http://aammt. tmmu. edu. cn Bl 722 155 R 2mi 4R, 2025,47(19) 2327

W - Fehih PR
B RIEZ K AL A B 48 2 7 X A T I M R 0 5 =2 & R B RN

HAREH G WHELR GBS, T B REEERYECESEERSE) S MR ERIRE, S
PG T T ARSI L TR TR R X A EE BRI AR

(HE] HIY  ARTE BB R ORI AN [R) 45 24 75 2O O AL 19 451 0536 7 B3O 14 22 5 S PT g
Pl 7k K 8 JE S AR HEPE SD R B IR FEHL AL 7205 70 25 F1 41 (Control) FE IR ZH (X-Ray) 4 i+
PIEARAXAFAVT) | i B+ IR A ZG AL [ X+F (0S) | AR MR+FR KA 20 41 [ X+F(IV) |, B4 5 H o = H
L ROAL B 8 P2 P XS e i MR, ) A A A 8 T 32 A TR IR A Y o BB 0 R ORIR T, X A
DU 18] 235010 R 7 14,28 38 e A0 45 20 O B o e B MR IS IR AR SPAy 245 0 22 4 e, TR IR ' 2 A 1
JZ 14 (optical coherence tomography, OCT) DY Lt 4 I [ 2 21 25 44 22 4k, , #0 I) Ji5% Ha, [4] (electroretinogram ,
ERG) FIIIAEHR % FL 3L (oscillatory potentials, OPs) WA 58 DI , CD31 3 5 G e (3T i 1L 9 JIEE P B2
MR, AR AR PP o B A 9 R R/ E AR AR 38 BN B0 o &R IR AR I 2R A5 2R o, & )
BEG KRS S K BUAE RO A2 SR A TG T2 25 7 525 VAN L i B A P00 ) g !
F R, P I FEE P 1] a 30 b U5 RN OPs FR M S 35 T [ (P<0. 01) , OCT Az il 5t 7= 4 19 FEE 15 4 if 2% ( ganglion
cell layer, GCL) M #Z )2 (inner nuclear layer, INL) J5 B g 3319 i1 (P<0. 01) , [F] B CD3174f ffd B & S 2k
(P<0.01) o B+ Bl B8 1A Js 25 245 4R BRI 08 D) BE W08 35 203 TR 7 A A4k 1 GCL+INL JE B2 A4 K CD317
AR ERR (P<0. 01) , 58 MR+ DK 20 24 20 FAR R+ IR R A8 25 2R RICR AN W IR o TG AR R 45 5 o /R B 1k
R S BEZESF 96 h HR S i e B 25 W) 3 B, MR 24 (BB EHF 12 h AR iy e B 25 W) 25 B, Bk L 24 2451
B R MU BT B DO, TR IR ST B AR AR . S5 T RO IORI RO R R B A B AR
SPVET, BB AR 45 25 AR LU T IR R 45 25 2 R Bk 2 245 2R 7 A0 0

[REIR | I 45 24 05 X X R A I 5 L P At

[REESES] R774. 1;R944;R979. 6 [SCERARERB] A
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[Abstract] Objective To explore the differences in therapeutic efficacy and possible mechanism of
different routes of administration of fullerene nanoparticles in the treatment of radiation retinopathy.

Methods Eight-week-old adult male SD rats were randomly divided into blank group (Control), irradiation
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group (X-Ray), irradiation + vitreous cavity administration group [X+F(IVT)], irradiation + ocular surface
administration group [X+F(0S)], and irradiation + intravenous administration group [X+F (IV)], with 5 rats in
each group. The blank group was not treated, the irradiation groups exposed to X-ray irradiation to establish
the model, and fullerenol nanoparticles were given to the treatment groups through different routes after
irradiation. At 7, 14, and 28 d after modeling, body weight and fundus changes were measured to evaluate
drug safety, retinal optical coherence tomography (OCT) was used to observe the change in retinal tissue
structure, and electroretinography (ERG) was applied for oscillatory potentials (OPs) to evaluate visual
function. CD31 immunofluorescence staining was carried out to evaluate retinal endothelial vascular status,
and in vivo imaging was utilized to evaluate the accumulation of fullerenol nanoparticles in the eyes.
Results  The growth curves of body weight demonstrated that fullerenol nanoparticles did not affect the growth
and development of rats, with no statistical difference between the treatment groups and the control group.
Irradiation resulted in a significant reduction in visual function, decreased amplitudes of a-wave and b-wave,
and declined OPs (P<0. 01), and significantly increased thicknesses of the ganglion cell layer (GCL) and the
inner nuclear layer (INL) in the retinas, as evidenced by OCT (P<0. 01), along with a notably absent presence of
CD31-positive cells (P<0.01). Notably, the X+F(IVT) group obtained significantly improved visual function
after intravitreal administration, effectively maintained thickness of the GCL and INL, and prevention against
the loss of CD31-positive cells (P<0. 01). However, no such effective results were observed in the irradiated
groups receiving intravenous either ocular surface administration. In vivo imaging revealed that intravitreal
administration maintained high ocular accumulation of fullerene for 96 h, while ocular surface administration

sustained these concentrations for only 12 h. Intravenous administration, in contrast, only led to a predominant
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drug distribution in vascular-rich areas, but reduced ocular accumulation.

