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Abstract

e AIM. To investigate the regulatory effects of
proanthocyanidins on autophagy and apoptosis in the
retinas of guinea pigs with form-deprivation myopia via
the AMPK/Wnt/B-catenin pathway.

« METHODS : Fifty guinea pigs were randomly divided into
a normal control group, a myopia model group, and low-
dose, medium-dose, and high-dose proanthocyanidins
groups (25, 50 and 100 mg/kg). Refractive power and
axial length of right eye were measured using a
retinoscope and A-scan ultrasound. Retinal pathological
changes were observed via HE staining.
Immunohistochemistry assessed p- AMPK and p- mTOR
expression in the retina. Immunofluorescence detected
p62 and LC3 expression. TUNEL staining evaluated retinal
cell apoptosis. Western blot examined expression of
proteins related to the AMPK/Wnt/B-catenin pathway and
autophagy (p62, Beclin1, LC3-1I/LC3-1), and apoptosis-
related proteins ( Bax, Bcl - 2, Cleaved - Caspase3,
Caspased) in the retina.

e RESULTS:. Compared with the control group, the
myopia model group showed significantly reduced
refractive power and significantly increased axial length
(both P<0.05); retinal cell arrangement became sparse
and retinal thickness thinned. The p- AMPK levels in the
retina were significantly reduced, while p-mTOR levels
were significantly increased (both P<0.05), indicating
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suppression of the AMPK-Wnt/p - catenin pathway. The
p62 levels were significantly elevated and LC3 levels were
significantly reduced (both P<0.05), suggesting inhibition
of autophagy. Bax and Cleaved - Caspase3 were
significantly increased, while Bcl - 2 was significantly
decreased, indicating significantly increased apoptosis
(both P<0.05). Compared with the myopia model group,
all proanthocyanidins dose groups significantly inhibited
refractive error reduction and axial length growth ( both
P<0.05), restored retinal cell alignment and thickness,
activated the AMPK/Wnt/B-catenin pathway, significantly
increased p-AMPK expression, and suppressed p-mTOR
expression (all P<0.05); significantly suppressed p62
expression, increased Beclini and LC3 - II/LC3 - |
expression ( both P < 0. 05), and activated retinal
autophagy; significantly suppressed Bax and Cleaved -
Caspase3 expression, increased Bcl-2 expression ( both
P<0.05), and inhibited retinal cell apoptosis.

e CONCLUSION: Proanthocyanidins enhance retinal
autophagy by activating the AMPK/Wnt/B - catenin
pathway, thereby inhibiting retinal apoptosis and
preventing or alleviating the onset of myopia.

e KEYWORDS: proanthocyanidins; form - deprivation
myopia; AMPK - Wnt/B - catenin pathway; retinal
autophagy and apoptosis
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JFAEH RmaEd 3.65+0.12 -0.29+0.07" 7.36+0.19 7.82+0.17"¢
F 0.16 221.80 0.11 5.96
P 0.95 <0.001 0.97 0.010

1" P<0.05 vs 1E5 % B4 P<0.05 vs T HIEERIL ;° P<0.05 vs JFAE T ZAEFI B4 ;5 P<0.05 vs JRAET Z 4,

*2 BARRUAMNBAALAMBENRNZERMIREELLR (n=3,%%S,pm)
21531 PR R W% R IR SMEIRIRE
1EH R B AT 257.54+5.42 44.14+3.52 55.74+3.19
Sliw SV 129.35+6.04" 25.21%3.99" 34.24+3.35"
E%%%ﬁﬁﬂ%zﬂ 154.46+3.68" 27.46+3.52"° 37.62+3.87°
FAEE ZhiEd 216.37+9.64"° 35.41£3.12%°° 46.67+5.77°¢
J??Eﬁ,ﬁ il a2 236.81+6.13% " 37.29+3.83%¢ 50.03+7.56°¢
F 11.96 13.37 9.24
P <0.001 <0.001 0.002
11" P<0.05 vs 1EH X R4 ;°P<0.05 vs STHUAEIL] ;° P<0.05 vs JFAETT ZARHI 4 ;8 P<0.05 vs JFAETT 25 rh b4
*3 HEAKRMMEE p-AMPK #1 p-mTOR & A4 B3 L2 B 454 (n=3,X%s)
44 51 p—AMPK X Y65 i p-mTOR AHXT G2
1EH X R A 0.97+0.03 0.98+0.11
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JFALE Z A A 0.3920.04" 1.44+0.09*
FALE RPN EA 0.55+0.04* 1.32+0.10"
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P <0.001 <0.001
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FZER B A 4K AL B p—mTOR A4 ALS5 R ; € Western blot K 4L % 5 AMPK/ Wt/ B —catenin 1 21k, & Hh B AT
%R p-AMPK 5 p-mTOR PHI:RIA

