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AL O (p-p38 MAPK) R [ % 06 58 B AR 3K K - BN RPE 41 it , K 43 o % BR 41 . — 3L 7 X
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WEAL, 25 5+ 3940 B i 2F 38 (34 P<0.05) o = W4 im0 4 + BT 250 15 A 40 A 0 hr 4k JSE vl 7 7K 7 B S8 41K T % R 4L A
DMSO 21, = 4 + ] 20 1% 20 48t 40 4 4% 5 el 457 7K - B S8 o8 T e i A, 22 S 1A SRt 2 i L (35 P<0.05) . 5%
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[ Abstract] Objective To investigate the inhibitory effect of ferulic acid on the retina of diabetic mice and
high glucose-induced human retinal pigment epithelium ( RPE) cell injury and the mechanism. Methods Thirty
8-week-old SPF male type 2 diabetic db/db mice were selected and divided into a model group and a ferulic acid
group by the random number table method,with 15 mice in each group. Another 15 db/m mice of the same age were
selected as a control group. The model and control groups received normal saline (5 ml/kg) by gavage daily,and the
ferulic acid group received ferulic acid solution (0.05 g/kg) by gavage daily. After two months of treatment,the mice
were sacrificed and the eyeballs were removed. The morphological changes of mouse retinal tissues were observed by
hematoxylin-eosin staining. The fluorescence intensity and expression levels of mitochondrial calcium uniporter
(MCU) , p38 mitogen-activated protein kinase ( p38 MAPK) and phosphorylated p38 MAPK ( p-p38 MAPK) in
mouse retinal tissues were detected by immunofluorescence staining and Western blot. Human RPE cells were divided
into control group,dimethyl sulfoxide ( DMSO) group, high glucose group and high glucose+ferulic acid group. The
control group received no treatment, and the other cell groups were cultured with the corresponding reagents for 24
hours. The reactive oxygen ( ROS) level of RPE cells in each group was detected with the ROS detection kit. The
mitochondrial membrane potential level of RPE cells was detected with the a mitochondrial membrane potential
detection kit (JC-1). The MCU and microfilament fluorescence intensity of RPE cells were detected with the a
microfilament green fluorescent probe. To explore the regulatory relationship between MCU, p38 MAPK and p-p38
MAPK ,the MCU protein level was silenced and overexpressed by lentivirus transfection technology. The fluorescence
intensity and expression levels of MCU, p38 MAPK and p-p38 MAPK proteins in RPE cells were detected by
immunofluorescence staining and Western blot. The use and feeding of experimental animals followed the 3R principle
and the Statement of the Association for Research in Vision and Ophthalmology on the Use of Animals in
Ophthalmology and Vision Research. This study protocol was approved by the Ethics Committee of Ningxia Eye
Hospital , People’s Hospital of Ningxia Hui Autonomous Region ( No.2019085). Results The intercellular space
of the outer nuclear layer, inner nuclear layer and ganglion cell layer of the retinal tissue in the model group was
increased and the cell arrangement was disordered compared with the control group,and the retinal tissue in the ferulic
acid group was significantly improved. Compared with the control group, the fluorescence intensity of MCU, p-p38
MAPK and MCU+p-p38 MAPK protein of mouse retinal tissue in model group and ferulic acid group was significantly
increased (all at P<0.05). Compared with the model group, the fluorescence intensity of MCU, p-p38 MAPK and
MCU+p-p38 MAPK protein of mice retinal tissue in ferulic acid group was significantly decreased (all at P<0.05).
Compared with the control group, the relative expression levels of MCU, p38 MAPK and p-p38 MAPK proteins of
mouse retinal tissue in model group were significantly increased (all at P<0.05). Compared with the model group, the
relative expression levels of MCU,p38 MAPK and p-p38 MAPK proteins of mice retinal tissue in ferulic acid group
were significantly decreased (all at P<0.05). The ROS fluorescence intensities in the control group, DMSO group,
high glucose group and high glucose+ferulic acid group were 0.22+0.02,0.22+0.03,0.30+0. 02 and 0.24+0. 02,
respectively,and the overall difference was statistically significant ( F = 7.845, P<0.01). The ROS fluorescence
intensity was significantly higher in the high glucose group than in the control and DMSO groups, and it was

