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Abstract: Age-related macular degeneration (AMD) is one of the main causes of vision loss among middle-
aged and elderly people worldwide. The prevention and treatment of AMD is a current topic of interest in
ophthalmology but remains challenging. Oxidative stress-induced retinal pigment epithelial cell autophagic
dysfunction, cellular senescence, and an abnormal immune inflammatory response are key pathogenic factors for
AMD. Many bioactive ingredients of traditional Chinese medicine not only exert anti-oxidative, anti-inflammatory,
anti-aging, and anti-apoptotic effects, but also prevent/block the occurrence of AMD through different pathways.
This review summarizes our current understanding of the pathogenesis of AMD, the types of natural bioactive
ingredients capable of treating AMD, as well as the known mechanisms by which these agents act, and may
provide new strategies for the prevention and treatment of AMD.

Key words: natural bioactive ingredient; age-related macular degeneration; retinal pigment epithelial cell;

oxidative stress; autophagy; inflammation

Wk H #: 2021-08-08; &[5 H J: 2021-09-26.
FEGTH: H R BARH IS T IIUE (82173980); TLI5 A H IA K] 7 5
B H (BK20211389); VT 5 44 P {d 25 i I % Bh 55 H
(M2021010).
*JB AE A Tel: 86-25-52362155,
E-mail: ychen202@hotmail.com; quding1985@hotmail.com
DOI: 10.16438/7.0513-4870.2021-1157

SERSFH IS PE BT AR 14 (age-related macular degenera-
tion, AMD) J&—Fh £ &K T 50 % LI 24 AN B i BT
DX R I i 2H 2R AT 1 0, W] 3 BN W] ) A R
MR R, gk E R VEOLIR 2 JE IR = OREUE T
AR, H ET RS v AMD 8T 25 0t 3 22 S AR AE
B W A K B F (vascular endothelial growth factor,



- 1220 - 22224 Acta Pharmaceutica Sinica 2022, 57(5): 1219 1234

VEGF). fit S8 A LA 4 #1098 hE s 82 40 ) 34 4%
i APE RIS D EEVE B AREE A, o DA R B
BB AA PG 25 9 AR 9T VEGF 2903697 SO T AR
I M AMD [ — 269735, (HIG R B FH 199 VEGF
2y N R Gy, Wk ke i ey HLAVE FH NS 200, 75
BOERF A BRI 5 A B4R IT 2, AR AETAERY
1525 5 SR KIS AR i 2R b IR A R 5K
BT PR, a2t — 0 T AMD AR L], BR T
Iz 4G 34 455 S I AMD Bl v 259 8RS

AR, B 25 B 18 AMD 1E 3% BN #E 30 HR
TR TR R ) — N T M. BEFCER M, V2 ORUE T
T MLAGHS 5 PR T AR B it Blorh IR I 28 rh 25 1) i
PRy B BEMPUEA PR iR PR ES
AR R, AT AN [\ AT AN [E] 3 A2 UM BEL T AMD
Bk AR R R FR, KB ¥ AMD B E 2 E X, E1F
R IT K . BRI, A 4558 ¥4 72 18 B AMD &9 Bl
il B FE At E, VA AN S5 A [R) 28 B ) b 24 3 A A3 0F
AMD () 42 A T B JEAE FIALARD, LARION AMD (9 1B
HTGTT S AR 1) B
1 AMD H) % R AL

AW I 4 25 | JY (retinal pigment epithelial, RPE)
J2 2 TR I R O AR s AR 7 B B ) £ 2
JIT, FE4EHF 00 2 40 0 N SRR B L DR AR Tl BE A 2 17 1
LTI R FEE LA . R RO IR L SR
R e L A A R S0 R 3R KRR, RPE 4 0 o 1)
28 k7 K DNA (mitochondrial DNA, mtDNA) & 4 #i15,
75 31 & M4 (reactive oxygen species, ROS) =42,
BET % RPE 4 i 38 B AN A 3914 1) 804 S i 4, 52 il
HX A B Dy RESY . i 9T K I, RPE 4H i 1) H ik
Ty e Fa 5 28 22 53 0 1) S AORE SN 5 AMD 1) K
AR PIAR G, X L WL AR EL R R A2 AR H, e 2%
SEA IR (B DY thAh, SR AR S R
RILEE R KDL, B A/ & -6 (interleukin-6, IL-6). I
W 7 4 K [Al 7 -A (vascular endothelial growth factor-A,
VEGF-A). it 8 £ 11 P53 (tumor protein P53, TP53). [
fr & -1p (interleukin-18, IL-18) 1 %% 1k A4 K K 7 - p1
(transforming growth factor-A1, TGF-A1) £ ] 5 4~
X JE [5 #E RPE 2 i [ 08k | 3 22 0 980 S B ke 5G B 1
H, 9Kk AMD ¥ B 16 $243% 1 58 9 B A 1% 73 -1 B
WK HEL Y TT K BE5E T Bl
2 ATATREIA AMD B Z5E M 5 K EAE R AL
2.1 B

ZWmELEM R —RERNAEAZ AWM RER
DA P2, T2 o A TR, Horp DL 2

RPE cells

Cellular
senescence

' ! R

Lipofuscin = Choroidal

Photoreceptor : E Drusen
4 'damage/ ot
amage i\atrophy ) ormation §

deposition ‘degeneraﬁmj
| g |

The relationship between oxidative stress and RPE

Figure 1
cell autophagy dysfunction, cellular senescence, and abnormal
immune-inflammatory response in AMD. It is likely that mtDNA
damage in the neural retina and RPE cells is associated with many
risk factors of AMD and results in ROS overproduction, leading to
excessive oxidative stress to RPE cells. The accumulated oxidative
stress damage to RPE cells can result in autophagy dysfunction,
cellular senescence, and abnormal immune-inflammatory response.
These factors interact with each other, causing photoreceptor
damage, RPE cell injury or atrophy, drusen formation, lipofuscin
deposition and choroid degeneration, and ultimately, loss of vision.
RPE: Retinal pigment epithelial; AMD: Age-related macular
degeneration; mtDNA: Mitochondrial DNA; ROS: Reactive

