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Abstract: Age-related macular degeneration (AMD) was a retinal degenerative disease with increasing risk of morbidity
with age, and retinal oxidative stress was one of the important triggers of AMD. This study was conducted in light of the
favorable antioxidant properties of Lonicera edulis, which has been shown to possess significant potential in combating
oxidative stress. The study's objective was to develop a functional Lonicera edulis composite powder (LCP) for the purpose
of eye protection. To this end, the formulation was optimized through the utilization of response surface methodology. The
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study encompassed a comprehensive examination of the powder's physical properties, antioxidant capacity, and its
protective effect on hydrogen peroxide (H,0,)-induced oxidative stress injury in ARPE-19 cells. The findings demonstrated
that, following response surface optimization, the most effective LCP formulation was as follows: Lonicera edulis
lyophilized powder (material-liquid ratio 1:4, maltodextrin addition 15%): Lycium barbarum polysaccharide: lutein
ester: zeaxanthin=81:15:3.33:0.67. The LCP exhibited favorable water solubility, robust antioxidant activity, and non-
toxicity. In addition, it was observed to markedly diminish (P<0.05) the level of reactive oxygen species (ROS) in
oxidatively damaged ARPE-19 cells and augment the activity of superoxide dismutase (SOD), catalase (CAT) and other
antioxidant enzymes. Furthermore, the LCP was found to stimulate cell proliferation. The cell survival rate of LCP at
800 pg/mL was 125.10%, which was 122.95% higher than that of the model group. The study demonstrated the efficacy of
LCP in protecting retinal pigment epithelial cells and resisting oxidative stress damage, thereby establishing a theoretical
foundation for the development of functional Lonicera edulis fruit products and promoting the growth of the Lonicera
edulis fruit industry.

Key words: Lonicera edulis; polysaccharide of Lycium barbarum L.; lutein ester; zeaxanthin; oxidative stress; ARPE-19
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A i AH O M B OBE AR PE ( Age-related macular
degeneration, AMD) J2& — Fl 5 UL (14 0 X 53R 17 44
PRI, B AR AR RN R R —M, K
A [E] o A He T = . AR S T A AN R > 8, &l
AR FR AL T I 57 IR, 16 Bl P IS4 473, 3280 T /28
AMD (19 XU, A BB (4, 2R |- 2 (Retinal pigment
epimelial, RPE) ZHfi 7 AMD (& @it iR E =
S H B AE 22 A0 X RS AU A b 0 TR X T BRI
AMD K JBE R0 B B gE ) 2P, sk
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FEAENA, Hoh, Mokt R g e R R 2 h g g il gy, B
BN EVER, Horh a2 RS i EA BRI
PrEALN BAE T . ntaAe Z 85 (Lycium barbarum
polysaccharide, LBP ) ZHAc ¥ iy F2E M, H
A VA EACRL B . BRARHR R AE/E AN, Tl A f=ut
T Z MR (Lutein ester) Fll 5K 51 (Zeaxanthin ) A T2 22
TRl SR IR JE 7 7544, B R R i R R IEIE R,
FEES T B R B WIBeR S, Fae Ry, BT,
MBSO, O 2 AEE ) EFREARRSEN
FOK B TR —FPORIRASEA B bR, ANRE ARG L,
5 2[R A X I B X ) B A E NSy, BA P
Ak BN B A O B AVE T, SR U Y R
PR RURST . BFFE R, P 2 R AN T K B
W BEAEIRE Ty T BA R A EIE O

HurCo a2k ie R e Reior &, g R
Syt LB RS . Vs A AR (H i HE AR IR S
WRIZIN TR A E & TR B, X T i e R IR ThRe
IR R R P81, ASTSE B EH K —FPLL
W SR A IR R DI RE S S M0 791, BRI AT Z 4%
s R AN E oK B BT A T RO T Ak, BRIHZE A5
P BRI . PUALTE T . AT . 4N iR A AR
71, LR Hy0, S8k 35145119 ARPE-19 41 fitd Py
1 MK R AEAC R R AR SE I . ASBF 9T T e
SRARFRAR T BRI S AT & PR T BB 30
1 #REE%E
1.1 MREEE