significantly lower in the high glucose +ferulic acid group than in the high glucose group (all at P<0.05). The
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mitochondrial membrane potential was significantly lower in high glucose group and high glucose+ferulic acid group
than in control and DMSO groups, and significantly higher in high glucose +ferulic acid group than in high glucose
group (all at P<0.05). Compared with the control group and DMSO group, the fluorescence intensity of MCU was
higher in the high glucose group, accompanied by the decrease and thinning of cell microfilaments, and the
fluorescence intensity of MCU protein was significantly decreased in high glucose+ferulic acid group, with the number
of microfilaments increased significantly. Compared with the control group and DMSO group, the fluorescence intensity
and relative expressions of MCU, p38 MAPK and p-p38 MAPK proteins were significantly increased in the high
glucose group (all at P<0.05). Compared with the high glucose group, the fluorescence intensity and relative
expressions of MCU,p38 MAPK and p-p38 MAPK proteins were significantly decreased in the high glucose+ferulic
acid group (all at P<0.05). Compared with the control group and the empty vector group,the relative expressions of
MCU,p38 MAPK and p-p38 MAPK proteins were significantly increased in the MCU overexpression group and
significantly decreased in the MCU shRNA group and the MCU overexpression+ferulic acid group (all at P<0.05).
Compared with MCU overexpression group, the relative expressions of MCU, p38 MAPK and p-p38 MAPK proteins
were significantly decreased in MCU shRNA group and MCU overexpression+ferulic acid group, and the differences
were statistically significant (all at P<0.05). Conclusions  Ferulic acid can regulate oxidative stress and
mitochondrial dysfunction,thereby ameliorating retinal damage and high glucose-induced RPE cell injury in diabetic
mice,which may play a protective role through MCU and p38MAPK signaling pathways.

[Key words] Ferulic acid; Diabetes mellitus; Retina; Retinal pigment epithelial cell; Mitochondrial
calcium uniporter; Oxidative stress; Mitochondrial dysfunction

Fund program: The Ningxia Hui Autonomous Region Key R&D Plan Project (2021BEG03110)

DOI.10. 3760/ cma. j. cn115989-20231114-00173

Yl PR 9 A ) 59 4% (diabetic retinopathy, DR) & —

1 #E5%;
ol R A PR 51 A Y Bl O I ﬁi%ﬁi@lﬁi@kﬁ WS aE

- 707 -

B FEEFEHRZ —, EEEEEWIERAEE" . D

9 A AR, AR L SRR A R LR JCIETQE@I
S Z PR AR R P AT, o v B S 0 2R
P T B MR @ R b B (retinal  pigment
epithelium ,RPE ) 41 g 484 {3 ) = 8 R R 2 — 274 L 34
KRB X DR AR HLE AT 72 0058 5 DR /Y
I R IR RICRAT A S N, I, R R AG 7 DR BT
2 BB S, PR 2 0 2 T 2 1 R AR 25 W)
oy BAYLR PUAAL PUE TR . TS A B B
B v] LA L FE AR pS3.B Mk L 40 2 Gk X
( B-cell lymphoma-2-associated X protein, Bax ) £ 3K &% fift
A SRR E R A B A R
21308 5 gl Wy S 6 R R b S 56 e B BT L IR T ek A
p53 . Bax Bel-2 %@iﬂj,yﬂi%%ﬂﬁiﬁ@% RPE 4 i )4 7=,
diest db/db /N BURLIBEAG A5 1 . fE DR i J of | 2k
ﬁinJAb%ﬁLﬁﬁ%%f/ﬁﬁﬁ,/\EF’%*Z*JPF%RMJHFF
S SR 5 SO R B 5 B 2. Yuan
WEFE R B, 2R M55 8 1 54 ] % 12 25 11 ( mitochondrial
calcium uniporter, MCU ) 5 M JR 955 3 K IE B K 4 F =,
T MCU 235 AT 52 25 ok 38 W O ' i o AR WF 5 A 2
KL G AR A 5 2S00 11, 45 o] B 0 12 3 2ok 81 5 5 £
A OCHE 2 il = W15 RPE 20 i 52 03 14 70 7 B o

L1 b

L1.1 SEmah¥) iMook 5 i SPF bk 8 &
i 2 RUHE PR 9% db/db /MR 30 H KRB 32 ~36 g, fifE
PE 8 JA# IEH db/m /N 15 H KT 16~ 18 g[ V4T
UES : SCXK (75 ) 2021-0013 ], ¥y B M R SCHT 58 5
WA R A R IR S 8 AR T R R R AR S 5
Yoboe 64T o SEYG S WA AR R G 3R U A
o G IRBHIEFE 322 CARVO) 52 T sh W I T IR B AL g
WFFE I B, A B 58 22 7 B Il i A iR XN IR BE Be (7
SLRB R e ) 18 B 2 B3 23 it (H1E3C5:2019085) . A
RPE 2 s Wy & [ BE 2 Be 240 3 /1 4 M P28, &
10% & 4= 1M 35 ( fetal bovine serum, FBS) F1 1% XX 3¢
DMEM ¥ 573, £ 37 °C \5% CO, 4 F %t A RPE 4
M AT IR, B 2~ 3 RAGAL 1T IR

112 F3lh S AUa BIBLIR 27,7 - M9t R
W& T (27,7 -dichlorofluorescin diacetate, DCFH-DA )
FOLIREE (K Sigma 23 w]) ; DMEM #5 5% 5k [ FBS |75
BE HE R R W (£ E Gibeo 24 F]) ;5 /N BB R
MCU $i44 (s¢-515930) ( 3£ [H Santa Cruz A 6] ) ; L T
% p38 22 2L R % Ak B 1 I B ( mitogen-activated protein
kinase , MAPK) $T 1A ( 14064-1-AP) . & W & B-Il3h
H H (B-actin) PL K (20536-1-AP) (#7L Proteintech 23



