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ABSTRACT

Retinopathy is one of the causes of early vision loss among the working population. Retinopathy is a common complication
of diabetes. However, preclinical testing of new therapies in animal models of diabetic retinopathy remains complicated by the
long time to symptom onset and the high cost of animal housing. One of the solutions is to create models similar to retinopathy
without inducing diabetes. One of the approaches for such method is to induce retinopathy using factors such as vascular
endothelial growth factor and basic fibroblast growth factor. In our study, we tested the ability of a combination of these factors
at low concentrations to induce a stable retinopathy model. The results showed that, despite the fact that the concentration
of the factors was reduced, repeated administration of them resulted in a model exhibiting all the key features of the disease.
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INTRODUCTION

Pathological retinal neovascularization is a characteris-
tic feature of several vision-threatening retinal diseases and
is associated with disruption of the blood-retinal barrier, in-
creased vascular permeability, hemorrhage, and progressive
structural damage to the retina. Vascular endothelial growth
factor (VEGF) is a major regulator of pathological retinal an-
giogenesis and vascular permeability and has therefore been
widely used to establish experimental models of retinal neo-
vascularization.

In rabbits, sustained intravitreal delivery of recombinant
human VEGF has been shown to induce pronounced retinal
vascular changes. Ozaki et al. demonstrated that implantation
of a VEGF-containing polymeric preparation into the vitre-
ous cavity resulted in dilation and increased tortuosity of ret-
inal vessels within seven days, followed by vascular leakage
and neovascularization within 14-21 days [1]. However, the
induced neovascularization subsequently regressed as VEGF
levels declined, demonstrating the dependence of the model
on sustained exposure to the angiogenic stimulus.

To enhance the retinal angiogenic response, VEGF has
also been combined with basic fibroblast growth factor
(bFGF). Sustained intravitreal exposure to VEGF and bFGF
resulted in rapid and pronounced retinal neovascularization
accompanied by vascular leakage and hemorrhage in rabbits
[2]. More severe retinal alterations, including tractional reti-
nal detachment, have also been reported following sustained
exposure to these two angiogenic factors [3].

Although sustained-release systems provide prolonged ex-
posure to angiogenic factors, they require implantation of a
carrier material into the vitreous cavity. Repeated direct in-
travitreal administration may provide an alternative approach
for maintaining the angiogenic stimulus without the use of a
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polymeric delivery system. Therefore, in the present study, we
investigated a modified rabbit model based on three consecu-
tive intravitreal administrations of VEGF and bFGF. The aim
of the study was to establish and characterize retinal vascular
changes induced by repeated administration of these two an-
giogenic factors without the use of a sustained-release poly-
mer.

MATERIALS AND METHODS

Animals. All experiments were conducted using mongrel
rabbits. The research protocol was approved by the Ethics
Committee of the National Center for Biotechnology (No.4,
24.10.2026). The study involved mongrel rabbits aged 3
months and weighing at least 2 kg. Three animals were used
in each experimental group. Only the right eye of the animals
participated in the experiment; the left eye served as a con-
trol. Since, according to the manufacturer’s instructions, the
factors were dissolved in MQ water, nothing was introduced
into the control eyes.

Induction of Retinal Vascular Changes by VEGF and
bFGF. Intravitreal administration was performed under isoflu-
rane anesthesia combined with local anesthesia using Novo-
cain. Prior to injection, the ocular surface was disinfected with
chlorhexidine solution (0,05%). VEGF (AF-100-20-10UG,
Gibco, USA) and bFGF (PHG0264, Gibco, USA) were pre-
pared according to the manufacturers’ instructions. VEGF and
bFGF were administered intravitreally at a dose of 400 ng
in a total injection volume of 50 pL. The injection was per-
formed 6 mm posterior to the corneal limbus. To provide re-
peated exposure to the angiogenic factors, intravitreal injec-
tions of VEGF and bFGF at the same dose and volume were
performed on days 1, 7, and 17 of the experiment. Retinal
changes were subsequently evaluated by optical coherence
tomography (OCT) on days 20, 26, and 48, 60 (Figure 1).
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Figure 1. Experimental design of the study

Clinical Evaluation by Optical Coherence Tomography
(OCT). For the analysis, animals were administered 5 mg/kg
xylazine at a dose of 5 mg/kg. Examination was initiated af-
ter adequate sedation was achieved to allow safe positioning
and manipulation of the animals. Imaging was performed us-
ing an Optovue solix optical coherence tomograph (Visionix,
USA). OCT examinations were performed on days 20, 26, and
48, 60 after the initiation of the experiment. The first examina-
tion, on day 20, was performed immediately after the third in-
travitreal administration of VEGF and bFGF [4].