WERER  FRIpVLAR E ) T A W S AR S R
80% AL M VUL VU AR RHCA BRA F]5 10%
MR EREEN PR R TR R A TR A
10% F KRB RfMEEN  BEVU R AY R A RA
" B E MRS AR ERDE A RA A
ARPE-19 MR i B b Rbsedn i b
U FLIR N S B (Lactate dehydrogenase, LDH )il %E s,
&, SOD Mzl & . CAT Ml a . S H
s S AL W) B ( Glutathione peroxidase, GSH-Px) il
SEIRFN & B H Ik (glutathione, GSH) I & X5 &5 .
N % (Malondialdehyde, MDA)IEiXF] & FI AL
AN A W) T AR T I 43T %0058] (Cell Counting
Kit-8, CCK-8) M5 177 & . Hoechst 33258 YL ik
IR E R A BR A F]; M4 (Reactive oxygen
specie, ROS) KX F)& i RAEMHAS
BRAH] S

imark-1681130 fiff fr {X =& Biorad 2\ #] ;
BCM-1000 BUAEYLE4AE IR AR) s NE610/
NE610-FL ZBUEY BIMEE B 5t VLR K HOG A A R
4> F]; DP10 #Uf5] B W Ai8E  H 7K Olympus 28 F];
Thermo-3111CO, ¥53#4f %[ Thermo AH].
1.2 SEWAE
1.2.1 ¥WEHERESHAINEE  ZE—E e L,
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B 7K 5 W e SR AR R AT LA, FTRES ST R,

TR R, I AGE ZPRIRE AR I 550 5 9T 71,

oS R S R i 80 H I, 45 51 i B IRk T

Ko MHFFTZEBH, FUL IR AR E BRE X -2 25 0 T K2 o LA

29k 5:1, 8 HAMFE 10 mg M85 K 2 mg E KR
A R T BE O ZO R U, Je T, Ao [

P2 28 PR RN K B BT B IR (10% P8 2R R EE

B 100 mg+10% F KB BTIEENT 20 mg), AN E
B AR FAS R 3 g, BEE B RR T L MAd

bk e RN R oK BT TR G5, diAS s
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1.2.2 LCP Bt fbiRss:

1.2.2.1 FARIFESEL  HIS W HE R T8, & 5w i

HE TR T AR AC Z2 8 R B2 53BN 96%, [E] %2

FR AN KRB B INEL (5 1, T4 4%), il

£ LCP, [# % L 800 pg/mL #JE LCP %F H,O0, i1
ARPE-19 4l jfd (¥ 7715 2 R F8 br, MR W58 b

(1:1,1:2,1:3, 1:4, 1:5)g/mL, 2 ZFW0E i hn &

15%, AL RIS 15%; 22 ZERPRE Ui Ot i

BE 10%. 15%. 20%. 25%. 30%), B kL 1:4, #Hfg
ZZBES I 15%; MFL ZHHEINEL (5%, 10%. 15%.
20%-. 25%), BHELL 1:4, ZZEMPE A INE 15% 53
ENES) AT

1.2.2.2 mapz i s DA H,0, #if); ARPE-
19 20 MO A7 T% 25 Ay el B, AR 4 o PR 3R S B 4 2R %)

LCP Py 47 7 1 P Ak, 3586 PRI 38 MK L6 1.

B & Hk BE Sl 800 pg/mL [ LCP JE J5 % W T Ak 3
ARPE-19 4iif8 24 h J&, JH 500 pmol/L 4 H,0, #5537
24 h, fii ] CCK-8 X & X R IuAF 1 R A T 22 o

21 Box-Behnkens i1 HZE/KFEFE

Table 1 Box-Behnkens design factor level table
) K-
-1 0 1
AR . (g/mL) 1:3 1:4 1:5
BRI AN (%) 10 15 20
CHIAL ZHEAS N (%) 10 15 20

1.2.3 LCP MEEFEARAYIIE

1.2.3.1 FahtER K 10 g 19 LCP iAW, I
3L O SR AEAHIEZY 10 em!™, 9005 AR IEAR (1)1
B LCPIK1LfA 6.

A (D

1 h IR LCP HEA S BE, om; r 78 LCP HE
FIAHAE, emo
1.2.3.2 SyifcrE . @i R FRE 1 g 1Y
LCP, ffl A 200 mL Fefrrr, IMA 100 mL Z5i87K, id
SR AP, LCP M /5 B 20 mL ¥ MK T Hapf
Hr, fFE MR 105 C BT EEEIF IR T

