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M +MSE mflEa. End. B+ 3EA. O +MSE KA EHMIE +MSE s 4. X RAMEGHE MmN b8
Fedk, HAR 4 Ao IMANARRLI & 2535 2T 10 24 h 5, Bt HRZH DUSOW IR+ MSE sl A, S AHI7E DL (430 nm,
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Mechanism of moxa smoke extract on attenuating blue light induced ARPE-19
cell injury based on MAPK signaling pathway

CHEN Ru-yi, HUANG Yan, XU Wen-jing, ZHAO Xin-yu, XIA Dao-zong
School of Pharmaceutical Sciences, Zhejiang Chinese Medical University, Hangzhou 310053, China

Abstract: Objective To investigate the effect and mechanism of moxa smoke extract (MSE) on blue light-induced ARPE-19 cells
injury. Methods ARPE-19 cells were cultured in vitro, and effect of MSE at different concentrations (0.25, 0.50, 1.00, 2.00, 4.00,
5.00, 10.00, 50.00, 100.00, 150.00 pg/mL) on viability of ARPE-19 cells was detected by CCK-8 method. Control group, control +
MSE high-dose group, blue-light group, blue-light + lutein group, blue-light + MSE low-dose group and blue-light + MSE high-dose
group were set. Blank medium was added to control group and blue light group, and corresponding drug-containing medium was
added to the other four groups, after intervention for 24 h, except for control group and control + MSE high-dose group, all groups
were stimulated under blue light (430 nm, 96.1 W/m?) for 1 h. After ARPE-19 cell injury model was established, integrity of plasma

membrane was detected by lactate dehydrogenase (LDH) method; Morphological changes of cells were observed by inverted
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fluorescence microscope; Intracellular reactive oxygen species (ROS) level were detected by flow cytometry species; Kits were used
to detect intracellular oxidative stress indicators malondialdehyde (MDA), glutathione (GSH) levels and glutathione peroxidase (GSH-
Px), catalase (CAT) and superoxide dismutase (SOD) activities; Western blotting was used to detect mitogen-activated protein kinases
(MAPK) signaling pathway-related proteins expressions. Results Compared with control group, MSE (0.25—4.00 pg/mL) had no
significant effect on viability of ARPE-19 cells. Compared with blue light group, MSE significantly reduced LDH activity in culture
supernatant (P < 0.01), alleviated the damage of plasma membrane and cell morphological changes, regulated key proteins expressions
of MAPK signaling pathway such as Ras, phosphorylated c-Raf (p-c-Raf), phosphorylated extracellular regulated protein kinase 1/2
(p-Erk1/2), phosphorylated mitogen-activated extracellular signal-regulated kinase 1/2 (p-MEK1/2) and p-p38 MAPK (P <0.05, 0.01),
regulated intracellular SOD, CAT, GSH-Px activities and GSH, MDA, ROS levels (P < 0.05, 0.01), and improved the oxidative stress
response of ARPE-19 cells. Conclusion MSE may protect ARPE-19 cells from blue light-induced oxidative stress injury by
regulating the expression of ROS-mediated MAPK signaling pathway-related proteins.
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P o AR 55 £ A AiE (visual display terminal

symptom, VDTS) & —Fifil A GEFHL. ~FH 1 M
Wb AT TAESCE I, A B E 1.1 468
@?H}JEE O R IR S BRIRT . A ISOR A 2 R A0 ARPE-19 40 B ™ M 2 58 BR A= RH A BR
EEEIR AR S S RN, BT R, A& i 7E YNEIP
RIS RERS, EMEKMMIEEER 1.2 259

% (retinal pigment epithelial, RPE) 4l =4 K
EiEMES (reactive oxygen species, ROS), FEE
5T 55T DA SR R 1) A8 A 403 473 AR I S 248 L T 2
IR R4, IR, T [ SO0 A el P s 1 M %
(corona virus disease 2019, COVID-19) 479 IR
AR, X B BT BT Ee7 15 &% 1Al
FH IS SR G TS, e b 7 Sk P AR50 £ e i R0 i £
fift e o AR VR ALRT WIWE FE R, SR E ) (moxa
smoke extract, MSE) H ) = Bl 73 2Ky (3.01%)
3R HEE (2.77%) FIGEEE (2.18%) Z5/Ny1
&Y, BABGF A MR R, 2T, H AT
XFT MSE GRS A Z F 5 (adult retinal
pigment epithelium-19, ARPE-19) 44547 (1) i 1%
ML A B o