RESULTS

Repeated intravitreal administration of VEGF and bFGF
resulted in the development of retinal abnormalities in rabbits.
Following three administrations of the angiogenic factors, ret-
inal changes consistent with the induced retinopathy model
were detected by OCT and fundus examination.

On day 26 after the initiation of retinopathy induction,

fundus imaging demonstrated comparable signs and stages of
retinal pathology in the experimental groups. OCT examina-
tion confirmed the persistence of retinal structural alterations
at this time point (Figure 2). Based on these findings, human
adipose tissue-derived pericytes were administered intravit-
really on day 31 to one group of animals, while the second
group received no cell treatment.

Seventeen days after pericyte administration, correspond-
ing to day 48 of the experiment, differences in disease pro-
gression were observed between the groups. In animals re-
ceiving pericytes, OCT findings remained generally similar to
those observed during the previous examination (Table 1). In
contrast, animals that did not receive pericytes demonstrated
further retinal alterations and complications, as detected by
OCT and fundus imaging (Table 2). Although fundus exam-
ination initially indicated a similar degree of retinal involve-
ment in both groups, OCT revealed differences in the subse-
quent progression of retinal structural changes.

At the later observation time point, spontaneous regres-
sion of the induced retinal changes was observed in the un-
treated group. By day 60 of the experiment, corresponding to
43 days after the final administration of VEGF and bFGF, al-
most complete retinal recovery was observed in rabbits that
had not received pericytes. In contrast, retinal abnormalities
remained detectable at day 60 in animals treated with peri-
cytes (Figures 3, 4; Tables 3, 4).

Figure 2. Representative OCT images showing retinal changes
following induction of experimental retinopathy in rabbits

Table 1. Summary of OCT findings following induction of experimental retinopathy in rabbits at different time points

Time point VEGF/bFGF group

Control group VEGEF/bFGF + pericyte group

Day 20

OD Structural alterations of the retina
are visualized, retinal vessels exhibit
tortuosity and variable caliber, peri-

papillary retinal edema is present.

OS Retinal thickness is uniform. The
neurosensory retinal architecture is
well-differentiated, hyperreflective
foci, inclusions, and hyporeflective
cavities are absent. No pathological

changes are observed in the pho-
toreceptor layer or retinal pigment
epithelium (RPE).

OD Structural alterations of the retina
are visualized, retinal vessels exhibit
tortuosity and variable caliber, peri-
papillary retinal edema is present.

Day 26

OD Retinal thickness is uneven due
to peripapillary thickening. The
neurosensory retinal architecture is
well-differentiated, hyperreflective
foci, inclusions, and hyporeflective
cavities are absent. The photoreceptor
layer and RPE remain intact.

OS Retinal thickness is uniform. The
neurosensory retinal architecture is
well-differentiated, hyperreflective
foci, inclusions, and hyporeflective

cavities are absent. The photoreceptor

layer and RPE remain intact.

OD Retinal thickness is uniform. The
neurosensory retinal architecture is
well-differentiated, hyperreflective
foci, inclusions, and hyporeflective

cavities are absent. The photoreceptor

layer and RPE remain intact.
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OD Slight peripapillary retinal
thickening is noted. Structural defects
Day 48 and degenerative changes are present

OS Retinal thickness is uniform. The | OD Retinal thickness is non-uniform.
neurosensory retinal architecture is | The neurosensory retinal architecture
well-differentiated, hyperreflective | is well-differentiated, hyperreflective

P foci, inclusions, and hyporeflective foci, inclusions, and hyporeflective
within the photoreceptor layer and s b The oh b b The oh
RPE cavities are absent. The p Qtoreceptor cavities are absent. The p qtoreceptor
) layer and RPE remain intact. layer and RPE remain intact.

Table 2. Summary of fundus camera findings following induction of experimental retinopathy in rabbits at different time

points
Time point VEGF/bFGF group Control group VEGF/bFGF + pericyte group
OD Retinal vascular changes are OS Normal retinal morphology, OD Retinal vascular changes are
Day 26 observed, retinal vessels demonstrate | retinal vessels and optic nerve head | observed, retinal vessels demonstrate
tortuosity and caliber variation. appear intact. tortuosity and caliber variation.
OD Retinal vascular changes persist,
retinal vessels exhibit tortuosity, OS Normal retinal morphology, OD Retinal vascular changes are
Day 48 caliber variation, and presence of retinal vessels and optic nerve head | observed, retinal vessels demonstrate
hard and soft exudates (cotton-wool appear intact. tortuosity and caliber variation.
spots).