tanf = —
r

5], LCP ¥ H 10 mL BT HIERXE T, #8 3 d
JE BT o
1.2.3.3 KIS EMAERIN  LCP /K& il
EH % GB 5009.3-2016(E ML E R &
St KB RE YA TR, LCP BANIAAFR I B By
1.2.4 LCP Préafbid oz
1.2.4.1 DPPH H HZEIEREETIME AR
LCP R4 H2] 5y CIEHE SR T8y . Mutc bk, niae s
fi . oK) S DPPH W IS A BUIM A 2
96 FLA H, IV FERYIR, T 517 nm P AR G et
JER
1.2.42 ABTS HHEIERGENME FEA R E
LCP R 45zl oy G BER R T80 . Mkt k. nh 2%
g . KRBT WS ABTS W AR F N A Z
96 fLAH, 7E 734 nm 4B EOG R
1.2.4.3 BEMAE T A HILERGE MG HHEE
K=y H A R, T 320 nm PR AR E S EEERY
1.2.4.4 PRt E e MRS S e 22
fi#t ( Thiobarbituric acid, TBA) ¥, B W 75 I AE
532 nm AN SCEERPS, PURPHTE AT PR ik
i FAPTIAR AR Ay BEAAXT RE, 5 R340 (2) T154:
-A,
A,
o A FORASRRE S5 25 PR IR A W '
A, FORARIRESL G A FARKII IO GRE
1.2.5 ARPE-19 il AWM AZE TR 40
{8 DMEM/F12(& HEPES)58 435325, &A 10%
G4 3%, AR-IE ARPE-19 40 A% & 32 S5 88 1 pH
HEL, BT 37 °C. 5% CO, WIEFEfhiaeEsas.
1.2.6 H,0, /55 ARPE-19 4l g di (i B <7 K2 4y
1 AU IE R RS IR, FR K BiE m W E T, IEfk S,
1000 r/min E5.0> 5 min WEEAH Y, ¥ I8 4AEFL 100 pL
AR, 25 B 1x10° “~/mL ) ARPE-19 41 jifg £
WA FHHE I 21380 2 96 fLARHP . 37 °C. 5% CO,
MBS FRSEF R 13 24 h, J53R58 U5, 0 BB ek B
A 100, 250, 500, 750, 1000 pumol/L i H,O, 1
T ARPE-19 4iiifd 24 h, g7 A AL B AL, 4
5T 4l B K S 56 e 43 DU 2 . XF REZH | A AU ZH | ¢
FmgH R LR 4 . X IR 4UfifsFH DMEM/F12 584
Br R L IE H BT 3 48 hy BRI JEIEH B5 3% 24 h, 7
i [ 500 umol/L 1 H,0, B3 ILHEFF 24 h; BG4
TE AR 8 37 3L AR AN [R] 26 BE (BOARE S I T T A it
24 h J5 N 500 pmol/L 1 H,O, 355% 24 h; ML E
2 JEIEH K% 3% 24 h, FIAEAH Mg B 55 5L b im A 2k
FE 800 pg/mL B 5 5 I AN A S 500 pmol/L #
H,0, 33555 24 h,
1.2.7 LCP %I ARPE-19 4 jfd %) 25 P i 56

= (2)

B %) = (1 _A )x 100
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1216 1.2.6, IIAAS R B ORE A SR 24 ho ##%2
8 LDH Fl CCK-8 i) & il =, A A7 R 4220 (3)
i‘l‘%!
, A -A,
YH AT IS (%) = A Al

P A FORRERE S LG ; A, FRoRXTHR
ZHIIROGEE; Ay FRFEFREEOGEE
1.2.8 LCP X} H,0, iS5 ARPE-19 4il g &1kt {7it5e
RIVER
1.2.8.1 ZHMISFEIRE:  BEFR kA 1.2.6, #2REAXT
HRZH | BETRIZH AR S LH BB S TT 1, I AKHIY ks 3E
I, i CCK-8 ikl & Tl o
1.2.8.2 ROS /K FHril - il xE ROS 7K, A 1x
10° ~/mL B B ¥ ARPE-19 4 g 857 2= 12 FLAR
dr, e S O TARIC I B35, diiuse NG RE s,
Sy R BRZE | ASRUZH | AE S LH AN A R SR
W, AR B35 IR 5L . B3R 45 095 JH PBS ik 3
YK, %SHN 10 pmol/L DCFH-DA ¢ GIREME 37 °C W%
B 30 min, BEJ5 A 10 ng/mL ¥ & Hoechst 33258
YedMMAZ . il Tmage J AEXF EUSR IS T AL BE 53
TG Rl
1.2.8.3 SOD. CAT. GSH-Px % /1 &% GSH., MDA
FEWE  WEFEIAMSTAER 1.2.8.2, WA
FrPREEIRAE, THALIT B O IR 4L, ARYE SOD. CAT.
GSH-Px. GSH. MDA {ll x& 3551 & 156 B 45 X+ ARPE-
19 ANAEIEA FALFEIFIAE
1.3 HIELIE