22 24 JF 35 AL N (mitogen-activated protein
kinases, MAPK) &4l Py BBE IRl 01 22—, BB
Z AL FHN IR AL, RV T 2 P A A B
R USRI TR I, MAPK {5 518 M8 0 i #1 i
HEAE. AN R-18 DAS & R B e ) B S5 A
A ASM RPE A ffinds, i 04| p38 MAPK (]
FIENT RPE 40 A ORI E U AHIF 5 i85 il
# 56T ARPE-19 4Hafi (1A, LA MAPK 5
TR E ROS 5, 1] ARPE-19 40/ AL N
AR NI S, B85 MSE & 15 1l 1@ i 4% ARPE-
19 4 A 1) S8 A IE S, 3D AR R AR T, A

NHE (65 20190415) 1 B HVLE— LAY
ARAF; HEE (S F10110M92153) 1 H Fifg
U AEY R A IR AT .

1.3 K5

CCK-8 & (iS5 710115000 14 H A & L4
BHEAR A7) FLEE MRS (lactate dehydrogenase,
LDH). % (malondialdehyde, MDA). Z+t H
ik Cglutathione, GSH). 2Bt H kit &AL ¥
( glutathione peroxidase, GSH-Px). i % 1k &
(catalase, CAT). #EH ALY EAEGE (superoxide
dismutase, SOD) il i 75 &% 5 5 5 & A L
FERFE ST, #5435 20201119, 20200815
20200819, 20200820, 20200822, 20200820; ROS
R & (H5 061521210723) T [ 38 = KA
HAAMWRAHF; BCA HaEEA& (#S
030321210621 M4 H L3R = RAEVITARA R~
A ; Ras Hiik . c-Raf Pk . BB 1L c-Raf
(phosphorylated c-Raf, p-c-Raf) HiifA. 4 A
R P 1/2 (extracellular regulated protein kinase
1/2, Erkl1/2) $ifk. #lg1k Erk1/2 (phosphorylated
Erk1/2, p-Erk1/2) $ifk. 22 FEALHI4IBEAME 5
WIS 1/2 (mitogen-activated extracellular signal-
regulated kinase 1/2, MEK1/2) 54 | iR 1t MEK1/2
(phosphorylated MEK1/2, p-MEK1/2) $ifk. p38
MAPK Hifhk. BEER{L p38 MAPK (phosphorylated
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p38 MAPK, p-p38 MAPK). T i -3-f & fi 0k
(  glyceraldehyde-3-phosphate  dehydrogenase
GAPDH) ikl H3EE CST A, #t5 451K 5.
1. 10, 28, 24, 2. 18. 9. 13. 8; IEhriciil
FPih 1gG Pk (5 C70428-05) P Hekric il
FP/NR 1gG Pk (iS5 C70124-05) I H 3£ H LI-
COR A+,

1.4 Y5

RE52CS-1 Aljiefe 7% ki (LR A AR
J7)s SHB-IIZLEH K L2 FR R T
FRAFD; W201B B ERKG (g kAR
I ARA R/ T BSA224S-CW B HL 7K (ff [
Sartorius A #]); HIFE . CO» ¥ 7248 (3£ [E Thermo
Fisher Scientific A ] ); 5427R T i A1 B0 HL
(f#[F Eppendorf 24 #]); PL-LED100F ¢ (Jb 5T
WHREMBH AR AFD; H U GRYIZR L
BRI AR AT ); Synergy HIMFD Y 2 DhRERE bR
1 (3 [H BioTek /A 7] ); Mini-PROTEAN Tetra System
e B LYKk FE . PowerPacTM HC B & HEm HLYE (ZEE
Bio-Rad A #]); Odyssey CLx XU 21 4O %
A4 (3£[H LI-COR A7]); ECLIPSE Ti-S {5 & %¢
JEEEE (HZ Nikon A7]); CytoFLEX it XU4H il
i (ZE[E Beckman Coulter A &) ).

