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[ Abstract] Objective To develop a murine model of age-related macular degeneration ( AMD) , using combined

chronic exposure to light and hydroquinone, and to characterize the pathological and ultrastructural changes, and retinal
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function, thus to provide a more suitable model for AMD pathogenesis and treatment research. Methods Twenty 4-month-
old C57BL/6 mice were randomly divided into a model group and a normal group, with 10 mice in each. The mice in the
model group were fed a diet containing 8 g/ (kg+bw) hydroquinone and received 12 h light exposure daily with an intensity
of 2500 Ix. Mice in the normal group were fed with the same diet without hydroquinone, and were exposed to conventional
illumination. After 3.5 months, light and electron microscopy and electroretinograms (ERGs) were used to detect structural
and functional changes in the retina. Photoreceptor apoptosis was evaluated with TdT-mediated dUTP nick-end labeling
(TUNEL) staining, and vascular endothelial growth factor ( VEGF) and cluster of differentiation 31 ( CD31) expression
and distribution were detected by immunofluorescence. Results ERGs showed that retinal function of the mice in the
model group was lower than that of mice in the normal group. Light microscopy showed atrophic changes in the retinal
pigment epithelium (RPE) layer in the model group, and a reduced number of photoreceptor cells ( 164. 67+34. 37 versus
243.33+15.23 in the normal group). There were significantly fewer photoreceptor cells in the model group than in the
normal group (1=-9.77, P<0.05). Transmission electron microscopy showed that the photoreceptor outer segments of the
mice in the model group were loose, deformed and partially fragmented. In addition, the RPE-cell microvilli were
shortened; the Bruch’ s membrane became irregularly thickened; and endothelial cells from the choroidal capillary
basement membrane penetrated into the Bruch’ s membrane. Apoptosis was rarely found in the normal group. TUNEL
staining showed that there were many positive cells in the RPE and photoreceptor layers in the model group. The apoptosis
rate was (43+2.73)% (P<0.01). Immunofluorescence showed marked VEGF-positive staining in the RPE layer in the
model group, whereas no specific staining was found in the normal group. Immunofluorescence of CD31 showed scattered
positive staining in the outer plexiform layer and ganglion cell layer in the normal group, whereas it could also be found in
the RPE layer in the model group, which indicated the development of neovascularization. Conclusions The retinas of
mice treated with combined hydroquinone and chronic light damage closely mimic the development and characteristics of
human AMD, this may provide a reliable animal model for further studies of AMD pathogenesis and management.

[ Keywords] age related macular degeneration; mouse model; light exposure; hydroquinone
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Table 1 Electroretinogram (ERG) test between the normal and model groups (x + s,n=10)
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Normal group
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Model group
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P 0.001 0.001 0. 001 0. 000 0. 000
P value
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Note.A, Normal group, the retina layers were arranged regularly, the cell morphology was uniform, and the retinal pigment

epithelium layers were continuous and orderly. B, Model group, the arrangement of retinal layers was looser, the number of

photoreceptor cells was less than which in normal group, the RPE layer showed atrophic changes, Bruch membrane was

interrupted, and vascular-like tissue grew into (white arrow). RGCs: Retinal ganglion cells. INL: Inner nuclear layer. ONL;

Outter nuclear layer. RPE ; Retinal pigment epithelium layer.

Figure 1 Pathological changes of the retinas in the normal and model groups( HE staining,x400)
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D-F FEFR bR AR EM B AL &, RPE R IR (#i3k) , Bruch JEARKLIN , w] WL o7, o K2 40 i 4<
A(REFL) .
2 /NP PO R S T S B I

Note. A, B. Normal group. A, Structure of the rod outer segment. B, Bruch membrane and its surrounding
structures.C-F. Model groups. C. The disc membrane structure was disorganized and deformed. D-F. the microvilli
at the top of the pigment epithelial cells were sparse and shorter, the deposits under RPE (arrow ), the Bruch
membrane was irregular, and the endothelial cells grew in ( black arrow).

Figure 2 Transmission electron micrographs of the mouse retinas

TE: A IER AL, R WA T4 B AR W R R EOCAR M= nT W i oA, A A R AL B
DAPI S BANIR% . RGCs - UL BEAN 2235 20 A INLL: A% ; ONL AMZJR s RPE AR MBI J7 =
B3 TUNEL Gl iF i 4 b AR 2 A0 ) BB 4 i 0 715 20

Note. A, Normal group, showing no apoptotic cells. B, Model group, showing a large amount of apoptotic cells

(red) in the photoreceptor layer of the retina. The cell nuclei were stained as blue by DAPI. ( RGCs: Retinal
ganglion cells; INL: Inner nuclear layer; ONL: Outter nuclear layer: RPE ; Retinal pigment epithelium layer)

Figure 3 Apoptosis in photoreceptor cells of the normal and model groups( TUNEL staining)
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2.5 MEE VEGF FKikfEmn 2.6 FMAE CD31 RiLEFR

IEH AL A DL B B 1Y VEGF 283k, B 41 TEH AL 5 R DL B A i CD31 3R 3K, AR AL 41
PRRIRE (2% b R 2 R N AR )2 T LA A VEGE A0 = b Rz J2 Al DA 19 CD31 FHPEYe (o, I
PEMEGu e, DL 4, K5,

T AIEW AL R ILIAHG VECE Je; B ARALZL IR (3 LR R NIRRT L VEGE BIPER @R 2T 6 () , B G558 DAPI & 4
I AMERZ . RGCs : WL B 2235 20 ; INL: A% ; ONL: AMEZJZR s RPE AR BE 0 28 1172

B4 GO URIN e A AR VEGEF A5
Note. A, Normal group, showing no VEGF-stained cells. B, Model group, showing VEGF-positive cells in both RPE layer and the inner nuclear
layer ( white arrow) , and all the cell nuclei were stained as blue by DAPI. RGCs: Retinal ganglion cells; INL: Inner nuclear layer; ONL: Outter
nuclear layer: RPE ; Retinal pigment epithelium layer.

Figure 4 VEGF expression in the retina tissues of normal and model groups(Immunofluorescence staining)

T ACIET, R WLIIHH CD31 o0 B ARALA LIS ¢ b Rz 2 AT UL CD31 Bk (AR 4T (A () , BE (15 50 DAPT & B i 2 A
RGCs : U190 255 40 3 INLL: % J2% s ONL : SM%JZ s RPE - R4 38 1 J2 )=

B 5 s eI IE A AR CD31 A L
Note. A, Normal group, showing no significant CD31-stained cells. B, Model group, showing numerous CD31-positive cells in the retinal pigment
epithelium (white Arrows) ,and all the cell nuclei were stained as blue by DAPI. RGCS: Retinal ganglion cells; INL: Inner nuclear layer; ONL:
Outter nuclear layer: RPE ; Retinal pigment epithelium layer.

Figure 5 CD31 expression in the retinas of the normal and model groups(Immunofluorescence staining)
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