RIS EAR YT 3 DL E R, L mean=SD
iC 3%, {4 JH Graphpad Prism 8.0.2 £ #HI K . % H
SPSS 26.0 FAFHATS 244347, KA Duncan £
o M2 ARG IS TR PR R T 2278 (P<0.05) .
2 FERS5Ph
2.1 BEZRILWNER

T A AR EEPT LU AT 24058 ot W e S 22 19 14
PR, 38 5 1 2 2R SN X i B SR R TRy 1 5
KA iE R R IR B CEERIMEA . HE la
AL CRHE L 1:4 BF, LCP 4b# Y ARPE-19 41 fF
W RIA BB, B3k 127.80%, BHE Lt B 2R iR
Bk, HIE 1b AJ %1, ARPE-19 4HA7TE 25
FHE i N AT, F PR B I 15% B, ARPE-
19 HHHOAFIS b e, 22 ZPRWIRE U i /b, SBAE AN
SE4E, PR EFUEES, SN Z2 2 B e S R+
Bl . HIE 1c A%, ARPE-19 4UR1FEIE
RAEMIAFC ZHEEISIN /N T 15% BIVE R PE Wi T =,
HERT 15% M7 FE NIZ AR, 3 & ik A 08 &
HEATREXT W e R 2 W ks e R AE s AR T
i, FEANMAFE RIS, F, B L 1:3~
1:5, ZZEWIRE RN 10%~20%. MAC2 ZBEEshn i
10%~20% 0B Z&A4-HEA 7 o ARG

x 100 = (3)
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Fig.1 Single-factor experiment on the preparation of Lonicera
edulis composite powder

TE: a BHRCE; b, 22 ZFBIRT IR o AL B .

2.2 M@z EEE LCP B
SR e LCP s EBE J7, ¥ ARPE-19 4 Jifd i 4+
15 R AR N FEBR, 110 Design-Expert 8.0.6 511
Wi TR ARG, 17 ZHIsUEs R 2.
2.2.1 EIEBIAY G ST K J7 225087 i id Box-
Behnken ¥ 11, #4700 N AR, %] LCP #FTHEC T 19
. FHRIELE R T BT LE, 15241 5
BHE L (A) . Z 2RI IR (B)  Mifd 2 g in i
(C) 14 =1 U3 455 7Y J7 B - 40 HE A7 16 3R (%) =125.68+
5.46A+5.06B+2.28C—1.52AB—11.17AC+8.30BC—
30.97A2-29.30B>-28.97C2,
b TR BT 5 R AY (81U 43 A S 3 T A SR O
2% 3, [EEAEIR P<0.01, L4UI0 P {H 0.0702>0.05, B
HHAW B EZES, FHE TR EES . RRKBLER
SRR ARG R, n FZ AR AR LCP Bl
Jriftr il
2.2.2  mE N RS AT A Ak

(=]

VAT A ES S N
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Table 2 Response surface analysis test scheme and test results

ST AMRIC BAFMHENR Chizmmsma T
1 -1 -1 0 52.14
2 1 -1 0 69.32
3 -1 1 0 64.53
4 1 1 0 75.62
5 -1 0 -1 49.84
6 1 0 -1 79.90
7 -1 0 1 73.91
8 1 0 1 59.27
9 0 -1 -1 66.56
10 0 1 -1 60.86
11 0 -1 1 57.34
12 0 1 1 84.84
13 0 0 0 126.10
14 0 0 0 126.04
15 0 0 0 127.80
16 0 0 0 124.71
17 0 0 0 123.73

% 3 Box-Behnken {80 e it K [/ 534745
Table 3 Box-Behnken experiment design and regression
analysis results