2 7k
2.1 MSE RU#I&

FREX 200 g 3CAE T E il B 25 B g KRk,
TEMR WSO H I N E 8 TE 7K CREE 0 55 WS 71
SR PO L S A B A R PR KR A ) A
(A BE I R, A8 SO BRI Ak 78 7 IR . A 3L
SR S SR 3ak 0E  ek FE Z8 0 B B TE IR A i, 1531
MSEWN], FrEFiE, HI/KOERBER 35 mg/mL
“H.

2.2 ARPE-19 At s fnibig

ARPE-19 40 LA 10%A5 41L& A1 100 U/mL
5 R/ R RPMI 1640 B 973, T 37 C. 5%
CO, = fah i 9%, Fraifumh & 2 70%~80%H H
JERTEH AL USCEE AN B, T 4N 255 B A 2 X 105 A/mL,
BIAR/MLE R, 12 h 5, $Z RPN 0 AR EE: X HEZH AN
W 2H B o e 1 PR R 5% s 0PI+ MSE =i
AEJ6+MSE &7l &4, M 2 pg/mL MSE
B FRFLREF%; W56 +MSE 5= 4L, ¥ 5 1 pg/mL
MSE 3G 7R HE85 9%, B+ M RABmMAE 30
umol/L M#5 UK FRIERF% . Z4WTILRY 24 h

G, AMRPE Park U VEMAE SRS
ARPE-19 A : I\ CO, 157756 HL H 41 i
WA =W, MAERE PBS #h e el S 8K 2%
Ko AR R AT B 4+ MSE E7f 41 E T
Y HCE, Ko E FAmA LED #H6H
(430nm, 96.1 W/m?) MIE_EJ7¥51 6 1h, HifS
WkiA S ARPE-19 41 fudin iy,
2.3 CCKS ®¥M4minFER

HCAR -5 B4 K17 ARPE-19 41, %540 i
RN 5X 1044 /mL, LAREFL 100 pL 5T 96 fL
W, BT 5%C0y. 37 CHIFEFEIR 12h. &
B AU SRS ZG4 Cr i MSE £ 2857
EIKE N 0.25. 0.50+ 1.00. 2.00- 4.00. 5.00. 10.00+
50.00~ 100.00. 150.00 ug/mL), W¥ & 24 h J5 /N0
EBFRI, IMNTRER CCK8 AR (4 100 pL Hr
fEFERE RS FR 410 uL CCKS), 37 CEBNIFE 45
min, K 2 DI REBEAR AN E 450 nm A& RO RE(A)D
B, THEAEMAAERE, DA G 2 1Y o SR T
VBN Jia SR S0 FH R B Y L

AT R = (Amse— A «e)/(A s — A %)
2.4 LDH EMRINE

B A %6 B K I ARPE-19 40 i, 3256 96
LB, %8 “2.27 TURNEAT 1 KA,
WO B R, F2 ) & e B P RS I A B b v
LDH 75 1%
2.5 MSE 5 5¢iE S A9 ARPE-19 AR 2589520

B T Bk K1) ARPE-19 400, #/hT 6
cm JU R IR A, $508 “2.27 TN kAT /40 %
PSS, ANOIRGERS TR, FH PBS 2B BE 1 i,
I 2 mL PBS ZEitil)a, TEE %6 BRs: 0
S HMPARE, IFHIdR.
2.6 RAHEAFEERALEMIENE ARPE-19
ZHAE ROS 7KF

B %6 BE KA ARPE-19 400, #5701 6
cm AR FRIL A, $508 “2.27 TR 7yt 0 41 %
PSS, ANOIRGERS TR, FH PBS 2B BE 1 i,
FEFLII 1 mL F] RPMI 1640 3% 75 R R B i 20K
5 20 pmol/L ) DCFH-DA %t H i, T 37 C.
5% COy B3 3: 465595 60 min, /NOWE DCFH-DA %%
SR, F PBS i b 3 i, DAFRAr R
BENAE A ) DCFH-DA %eRER, TR %R
s T MEE &40 ARPE-19 4iiffith ROS ik,
Fiidsk. M5, Y4 ARPE-19 40, HnA 0.4
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mL PBS M RIRS] . UKIBEEYS, 30 min TEG
SR ARA AT ZH B H ROS 7K
2.7 ARPE-19 #Affisf MDA. GSH 7k X GSH-
Px. CAT. SOD ;&M

