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[ Abstract] Objective To observe the prevention and control effect of 1% atropine on the progression of form
deprivation myopia (FDM) in guinea pigs and the potential biological mechanism. Methods Sixty-nine 3-week-
old tricolor guinea pigs with normal refraction were randomly divided into a normal control group (n=19),a FDM
group (n=19) ,a FDM+atropine group (n=19) ,and an atropine group (n=12). No intervention was given to guinea
pigs in normal control group. The FDM model was established by covering the right eye of guinea pigs with
a semitransparent latex facemask for 4 weeks in FDM and FDM +atropine groups. For the FDM +atropine group, 1%
atropine gel was topically administered to the form-deprived right eyes once a day for 4 weeks. For the atropine group,
the right eye was treated with 1% atropine gel once a day for 4 weeks. Refraction and axial length of guinea pigs were
measured by retinoscopy and ophthalmic A-scan ultrasonography respectively at baseline, experiment week 2 and week
4. In experiment week 4, eyeballs were enucleated to make sections via the paraffin wax processing procedure,and the
microstructural and ultrastructural changes of the sclera were observed under the light microscope and transmission
electron microscope,respectively. The isobaric tags for relative and absolute quantitation labeling combined with liquid
chromatography-tandem mass spectrometry were used to identify the differentially expressed proteins. Use and care of
the animals complied with the Regulation for the Administration of Affairs Concerning Experiment Animals by State
Science and Technology Commission. The study protocol was approved by the Institutional Animal Care and Use
Committee of Tianjin Medical University ( No. TJYY2020111028).  Results There were statistically significant

differences in the diopter of guinea pigs at different time points among the four groups (F_ _ =138.892,P<0.001;

group
F,.=167.270, P <0.001). Compared with normal control group, the diopter of guinea pigs in FDM group at
experiment weeks 2 and 4, and FDM + atropine group at experiment week 4 developed toward myopia, showing
statistically significant differences (all at P<0.001). Compared with FDM group, the diopter of guinea pigs in FDM+
atropine group at experiment weeks 2 and 4 developed toward hyperopia, showing statistically significant differences
(both at P<0.001). There were statistically significant differences in the axial length of guinea pigs at different time
=32.346,P<0.001;F,  =353.797,P<0.001). The axial lengths of FDM group

points among the four groups (F,,,, e

at experiment weeks 2 and 4 and FDM +atropine group at experiment week 4 were longer than those of normal control
group,and the axial lengths in FDM +atropine group at experiment weeks 2 and 4 were shorter than those in FDM
group,and the differences were statistically significant (all at P<0.001). The collagenous fibers of posterior sclera of
guinea pigs were loose and disordered in FDM group,and were regular in FDM +atropine group. The posterior scleral
thickness of normal control group, FDM group, FDM + atropine group and atropine group was ( 141.74+16.98),
(101.46+9.15),(112.74+6.24) and (134.30+18.19) wm,respectively,with a statistically significant difference
(F=6.709,P=0.005). The posterior sclera was significantly thinner in FDM group than in normal control group and
FDM +atropine group ( both at P<0.05). The diameter of posterior scleral collagen fiber gradually increased from
inside to outside in normal control group, FDM +atropine group and atropine group, and the diameters of the inner,
middle and outer posterior scleral collagen fibers were smaller in FDM group than in normal control group. Proteomic
analysis revealed 85 differentially expressed proteins (fold change>1.30) between FDM group and normal control
group , FDM +atropine group and FDM group, of which 38 were up-regulated and 47 were down-regulated after atropine
treatment. Gene Ontology enrichment analysis showed that biological processes mainly involved were biological
regulation, cell process,localization and metabolic process. Molecular function mainly involved were binding, catalytic
activity , molecular function regulator, structural molecule activity and transporter activity. Cell components mainly
involved were in cellular anatomical entity, intracellular and protein-containing complex. ~ Conclusions  Atropine
can increase the diameter of scleral collagen fibers in guinea pigs of FDM model, improve the arrangement of scleral
collagen fiber,inhibit scleral thinning. The mechanism of atropine to control myopia progression is closely related to
the tight junction between scleral cells, cytoskeleton and extracellular matrix remodeling.

[ Key words] Atropine; Refraction, ocular; Myopia; Form deprivation; Sclera; Histomorphology;
Proteomics; Models, animal
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Table 1 Comparison of diopter of guinea pigs at different

time points among different groups (xxs,D)

AN TR) i i) 3 JeE O S

o
A e Sw 2 KR4
EH X B 19 2.80+1.08 2.73+0. 58 2.36+0. 35
FDM #4578 4 19 2.68+0.50  -2.38+1.10° -4.23+1.19"
FDM+B3G &40 19 2.59+0. 88 2.00+0.75" -0.86+1.30"
Bl 4T fit 26 12 2.98+0. 64 2.87+0. 56 2.10+0. 30

T F oy =138.892,P<0.001; Fyy iy = 167.270, P<0. 001. 5 AH Ji i [i7]
AN IR 4 b B, “P < 0.001; 5 40 R I [R] 5 FDM AR 44 L 4,
"P<0. 001 (T4 WP & 07 %4007, LSD~ K ) FDM B 36 3 %5 1
bl

Note:F,,,,, = 138.892,P<0.001; F, = 167.270, P<0.001. Compared
with normal control group at corresponding time points, * P<0. 001 ; compared
with FDM group at corresponding time points, "P<0. 001 (Two-way repeated
measures ANOVA LSD-¢ test) FDM:form deprivation myopia