p-actin

x4 RAKFRAMEE AMPK/Wnt/B-catenin i B & B X &KX (n=3,x%s)
205 p—AMPK/AMPK Wnt/B-actin 3—catenin/-actin p—~mTOR/mTOR
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:°P<0.05 vs IEF W IRA ;°P<0.05 vs ST MBIL ;° P<0.05 vs JFAE T RAEFIBRAH ;5P<0.05 vs JAEH X hHIEAH,
x5 RABRAMED p62 F1 LC3 $& 5 LN 3¢ 38 B 547 (n=3,x%s)
2157 p62 FHXT IR B LC3 X i B
1E X IR A 1.010.07 0.99+0.12
Sl 2.91£0.27" 0.23+0.04*
JEAETT B A 2.05+0.19"° 0.30+0.05"
JRAET 2 P 1.68+0.09" 0.48+0.04™
JFAET R Al 1.23£0.11°¢ 0.61+0.06™
F 79.33 56.34
P <0.001 <0.001
11" P<0.05 vs 1IEH X R4 ;°P<0.05 vs AL ;° P<0.05 vs JFAETT ZARFI 4L ;#P<0.05 vs JFAETT Zh 44
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A EAHRAL SRR fiE )k 41 w5 ik 41 #7441
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JEAET & J”—(mi/ JEAE &
1E % IR 4 T B 41 {7 k41 rh ) 4 iy 711 Hik 241
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\%%\b &{b &\vﬁ&

P62| ww - - - o (62 kDa

Beclinl| s v o wum s |52 kDa

LC3-1 —— 16 kDa
on| IMESESEEE |,

p-actin| e e = o= o= 43 kDa

B3 HABRBRMNES p62 X LC3 RKAKBEEXELRN A MM p62 S 7OLA R B AR LC3 f 5 tas R

C: Western Blot A4 o0 5% F Wi A SCEE 112328 5 J&T v 1 (0 Sk R B vh 7 0 190 B 2400 JHEO A 5 400 60 J5 v /) p62 PP 238 B 1LC3 B
PERIA,

*6 ZHBERUAMESREERHEXEQENEKEE (n=3,xX%s)
20531 p62/B-actin Beclinl/B-actin LC3-1I/1LC3-1
1EH X IR ZH 0.210.05 1.08+0.13 1.01+0.07
bl R e 0.74+0.06" 0.26+0.05" 0.53+0.02°
JrAEE R EA 0.58+0.06™° 0.46+0.04" 0.71+0.07"*
JRAET il 0.44+0.05" 0.57+0.04 0.89+0.09°"°
EVia=y ¥ =Filbiei| 0.26+0.07°# 0.77+0.05%¢ 1.33£0.12"#
F 36.51 59.40 45.23
P <0.001 <0.001 0.001

1. *P<0.05 vs IEH X BRL ;°P<0.05 vs ITAEIZE °P<0.05 vs JEAE T 220 ;6 P<0.05 vs JFAE T Pl

*7 SHABFERANMEAEEATCERATHEXEAENRILE (n=3,X%s)
215 NEPHT- R (%) Bax/B-actin Bel-2/B~actin Cleaved—Caspase3/ Caspase3
IEH A 4.22+0.99 0.49+0.08 0.81+0.07 0.15+0.02
Pl IV 18.42+3.11° 1.08+0.12° 0.270.04* 1.06+0.17*
JRAEE Z L EA 13.42+2.15%¢ 0.98+0.10™° 0.39+0.05"¢ 0.71+0.03*¢
JEAETS R A 7.63£1.21% 0.78+0.06"" 0.54+0.04" 0.58+0.09"
EVia=s ¥=Filhneil 6.32+1.03# 0.59+0.04"# 0.65+0.04%# 0.21+0.05°*
F 28.54 23.91 49.75 45.88
P <0.001 <0.001 <0.001 <0.001

1 .*P<0.05 vs TEH 4T B2 P<0.05 vs IERAEHIL 5 © P<0.05 vs JEAETF Z LA 4L ;5 P<0.05 vs JEAET ZhFfi 4,
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CIcawtl—Caspastl - D A —— ll7 kDa
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K5 B: Western Blot Rl J8 1M1 G 8 I35