HUAL T % B4 K A ARPE-19 40, #5501
10 cm AU BT FRILAp, 4208 “2.2” TR & T 70
H AP 5, UEEZNA. ARPE-19 4if0vk F213K )5
TR tEASE. K BCA 5% %4040
AR TEACE. ME, BN
YE, SOD ¥HM:A# F WST-1 #4631, CAT. GSH-Px
PR AT OGRS, GSH /K F T il b ik
K, MDA 7Kl 5E A AR AR B2 b 2 iR
2.8 Western blotting #& MAPK {5 S @KL E
HIFRIK

HUAL T %6t $ 4= K B ARPE-19 4 i, #EF0T
10 cm A 7RI, $208 “2.27 TUR 5 ikidEAT4)
H A, USRI . AR ELAR R R A B
K BCA VEHTEAER, MAEE FFEZMTR
J&, 100 CHEIRE RN 10 min, 15 FE EHE .
AR e SEBR RN - SR A M ok e g e FL Yk
2% PVDF i, T 5%Mila4-9yd =iREH 1h, 7
A Ras. c-Raf. p-c-Raf. Erk1/2. p-Erkl/2.
MEK1/2. p-MEK1/2. p38 1 p-p38 $if4 (1 : 1000),
4 CUKFMNER LW E IR, LL GAPDH (1 : 5000)
ENWNZ, 3 IR TBST SMbeiise, AN HHR
1EH =Ht(1 1 10000), ZFEEHFE 2h; 3 X TBST
Vel A, H Odyssey CLx XUELZLAMNEOG MG R4 0
%, Tmage J 0043 W 2%y K FEAHL
29 SItFESH

BB %>k Graphpad Prism 8.0 3 F3E4T
Gt HIMERFR, G RREUX s ER, £
A IA] LU IR F R DR 3R T 22 53 i
3 #R
3.1 MSE %t ARPE-19 #ff775E RSN

AR R R FE ) MSE Ab# ARPE-19 41 24 h,
WE 1 s, 0.25~4.00 pg/mL JFi B4 E K MSE %f
M T3 E RE W, 3 MSE 7E 0.25~4.00
pg/mL % ARPE-19 40 o4f i 8% 24 MSE Jii &
W 4.00 pg/mL B, 4H3E IS N E (P<
0.05. 0.01), PiI#ET 4.00 ug/mL I EIREAE
VERSEIRIREE, A T IRFFAN AL T SR RS 7T,
AR JE 825286 MSE ik, B E A5 R ERN 1.
2 pg/mL,

1207
100
80+ fidid i
60

40+

HNLAFE /%

#H#

YHE 0.25 0.50 1.00 2.00 4.00 5.00 10.00 50.00 100.00 150.00
MSE/(ug-mL™)
x4 L. #P<0.05 #P<<0.01
#P<0.05 *P<0.01 vs control group

1 MSE X} ARPE-19 #Hfa7FERMFM (X+5,n=3)
Fig. 1 Effect of MSE on survival rate of ARPE-19 cells

(Xxs,n=3)

3.2 MSE X ERiES ARPE-19 ARG
FEWG (430 nm, 96.1 W/m?) ROt ARPE-19
M 1h, WK 2 Fror, &iTE R MSE XX R
Y -0 S22 R T W e A S W R LDH 3%
PERZE TR (P<0.01); 457 30 pmol/L MR )G
LDH #HMHEZE % (P<0.01); 47 MSE &, b
JEW ) LDH 34 B3 R (P<<0.01), HE5F&
AN . R LA S ARPE-19 40 M 4515 A7 il
DEar, MSE #5615 S ARPE-19 4056
SEMGRTER, HEFEMM,
3.3 MSE XiE5¢iES ARPE-19 A ASF8E M0
WK 3 fros, SE4H ARPE-19 i 7] 2.4 B
SRR ZER:, SXIRAAMEL, %R 4-MSE & &
4007
350
300
2504
2004
1504
1004