. 708 - AR SIS IR B A% AR 2024 4F 8 H S 42 %5 8 ] Chin J Exp Ophthalmol , August 2024, Vol. 42, No. 8

") R 2 v BE B R AL p38 22 RS 1k & e
( phosphorylated p38 mitogen-activated protein kinase, p-
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& :pcDNA3. 1(+), MCU shRNA J$%1 MCU #f ik i
R B A TAEY TRERMABRAR AR, BT
MR B R an i, 450 T 6 fLakh, AL A4y 1x
10° A~ 2, 200 Jd il A 3£ 35 70% ~ 80% ik, 43 o %t BE 41
AR MCU 33 22354 . MCU shRNA 2 #1 MCU 3
FaR+PTBLER AL, ™ b5 13 I Lipofectamine TM ™ 5 It
FUBERA 5 BEAT A0 M e g 55 G JE 6 h BT s R U, Ak 2k
B3 48 h,

1. 2. 10 Western blot % # jill

RPE 4 iy MCU. p38MAPK . p-
p38MAPK & [ £i5k W& H A

i, PBS 3k 2 UK, A 500 wl 41 s
H@%% ﬁg {&, EJ] 1IN fié ﬁﬁ—é Scm,
12 000 r/min &.0> 20 min J5 B F
W, BCA U E MBI, A R
BB 1.2. 4,

HMEZ)Z PR )2 FIR 2 YT A )2 A i ) B R HES =
WL, BT B IR 2 /)N BRORR I i 4 2R A% 2 N AR TR R 2T
20 i )2 A0 i 285 g B AR 2 B R K (B 1)
2.2 R[A b HZ /N BRI 4 21 MCU | p-p38 MAPK
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Figure 1 Morphological changes of mice retinal tissue in different treatment groups ( HE x400,
The retinal tissue of mice in the control group had no abnormal morphological
changes. In the model group, the cell gap of outer nuclear layer,inner nuclear layer and ganglion cell layer

increased and cell arrangement was disordered. In the ferulic acid group, the cell structure of outer nuclear

A ; Control group

B:Model group C:Ferulic acid group

F1 FANMRUWMEELL MCU Fn p-p38 MAPK B3 B E L& (xs)
Table 1 Comparison of fluorescence intensity of MCU and p-p38 MAPK

proteins in mouse retinal tissue among different groups (xzs)

SEH] LSD-t Koo, P<0.05 K2z 45 REA i MCU % [ p-p38 MAPK &  MCU+p-p38 MAPK % [
BAE G Xf B 15 0.12x0. 01 0. 15+0.01 0. 140. 01
R 2 15 0.29+0. 02* 0.28+0. 02" 0.32+0.02°
2 H#R o] 20 1 41 15 0.17£0. 01" 0.19+0. 01" 0.18+0. 02"
F Al 83. 481 59.030 90. 682
2.1 AN Ak FEAL /S BRI B AL Pl <0.001 <0.001 <0.001
I EF R < X BRAAL EL B, P<0. 055 5 BRI HE " P<0. 05 (LB % U7 2 40 B, LSD- o) MCU: 2ok

TANG -G AR B,

R4 B 5 10 5 32 3 1 5 p-p38 MAPK . B b p38 22 ZRSUE fL 2 (1 ¥ i

Note : Compared with control group,*P<0. 05 ;compared with model group,”P<0.05 ( One-way ANOVA

it R A/ BRI i 2 20 25 S+
AR, B R 2H /N B I 2H 41

LSD-t test)

protein kinase

MCU : mitochondrial calcium uniporter; p-p38 MAPK : phosphorylated p38 mitogen-activated
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2.3 AN[RIAEFEZH /)N BRI R R 2H 21
MCU ,p38 MAPK I p-p38 MAPK
AR E R

550 B 2H LA, 5 R 4H /) B
LI JEE 2 21 MCU , p38 MAPK I
p-p38 MAPK & [ 4577 B0l ; 5
U L B, B B R 2 MCU | p38
MAPK FI p-p38 MAPK % 9 £ 7
S s (BT 3) o A R4
BEARYZH B B IR 2H /)N BRI g 2H
41 MCU, p38 MAPK #l p-p38
MAPK £ [ A X 35 3k & SR 1
B, EZERYMASIFEL(F=
224.939 652.211,169. 435, P<
0.001) . 5 xfHRZH b, B4
N B i 4 20 MCU . p38 MAPK
Ml p-p38 MAPK £ H A X K ik

MCU

20 pm

p-p38 MAPK

MCU+p-p38 MAPK

Bl ey SR 4L

20 pm

B2 FAELEHANMRAMELLR MCU p-p38 MAPK #1 MCU+p-p38 MAPK ZH AL EHE

BE TR, PSR 4 MCU A1 p-
p38 MAPK & I Al X} 35 7t B &
Fre, 2R WHE S E (Y

) [ 35 it
P<0.05); GHOMA LB TREE

(Alexa Fluor® 594 Alexa Fluor® 488 x400, 47 K =20 wm) 5 %F B 20 H 35, B 700 21 /N GO0 00 A 21
41 MCU(Z14) Fl p-p38 MAPK (4% {2) %€ 6 5% J3E & 2 38 6t 5 Bl B2 4 MCU 1 p-p38 MAPK %5658
BB AL W] S MCU « b 1A 55 B - 9L 1) 75 32 2R 5 p-p38 MAPK . iR 1k p38 22 4 J5 i 1k