3iTie

IEALR H AR PREE 8L S 2R R S EUE EA IE
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JBEVIARDG 8 BE I LR 5 A — R 90 AL 19 R 722 1 3 22 i
PRI A g — 0 Y 40 R P 0 T A LT 0 R
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VTR AR LT 5 2 AE | AU I B8 R AU S o B A W
S G, A MRS 5 2P 0 IR 4 9T, A0 R Y A
Wi 7K - P RE S B A A s Rz —7

JFAETT R g — R RIRMBT AR, BA RIFAYSGE I
SARFRAE T o ST AT 5 3 2 37 I AR B A K RUIE
VRN VTS | 25 T AL R AT T B, AR 0 HLA
PRy R AE TR A, 45 2R A B, 78 3 K B AL IR0 T v
AMPK/Wnt/3-catenin 38 % 40 ], mTOR i 12 Ak K S T
e, AR I W R, AR BN LC3-11/LC3-1 1
{ELF#AIR, Beclinl 4 FI4RI5 T RE, p62 8 R IX T, AL 1 i
H WK T B, TE) i 8 T A OC R B BTG, Bax 5
Cleaved—Caspase3/Caspase3 2 [ 534, Bel -2 % H &
%, 2O A B A T s e . BRTE PR ST R,
TRV 18 B WG 247 R 50 28 8 2 A 14 DGR [ s 13, A 400 1)
AL RE R SPRT R . AR — A Z AT
et A, 52 i T mTOR 5 AMPK #8425 , AMPK il
% B2 Ak 5 %2 AMPK/Wnt/B - catenin il B P Y W 5
B—cateninﬁlfl?ﬁ‘@, B —catenin 1] P89 mTOR 14 2 1k 7K
F,mTOR B R 1k )5 8 i 98 45 5 W 3 W #H ¢ 85 1 LC3
Beclinl ,p62 A5 75 [ ME/KF"  LC3 & B [ WK P
bW, AWK F &, Mk LC3-11/LC3 -1 L {i %
K RZ M BEAR  Beclinl 25 [ B H W 1 5 5 K OF,
Beclinl ik 515 AW AR 2 IS AWERIE S
AR fig po2 21, A A KPR HUA ™,
TR A W55 A0 R8T B ROKSE B 3 W AT
JAT-HH TR H (Bax Bel-2  Caspase3 ) ik 55, 5 M
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I 7 5 O T e R A I I 45 5 A B A R T
PR & ) AR5 & B, DR AE 75 2R 0T A A5k it 390 o 30T AR
K R ' AR AT A5 MR 0 K il 400 D) 825 3 5 5 44 HE 51
LR F AR BRI A A A XU, . JRAE T T A L
% AMPK/ Wnt/B - catenin i % , 3% /il p— AMPK/AMPK .
Wnt \B—cateninﬁ EE S s k] p—mTOR/mTOR EHFEIX s
$5 LC3-T1/LC3-1 LLAR, 3G im0 D f5E [ gk -, 90 il 7 1
TR IR VR0 I S 200 L 0 T 0455, e A PR L ) 22
S DIREMPE . eAh, IR AL T ZARG 41 (25 mg/kg) X
WK AR PR IR AR B3, MR AEH R @Al e
(100 mg/kg) HAT B A7 A el st 40 D JEE 19 s 55 3 A VE D, 42
TRIEACTE Z ARG 0407 , S 2% 30 AR % A 0 A/ R AR AR
— R MR AR . AN BIE I 4 R S i o B e —
B, A RO 1A W] R R ) S 28 AR AT 1 A
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1R B AR PR A7 40 0 g5 47, [R] s BB T R AL T R R
% AMPK/ Wnt/B —catenin i B #2 55 [ W K 40
TR T ARG B [ 263k, A9 00 o JIEE 388 47 , T 19030 40 1Y) &
& RXFSERT AT, A 5T A0 FE UGB T R AE T E AR
PR VE P 5 3k A2 2 AR BRI AT A — o 1) Jm B
PE, RN SE G % B R AL 75 20T 38 o BTG A W AE 27 3T Y
K ARG RN 108 RaoE e R et il fF
H—B I, [ R AE T R %G AMPK/ Wnt/B —catenin
T [ 0 0 A RS EE , DR IA fe () A 2RI a d A Ah 4
S0 oV A S R AT R, S % HVE I PLI . ek, i
PR AL A2 2%, JRAE 75 2R A8 A5 3 i H g i AR el 3 3 0
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