oxygen species
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Table 1 Effect and mechanism against AMD of polyphenols in traditional Chinese medicine (TCM). HO-1: Heme oxygenase-1; mRNA:
Messenger RNA; Bcl-2: B-cell lymphoma-2; PPARa: Peroxisome proliferators-activated receptors a; PPARJ: Peroxisome proliferators-
activated receptors o; IL-6: Interleukin-6; IL-8: Interleukin-8; MCP-1: Monocyte chemotactic protein 1; SIRT1: NAD-dependent deacetylase
sirtuin-1; DNMT: DNA methyltransferase; LINE-1: Long interspersed nuclear element-1; HIF-1a: Hypoxia duciblefactors-1a; VEGF-A:
Vascular endothelial growth factor-A; ARPE-19 cells: Human retinal pigment epithelial cells; VEGFR2: Vascular endothelial growth factor
receptor 2; SOD: Superoxide dismutase; GSH: Glutathione; MDA: Malondialdehyde; Bax: B-cell lymphoma-2 associated x protein;
Caspase-3: Cysteinyl aspartate-specific proteinase-3; NF- «B: Nuclear factor kappa-B; IL-14: Interleukin-1/; PARP: Poly(ADP-ribose)
polymerase; THP-1: Human monocytic leukemia cell line; MAPK: Mitogen-activated protein kinase; CREB: cAMP-response element
binding protein; CXCL8: Recombinant human C-X-C motif chemokine 8; NFKBIA: Nuclear factor-kappa-B-inhibitor alpha; RELA: v-Rel
reticuloendotheliosis viral oncogene homolog A; TRIB3: Tribbles pseudokinase 3; XBPls: X-box binding protein 1s; COX-2:
Cyclooxygenase 2; iNOS: Inducible nitric oxide synthase; HNE: 4-Hydroxynonenal; 8-OHdG: 8-Oxo-2'-deoxyguanosine; NLRP3: NLR
family pyrin domain containing 3; ERK: Extracellular regulated protein kinase; UPR: Unfolded protein response; MRPE cells: Mouse

retinal pigment epithelial cells; JNK1: c-Jun N-terminal kinase 1

Active ingredient Structure Source Effect and mechanism Ref.

Resveratrol HO, 1. Reynoutria japonica Houtt.  Protect ARPE-19 cells from oxidative stress by [11-14]
2. Veratrum nigrum L. scavenging ROS, improving the activity of
OH
. )

antioxidant enzyme and mitochondrial function,

upregulating the expression of HO-1 mRNA and

Bcl-2, activating PPARa and PPARO

Enhance RPE autophagy function, and decrease the  [15,16]
secretion of IL-6, IL-8 and MCP-1, and weaken the

level of neutrophil chemo-attraction

Improve SIRT1 and DNMT functions and restore [17]
LINE-1 methylation levels in ARPE-19 cells
Inhibit the expression of HIF-1a and reduce the [18]

secretion of VEGF-A in ARPE-19 cells, inhibit the
phosphorylation and activation of VEGFR2 in
endothelial cells

Curcumin 1. Curcuma Longa L. Upregulate the expression of SOD, GSH, Bcl-2, [19-23]
2. Curcuma wenyujin Y. H. HO-1, thioredoxin, and downregulate the expression
Chen et C. Ling of ROS, MDA, Bax, caspase-3 in RPE cells
3. Curcumap haeocaulis Val.  Inhibit NF-xB and HIF-1a activation, then prevent [24]
4. Curcuma kuuangsiensis S.  the up-regulation of inflammatory and angiogenic
G. Lee et C. F. Liang cytokines, and infiltrating macrophages and

granulocytes in mice

Luteolin 1. Chrysanthemum morifolium  Attenuate IL-1f-induced THP-1 adhesion to ARPE-19  [25]
Ramat. cells via suppression of NF-«B and MAPK pathways
2. Lonicera japonica Thunb. Protect ARPE-19 cells from oxidative stress-induced  [26]
3. Lobelia chinensis Lour. cell death, and decrease the release of pro-inflammatory
4. Lamiophlomis rotata cytokines by inhibiting activation of MAPKs and
(Benth.) Kudo CREB

Fisetin 1. Cotinus coggygria Scop. Protect ARPE-19 cells from oxidative stress-induced  [26]
2. Rosa bracteata Wendl. cell death, and decrease the release of pro-inflammatory

cytokines by inhibiting activation of MAPKs and CREB
Reduce the accumulation of ubiquitinated proteins in ~ [27]
ARPE-19 cells, mitigate aggresome-formation and
autophagy-flux impairment, improve cell viability
and cell senescence
Chlorogenic acid 1. Lonicera japonica Thunb.  Inhibit PARP cleavage and down-regulate the [28]
2. Eucommia ulmoides Oliv. expression of inflammatory genes and unfolded
protein response markers including CXCLS,
NFKBIA, IL1B, RELA, TRIB3, and XBPls
Reduce the levels of inflammatory cytokines (MCP-1,  [29]
IL-8, IL-15, TNF-a, COX-2, iNOS) and oxidative
stress markers (HNE, MDA, 3-nitrotyrosine, 8-OHdG),
inhibit the expression of Bax, HIF-1a and VEGF, and
upregulate the expression of HO-1 and Bcl-2 in

pigmented rabbits
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Continued
Active ingredient Structure Source Effect and mechanism Ref.
Puerarin 1. Pueraria lobata (Willd.) Inhibit amyloid f-induced NLRP3 inflammasome [30]
Ohwi activation in retinal pigment epithelial cells via
suppressing ROS-dependent oxidative and
endoplasmic reticulum stresses
Gallic acid Inhibit TNF-a induced pro-angiogenic and [31]

Epigallocatechin- 1. Green tea

3-gallate

HO
OH
OH
HO.
" OH
"'uuo
OH OH
o
OH
OH

1. Paeonia suffruticosa Andr.
H 2. Cornus officinalis Sieb. et
0 Zucc

pro-inflammatory activities in retinal capillary

endothelial cells by inhibiting p38, ERK and

NF-«B phosphorylation

Protect against UVB-induced apoptosis via oxidative — [32]
stress and the JNK1/c-Jun pathway in ARPE19 cells