ZH /N BLA B 4 41 MCU, p38
MAPK F1 p-p38 MAPK 7% [1 #H X
Rk W FERI, 25 YA 51T

Figure 2 Fluorescence staining of MCU, p-p38 MAPK and MCU + p-p38 MAPK proteins in
mouse retinal tissue in different treatment groups ( Alexa Fluor® 594, Alexa Fluor® 488 x400, scale
bar=20 pm) Compared with the control group, the fluorescence intensity of MCU (red) and p-p38
MAPK ( green) in mouse retinal tissue of model group was significantly enhanced. The fluorescence

intensity of MCU and p-p38 MAPK in ferulic acid group was significantly decreased compared with model

FHE N (HP<0.05) (£ 2), group
2.4 Z:[ﬁ]ﬂ\}%éﬂ RPE éEH H@ ROS protein kinase
K- B A

XFHEZH (DMSO 2 | i Mt 25 A b + B 81 R 4 RPE
A ROS 5% Y6 38 i 4% 3 4 0.22+0.02,0.22+0. 03,
0.30+0. 02 1 0.24+0.02, MAK LK 2 R A G 2% &
X (F=7.845,P<0.01), H rf 5%f 4] . DMSO 4] Lt
B, EBEAL AN ROS ZOG iR W ot i, 2 R A 46
T2 (¥ P<0.05) 5 5 @A 2 LA, o bl -+ B B 1R
41400 ROS 5¢ ) i i B B FR K, Z R A H it B X
(P<0.05) ([ 4),

2.5 RFEIALHA] RPE 20 i 2ok (A B L 437 7K S L %5

Xf B (\DMSO 4 | = W 20 L 5 bl + B 81 R 40 RPE
20 L 2R A R 467 K P 43 51 D 0.32+0.03 0. 32+
0.03.0.08+0. 01 1 0.25+0. 02, f{& M5 22 5 4 45 31
27 (F=53.711,P<0.001) , H 5% B 40 . DMSO
YL ELHR , e B AL | 1 i -+ AT 258 1R 4 40 it b A s el 437 7K
VB R RS, 2 F A ST E X (¥ P<0.05) 3 55
W 2H FL A, v W + 0T 0 19 4 A i o A S i 57 /K S 1A
WIS, ZRAGITFE XL (P<0.05) (& 5),

MCU : mitochondrial calcium uniporter; p-p38 MAPK: phosphorylated p38 mitogen-activated

1 2 3 AHXS 43 ik

MCU | — - | m— 35 000

p38 MAPK

— R, — 42 000

p-p38 MAPK

— S 43000

B-actin m 42 000

B3 FEALEAMNIMMEEHAL MCU, p38 MAPK  p-p38 MAPK
BEOFRERKE A2 B 3. BB IR MCU. 2ok fk
54 T 0 615542 7B 15 p38 MAPK : p38 22 54U 1L 26 14 W0 5 p-p38
MAPK . B i AL p38 22 ¢ J5Ui AL 2 A 5 B-actin: -3 E T

Figure 3  Electrophoretogram of MCU, p38 MAPK and p-p38
MAPK proteins expression in mouse retina in different treatment
groups 1:control group;2:model group;3:ferulic acid group MCU:
mitochondrial calcium uniporter; p38 MAPK: p38 mitogen-activated
protein kinase; p-p38 MAPK: phosphorylated p38 mitogen-activated

protein kinase

2.6 AR A4 RPE 4 fis MCU Fl sk 22 ¢ St o B
He i
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55X 2 DMSO 4 L4, = M2 RPE 41 Jfs MCU
B PG R R IR B A A A G 22 98D RIS A 5
B+ BT BRI 20 MCU 2 1 96 0 3 B g T o, A i s 22
B B R B (& 6) o X R4l . DMSO 4 4l &
Wi+ ELER 2 RPE 4 )l MCU sk 22 %¢ S 5 B SR L
L ESWA %I E X (F=16.722,180.790,1) P<

x2 BANMRMMEAL MCU, p38 MAPK #1
p-p38 MAPK E HHEX KA B LB (x2s)

Table 2 Comparison of relative expression levels of MCU ,
p38 MAPK and p-p38 MAPK proteins in mouse retinal

0.01),H 5 xf B4 . DMSO 20 Fb %%, v 4 41 20 g
MCU 2 [ 2¢ )6 38 5 B 0 TF i, B 22 9% Ot ok B B 9
G, 1 A + Bl 200 TR 20 40 B 22 ¢ e R R I B T v L 25 R
YA geit 2% 3 (3 P<0.05) 5 5 mbE2 b, i+ B
PR AN MCU 25 [ 2650 B B I BRI, B 22 96 e i
BT, 2R HA G EE L (3 P<0.05) (£ 3)

