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[ Abstract] Objective To investigate the effects of riboflavin-ultraviolet A scleral collagen cross-linking on
the retina under different irradiation time,and to determine the safe irradiation time. ~Methods Sixty healthy New
Zealand white rabbits were randomly divided into control group (0 minute group), 10 minutes group, 20 minutes
group, 30 minutes group and 40 minutes irradiation group according to the irradiation time, with 12 rabbits in each
group. The left eye was irradiated with riboflavin-ultraviolet A scleral collagen (370 nm, 10 mW/cm’ ). The
histopathological change of retina was observed by light microscope and transmission electron microscope and
compared among different groups. The concentration of MDA and the activities of SOD, CAT and GSH-Px in retinal
tissue were detected by corresponding kits. The expression levels of SOD and CAT proteins in retinal tissue were
detected by Western blot method. The study protocol was approved by the Binzhou Medical University Laboratory
Animal Ethical Committee ( No.2017-80). The use and care of animals complied with the statement of ARVO and the
Regulation on the Management of Laboratory Animal Quality of China. Results Under the light microscope, the
structure of the retinas in the control group was orderly arranged. Under the transmission electron microscope, the

lamellar structure in the inner segment and the mitochondrial structure in the outer segment of the photoreceptor cells
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were intact,and the mitochondrial ridge was continuous in the control group. There was no obvious difference in retinal
morphology between the 10 minutes irradiation group and the control group under both the light microscope and the
transmission electron microscope,and the retinal damage became more severe with the prolongation of irradiation time.
The concentration of MDA in the retina of each group was elevated gradually with the increase of irradiation time,and
the difference was statistically significant ( F = 65.25,P<0.05). The concentration of MDA was (11.31+1.84),
(14.94+1.04) and (18.25+1.42) nmol/mgprot in the 20 minutes, 30 minutes and 40 minutes irradiation groups
respectively ,which were significantly higher than (1. 13+0. 02) nmol/mgprot in the control group (all at P<0.05).
The MDA concentration in 20 minutes, 30 minutes and 40 minutes irradiation groups was increased successively,
showing statistically significant differences (all at P<0. 05). With the prolongation of irradiation time, the activities of
SOD,CAT and GSH-Px as well as the expression levels of SOD and CAT proteins were significantly decreased
gradually ( F=44.09,34.18,35.60,115.75,78. 86;all at P<0.05). The differences between the control group and
20 minutes,30 minutes,40 minutes irradiation groups,and the differences among 20 minutes,30 minutes,40 minutes
irradiation groups were statistically significant (all at P < 0.05). Conclusions Riboflavin-ultraviolet A
10 mW/cm” scleral collagen cross-linking irradiation for 10 minutes is safe. Excessive irradiation time can cause
damage to the retina of rabits.
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Figure 1 Observation of retinal tissue morphology changes under the light microscope after different irradiation time ( HE x200,bar= 100 wm)

A :In the control group, the retinal layers were arranged orderly with clear boundaries, and the whole structure of the retina was normal  B: The retinal

morphology of the 10 minutes irradiation group was similar to that of the control group C:In the 20 minutes irradiation group,there was mild edema in each
retinal layer;the arrangement of photoreceptor cell layers was occasionally loose ( green arrow) ;the ganglion cells were slightly swelling;the cytoplasm was
slightly stained (black arrows) D:In the 30 minutes irradiation group,there was obvious edema in each retinal layer;the cells were slightly stained on the
whole ; the photoreceptor cell layers were disordered ( green arrow) ;the number of ganglion cells was decreased ( black arrow ) ; the nerve fiber layer was
slightly proliferated (red arrow) E:In the 40 minutes irradiation group, the photoreceptor layer and the pigment epithelium layer were separated; the
photoreceptor cells were swelling; the cytoplasm was slightly stained ( green arrow) ;the ganglion cells disappeared ( black arrow) ;the nerve fibers proliferated

significantly ; the thickness of the nerve fibers layer increased (red arrow) ;the inner limiting membrane fell off (yellow arrow)
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Figure 2 Observation of the ultrastructure of retinal photoreceptors outer and inner segments under the electron microscope after different