Reduce UVB light-induced retinal damage via [33]
regulating autophagy in RPE cells
Inhibit UVA-induced H,O, production, MAPK [34]

activation, and expression of COX-2, thus enhance

RPE cell survival

Inhibit cell death through the proper balancing of [35]
[Caz*]i and ROS production in order to maintain UPR

of ER in MRPE cells

Alleviate choroidal neovascularization via [36]
down-regulating HIF-1a/VEGE/VEGFR2 pathway

and M1 type macrophage/microglia polarization

21.1 HEFEE HZEPE (resveratrol, RES) 4& —Ff
FEAPAE T P 25 AL B rh i AR B 2 W 2R A 5
WEFE 2 W, RES A 1 15 ik ROS 1 35 47 AL s 11k
S0 2L R Tl BE Bl i S A ) T G E R IO AR o
(peroxisome proliferators-activated receptors o, PPARa) FHl
Tt SR A O g 14 B T 0TS 52 448 6 (peroxisome proliferators-
activated receptors o, PPARS). i §i S8 1b & A il 41 &=
T4 B-1 (heme oxygenase-1, HO-1) mRNA F1 B ik &2
g1 998 -2 FE B (B-cell lymphoma-2, Bcl-2) ik /K - 45
i 4% P AIK RPE 28 B 1Y) S804k S 3 450 49 7K1, AT 410 1)
FHA AMD i 2 A1, [H] B, RES ik B] 38 i 1 5% RPE
0B H VTR, PRAK IL-6.IL-8. B AZ 41 i #a bk 25 -1
(monocyte chemotactic protein-1, MCP-1) %542 % [A F
R 2 T8 I 53 6, 937D G 8 AT B X R FRAE B A 2 I 5
AHE 55, 1280 B 1 AMD [ #E— 25 & U, Maugeri
LWV 5T % B RES W] i 1 #% NAD- 4K #8425 201
1t B sirtuin-1 (NAD-dependent deacetylase sirtuin-1,
SIRT1) A DNA H 2t %% # i (DNA methyltransferase,
DNMT) Jjfg, Pk 2 K8 #% 7o 4+ 1 (long interspersed
nuclear element-1, LINE-1) B &AL /K, &K ARPE-19
2 i 1) S A L UBORT A E S K P . Bk A, RES I8 AT
i 1k 0 SIRTL, N RPE 41 i th 8L EHE S I F-1a
(hypoxia duciblefactors-1a, HIF-1a) )2 i% 7K F 1 VEGF
(1) 536, $ 1 P 2 248 e VEGFR2 (1) 5% B A A0S, &
FEHT AMD &Y,

212 EHEZE  EWE (curcumin) & M H 2 AL

& VIR )RR 25 BRI ) — A RO sy . AT
T, L FE W 2 RS2 R RPE 40 i % 52 4k
MR, BLFE: PR ROS A2 B /K, 38 i SR AL 4
LI (superoxide dismutase, SOD) & 1, 1 #l 77 — E&
(malondialdehyde, MDA) 4 i, {2 3 75 it H ik (gluta-
thione, GSH) &, M HTHI T4 1 Bel-2 S 41 i R 37
filf HO- 1B 48 id 2 11 1) RB 7K, R R I8 T2 22 1 Bel -2
#H 9% x # [ (B-cell lymphoma-2 associated x protein,
Bax) FlK 4 &R 15 7 1 2 Bt =08 55 M8 -3 (cysteinyl
aspartate-specific proteinase-3, caspase-3) % 1A /K °F
SR M Ah, 22 A0 L i R MR AT AE AR K
F (platelet derived growth factor, PDGF). VEGF . fifi &%
HEEA KA 745 & 85 1 -2 (insulin-like growth factor-
binding protein-2, IGFBP-2).HO-1.SOD2. % it H ik itk
AP EE 1 (glutathione peroxidase 1, GPx1). #% [A T
xB (nuclear factor kappa-B, NF-xB). & [ ¥l B (protein
kinase B, PKB). #% & 7 4L 41l g #1 5¢ Al 7 2 (nuclear
factor erythroid-related factor 2, Nrf2) 25 4 46 MV 8 - %
IIE FH DG HE R 3R IA, 4% 58 RPE 410 o i 0 S840 B A e

) 28 5 S S FECRAP A ™. FE OG5 5 1) CSTBL/6N
/N B AMD RS | 52 3 5 T 1L 40 NF-xB Al HIF-1a
HIPE, T A R B8 BE [ F -« (tumor necrosis factor-a,
TNF- o)« MCP-1 41 Jfil % Fff 7> ¥ -1 (intercellular cell
adhesion molecule-1, ICAM-1). VEGF £ % Jif — Ifll i 4=
JIHE S A I A T K 2RI, Uk /b FA/80 FH A 1% 240 g AN
GR-1 BH L 28 i f1) 322 8, AT EL BT Jik &% 15237 A= 1. 8
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(choroidal neovascularization, CNV) Fl % it [« M 1 &
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# R Z b 25 #CS A SR R A S, I
% (quercetin). 3 % 1F (baicalin). # %~ 2% (baicalein) ¥X
AR (wogonin). fr2E & (apigenin). A% % (chrysin)-.

(delphinidin-3-O-glucoside)- 111 2% [} (kaempferol). 7% 4=
% 2 -3-O-%8] % ¥E ¥ (cyanidin-3-O-glucoside) 7 £ 1 1F
(guaijaverin). % = ¥ ] (nepetin). 7 %% 2 (malvidin). £
% &K -3-O- % %) #% 1 (malvidin-3-O-glucoside) 15 J7 &
(hesperetin)~ 7K & #i] 5% (silibinin). 7% )L 2% & (epicatechin).
#e Bl K &K (genistein) #H 7 2 (naringenin). # §% 2%

K #Me B 2K (delphinidin) . K # T K -3-0- ¥ 4 ¥

(farrerol) £ CLHIIE SE AT 5L AMD FRIJF 25 (36 287

Table 2 Effect and mechanism against AMD of flavonoids in TCM. PI3K/AKT: Phosphatidylinositol 3-hydroxykinase/protein kinase B;
MAPK: Mitogen-activated protein kinases; Keapl: Kelch-like ECH-associated protein 1; Nrf2: Nuclear factor erythroid-related factor 2;

ARE: Antioxidant response element; ER: Endoplasmic reticulum; FADD: Fas associated via death domain; NO: Nitric oxide; COX: Cyclo-
oxygenase; PGE-2: Prostaglandin E2; A2E: N-Retinylidene-N-retinyl ethanolamine; AS: Amyloid-f; NLRP3: NOD-like receptor protein 3;
MMP-2: Matrix metalloproteinase 2; PDGF: Platelet derived growth factor; Fak: Focal adhesion kinase; Syk: Spleen tyrosine kinase; Src:

Src proto-oncogene non-receptor tyrosine kinase; MMP-9: Matrix metalloproteinase 9; CREB: cAMP-response element binding protein;
TLR4: Toll-like receptor 4; LPS: Lipopolysaccharide; CNV: Choroidal neovascularization; RPE-BM-CC: Retinal pigment epithelial-Bruch's
membrane-choroidal capillaries; Nox-1: NADPH oxidase 1; JNK-c-Jun: C-Jun N-terminal kinase; AP-1: Activator protein-1; CYP1A1:
Cytochrome P450 family 1 subfamily A member 1; CYP1B1: Cytochrome P450 family 1 subfamily B member 1; MIO-M1 cells: Retinal
Miiller stem cells; ICAM-1: Intercellular cell adhesion molecule-1; Ets-1: E-Twenty-Six-1

Active ingredient Structure Source Effect and mechanism Ref.
Quercetin 1. Sophora japonica L. Inhibit PI3K/AKT signaling pathway to improve [37]
2. PLatycladus orientalis  ROS-mediated mitochondrial dysfunction, thus
(L.) Franco protect retinal pigment epithelium and the retina
3. Alpinia officinarum from NalO,-induced cell apoptosis
Hanc Inhibit p38 and ERK/MAPK pathways, and CREB [38]
4. Tussilago farfara L. signaling to alleviate HEN-induced cytotoxicity and
S. Taxillus chinensis inflammation in ARPE-19 cells
(DC.) Danser Activate Keap1/Nrf2/ARE pathway, inhibit ER stress [39,40]
6. Panax noto ginseng and target anti-apoptotic proteins to protect ARPE-19
(Burk.) F. H. Chen cells from damage
7. Ginkgo biloba L. Regulate the transcription of Bcl2, Bax, FADD, caspase-  [41]
3, caspase-9 genes to protect ARPE-19 cells from
apoptosis; suppress the systemic expression of NO,
COX and PGE-2, and decrease ocular A2E levels in
Ccl2/ Cx3crl double deficient mice
Baicalin 1. Scutellaria baicalensis ~ Alleviate intracellular pyroptosis and viability damage [42]
Georgi resulted from Af inducement in ARPE-19 cells via
negative crosstalk of miR-223/NLRP3 inflammasome
signaling
Suppress laser-induced CNV formation in rats via [43]
attenuating the up-regulation of VEGF, PDGF and MMP-2
Baicalein 1. Scutellaria baicalensis Down-regulate FAK-mediated Syk/Src pathway to [44]
HO. @ Georgi inhibit epithelial mesenchymal migration of RPE cells
‘ Scavenge ROS, down-regulate MMP-9 and VEGF to [45,46]
HO protect human RPE cells from oxidative stress
OH O
Wogonin o 1. Scutellaria baicalensis Down-regulate PI3K/AKT pathway to protect RPE cells ~ [47]
HO, 0, O Georgi from apoptosis
O | Inhibit TLR4/NF-«B signaling pathway to protect ARPE- [48]
19 cells from LPS-induced barrier dysfunction and
OH 0 inflammatory responses
Apigenin OH 1. Daphne genkvua Sieb. Protect mouse retina against oxidative damage by [49]
HO. 0 ‘ et Zucc. regulating the Nrf2 pathway and autophagy
O | 2. Selaginella tamariscina Inhibit laser-induced CNV generation in rats and [50]

(Besiuv.) Spring

3. Plantago asiatica L.

4. Trachelospermum
Jjasminoides (Lindl.) Lem

regulate endothelial cell function
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Continued
Active ingredient Structure Source Effect and mechanism Ref.
Chrysin Q oH 1. Apis mellifera L. Inhibit laser-induced CNV in rats via down-regulating [51]
| O 2. Orojeyl/um indicum HIF-1la and VEGF expression
(L.) Vent. Alleviate endothelial cell invasion across the 3D RPE- [52]
BM-CC complex in a hypoxic condition to inhibit CNV

Delphinidin 1. Consolida ajacis (L.)  Inhibit ROS generation and the expression of Bax, [53]

Schur cytochrome c, caspase-3, Nox-1, and enhance Bcl-2,

Nrf2 protein expression in ARPE-19 cells

Delphinidin-3-O- 1. Consolida ajacis (L.) ~ Reduce cellular ROS levels and phosphorylation of [54]
glucoside Schur MAPKSs (JNK1/2 and p38) mediated by UVB irradiation
and subsequently increase cell viability in ARPE-19 cells
HO
OH
Kaempferol HO 1. Carthamus tinctorius L. Regulate the signaling pathways involving Bax/Bcl-2 [55]
O o 2. Equisetum hyemale L.  and caspase-3 molecules, and inhibit the upregulated
O OH 3. Orostachys fimbriata ~ VEGF mRNA expression levels, and affect the oxidation
HO { (Turcz.) Berg and antioxidant imbalanced system in ARPE-19 cells;
s OH

inhibit the retinal cells apoptosis as well as the
upregulated VEGF protein expression in sodium iodate-
induced retinal degeneration rat model

Cyanidin-3-O- Alleviate 4-hydroxyhexenal-induced NLRP3 [56]

glucoside inflammasome activation via JNK-c-Jun/AP-1 pathway
in ARPE-19 cells
Guaijaverin 1. Glycinemax (L.) merr  Inhibit C3 complement activation and PARP cleavage, [57]
and inhibit AP-1 and NF-«B activity, and activate the
gene expression of aryl hydrocarbon receptor target
genes (CYP1A1, CYP1BI) in RPE cells; inhibit the
retinal apoptosis and inflammation via inhibition of
NF-«B p65 translocation, C3 activation, and PARP
cleavage in the mice model
Nepetin 1. Eupatorium Inhibit IL-1/ induced inflammation via NF-xB and [57]
ballotaefolium HBK MAPKSs signaling pathways in ARPE-19 cells
2. Lobelia chinensis Lour.
Malvidin 1. Vaccinium Spp. Decrease the levels of ROS, MDA, VEGF, and enhance [58]
antioxidase activity via MAPK and AKT signal
pathways in RPE cells
Malvidin 3-O- o~
glucoside OH
Hesperetin 1. Citrus reticulata Blanco Protect ARPE-19 cells from H,0O,-triggered oxidative [59]

