05). AN [F# E BWA. EGCG &t 1
REVAEI G, ZHAM A GPX B & 138 7 1Y
. BAEMRENE, SERAAMHE BEEER
(P<0.05). Z&EWE BWA. EGCG M LLHR &)
(200 pg/mL) 43 AL JE, 40N GPX B K T4
BN 31.68. 28.01. 35.05 U/mL, 43 %) & A5 AL 4
) 2.10 f&. 1.86 1. 2.33 1% . 45 E W, BWA.
EGCG VA K IR AW v fF — & F2 FE E R4 40 iy
5% UVB Fr 8 i) S e i, Hodh g # H &5 Wk
PE R (P<<0.05), HEWER—EMEECEER.

BEAEWT LR, SN 1 mg/mL (1455 K
MR AE T R X4 30 mI/em® UVB 5 30 min J5
I B 9 CAT. SOD A1 GPX ) B i 11k 43 571 g A 784
ZH1) 1.74. 1.89. 1.31 £ (P<<0.05), #HJii Py MDA
BB KT K 33.23% (P<<0.05)™; REIKE N
10 pg/mL ) 2% i+ d1 EGCG *f 4 60 mJ/em” UVB i
S5 A M 4R B Y SOD Al GPX ) Bl 1 3 1) g A

SOD{EM: / (U/mL)
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RIZH B 1.49. 2.23 1 (P<<0.05), 402 ) MDA &
BKCEREK 50.71% (P<0.059)", W] BHIAC AL T
25 EGCG ¥ B[R F2 RE Hh 4t f i S8 AL B 495 - 9 B
7o RIS ASZG H 4 BWA 5 EGCG (1) 6:4 &4
4b B S 40 L N CAT. SOD 1 GPX ) filg 3% 4 2> 5l
RRETL ) 2,66, 1.91. 2.33 £ (P<<0.05), #i
Ml MDA & &K IR 40% (P<0.05), 5
W5 B CAAEIF 98 S ) o 45 SR AR LU 3R, 3R B BWA
5 EGCG XA X UVB 455 1 40 B B A B8 5 1 B A
AR ER -

45
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Fig.11 Effects of BWA, EGCG and their compositions on
UVB-induced GPX activity in HaCaT cells
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AN RE 77 AT BEIE i SR TR RS K R TR R AL
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KA A YREE Z 0% UVB AT 5|2 [ HaCaT 41 A
T, fRmZBAM R EAF R (P<0.05), HEH
FOAET % EGCG M [H] L 24 & 9 A B 40 B A=
RN T R — R R (P<0.05), %A
I LA T S BCAS B NS PE AR B R 22 5,
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R AL B R A AH A TS R IE B T 89.71%. S5
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HEPE g, PhEZRIAH] 17.08%. th4h, &
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P, 1 G SR A i P R B S A R PR
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ZHE LR N B MIAC AR =5 EGCG A& W1
TR AR RE R i S B At R T R RN g TR A
WE SRR SRR T, NN BMRCAET = &
EGCG HAEWMhFIPTAEMNSI &, KBRS
A5 5 38 i Font L o oG 2 1 R IA B2 Ry T R AT
WEFE, 3SR SLOR G 4l P S AL R A3 AL o

[1] GAO Q C, SONG Y B, LIANG Y, et al. Dynamics of
physicochemical properties, functional compounds and
antioxidant capacity during spontaneous fermentation of
Lycium ruthenicum Murr. (Qinghai-Tibet Plateau) natural
vinegar [J]. Foods, 2022, 11(9): 1344.

(2] BUHEM, Wk B2, R o, A5 . PR SR M AT X B S 52 4 /s B i
1RGSR E R [J]. 71 £544,2015,38(6):1242-1246.

(3] EENFEMFE ST BRI E S 2o
N JH S 200 60 6 8 A0 W ) S0 [T R R M RE 5L 5 T
%,2021,33(1):79-88.

[4]  ZRCE ALK, KM, R E T ILRREE TR
A EABAT B2 A D A I 58 1 R (] 68 4 o B Al 2
##,2022,13(23):7496-7506.

[5] LAI W F, BAIG MMFA, WONG W T, et al.
Epigallocatechin-3-gallate in functional food development:
from concept to reality [J]. Trends in Food Science &
Technology, 2020, 102: 271-279.

[6] CHEN C N, CHANG K C, LIN R F, et al. Nitric oxide
pathway activity modulation alters the protective eftects
of (-) Epigallocatechin-3-gallate on reserpine-induced
impairment in rats [J]. Behavioural Brain Research, 2016,
305: 198-211.

(71 2 BRF Bk EG &255 R AR 7 IE G CGAE Jy fit 89 4l Bl
9T 25 0 73 5 WL S 3L SR B gt e (0] A Rt
2£,2022,34(9):1190-1198.