%3 %4 RPE 48 MCU FI{ £ 3 KB E LB (xxs)
Table 3 Comparison of MCU and microfilament
fluorescence intensity of RPE cells among

different groups (xxs)

tissue among different groups (x=s) o3 FE A B MCU 0 2
415 HEARL MCU p38 MAPK  p-p38 MAPK i B 241 3 0. 170. 02 0. 16+0. 01
X HE 41 15 0.17+0. 01 0.110.02 0. 24+0. 02 DMSO 4 3 0. 170. 02 0. 170. 01
FERLA 15 0.93+0. 06" 0.89+0. 05" 0.92+0. 06" i Wl 2 3 0.25+0. 02" 0.05+0.01™
oy 2 R 2 15 0.560.05"  0.16x0.02"  0.52:0.05" 0+ I B 1 41 3 0.15=0. 01° 0.2240. 01"
FAH 224.939 652.211 169. 435 FAH 16.722 180. 790
P <0.001 <0.001 <0.001 P <0.01 <0.001

50 BT LR, P<0. 055 SRR A1 H g, " P<0. 05 (MR % Oy % 4%
49? LSD-¢ 5 45)  MCU : 28 i {4 £5 55 ¥ B4 1) #% 32 25 (1 ; p38 MAPK: p38
26 450 AL 8 RN s p-p38 MAPK . BRIR AL p38 22 2SS 1L 28 F il

Note: Compared with control group,®P < 0.05; compared with model
group,hP< 0.05 ( One-way ANOVA, LSD-¢ test) MCU ; mitochondrial
calcium uniporter; p38 MAPK ; p38 mitogen-activated protein kinase; p-p38

MAPK ; phosphorylated p38 mitogen-activated protein kinase

¥50 pm
—

T - L0t B LA, P<0. 055 5 DMSO 20 L, " P<0. 055 45 @ i 4 L
B, P<0.05 (S K Jr 22 4y Bt , LSD-¢ K3 3%)  RPE: ML 62 3% | KE 5
MCU : L PR 55 B T 5 16] % 28 25 11 s DMSO : - HUJE 7B

Note: Compared with control group,“P < 0.05; compared with DMSO
group,”P< 0. 05; compared with high glucose group,“P <0.05 ( One-way
ANOVA ,LSD-¢ test)
calcium uniporter; DMSO ; dimothyl sulfoxide

RPE ; retinal pigment epithelium ; MCU ; mitochondrial

B4 FELLEHERPE iR ROS K FEEE A~D: x4 . DMSO 4],
YT ;ﬂthﬁ By
1: % BE2H ;2. DMSO 41 ;3: 5

PR =50 pm) E:AR[FE AL RPE 40l ROS
BEAL AL, P<0. 05 (B 2 J7 24001, LSD-1 5 50 ,n=3

e 2 R+ BT 2R R 4 RPE 41 ffl ROS %85k 44 8 |81 ( DCFH-DA %200,
845, P<0.01. 5%t A4 H %5, *P<0. 05; 5 DMSO 41 %5, P<0.05; 51

B 4 S BE BT BRIR AL ROS . 1 Pk 0

Figure 4 Comparison of ROS expression in RPE cells among different treatment groups A-D:ROS fluorescence staining of RPE cells in control

group, DMSO group, high glucose group and high glucose +ferulic acid group ( DCFH-DA X200, scale bar =50 pwm)

E: Qunatitative comparison of ROS

fluorescence intensity in RPE cells among different treatment groups F =7.845,P<0.01. Compared with control group,’P<0. 05; compared with DMSO

group,”P<0. 05; compared with high glucose group,‘P<0.05 ( One-way ANOVA, LSD-( test,n=3)

group ;4 : high glucosetferulic acid group ROS:reactive oxygen species

50 i ’ Lk y 50 um ¢ " 50 pm

5 AE4AEHE RPE 40 i 2k fi {5 B L 7k F bE 8%
(JC-1 %200, 45 R =50 pm)
,"P<0.05; 5 @ Mg L 42,

1: control group;2: DMSO group;3: high glucose

S
=

abe

1

S
o

LRI LAV K P
e

3 4 @

A~D:XFBRZL DMSO 21 5 4% 41 bl + B 20 R 41 RPE 41 Ji 28 ki 4 i v £ 96 o e €0 [
E: AR ABEZ] RPE 20 il £ 00 14 5 ey (37 K - s b Fb 88 F=53.711,P<0. 001. 5% R 2t 4, * P<0. 05; 5 DMSO 4 tb
“P<0.05( SR K )7 225001, LSD-1 Kz 5 ,n=3)

1o X B4 2. DMSO 4 53 & 4 ;4 i+ P BRR 41

Figure 5 Comparison of mitochondrial membrane potential level of RPE cells among different treatment groups A-D: Mitochondrial membrane

potential fluorescence staining of RPE cells in control group,DMSO group, high glucose group and high glucose+ferulic acid group (JC-1 x200,scale bar=

50 pwm)

E: Quantitative comparison of mitochondrial membrane potential levels in RPE cells among different treatment groups F=53.711,P<0.001.