damage via upregulation of the Keap1-Nrf2/HO-1 signal
pathway
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Active ingredient Structure Source Effect and mechanism Ref.
Silibinin OH 1. Silybum marianum (L.) Down-regulate HIF-1a and VEGF via PI3K/AKT/ [60]
o~ Gaertn. mTOR pathway in RPE cells; improve retinal oedema
- 5 ©/°H and inhibit CNV generation in the rat model of AMD
& 0
OH C[Oj\/OH
Epicatechin HO on 1. Acacia catechu (L. f.)  Decrease caspase-3/7 activities and ROS/RNS levels, [61]
Q:; Willd. and increase DeltaPsim value, and increase ATP levels in
“““““ .< ;fOH MIO-M1 cells
HO
oH
Genistein . & 1. Glycine max (L.) Merr  Reduce the protein level of MCP-1, ICAM-1, and [62]
O | MMP-9 in the RPE-choroid complex, and suppress the
O expression levels of Ets-1 and F4/80 in mice of laser-
om0 OH induced choroidal neovascularization
Naringenin HO 1. Citrus grandis Inhibit the mRNA and protein expression of VEGF, [63]
O 5 "Tomentosa’ COX-2, PI3K, p38MAPK, MMP-2, and MMP-9 in
O OH 2. Citrus grandis (L.) retina and choroid tissues of rats
HO Osbeck
(o)
Farrerol HO 1. Rhododendron Enhance Nrf2-mediated cytoprotection via activating [64]
O o dauricum L. AKT and MAPK to protect ARPE-19 cells from
O OH oxidative stress damage
HO
o}
221 WHEER ME RS M) ZAAETRK M caspase-3 - caspase-9 55 T AH ¢ 3 K] 1) 3R 1A R AR 3

i om R 2GR FRFAE VRS
MR B R 28 B 73 o B FE R I, A B 3R R k4 ok
Ik UL 3- 2 W BG /2R RS B (phosphatidylinositol
3-hydroxykinase/protein kinase B, PI3K/AKT) 15 5 il
% 035 ROS /i 3 1 2R 44 T B R 5%, F 1 Bax . 2 fif
caspase-3 Fl1 2 fiff 2 3R IR 1 — B B2 % B 2 5 1 [poly
(ADP-ribose) polymerase, PARP] HJ 3R ik, M 1 {&
RPE 2 R4 X 58 4 T4 B o 2070 i e vl o
VA% p38 MM A5 5 U 19 g/ 22 228 i AL 2R I
i (extracellular signal-regulated kinase/mitogen-activated
protein kinases, ERK/MAPK) & 1% LA K P i i HF 20 v
JCA 45 & B H (cAMP-response element binding protein,
CREB) {5 5 & 3, 2035 40 I M5 1) 5 B 11 R0 26 R 44 1
B, PEAGAE 28 K7 IL-6.IL-8 \MCP-1 [ 433, AT PG
AF2FETIRIE (4-hydroxynonenal, HEN) %55 ARPE-19
21T 1) B P RN 98 i R, A, iR 2RO mT e I R
Kelch ¥ ECH #f 5¢ % H 1 (Kelch-like ECH-associated
protein 1, Keapl)/Nrf2/4it % £ Jz B 7€ #f (antioxidant
response element, ARE) 3 4%, 41| P J5i 0 82 I #E 1)
PUA T E A, R ARPE-19 41 il 4 F 1 4%5°>*  Cao
LUK B, 78 H,0, 5 5 ARPE-19 41 i S0 A0 B B 45
P A vh, S 2% AT i 1 4% Bel-2 \Bax Fas AHOGAE T
I % [ (Fas-associated death domain protein, FADD).

1B T8 Cel2"/Cx3erl /IR, B2 22 7T 2 2 BEAIG
I3 7 — % Ak & (nitric oxide, NO) . ¥ % B (cyclo-
oxygenase, COX) A i 41| it 2 E2 (prostaglandin E2,
PEG2) 7KV, [ B B AR Py V- A0 35 3 -N-JE 25 3 2,
% /% (N-retinyl idene-N-retinyl ethanolamine, A2E) [
&, RILH BT AMD 1 7).

222 BEH.REZZNEEZHE WHFH SR
GRS NG ST h 3 7 A oS G Y s i ik
R, HEH 08I % 5 miR-223 ) _E i AINOD 52
{25 4 3 (NOD-like receptor protein 3, NLRP3) [ T ifi,
M 0 NLRP3 %8 5 /N A5 5 1% & 51 & (1) ARPE-19
20 ffo 45 T2 BRSPS R i VEGF \PDGF £ )57
4 J& 2 A B 2 (matrix metalloproteinase 2, MMP-2) [#] 7K
S, MHREOE TS S B R B BR B CNV T 5. RPE 4H
B 1Y) I J7 — 18] 51 %% 1k (epithelial-mesenchymal transition,
EMT) 5 AMD B KA K HVIM K . Park S0 58 Kk
L, B¢ &5 2 0] ad o BH B & B BE B (focal adhesion
kinase, FAK) /™ ‘3 (1) JIi 1% 2 BR ¥ B (spleen tyrosine
kinase, Syk)/Src Ji i J& [Fl 4 52 & % & B2 ¥ 1§ (Src
proto-oncogene non-receptor tyrosine kinase, Src) 15 5 i#
%, A A 0 55 4 O T I N A D i 2
FZ il B (human primary retinal pigment epithelial cells,
HRPEpi) "' EMT AH 5 40 itd [l - TGF-B1. VEGF 73 W, 4%
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1M~ 8 EMT br 54 E-85 868 1 B/ 22 1 (zonula
occludens-1, ZO-D) W K & H «a-"FiF VUL 3 & A
(a-smooth muscle actin, SMA) HFi5. Ak, 5520
il 1 % B ROS, T 1 MMP-9 #1 VEGF ) %35, fR %7 A
P 55 €5, 2% B R A i 40 32 1,0, 155 1 840 R B0
s, W E R 5 A R W4 WAL, H B
AMD HIE NS BT AN . SA BRI, AR
A R A PIBK/AKT 15 5 38 B 401 i1 H,O, 5 3 ) RPE
S it R TS0 R & 2R 08 R I 40 1) Toll- B 52 1k 4
(Toll-like receptor 4, TLR4)/NF-xB {5 = il I 2035 i§ 2 b
1753119 ARPE-19 41 i [r) 57 % 2 RE FReRS AN JERE s b2

23 TEEKREMEE

PLAT 251 (paeoniflorin) 7 2 i 21 & (celastrol).
TN W R (triptolide). ZF 0 ¥ N B8 (androgra-
pholide). 7 ¥ & (artemisinin) £ A 183 {0 hl 2% f HobE
TR AV RGP AMD g ) (331977,
231 MHHE AjAEZ -FRWEET ARG, A
WG IRAT L AT ) 32 B RO o), R LB R R R
FRVER S o BARZG B2 B 90 3 B, A5 24 1 ] 3k 410 )
A TUHE IG SR PR A RE T DG ZRLAR D) RE 411 5
B PO T AR AR RS S R A R AT
Z R UK TR E L, 2 — Pl RO B AL 7

Table 3 Effect and mechanism against AMD of terpenoids in TCM. atRAL: All-trans-retinal; AMPK: Adenosine monophosphate-activated

protein kinase; Hsp70: Heat shock protein 70; CaMKII: Calcium/calmodulin-dependent protein kinase type 1I; GCLM: Glutamate-cysteine

ligase; ICAM-1: Intercellular cell adhesion molecule-1; TNF-a: Tumor necrosis factor-a

Active ingredient Structure Source

Effect and mechanism Ref.