®2 SEABRRIRMBAERESRMKE LR (x5, mm)

Table 2 Comparison of axial length of guinea pigs at different

time points among different groups (x=s, mm)

TR S T e Rk A 8

S
A [ SR 2 K4
E % IR 4L 19 7.43+0.03 7.61%0.09 7.70+0. 07
FDM #5784 41 19 7.42£0.05 7.79£0.12°  7.96+0. 04"
FDM+[4E 40 19 7.42+0. 06 7.63+0.06"  7.79£0.07"
B FE ity 25 12 7.42+0.03 7.58+0. 13 7.69x0. 06

T F = 32.346,P<0. 001 F yy =353. 797, P<0. 001. 54 B i [A] £

TE 0k B2 L2, * P<O. 015 5 4 R B ] 5 FDM #5528 4 1L %%, P<0. 001
(5 T T3 P 2207 22 40 0, LSD-1 f ) FDM . J& 45 34 25 M 3 40
Note: F,,,,, = 32.346,P<0.001; F, =353.797, P<0.001. Compared

with normal control group at corresponding time points, *P<0. 01 ; compared
with FDM group at corresponding time points,”P<0. 001 ( Two-way repeated
measures ANOVA | LSD-; test) FDM:form deprivation myopia
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Figure 1 Scleral morphology of guinea pigs in different groups under a light microscope (HE x200,bar=50 pm)

The arrangement of collagen

fibers in peripheral and pericentral sclera was normal in each group,and no significant difference was observed. The posterior sclera of normal control group

was normal with neatly arranged collagen fibers. The collagen fibers of posterior sclera of FDM group were in a loose and disordered arrangement with

obvious lacunae. The collagen fibers of posterior sclera of FDM +atropine group were in the regular arrangement. The collagen fibers of posterior sclera of

atropine group were arranged neatly FDM :form deprivation myopia

®3 BRABRRLRREFDIR FEMMERBIEEE LR

(x£s,pm)
Table 3 Comparison of peripheral, pericentral and posterior
scleral thickness of guinea pigs among different groups

(x£s,pm)

4157 FEA TR

JA 1336 o JE R Ji 1 8
1E % AR 4 6 73.75£6.65  64.47+ 9.44 141.74x16.98
FDM #5714 6 66.96+5.86  61.94% 6.53 101.46= 9.15°
FDM+BTHEM2H 6 69.69+9.37  65.13x13.35 112.74+ 6.24"
Bl 4 it 41 6 76.60+5.76  68.02x 5.42 134.30x18.19
F {4 0.313 0.223 6.709
P {4 0.816 0.879 0. 005

5 0E W X AL H B, "P<0.05; 5 FDM KSR 41 1 42, "P < 0.05
(BRRER I 2007, LSD-t 455 )  FDM . 56 3 55 1 3L

Note : Compared with respective normal control group, “P<0. 05 ; compared
with respective FDM group, "P <0.05 ( One-way ANOVA, LSD-¢ test)
FDM ; form deprivation myopia
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Figure 2 Scleral ultrastructure in experimental eyes of guinea pigs
in different groups under a transmission electron microscope
( Uranium-lead citrate x50 000,bar=1 pm) In normal control group,
the inner,middle and outer collagen fiber bundles were normal, and the
diameter gradually increased from inner layer to outer layer. In FDM
group, the diameter of collagen fiber bundles decreased and the gap
increased. In FDM +atropine group, the inner and middle collagen fiber
layers were similar to those of normal control group, while the outer
collagen fibers was sparser. In atropine group,the inner, middle and outer
collagen fiber bundles were similar to those of normal control group
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protein kinase mTOR was increased in FDM group and reduced in FDM +
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Figure 3 GO analysis A :Biological process Including cellular process,
B: Molecular

Including binding, catalytic activity, molecular function

metabolic process, biological regulation, and so on
function

regulator, and so on C: Cell component  Including cell anatomical

entity, intracellular and protein-containing complex

cell adhesion molecule (PCO00G9)
W chaperone (PCODOTZ)
B chromatin/chramatin.binding, o -regulatory protein (PCO0077)
eytoskeletal protein (PCO0085)
extracellular matrix protein (PC00102)
B gene-specific tramscriptions] regulator (PCO0264)
W intercelbular sagnal molecule (PO00207)
B membrane iraffic protein (PCO0LS0)
B metabolite intercoaversion enzyme (PCOD262)
W pucleic acid metabolism protein (PCOOITI)
B protein modifying eazyme (PCO0260)
W proicia-binding activity modulator (PCO00S5)
®  structaral prosein (PC00211)
W tramsfer/camicr proten (PCO0219)
W tramslational prosein (PCOO263)
B trassmembrane sigaal receptor (POD0IST)
W tramsporer (PCO022T)

4 ZAPANTHER £RZASE WIHAMMEERES (UL
R G SR AN R T = IR ey S R

Figure 4 PANTHER classification of differentially expressed
proteins Cytoskeletal protein, metabolite interconversion enzyme,
protein modifying enzyme , extracellular matrix protein, transporter, and so

on were involved
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Figure 5 PANTHER pathway analysis Integrin signaling pathway,
glycolysis, hypoxia response via HIF activation and other pathways were

involved
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