Compared with control group,*P<0. 05 ; compared with DMSO group, " P<0.05 ;compared with high glucose group,‘P<0. 05 ( One-way ANOVA ,LSD-¢ test,
n=3) 1:control group;2:DMSO group;3:high glucose group;4:high glucose+ferulic acid group
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6 A [E4IEZ RPE B MCU Faft 22 7% ¢ 8 & ( Actin-Tracker Green X1 000, 1 X =10 wm)

5t B 41 . DMSO 41 [L 4%, = B 41 RPE 4 fitd

MCU (£ (5 ) 25 98 6 5 45 1o, I P Bt 46 A0 T R 2 (2 00) D/ ARV AR 20 5 o B+ BT B2 210 MC'U 28 [ %€ S 5 32 W 0 T o, 4t L ok 22 5t A 8 385
AXTIRZH B.DMSO 41 C.@bdl D@+ pl S 4l

Figure 6 Fluorescence staining of MCU and microfilament fluorescence intensity of RPE cells in different treatment groups ( Actin-Tracker Green

x1 000, scale bar=10 pum)

Compared with control group and DMSO group,the MCU (red) protein fluorescence intensity of RPE cells was stronger in high

glucose group,and the cell microfilaments ( green) were reduced and narrowed. The fluorescence intensity of MCU protein in high glucose+ferulic acid group

was significantly decreased,and the number of microfilaments was significantly increased

D:High glucose+ferulic acid group

2.7 AFEAEFEZ RPE 48 MCU p38 MAPK Fi1 p-p38

MAPK # 7968 i
popiE

p38 MAPK ,p-p38 MAPK ¢
Xf B2
MCU. p38 MAPK #1 p-p38
MAPK 25 H 2¢ )t o JE S K e
B, ERHA R E L (F=
10.014 31.132.,10. 273, P<
0.01), H i 5 %f g 41 . DMSO
A HE, AL 40 i MCU |, p38
MAPK #l p-p38 MAPK #& [ %%
SR BE 3 T b A
1% 4H 40 ffs p38 MAPK & [ %¢

TSRS E T 22 A 4
AR (B P<0.05) 5 5
2L L B, v B + P 5 TR 4 4

it MCU, p38 MAPK #1 p-p38
MAPK Z H 2 % 3 BE o 35 F
R, =R YA 52 E (Y
P<0.05) (% 4),
2.8 A[F AP RPE 40 ity
MCU. p38 MAPK #F1 p-p38
MAPK # 2 3A

5% B4 . DMSO 4 b 4%,
{5 B 41 RPE 4f fd MCU . p38
MAPK F1 p-p38 MAPK & [ 4%
O B s T B LA,
e M+ BT B B2 4 MCU ., p38

DMSO 41 L #5, i b4 RPE 4 g MCU |
p38 MAPK p-p38 MAPK #¢ )it o [ Wil % 1 5, LA 41 ity
RN T R, S B AL e, OB+ BT 2R R 41 MCU |
PR W ALK 7).
DMSO 41 . &5 4 . e A+ Pl B R

A: Control group B:DMSO group C:High glucose group

MAPK FiI p-p38 MAPK Zf [ %l 3 & B W B A1 (&
8) . XFRAZL . DMSO 41 ., fm B 41 . (= b + BT 24 R 41 RPE
ZH s MCU ,p38 MAPK HI p-p38 MAPK £ [ #H X 3 ik
WAL, ZRBA R E L (F=68931,
26.979 .29.993, 45 P<0.001) , 5%f#H 41 . DMSO 41 I,
B, e WE A v W + BT B R 4H 40 g MCU . p38 MAPK F

%20 RPE 4f jfy p-p38MAPKE LM RXEREEFEA S, ZRHASR
Xof B4 DMSO 41 =t e B+ BT B i 41

MCU

20 pm 20 pm 20 pn 20 pm
| = . A

p38 MAPK

20 pm 20 pm 20 pin 20 pm
— — — —

p-p38 MAPK
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+— — — —

E7 KREA4EA RPE [ MCU, p38 MAPK #1 p-p38 MAPK % [ % 3 3 8 & ( Alexa Fluor® 594
Alexa Fluor® 488 x400, 45X =20 pm) 5% HE41 DMSO 41 45, 7 %541 RPE 410 MCU (1 €5,) .p38
MAPK( 4¢3 ) \p-p38 MAPK (4t 0) 5038 i #4408, ER DA AT o 355 5 Rl 4L 4, &
Bl +BT AR 2 MCU \p38 MAPK p-p38 MAPK ZEt50 B 1 25 FRAI MCU - 2ok (55 6 - i) 5 12 3 1 5 p38
MAPK : p38 22 25 1% AL 25 (I s p-p38 MAPK . R fk p38 22 ZLJF I fb 78 (1 7l ; DMSO - — FF L 4R