Paeoniflorin
Pall.

Celastrol 1. Tripterygium

wilfordii Hook. f.

Triptolide 1. Tripterygium

wilfordii Hook. f.

(0]

Andrographolide 1. Andrographis

Nees

Artemisinin

1. Paeonia lactiflora

paniculata (Burm. f.)

1. Artemisia annua L.

Attenuate atRAL-induced oxidative stress, mitochondrial [65]
dysfunction and endoplasmic reticulum stress in ARPE-19

cells via triggering Ca>"/CaMKII-dependent activation of

AMPK

Decrease ROS production and caspase-3 activity, and [66]
attenuate H20»-induced p38MAPK and ERK phosphorylation

in ARPE-19 cells

Protect ARPE-19 cells from oxidative stress-induced cell [67]
death via activation of Nrf2 signaling pathway and

upregulation of GCLM expression

Protect ARPE-19 cells against H,0, mediated oxidative [68]
stress, autophagy, and apoptosis via activating sirtuin 3 signal
pathway

Regulate innate immunity response via NF-xB and Hsp70 [69]
in ARPE-19 cells

Downregulate the levels of VEGF, ICAM-1, TNF-a, and in [70]
the RPE-choroid-sclera complex to inhibit CNV in laser

induced C57BL/6J mice

Decrease the infiltration of M2 macrophages and [71]
downregulate the levels of VEGF, ICAM-1 and MCP-1 in the
RPE-choroid complex to inhibit CNV in the laser-induced

CNV mouse model

Attenuate CNV by inhibiting the HIF-10/VEGF signaling [72]
pathway in the laser-induced CNV mouse model

Protect RPE cell-D407 cells against H,0,-induced oxidative [73]
damage by enhancing the activation of AMPK

Protect retinal neuronal cells against oxidative stress via [74]
activating the phosphorylation of p38 and ERK1/2, and

restore rat retinal physiological function from light exposed

damage

Protect RPE cell-D407 cells against oxidative stress through [75]
activation of ERK/ CREB signaling
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CA BT R IR, A7 241 v 3d i fid 85 /80 1 R 1 AR
B AW IR (calcium/calmodulin-dependent protein
kinase type II, Ca’’/CaMKII) & #i '] AMPK 3%, & %
FEAR AL 2 B (all-trans-retinal, atRAL) % 5 ff] ARPE-19
2 %) S A R R A Ty e B 5 R P Joi ) S 3,
6] I, A% 245 F 38 v] JE ik R 8 p3SMAPK Al ERK F fif iR
K, R ARPE-19 48 il 952 H,0, 175 5 Ak R
L hTIAN
232 BRBELER HEAMAREMNTLE QB
PEHL ) — Fh 25 BRI MR S I IO =R A . ALK

L, AR AL AL BOE N2 5 S E g, BB R
T2 2 It & R 7 $% 1 (glutamate-cysteine ligase, GCLM)
FHO-1 131k, {4 ARPE-19 41 il 5 T A Ak B2 7%
TR AR AE T T A R 4L F AL T I8 I O sirtuin 315
5O g, 0 H,0, /v F 19 ARPE-19 4 A i) 28046 5238
Wik Ty R B 5 A0 4 B 0 T ot 7 R IR, RRR
[ 70 (heat shock protein 70, Hsp70) #& 5211 NF-xB i
P P G B U Y 7, R O R 40 3K AT i i 4% NF-«B Al
Hsp70 (93235, 40 Jig 2 B8 15 5 (1 ARPE-19 41 il (1 5%
RGP R
24 EYEEE

TERZ LI R, /N BET (berberine). ¥ 25 74 7T

(vinpocetine). )I| & B (tetramethylpyrazine). Ifl & 5

(sanguinarine) T4 H T B 16 AMD [ #ff 78 (& 47,
Horp, ANBERE N A B R, 2 NP2 AT B
(R —Fh I AR YIR. ATFC AR, /N BERRRE % LU [H] A0
7 & i P 1) 7 C0E U RPE 41 il 5 D407 4i i
AMPK [ BEER AL, T VK S H,0, 75 S % A 1) = 1
AR, ek SR A S HL AT 1Y) T A AR 7L TR I SR PR R
PRI 20 0 o 52 S8 A SR A s E B2 38 R MR
T /N BB ) /N BRI 7 RT3 B v A D
E JZ 2 Rho mRNA Al RPE JZ Rpe65 mRNA. Mct3
mRNA (7K, FF B AR R A AL R 2 Al mRNA (1)
IR /I B2 S5 4 i/ Wk 4 L ) 250 & F MDA e A i,
2 WY/ BE AT BE ) 5 A LR 5% B A0 R IR T
AMD A Biiia /E I

25 BHXE

B R A R E AR, KR

(astragaloside IV). A S 2 (ginsenoside) & 31 E &
1 (madecassoside)~ H #H % (glycyrrhizin) %5 O 4 UF BH
HA RGP0 AMD JE 1 (38 5%, Hb, I
NE B NEBEE I VY PR =0k 21, 2 24 3 i 3 B
PERL Y 2 — o Chen 0 K I, B HHF Al @A T
A R R BE R T 52 AR A 9% Kl F 5 (tumor necrosis factor
receptor-associated factor 5, TRAF5) 1 NF-xB H 31X,
Jok 2 S 9 e 75 14 RPE 40 ML P A 22 3R A7 PR 424K . Sun

Table 4 Effect and mechanism against AMD of alkaloids in TCM. AMPK: Adenosine monophosphate-activated protein kinase; NSR:

Neurosensory retinal; Rho: Rhodopsin; Rpe65: Retinoid isomerohydrolase; Mct3: Monocarboxylate transporter 3; MNU: N-Methyl-N-

nitrosourea; MDA: Malondialdehyde; Af: f-Amyloid

Active ingredient Structure Source

Effect and mechanism Ref.