Table 3. Fundoscopic findings on day 60 following induction of experimental retinopathy

Fundoscopic finding Control group VEGF/bFGF group VEGEF/bFGF + pericyte group
Microaneurysms absent present present
Microhemorrhages absent absent present
Retinal Hemorrhages absent absent absent
Venous dilation and tortuosity absent present present
Hard exudates absent present present
Soft exudates (Cotton wool absent absent present

spots)
IRMA absent present present
Active bleeding absent absent absent
Neovascularization of the disc absent absent absent
or retina

Hemophthalmia absent absent absent

Table 4. OCT changes on day 60 following induction of experimental retinopathy

OCT changes Control group VEGEF/bFGF group VEGF/bl;?OEE pericyte
Hyporeflective dots absent absent absent
Hyperreflective dots absent present present

Hyporefiective cavities absent absent absent
Hyperreflective cavities absent absent present
Neovascularization of the disc
or retina absent absent absent
Hemophthalmia absent absent absent
Increased retinal thickness absent absent absent
Soft exudates (Cotton wool
spots) absent absent present
Intraretinal or preretinal hem-
orrhage absent absent absent
DISCUSSION tion and tortuosity, microaneurysms, exudative changes, and

In the present study, repeated intravitreal administration of
VEGEF and bFGF induced retinal structural and vascular ab-
normalities in rabbits. Three administrations of 400 ng of each
factor were sufficient to produce retinal changes detectable by
OCT and fundus camera examination, including vascular dila-
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intraretinal microvascular abnormalities.

Previous rabbit models have generally used consider-
ably higher concentrations of angiogenic factors delivered
through sustained-release systems. Ozaki et al. demonstrated
that sustained intravitreal release of 30 ug VEGF induced ret-
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Figure 3. Representative fundus images of rabbits following induction of
experimental retinopathy at day 60

inal vessel dilation and tortuosity within 7 days and retinal
neovascularization within 14-21 days [1]. Wong et al. used
Hydron polymer pellets containing 20 pg VEGF and 20 ng
bFGF and reported rapid vascular dilation and tortuosity, fol-
lowed by retinal neovascularization, hemorrhage, and, in se-
vere cases, tractional retinal detachment [2]. Similar sustained
VEGF/bFGF delivery has subsequently been used to investi-
gate differences in retinal angiogenic responses among rabbit
breeds [3]. Another study used subretinal injections of 20 ml
of VEGF/Matrigel suspension (750 ng VEGF) into the optic
streak, 2—3 mm below the optic disc. VEGF and Matrigel in-
duced choroidal neovascularization and the late development
of vitreoretinal inflammation, which gradually developed into
proliferative vitreoretinopathy [5].

In contrast, the present model used substantially lower
doses of VEGF and bFGF administered repeatedly without a
polymeric sustained-release system. Despite the lower dose,
retinal abnormalities persisted for several weeks. However,
OCT demonstrated marked spontaneous regression of struc-
tural changes in untreated animals at the later observation pe-
riod, while some vascular abnormalities remained detectable
by fundus camera examination. This finding is consistent with
previous evidence that maintenance of VEGF-induced retinal
neovascularization depends on persistent exposure to the an-
giogenic stimulus [6]. Edelman et al in their study used 200
and 500 ng of VEGF to disrupt the blood-retinal barrier by
creating vascular leakage [7]. Based on these data, we decided
to take 400 ng of each factor and repeated administration to
induce retinopathy and showed that this model is not inferior
to the polymer model, but is simpler to implement and less
expensive. bFGF can regulate cell growth and differentiation
and promote mitosis of retinal pigment epithelial cells, fibro-
blasts, and vascular endothelial cells and massive hyperpla-
sia [8]. It may also promote the recruitment of leukocytes to
sites of inflammation by enhancing the expression of adhesion
molecules in the vascular endothelium [9]. The concentration
of VEGF during retinal vein occlusion in the aqueous humor
correlates with the severity of macular edema, iris neovascu-
larization, and vascular permeability [10].

Pericyte administration after establishment of retinal pa-
thology was associated with relative stabilization of OCT
findings at the earlier observation point; however, retinal ab-
normalities remained detectable at the end of the observation

period. Given the small number of animals and the sponta-
neous regression observed in untreated rabbits, further studies
with larger groups and quantitative retinal assessments are re-
quired to determine the therapeutic effect of pericytes. Over-
all, repeated intravitreal administration of VEGF and bFGF
provides a relatively simple approach for inducing experimen-
tal retinal vascular pathology without implantation of a sus-
tained-release polymer.