504
0-

LDH/(U-mg prot ")

A B C D E F
AMIRAL B-WIE4MSE @4l C-iDb4l D-E+MEK
# E-WJ6+MSE FEA F-UHJS+MSE @A ShiHa
LA #P<0.01; SEDLANR: "P<0.05 "P<0.01, FEIF
A-control group B-control + MSE high-dose group C-blue light

group D-blue light + lutein group E-blue light + MSE low-dose
group F-blue light + MSE high-dose group *P < 0.01 vs control
group; “P<0.05 *"P<0.01 vs blue light group, same as below figures

2 MSE MIEXRER ARPE-19 4f &%+ LDH 5&
HEIRME (X+s,n=3)

Fig. 2 Effect of MSE on LDH activity in supernatant of
ARPE-19 cells after blue light exposure (X £ s, n =3)
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3 MSE MIENFES ARPE-19 AL ZSHISN (X 200)
Fig.3 Effect of MSE on morphology of ARPE-19 cells induced by blue light exposure (x 200)

HI T EDA, POIREREW R, M4k ARPE- X%} ARPE-19 402N ROS /K F-#EATHI, 4nl&l 4 Fr
19 A A ) WXREEFE A W O, dEMIEERS K, B 7R, XTHR+MSE SfIE4H ROS HG/KFHU6 IR
BUE, UG RRGX T ARPE-19 4iffiig . AR EREIK (P<0.01), $H] MSE AMUE X 3245 41
T, SECAMEL, BEES THHEERUN MSE i, XFIEW ARPE-19 400758 HA — 2 KR EH;
IRFERIRR, OB B RORERAR BIRY, e+ mEeAHEST 4L ROS KB B (P<0.0D),
MSE il EAFE AR . R MSE fEw 5 HEEE MSE IREEBIN, 40004 ROS /K1

FUEE LTS N X ARPE-19 40P . FRK (P<0.01); fE48 THERTRY 240 5,
3.4 MSE fi5HiFS ARPE-19 40 ROS 7KEH)  ARPE-19 4Hffi+ ROS #WOL/KFEEFEREA (P<
A0 0.01). BIEZNEME TSR (K5 5Lk
KRR gfui, L DCFH-DA 1E A7 C#RE  HR—3.
A B q
300 | B ] 300° I.)
] 200 ’}h ; A
] My , m ' i c
M 100 i ] L
100 1 | [| ] [oh 100 [
] F‘f }iuk Jf‘ VL‘ ] ‘n
(Y S 1 0. . . P I S N
102 10° 10* 10° 106 107 102 10 10* 105 106 107 102 10° 10 1\05 106 107
] ] E ‘ F
2 200 2001 | 20 i
S 1 1 | N
! A Pope = ‘51 \
"’ I 100 | hf 2 3 N
100 7R ‘ ¢ 3 ok
oo ElseNNgs
1 /} m"'.“ | { '\\' } = 9 § N § § § &
04 wﬁ I : 07 “\ LA - A B C D E F
102 103 10* 105 106 107 102 10 10* 105 106 107

WA (FITC)

4 FRALMBEARIN MSE X IENIHFS ARPE-19 ZRHH ROS /KFHIEN (X +s,n=3)
Fig. 4 Effect of MSE on ROS level in ARPE-19 cells induced by blue light was measured by flow cytometry (X £ s, n =3)

A B C D E

E5 BIERLBMEFEEARN MSE 5TIE£1FS ARPE-19 40 ROS /KFAIFM (X200)
Fig. 5 Effect of MSE on ROS level in ARPE-19 cells induced by blue light was observed by inverted fluorescence microscope
(% 200)
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3.5 MSE 35555 ARPE-19 #ifl MDA. GSH
KK GSH-Px. CAT. SOD &EM4HIZ N

Wk 6 A, S5XTI8AMLEL, X -+MSE &7
#21 MDA, GSH /K*¥ % GSH-Px. CAT. SOD &%
RIS AR BB ANIEN MDA K8 TR
(P<<0.01), GSH /K°F-Al GSH-Px. CAT. SOD Ji%
AR BEE 1  25 R % (P<<0.01); SWGLHAHEL, MSE
HANHIN GSH /K P SOD. CAT. GSH-Px i 141