Berberine 27\
Franch.

Cheng et Hsiao

4. Phellodendron
amurense Rupr.

Vinpocetine 1. Catharanthus roseus
(L.) G. Don
Tetramethylpyrazine 1. Ligusticum

Sanguinarine ™\
(Willd.) R. Br.

1. Coptis chinensis
2. Coptis deltoidea C.Y.

3. Coptis teeta Wall.

chuanxiong Hort.

1. Macleaya cordata

Protect RPE cells against oxidative stress via the [76]
activation of AMPK pathway

Improve the mRNA levels of Rho in the NSR, and Rpe65  [77]
and Mct3 in the RPE, and decrease the retinal mRNA

levels of oxidative stress genes, the number of microglia/
macrophages, and the MDA immunolabeling in mice

Inhibit Af induced activation of NF-«B, NLRP3 [78]
inflammasome and cytokine production in ARPE-19 cells

Inhibit the development of CNV in the rat model and [79]
interfere with vascular endothelial cell proliferation in vitro
Down-regulate the expression of genes c-Jun and c-fos, [80]
and inhibit photoreceptor cell apoptosis, thereby partially
protecting the retinal damage caused by MNU

Inhibit laser-induced CNV formation via down-regulating  [81]
VEGEF expression and restrain the VEGF-induced tube

2. Chelidonium ma jus L. formation and endothelial migration
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Table 5 Effect and mechanism against AMD of saponins in TCM. TRAF: Tumor necrosis factor receptor-associated factor

Active ingredient Structure

Source

Effect and mechanism Ref.

Astragaloside IV

Ginsenoside Rgl

Ginsenoside Rb1

Ginsenoside Rhl

Ginsenoside Rh2

Compound K

Madecassoside

Glycyrrhizin

1. Astragalus membranaceus
(Fisch.) Bge. var. mongholicus
(Bge.) Hsiao

2. Astragalus membranaceus
(Fisch.) Bge.

1. Panax ginseng C. A. Mey

1. Centella asiatica (L.) Urb.

1. Glycyrrhiza uralensis Fisch.

2. Glycyrrhiza inflata Bat.
3. Glycyrrhiza glabra L.

Suppress TRAFS signaling pathway — [82]
and alleviate neurodegenerative

changes in RPE cells induced by

isoflurane

Decrease ROS production and reduce [83]
the apoptosis of retinal cells in dry

AMD mice model

Improve the transport characteristics ~ [84]
of human Bruch's membrane and

facilitate the bidirectional exchange

of nutrients and waste products across

the membrane to delay the onset and/

or progression of AMD

Protect ARPE-19 cells against H,0,-  [85]
induced oxidative stress and

apoptosis through the activation of
Nrf2/HO-1 pathway

Protect against sodium iodate- [86]
induced RPE and retinal injury

though activation of AKT and Nrf2/

HO-1 pathway
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SETSSI) % (1 570 28R B4 B R 1 /N R T O 90 oK ZE 3 R
AT 5 35 PR A T AMID /) BRI i 2H 47 ROS
F 7= A R 9 T e, LR R ) L F T 25 0 T e R IR
H R GF RS
2.6 MRERHEFE

Z: i 1IA (tanshinone ITA) j& M H 25 PF 2 T AR
PRI — A ER S RS . WE AR B, E SR A E S0
R R, FHS 1A B8 0% DU & AR5 10 5 =40 il
ARPE-19 4 fitd  VEGF 1] 73 WA H HIF-1a () K3k, R
H U M AMD 97 417 16 H,0, 15 5 1) ARPE-19 41

Ji AE A SR A A A v P S TLA i 2 A ] 0 0
I PIBK/AKT/W L2304 7 18 %5 2 2 25 1 (mammalian
target of rapamycin, mTOR) i #% 1)1 1) 44 e 5 Wi, JF 18
1 1 ¥ Bax. MMP, caspase-9 . caspase-3 1 Bcl-2 & &5
T P 2 TS 1) 4 B T
2.7 Hit

B 7 LIRS RAA AN, PHERER A (salvianolic acid
A) M EK (lutein). K75 & (allicin)- 7 7 £ K# (fucoidan).
4 5t K AF (salidroside) F1-L T A fiE (esculetin) 19 B
555 AMD FIPER (R 6™ IR A /& KIR T 24

Table 6 Effect and mechanism against AMD of other components in TCM. P2x7r: Purinergic ligand-gated ion channel 7 receptor; Pkr:

Double-stranded RNA-dependent protein kinase; CYLD: Cylindromatosis; NAPDH: Nicotinamide adenine dinucleotide phosphate; GSK-34:

Glycogen synthase kinase 3f; TNFR: Tumor necrosis factor receptor; TRAIL: TNF-related apoptosis-inducing ligand

Active ingredient Structure

Source

Effect and mechanism Ref.

Salvianolic acid A

1. Salvia miltiorrhiza Bge. Protect RPE cells against oxidative stress [89]

through activation of Nrf2/HO-1 signaling
Up-regulate Nrf2 and inactivating the [90]
P2x7r-Pkr-Nlrp3 signaling pathway to

protect RPE from lipid oxidative damage

and chronic inflammation in mice

Decrease VEGF/PDGF/CYLD, and [91]
increase anti-angiostatin levels, and

promote P62-CYLD-TRAF6 interaction

to inhibit CNV progression in mice

Lutein «OH 1 Tagetes erecta L. Activate the transcription factor Nrf2 to [92]
protect RPE cells
Allicin =/_S\ 1. Allium sativum L. Modulate the expression levels of [93]
//S_\Z ROS-associated enzymes, including
° SOD, NADPH oxidase 4 and NAD(P)H
dehydrogenase quinone 1, and elevate the
activity of Nrf2 in the H,O,-stimulated
ARPE-19 cells
Fucoidan — 1. Saccharina latissimi Reduce oxidative stress and inhibit VEGF  [94,95]
2. Laminaria hyperborea  in AMD-relevant in vitro systems
Salidroside 1. Rhodiola crenulata Protect RPE cells against H,O,-induced [96]
(Hook. f. et Thoms.) H. cell injury through the activation of the
Ohba AKT/GSK-3/ signaling pathway
Esculetin 1. Fraxinus rhynchophylla Reduce the expression of cytokines, [97]
Hom Hance VEGF, TNFR, and TRAIL, and attenuate

2. Fraxinus chinensis

Roxb.

phosphorylation of ERK1/2 and NF-«xB
expression in LPS-induced ARPE-19 cells

3. Fraxinus szaboana

Lingelsh.