Fluorescence staining of MCU, p38 MAPK and p-p38 MAPK proteins of RPE cells in
different treatment groups ( Alexa Fluor® 594, Alexa Fluor® 488 x400, scale bar = 20 wm)
with control group and DMSO group, the fluorescence intensity of MCU (red) ,p38 MAPK (green) and p-p38

Figure 7
Compared

MAPK (green) of RPE cells in high glucose group was significantly enhanced, mainly in cytoplasm. The
fluorescence intensity of MCU, p38 MAPK and p-p38 MAPK in high glucose + ferulic acid group was
significantly decreased compared with that in high glucose group MCU ; mitochondrial calcium uniporter; p38

MAPK :p38 mitogen activated protein kinase; p-p38 MAPK: phosphorylated p38 mitogen-activated protein
kinase ; DMSO : dimothyl sulfoxide
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TR () P<0.05) 5 5 & b4 be 8, & 0 + B 20 2
40 s MCU ,p38 MAPK F1 p-p38 MAPK & A XS ik
iR EH AR, 2R A G EE L (3 P<0.05) (£ 5)
2.9  JTERFNG ik MCU J5 4 ¢H RPE 41 g p38
MAPK .p-p38 MAPK Fl MCU 33K L%

EjRT R 7S #R A 3, MCU 3 3235 4 RPE 4
%4 %4 RPE Zfi8 MCU p38 MAPK #1 p-p38 MAPK
BE KB ELS (ves)

Table 4 Comparison of fluorescence intensity of MCU,
p38 MAPK and p-p38 MAPK proteins in RPE cells

among different groups (xzs)

Jfi MCU ,p38 MAPK Fil p-p38 MAPK %5 [ 4% 0k Ji 45
B35 MCU i 33540 e, MCU shRNA 20 MCU 3t %
K+ BLR 21 MCU .p38 MAPK fil p-p38 MAPK & [ &
R I SRR (B 9) o X IR 25 Bk 4l \MCU 3
F3iK40 MCU shRNA #0 MCU ji % ik + B[ 81 i3 41 RPE
418 MCU .p38 MAPK il p-p38 MAPK % [ I %} 35 15

%X 5 4% RPE 482 MCU ,p38 MAPK #1 p-p38 MAPK

HEAKPELE (xxs5)
Table 5 Comparison of expression levels of MCU,p38 MAPK
and p-p38 MAPK proteins in RPE cells among

different groups (xs)

205 FEAC MCU p38 MAPK  p-p38 MAPK 215 FEA MCU p38 MAPK  p-p38 MAPK
it BE 4 3 0.22+0.03  0.15£0.02  0.24x0.02 it B 4 3 0.32+0.04  0.45£0.05  0.43%0.06
DMSO 4 3 0.21+0.02 0.14+0.02 0.24+0.02 DMSO 4 3 0.33+0.04 0.44+0.07 0.45+0. 06
B 3 0.30+0.02°"  0.27+0.02°" 0.33+0.02" b AL 3 0.83+0.07""  0.84+0.06™ 0.84+0.06™
FOMEHBTERRAL 3 0.23:0.02° 0192002 0.25:0.03° FOREBTBERAL 3 0.60x0.05™ 0.62:0.07" 0.68+0.07"
F i 10.014 31,132 10.273 Fd 68.931 26.979 29.993
Pl <0.01 0,001 0,01 P14 <0.001 <0.001 <0. 001

T 5 B L LS, P<0. 0555 DMSO 41 H %5 ,"P<0.05; 5 F5 B 41 1
#,°P<0. 05 (PP F Iy 2200 #7, LSD-¢ 3 42)  RPE. ML (2 % |F B
MCU - ZhL (AR 55 5 1 5 16 % 12 22 1 5 p38 MAPK : p38 22 RUJ5U3E fb 3 11 ¥
W5 p-p38 MAPK R 2 1k p38 2224 J5U0% Ak 25 1 Al s DMSO . — B 22T i

Note: Compared with control group,“P < 0.05; compared with DMSO
group,”P< 0. 05; compared with high glucose group, P <0.05 ( One-way
ANOVA,LSD-t test) RPE :retinal pigment epithelium; MCU ; mitochondrial
calcium uniporter; p38 MAPK : p38 mitogen activated protein kinase; p-p38
MAPK: phosphorylated p38 mitogen-activated protein kinase; DMSO:
dimothyl sulfoxide

1 2 3 4 AR 53 I bk
MCU 35000
p38 MAPK 42000
p-p38 MAPK 43 000
B-actin 42 000

B8 ARE4EAH RPE 4 MCU p38 MAPK .p-p38 MAPK & H
RIFEKE 10 R ;2: DMSO 453 S B2 4wl + P SRR 21
MCU « £ (A 55 1 T 8016 #5323 H 5 p38 MAPK: p38 2 RUSF (L H
A s p-p38 MAPK. BER fk p38 22 2% 1L 2 FH I 5 B-actin: B-L