CONCLUSION

Intravitreal administration of VEGF and bFGF induced
retinopathy-like abnormalities in rabbits. Three adminis-
trations of 400 ng of each factor were sufficient to produce
retinal changes including vascular dilation and tortuosity,
microaneurysms, exudative changes, and intraretinal micro-
vascular abnormalities.
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AHIATITA

Petunomnarust — eHOCKKe KaOLIETTI XaJIbIK apachiHa Kepy KaOIeTiHiH epTe ToMeH ey ceOenTepiHin Oipi. PeTrHOMATHS KaHT
JIMAa0eTIHIH JKHi Ke3IeCEeTiH aCKBIHYBI OOJIBIN TA0BUIAABI. AJlalia THa0eTTIK PETHHOMATHHBIH JKaHyapiiap MOJC/IbISPiH/Ie KaHa
eM/JIey 9JIiCTepiH KJIMHHUKaFa JeHIHT1 3epTTey CUMITOMIAP/bIH Y3aK yaKbITTaH KeliH maiia OoybIlHa sKoHe KaHyapaapbl ycTa-
yFa KeTETIH j)KOFapbl HIBIFbIHIapFa OaiIaHbICThI Kypaeli Oonbin Kana oepexai. Llemimuepaiy 6ipi — KaHT anabeTiH WHIYKIUs-
JlaMaii, peTHHOTIATHsFA YKCAC MOMENIbACPI xKacay. MyHIal MoJeIbaep i alyablH TOCULACPIiHIH 0ipi — KaH TaMbIpiaphl dHII0-
TeNuiiiHIH ecy (akTopsl )xoHe Herisri pudpodiacTTap ecy pakTopbl CHAKTHI (pakTopIapAbl KOJIaHy apKbLIbl PETHHONATHSHEI
TYBIHAATY. Bi3MiH 3epTTeyiMizae ochl (haKTOpIapAblH TOMEH KOHIICHTPAIUsUIapAarbl KOMOWHAITUSICHIHBIH TYPAKThI PETHHOMATHS
MOJIeNiH MHAYKIHSIay MYMKIHJIT 3epTrenyi. Hotvmxkenep gpaxkropiaapablH KOHIEHTPALMICH TOMEHCTUITeHIHEe KapaMacTaH,
oJIapbl KaTasal eHri3y aypyablH OapJibIK HETi3ri Oenrijiepid KOpceTeTiH MOICIIbIIH KaabIITacyblHA OKEITCHIH KOPCETTI.

Tyitingi ce3nep: perunonarusi, KosiH mozeini, VEGF, bFGF, ontukanbik korepeHTTi ToMorpadusi.
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ABCTPAKT

PeTnHONATHS ABNSETCS OAHON M3 IIPUYMH PAHHETO CHIDKCHHUS 3PEHHS CPEIN TPYAOCIIOCOOHOTO HaceneHus. PetnHonaTus
— pacrpocTpaHEHHOE OCIIO)KHEHHE caxapHOro auabdera. OQHAKO TOKIMHNYECKOE TECTHPOBAHNE HOBBIX METO/IOB JICUEHHS Ha
KHUBOTHBIX MOZAEIAX TNa0ETHUECKOH PETHHONATHN OCTAETCS CIIOKHBIM M3-3a [UIMTEIBHOTO TIEPHOJA IO MOSBICHNS CHMITO-
MOB ¥ BBICOKHX 3aTpaT Ha COAEpKaHNE KUBOTHBIX. OJJHAM M3 PEIICHUH SIBISETCS CO3aHUE MOJEIECH, CXOIHBIX C PeTHHOIIa-
THeH, 6e3 MHAYKIMK caxapHoro auadera. OHUM W3 MMOAXO0B K CO3AAHHIO TAKUX MOJEINEH SIBISIETCS HHAYKIHS PETHHOIIATHH
C UCTIONIb30BAaHUEM TAaKNX (PAKTOPOB, KaK COCYIUCTBIN SHAOTEIHANBHBIN ()aKTOp pOCTa M OCHOBHOH (hakTop pocTa pudpobdia-
CTOB. B Hamiem mcciiefoBaHUN MBI OLIEHUBAIIM CIIOCOOHOCTh KOMOMHAIMHN 3THX ()aKTOPOB B HU3KMX KOHIIEHTPAUSIX HHIAYIH-
poBaTh CTaOMIBHYIO MOJIENIb PETHHONATHH. Pe3ynbraTsl moKa3aliy, 9To, HECMOTPS Ha CHIDKEHHE KOHLICHTpaui (pakTopos, HX
TIOBTOPHOE BBEACHNE NPUBENO K (POPMUPOBAHUIO MOJIEIIH, XapPAKTEPU3YIOIEHCSI BCEMH OCHOBHBIMH IIPH3HAKaMH 3a00I€BaHUS.

KuioueBble cjioBa: PerrnHonarus, Monenb Ha kponukax, VEGF, bFGF, ontrueckas korepenTHast Tomorpadusi.

213




	_GoBack