Tg() § . gw
g § N = 30
e N * N§
: NENNEEE
52‘ \Q\\ Z 10

BETHE (P<0.05. 0.01), MDA /KTF-RERFK (P<
0.01), REFIEFHRME; HTHERG, SRR
AR
3.6 MSE Xi5i5S ARPE-19 ifish MAPK &
BIEXERRIENFN

WK 7 Fios, S5xIRAAHEL, 5 4+-MSE &7
AN MAPK 18 B8 AH G F RIA FF 0 W35 2 %
M4 W67 351 ARPE-19 4041 /#) Ras. p-Raf.

CAT/(U-mg prot ")

SOD/(U-mg prot ")

E 6 MSE s155i%FS ARPE-19 4R+ MDA. GSH 7KFEX CAT. GSH-Px. SOD jEMMFIN (X+s,n=3)
Fig. 6 Effect of MSE on levels of MDA, GSH and activities of GSH-Px, CAT and SOD in ARPE-19 cells induced by blue light

(Xts,n=3)

p-Raf| 0 0 8 |74 10* p-MEK1/2] == = v & & = |4.5X 10

Ras | == = [2.1x 104

RS 51 e[ ] 510

GAPDH | Sy v s |3.6% 10° GAPDH | () PGP 6 % 10* GAPDH | D PO REPEP 3 6 < 10!

Ras &
AEXS AL
p-Raf/Raf A
FHXS RIS B

rre— —4.4X10*
p-Erkl2 [ < 4% 10¢

4.4X10%
Erkl/ | e s | , > 5 | ¢

p-Erk1/2/Erk1/2
A RIE R

oo n

p-MEK1/2/MEK1/2
AN RIE R
SO~ = NN

p-p38| W SR - - - |43 10}

P38 | e | 04

GAPDH | S g ge s |3.6 X 10*

p-p38/p38 EH
MK Rk R

7 MSE EXES ARPE-19 #ifE MAPK ESBEEXEOREFNI (Xts,n=3)
Fig. 7 Effect of MSE on MAPK signaling pathway related proteins expressions in ARPE-19 cells induced by blue light (X + s,

n=3)
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p-MEK1/2. p-Erk1/2. p-p38 & HFKIE/K T BE T
= (P<0.01); MR AERE K41 Ras. p-Raf.
p-MEK1/2. p-Erk1/2. p-p38 HHRIEKT (P<
0.01); MSE 40 LIRS (R IE K1 835 B
(P<<0.05. 0.01), FHZEFIEAHNE

4 g

AR FT AR S R AERAPGAE T MSE 5%
SR R B A B AR RE . D T I B MSE
985615 S ARPE-19 4H 35 4 1 F B0 2 AR B L,
M X 0% ARPE-19 4 i N S84k B2 38 s o7 DL K.
MAPK {5 518 B AH OB 380 2 J5 T2 ma AT HR
o 1985 4F, “SHALNEL” M REAIEJEA Y Al
PR 1 AN e, A 2 S ARk
A AR DL PR S R A L &
W HIARTERIE T X Fh-PA 2 RIS E TR 71, BIAEY)
A (1) SRS E 2 o R TR B N A H A A o e v 1) 26
gz — 1, w1 AR DR RS e IR AR 2
75 S0 A R = A 3 ) ROSH4151, HJF 5TAIE R,
400~500 nm K (1) WL AT 15 F RPE 4=l &
) ROSIS, JE&E [ ROS 541 P | i e o7 77 AE
MDA, 3 T s 40 8 5 2 1 R sh vk, 51 S 4 i
JEAR 0T, [, 1B ROS £ S8 ki fAThRER
IR, MO FRAE AR REE A N B (LFE LDHD (1)
RKEREN, 115 AT A EEAHLL, LDH 7EiX —id 2
HRE I B 208, PRk, AT EE AT LDH i
PEUEI T WL R EEREH S ARPE-19 41 (i
AL @R B IR S AT S ARPE-19 41 745 22 0
8, DN T IR ARPE-19 4HffiE sk T
Pafh, ALGHM A 0 ROIRE R 25, AH PRIl FE R K
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