FEHA

Figure 8 Electrophoretogram of MCU, p38 MAPK, and p-p38
MAPK protein expression in RPE cells in different treatment
groups 1:control group;2:DMSO group;3:high glucose group;4:high
glucose+ferulic acid group MCU : mitochondrial calcium uniporter; p38
MAPK: p38 mitogen activated protein kinase; p-p38 MAPK.

phosphorylated p38 mitogen-activated protein kinase

VE : 5 % B4 L, P<0. 055 5 DMSO 41 H 8, " P<0. 05 5 @ M 41 1k
B,°P<0.05( AR Iy 22047, LSD-r 42 %) RPE . # [ B (4 % B} ;
MCU : 2L (R 55 5 T 8. 16 12 25 H 5 p38 MAPK : p38 22 RS fb i 1
3 p-p38 MAPK.: @2 fk p38 22 LTI (b 2 11 i s DMSO . = 1 k7 1

Note: Compared with control group,“P < 0.05; compared with DMSO
group, "P<0.05; compared with high glucose group,“P < 0.05 ( One-way
ANOVA,LSD-t test) RPE:retinal pigment epithelium ; MCU ; mitochondrial
calcium uniporter; p38 MAPK: p38 mitogen activated protein kinase; p-p38
MAPK: phosphorylated p38 mitogen-activated protein kinase; DMSO:
dimothyl sulfoxide

1 2 3 4 5 ARG

P38 MAPK g- | 42000

B-actin

43 000

B9 ATE4LELH RPE 4 MCU p38 MAPK .p-p38 MAPK & H
FoEKE 1 XTI 2: A HAK ;3. MCU it £ 3K4; 4: MCU
shRNA 21 ;5:MCU 3 FIA+PTERARL  MCU - SR IR 5 B 1 9 6] 5 12
H M ;p38 MAPK: p38 22 ZLJ5Ui% Ak 28 11 % 5 p-p38 MAPK. B 2 fk
P38 2 BT A2 K Boactin: BILEIEE 4

Figure 9 Electrophoretogram of MCU, p38 MAPK, and p-p38
MAPK proteins expression in RPE cells in different treatment
groups 1:control group;2:empty vector group;3:MCU overexpression
group; 4: MCU shRNA group; 5: MCU overexpression + ferulic acid
group MCU : mitochondrial calcium uniporter; p38 MAPK: p38 mitogen
activated protein kinase; p-p38 MAPK: phosphorylated p38 mitogen-

activated protein kinase
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HEKLER, ZF YA RIT¥E L (F=23.043,
23.347.26.348 1] P<0.001) , H i 5% B 20 | 28 4] {A
ZH L8, MCU 3 3R IK 4 4t s MCU ,p38 MAPK Fil p-p38
MAPK 2 [ AH X 3% 35 & B W 7t &, MCU shRNA 4 |
MCU 3t 3635 + B 8 R 2H 41 fft MCU .p38 MAPK #1 p-p38
MAPK & AN Rk wm U B, 2R Y AR FE
S(# P<0.05) ;5 MCU i #2541 L%, MCU shRNA
4 MCU 3 3 35+l B BR 41 41 Jiis MCU ,p38 MAPK F1l p-
p38 MAPK & [ 40 % 3% 35 2 B W KR AIK, 22 5 ¥ 4 it
X (¥ P<0.05) (£ 6),

% 6 %A RPE 41 MCU .p38 MAPK #0 p-p38 MAPK
BEAKFELLE (xzs)

Table 6 Comparison of expression levels of MCU ,
p38 MAPK and p-p38 MAPK proteins in RPE cells

among different groups (xzs)

41531 REA MCU p38 MAPK  p-p38 MAPK
it BE 4 3 0.59+£0.06  0.49+0.04  0.66+0.06
23 AR A 3 0.57£0.05  0.48+0.05  0.670.06
MCU it £k 4l 3 0.77£0.07*"  0.66+0.06™ 0.88+0. 08
MCU shRNA 2§ 3 0.42:0.04™  0.34x0.04™ 0.43=0.04"
MCU 3 3k + 3 0.45+0.03"  0.33+0.05" 0.44+0.06"
Faf 28 % 241

F At 23.043 23.347 26. 348
Pl <0.001 <0. 001 <0.001

VS BRAL LA, P<0.05; 5 5 AL LE R, " P<0. 055 55 MCU 3t
RIBH MR, P<0. 05 (BRI K Iy 2240 #r, LSD- K2 %) RPE: fLF B (0
B b Bz s MCU « 2ok 1455 5 7 5 1l 5% 12 3 1 5 p38 MAPK . p38 22 245135 b
W p-p38 MAPK : BRER L p38 22 2L RIG L 2 F1 I i

Note ;: Compared with control group, " P<0. 05;compared with empty vector
group ,” P<0. 05 ; compared with MCU overexpression group,“P<0. 05 ( One-
way ANOVA, LSD-t test) RPE: retinal pigment epithelium; MCU:
mitochondrial calcium uniporter; p38 MAPK: p38 mitogen activated protein

kinase ; p-p38 MAPK : phosphorylated p38 mitogen-activated protein kinase
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