(8]  XUHH, 5 5% I, ¥ Jit, 55 EGC Gl 1d 41 TGF-B1/Smads &
I % S0 v T e R TR S 1 IR R R R UL A 4
T[], BT EE R 22 417,2022,43(5): 18-26.

[9] TKIKME.EGCG. MEMIEMALT RE AR R



MK ERBHL

Modern Food Science and Technology

2024, Vol.40, No.8

(10]

[13]

[14]

[15]

(16]

[17]

S BOxs /N BRCFL IR AT 1 40 PR 0 [R) 41048 4 I AT 6 [ D]
FUN LK 2%,2019.

MR e R 6 5207, 58 AV 32 IE AMEGC G A /) B
B R ILHT AL RE T I RE I [T]. 8 T3 2%l 4,2022,53(9):
2683-2690.

LUI K H, ZHAO H B, SUN J Q, et al. Analysis of the
expression profile of miRNAs related to skin photoaging
in the GEO database [J]. Chinese Journal of Plastic and
Reconstructive Surgery, 2023, 5(2): 53-59.

2 IR IR, e 3 R A, B STA R SRR M AC AE TS 2R R
TS AR S I N B R T 24 4 S A K R AR A
(IR T [I]. P B B 2,2023,35(4):501-505.

ZHANG J J, LIU X, ZHAO Q, et al. Brown black
wolfberry on the life-span of UV damaged Drosophila
melanogaster and its anti-oxidation activities [J]. China
Food Additives, 2020, 1: 53-58.

ARIA) R X3, K 158 05, 55 EGCGR e 6 4 2 S ) J5AR
NS 5T A0 o 5 7 A AR ok ) S [T o L 5
FEE2£,2012,21(15):1967-1971.

MRE e, T 88 S th R & T LA R B T IR
] gk 5 AN R 75 HaCa T2 i SE AL AT B 5[] 68 it %2
A TR 24 4,2015,6(4):1224-1228.

RIS I .- AT AR B — P A I S R T
WL [D]. 5 &7 K 52,2002.

LIU W, YU Y, YANG R, et al. Optimization of total
flavonoid compound extraction from gynura medica
leaf using response surface methodology and chemical
composition analysis [J]. International Journal of
Molecular Sciences, 2010, 11(11): 4750-4763.

WANG K, XU WY, TANG X L, et al. Study on the in-
vitro antioxidant activity of different varieties of Eucommia
ulmoides leaves [J]. China Food Additives, 2021, 32(8):
115-124.

BENZIE I F, STRAIN J J. The ferric reducing ability of
plasma (FRAP) as a measure of “antioxidant power”: the
FRAP assay [J]. Analytical Biochemistry, 1996, 239(1):
70-76.

[20]

(21]

(22]

(23]

(24]

(25]

[26]

(27]

(28]

[29]

HOIN AL, B R, 5K A4 AL, 5 7 BOR ST SR AE T 3 X
A2 75 S HaCaT 40 M S A 5075 1) 47 46 (0] & dn Bt
2£.2022,43(21):233-240.

EMILIE E, JERME C, JEAN-MICHEL L, et al. The
combination of opioid and neurotensin receptor agonists
improves their analgesic/adverse effect ratio [J].European
Journal of Pharmacology, 2019, 848: 80-87.

LI X, HAN W, MAI W, et al. Antioxidant activity and
mechanism of tetrahy-droamentoflavone in vitro [J].
Natural Product Communications, 2013, 8(6): 787-789.
WL, % R A B R R BRI R (0] '
S5 HIIR,2018,34(3):23-26.

GUO X Y, GU J, CHEN F, et al. Study on antioxidant
activity and mechanism of traditional Chinese medicine by
methyl violet spectrophotometry [J]. Chemical Engineer,
2021, 35(9): 73-76.
ISR TS SEAACT /KSR A% g 58 A A i
J& N AR T A0 S 4 5 9 T e R T O B 1 R IA K
PSR FE[I]. A E A RHER 52,2017,20(27):3400-3404.
KGR R, E R0, 5 K TeH LIRS Caco-241 D
A I DR R I (0] DAC R Wl RHE,2018,34(6):32-
38.

BEDOYA-RAMIREZ D, CILLA A, CONTRERAS-
CALDERON J, et al. Evaluation of the antioxidant
capacity, furan compounds and cytoprotective-cytotoxic
effects upon Caco-2 cells of commercial Colombian
coffee [J]. Food Chemistry, 2017, 219(1): 364-372.
MAGDALENA K, KATARZYNA P G, ALICJA J, et al.
The role of oxidative stress in skeletal muscle injury and
regeneration: focus on antioxidant enzymes [J]. Journal of
Muscle Research & Cell Motility, 2016, 36(6): 1-17.
TAKEBE G, YARIMIZU J, SAITOYY, et al. A comparative
study on the hydroperoxide and thiol specificity of the
glutathione peroxidase family and selenoprotein P[J].
Journal of Biological Chemistry, 2002, 277(43): 41254-
41258.

115