FZORE PP ARE B FiH Pl WEME
FY 13772.48 9 1530.28 225.86  <0.0001 o
A 238.69 1 238.69 3523  0.0006 o
B 204.94 1 20494 3025  0.0009 ok
C 41.41 1 41.41 6.11  0.0427 *
AB 9.28 1 9.28 137 02801
AC 499.26 1 49926  73.69  <0.0001 o
BC 275.55 1 27555  40.67  0.0004 o
A? 4039.11 1 4039.11 596.16 <0.0001 o
B’ 3614.68 1 3614.68 533.51 <0.0001 o
c 3534.86 1 3534.86 521.73 <0.0001 o
% 47.43 7 6.78
JAUIR 3791 3 12.64 531 0.0702
gl 9.52 4 2.38

BBZ 1381991 16

e *FORZE T B (P<0.05); *+FR ZFM B % (P<0.01)

B 2, =i ] UG R ZRIAHE G R, IF
JBIR T B E MRS E. HAoRhg Eh(A) S5y
ACEZHEAINEL(C) . 22 ZPRING S it (B) SHufc bk
BINEL(C) PP K 232 2[RI 38 BAEHH .35 (P<0.01), 45
B EIESMTZE AT, 25 P 2R RI5E B AR FH X A IA 715G 5
FUSZNAFEE . AC>BC>AB, B L. 22 ZERTkS %
i | FOAD Z2 RS I = DR 3R X A AT TS R A5
M Ay AR B (A >Z2 ZERIPRS i (B) > Mt =
BRI (C) o

2.2.3 Box-Behnken [HIJTFRISGE  HR A5 o] =450 750
BT, 15458 T LCP WIRAERC T T. 25800 B
Lt 1:4.08(g/mL), & ZEWIRG AN 15.44%, Mifc £
HEE IR 15.19%, 40 A7 IE R TIE N 126.16%.
R B SEBR A S B AR R SRR R L
1:4(g/mL), ZZFWIRE I 15%, fafd ZPEs N &

P2 = DR D T 2 B A4 e 2 4

Fig.2 Three-factors response surface analysis and contour map
TE = a BRI LE -2 20K U8 45 b oRHI L - AL 2 RS i &
c A PR BRI MRS 2N A

15%, AT = UCPATISARES . FEILZRA T 4ty
TR 126.65%+0.81%, 12237 TR, M 57 1 A £k
LCP By HA A ATk,
2.3 LCP MfREIEFR

By A PR BEFE AR SR VEAL ™ o 0T B Y B SR T
Bl SRR T A XA S, TR R TR AR L AR T RPA
TR, S E RN v DA S ey R R e, —
PRI AN, sl by, [RIat oy aetstidr,
2 SERIN] &3 o= W o) | [N (7 e T VAed G RPN =
FECHFNLEEY . K E IR IE A RHEBUIRAS T
BN ARG BT L, T DA R Rl 4 e, MERESR
PRESIR LR 4, LCP MR IEF R 35.57°, #Efast [a]l >k
31.04 s, TEW T B LA E] 97.49%, #3775 H
24 0.53 g/mL. IRIEMA/NT 40°, ULHEH M ) B R 4T
ML TE, LCP UKL /N . ¥495), B 810 43 HierE
R e, X S5V SCEAERY It o AR TR
HEPEREAAVT . IEAE, LCP 17Ky Sl 2.98%, 54
GB/T 29602-2013 CEL i & 4= [ ZARME OB ) Hh i R
SERRE, ANE T 7.0%; LCP M5 3 d J5IoiH
DIFHILR, A tesE .
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Table 4 Powder performance indicator results of Lonicera edulis composite powder

FEA fRikf0C°) S (s) VT (%) KA w (%) 2 (g/mL)
R A 35.57+1.01 31.04+1.51 97.49+0.09 2.98+0.01 0.53+0.03
-~ JiIAIM /R = LCP —— EEER IR -~ HiIfIJR - LCP —= R

- ML ENE —e- R —e- TOKTR

DPPH- /%% (%)
3 B
L 1
oo O oo
HHRE (%)
5 2 3
1 1 1
= \\\{
o0 [

0 T T T T T
0 0.4 0.8 1.2 1.6 2.0

e (mg/mL)

-~ JLIA MR = LCP —— IR VR T
v Mifd 20 —o— M B ENE - TOKE T
(c) 100- a
80

60

B (%)
o A o o

i

40+

2

2

O

204

0 I 1 I 1 I
0 04 08 12 16 20

WS (mg/mL)

MR - MR e JOK BT

o

T T T
4 0.8 1.2 1.6 2.

HeJE (mg/mL)
-~ HUINIM R = LCP A= WEHER R T8y
¥ HIFC 2 —— IR —e- TOKET
1007

(=)
(=]
(=]
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