irradiation time (uranium acetate-lead citrate X5 000,bar=1 um) A:In the control group, the layered structure of the photoreceptor outer segment was
complete and clear with neat arrangement B :The morphology of the photoreceptor outer segment in the 10 minutes irradiation group was similar to that in the
control group  C:In the 20 minutes irradiation group, the layered structure of the photoreceptor outer segment was a little dissolved and the layers disappeared
(red arrow) D:In the 30 minutes irradiation group,the layered structure of the photoreceptor outer segment was dissociated , vacuolated and disordered and
presented medullary (red arrow) E:In the 40 minutes irradiation group, the cells of the photoreceptor outer segment were reduced and sparse, and the
intercellular space was large (red arrow) F:In the control group,the mitochondria of photoreceptor inner segment cells were intact;the mitochondrial ridge
structure was continuous, regular and long ellipse in shape; the nucleus was uniformly stained; the structure of nuclear membrane was intact with clear
boundary between it and the cytoplasm G :The morphology of the photoreceptor inner segment in the 10 minutes irradiation group was similar to that in the
control group H:In the 20 minutes irradiation group, part of mitochondrial ridge structure of the photoreceptor inner segment was dissolved, blurred and
discontinuous (yellow arrow) I.In the 30 minutes irradiation group, part of the mitochondrial ridge structure was dissolved and blurred with medullary
corpuscles formed (yellow arrow) J:In the 40 minutes irradiation group, mitochondria swelled and mitochondrial ridge structure disappeared with vacuolation

formed in the photoreceptor inner segment ( yellow arrow)

x1 BARRUMEMHRLA TR MDA iR EXR SOD CAT GSH-Px i& 14 Lt % (mean+SD)
Table 1 Comparison of MDA concentration and SOD,CAT,GSH-Px activities in
retinal tissues of rabbits among different groups ( mean+SD)

. MDA ¥ Ji SOD i 1t CAT i GSH-Px i 1

2150 FEAR
('nmol/mgprot) [ pmol/ (s + mg) ] [ pmol/ (s + mg) ] [ pmol/ (s + mg) ]

Xof e 20 3 1.13+0.02 0.25+0. 03 0.11+0.01 3.00+0. 29
B ST 10 min 41 3 4.13+1.21 0.25+0.01 0.11£0. 02 2.810.39
FE ST 20 min 41 3 11.31+1. 84" 0.19+0. 03" 0.07+0.01° 2.13+0. 15°
I8 5} 30 min 41 3 14.94+1. 04 0.13+0.01* 0.06+0.01*" 1.67+0. 12"
85} 40 min 41 3 18.25+1. 42 0.08+0. 01" 0.0420.01™" 0.92+0. 17"
F 1 65.25 44.09 34.18 35.60
P 1Y <0.05 <0.05 <0.05 <0.05

54 R A H A, 0 P<0. 055 15 4% IR 20 min £ HE AR, " P<0. 055 5 45 [ I 30 min 41 Ho 4, P <0. 05 (3 [H % Jr 2 43 4, LSD-+ Ko 1)
MDA . 7§ 8 ; SOD : 8 %8 fb Wy B (L il 5 CAT - i 45 Ak Ul 5 GSH-Px .« 45 Jie H ki 48 Ak 4 il

Note ; Compared with the respective control group,*P<0. 05 ;compared with the respective 20 minutes irradiation group,”P<0. 05 ; compared with the respective
30 minutes irradiation group,P<0.05 (One-way ANOVA ,LSD-¢ test) MDA ; malondialdehyde ; SOD ; superoxide dismutase; CAT: catalase ; GSH-Px; glutathione

peroxidase
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Figure 3 Expression levels of SOD and CAT proteins in retina of
different groups by Western blot With the increase of irradiation
time, the expression bands of SOD and CAT proteins in retina were
decreased gradually 1: control group;2: 10 minutes irradiation group;
3:20 minutes irradiation group; 4: 30 minutes irradiation group;
CAT. catalase; SOD: superoxide

dismutase ; GAPDH : glyceraldehyde-3-phosphate dehydrogenase

5:40 minutes irradiation group

x2 FHAKMUMELL R SOD f1 CAT £H
18 % & % 2 L8 (mean=SD)
Table 2 Comparison of relative expression levels of SOD and
CAT proteins in retina of rabbits among different

groups ( mean=SD)
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MRS 30ming] 3 0.79£0. 06™ 0.94£0. 13
JRS 40 min 4] 3 0.08+0. 02" 0.29+0. 09**

F A4 115.75 78. 86

P <0.05 <0.05

A IR L P <0.05; 55 4 H IR 20 min 4 H B, P<
0.05; 54 [ B 30 min 2 L 42, P<0. 05 (5[} 3 Jr 2243 47, LSD-1 £5;
%)  SOD.# ALY ALRE ; CAT : id A fL S

Note ; Compared with the respective control group,”P<0. 05;compared with
the respective 20 minutes irradiation group, "P<0.05; compared with the
respective 30 minutes irradiation group,“P <0.05 ( One-way ANOVA, LSD-¢

test) SOD :superoxide dismutase;CAT :catalase
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