Conclusion Fullerene

nanoparticles possess a therapeutic effect on radiation retinopathy, and the intravitreal administration route

demonstrates better efficacy than ocular surface and intravenous administration.
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A': Hydrodynamic particle size of fullerenol nanoparticles (approximately 13 nm); B: Zeta potential of fullerenol nanoparticles

C: Raman spectrum of fullerenol nanoparticles; D: X-ray photoelectron spectrum of fullerenol nanoparticles; E: Body weight

curves of rats after different administration routes of fullerenol nanoparticles within 30 d; F: Representative image of rat fundus

after fullerenol nanoparticle treatment through different administration routes
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Figure 2 Characterization and in vivo toxicity of fullerenol nanoparticles
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A: Representative images of in vivo imaging with Cy5 fluorescently labeled fullerenol nanoparticles at 6, 12, 24, 48 and 96 h
after administration, through intravitreal injection [ F(IVT) ], intravenous injection [F(IV) ], and ocular surface drop [F(0S)];
B~F': Statistic analysis of eye fluorescence intensity at 6 (B), 12(C), 24 (D), 48 (E) and 96 (F) h after administration.
a: P<0.05, b: P<0.01
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Figure 3 Fluorescence accumulation of fullerenol nanoparticles in rat eyes with different administration routes
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A: OCT showing retinal thickness in the blank group (control) , irradiation group (X-Ray) , irradiation +vitreous cavity

treatment group [X+F(IVT) ], irradiation + intravenous treatment group [X+F(IV) ], and irradiation + ocular surface treatment
group [ X+F (0S) ] respectively at 7, 14 and 28 d after administration; B~D: Statistic analysis of retinal GCL+INL thickness
during OCT circular scanning in the control, X-Ray, X+F(IVT), [X+F(1V) ], and [ X+F(0S)] groups at 7 (B), 14 (C) and
28 (D) d after administration. GCL: Ganglionic cell layer; INL: Inner nuclear layer. a: P<0.05; b: P<0. 01
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Figure 4 Efficacy of fullerenol nanoparticles through different administration routes on retinal tissue evaluated

by optical coherence tomography (OCT)
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A: ERG showing a-waves and b-waves in blank group (Control) , irradiation group (X-Ray) , irradiation + vitreous cavity

treatment group [ X+F(IVT) ], irradiation + intravenous treatment group [ X+F(1V) ], and irradiation + ocular surface treatment
group [ X+F(0S) ] at 7, 14 and 28 d after irradiation; B and C: Statistic analysis of a-wave (B) and b-wave (C) amplitude of
each group at 7 d after administration; D and E: Statistic analysis of a-wave (D) and b-wave (E) amplitude of each group at 14 d

after administration: F and G: Statistic analysis of a-wave (F) and b-wave (G) amplitude of each group at 28 d after

administration. a: P<0.05, b: P<0. 01
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Figure 5 Efficacy of fullerenol nanoparticles through different administration routes evaluated by electroretinography (ERG)
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A: OPs waves in blank group (Control), irradiation group (X-Ray), irradiation + vitreous cavily treatment group [ X+F(IVT) ],

irradiation + intravenous treatment group [X+F(IV) ], and irradiation + ocular surface treatment group [X+F(0S) ] at 7, 14
and 28 d after irradiation; B~D: Statistic analysis of 3, OPs amplitude of the blank group and above treatment groups at 7 (B),
14 (C) and 28 (D) d after irradiation. a: P<0. 01
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Figure 6 Efficacy of fullerenol nanoparticles through different administration routes on oscillatory potential (OP)
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A: Representative images of ERG a-waves and b-waves in the blank group (Control) and X-Ray irradiation groups at 7, 14 and
28 d after irradiation; B~D: Statistic analysis of a-wave (B), b-wave (C) and 3, OP-wave (D) amplitude of the blank group,
and X-Ray irradiation groups at 7, 14 and 28 d after irradiation; E: Representative images of OP waveforms in the blank group
and X-Ray irradiation group at 7, 14 and 28 d after irradiation. a: P<0. 01
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Figure 7 Electroretinogram and functional oscillatory potential (OP) of the rats at different time points after irradiation (n=5)
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A~C: CD31" (green) retinal endothelial vessels of rats in blank group (Ccontrol) , irradiation group (X-Ray) , irradiation +
vitreous cavity treatment group [X+F(IVT) |, irradiation + intravenous treatment group [X+F(IV) ], and irradiation+ocular
surface treatment group [X+F(0S)] at7 (A), 14 (B) and 28 (C) d after irradiation; D~F: Statistic analysis of fluorescence
intensity of CD31 in retinal slices at 7 (D), 14 (E) and 28 (F) d after irradiation. GCL: Ganglionic cell layer; INL: Inner
nuclear layer; ONL: Outer nuclear layer. a: P<0.05, b: P<0. 01
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Figure 8 Fluorescent staining of retinal slices after fullerenol nanoparticle treatment through different administration routes
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