4. Fraxinus stylosa

Lingelsh.
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FHZ ) — B KIS SR BSY, DEFCR P R A AN 7]
BOE Nrf2/HO-1 i, 38 W] 3% AKT/mTORCI {5 5 i
%, fR 9 RPE 41 Hg 4K 51 H,0, 17 3 1 A0 B 4™
AR E AR % 1 (oxidized-low density lipoprotein,
ox-LDL) T (M4 4 4 AMD B8 | PRI R A AT
R Nef2 AT I R R E BTl A A 7 52 44X RNA
15 1 B 1 5 B BE/NOD B 52 4K 85 1 3 (purinergic
ligand-gated ion channel 7 receptor/double-stranded RNA-
dependent protein kinase/NOD-like receptor protein 3,
P2x7r-Pkr-Nlrp3) {5 518 %, t43% RPE [ % 40 SN 12
P JERE S FHBY R A G T E I K VEGF/PDGF/Jif
I8 $0 1 [ 7 (cylindromatosis, CYLD) £ i& . #2 & §it 1L
& E U ER 7K P RHE 3t P62-CYLD-TRAF6 4 B4k F 45
EEAEAE T ox-LDL 2B JF 4] CNV R el
3 RESRE

Bt 5 % AMD &5 BL I R AS W7 1) B, DI 5 2R
NEE S BT VEGF VG 9T & A BRI 2 24 N IR IT %
Koo I H A R AMD B — AN %0 R EEER I,
1M AMD #2& —Ff 2 2% (1 2 [ 20500, $1 VEGE iR 77 R
E—E R EAIHI CNV A B, 2% AMD SEAR, (HANEE
BEL 07 175 5 AMD i 2 & 2B e 1 H Atk B0 R 3Rt 464k
L 380 A P O A5 1) 5 R, 3E T 5 BOH T RO R
WE A A AMD A 2 S 38755 12847 1B & BH BT B9
SR AT RAR SN R R OK ) IT RN, R R R Bt
AMD IGIT AT I KR TT 1

BT X AMD KR AL RN TR, A R BLA
AT FERIT A o 243 1k il 7 32 B R o P ) R 4% 2 A kA
RIEAEH, BAEHUEA R B2 P AR s St
TEL VPUAMLE T | GE A B R DD RE R AT | T 2ok
PRI RE ORI A 255 . BRI &, 253 Py
ALIE PO B ROS A0 i1 AR 5 i 404k L 32 = b
A VE VE VUG Nrf2 45 538 % 85 i HO-1 & Hi Sk
H 21K, ORI AL 5 RPE = 56 T S840 S S0 4R 4
LI 5 R 20 B 2 22 A0 T2 @ RPE 48 i E bk 1)
RE R0, 184 9 HL 7 B A A A £ 1 T/ B L AR PR K
P JAE 53 1 I BE 7, 4041 20 o 4h 2 2 VR v (B
JEEE A0 R 0 55 7 B B RS ) HO AR R, IR R IE 3L RPE 5
IR % AT E R PR RN 9% 6 M5 6 40 UL 1) 55 0 WA AR
A @ RE M D¢ B AR (COX-1 F1 COX-2 %5) FlfiE
RET (AR MR IABEE 7 R M7 AT =
B R 755 1238 S JORE /INA B RE T, k2 A 2
1M G 2 A I 17) RE RS ) 57 5 B AMA 2R GE I e
%, BCE LM B RPE J2 5 B S0 05 ROAE SR @H0
& If & A Bl PR 7 A4l B R ¥+ (VEGF PDGF- FGF
TGF-AMMP. Il & AE i 2 -2 25) 11 40 b, I /b 1l 5

B 4 i 1) 488 5 RN GE B, B X B IBT CNV 1T R, 38 il
AMD Ji #2 ()t — 0 %Ak

g5 b, g TE YR R B 2 - 2 0 B P [ O
BRI, 52480 AMD W76 75 R IEdF W &, AR
18 AMD J TH ()78 77t 75 AN Wt 4 32 98 A0 %, (H R Y
B2 ARG R R A E — e M 2200 B %, B
Hof H 24 3 1 40 B 1R AMID BT 72K £ 15 B5 A2 25 9]
G o B, AR 2> 1 40 RN SI2 56 3h W K 1 3 L 24 ik
ATHAUE, VB R B 0 1) BH AR PR T 5 — 15 5 Bk 1)
— B TS S E AR, X R SRR B 5 1R
P A IR 2 A AR R R L e v S B
Z 2 90, RN R A o 24 B T AT PE AT AT SE PR IS
R T M, IS I AT S AN W 56 5 AN 8 I PR BT I 7R K
R R SRR 6 . FLIR, VR 2 TR 2505 R AR
Zi A 2B A, WOKEEZE BB IE A, =58
2 (I R B K ) A7 LE A N AE R F REAIG V2 2R 40
AR = 36 B | i - BR B R BELAS 245 002 = 7 = 5
A2 B R AR FH A i) R, M DA 381 BRI 250 SR 3 B A
TR G ¢ 24 0T i e B B R, EOA R K, SRR, (H/N gy
259 5y 383 5 7K A B TR T I A4 0 e ) S I A 1
S B 38 A 4 PR IR B, A FH I TA) R, 4k 5 i L 24 8K
KA IR, Gl o 38 a2 vp 24 35 P R0 1 R AL I
SR B, Ak LR A IR S kAN PR A oA S 1 L R AR R
SEREL, JEAAE FH B [E], 2 R P AMD T 2, 2 K Z
52 TAF ¥ 75 B UL ) e W) . 4R, DLPLGA
YRRL B A AR A R B A KRR S AR I
B A R G A R 24 W 3k 1K T T R I R, KA
R IR A 2 PR 2H 53 B R S B AL IO IS A ) 32 3K 4 A
*U%%;—%[IOI-IOJ»]O

YEZ Tk 1% 00 o B RS AL R AN 8RS, R 22 F0
SN T H BRSO OCEE L,

FIZEMSE: BTG AE 2 3 A AETE R 25 P o
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