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Abstract: Poly(lactic-co-glycolic acid) (PLGA) and/or poly(lactic-acid) (PLA) microspheres 

are important drug delivery systems. This study investigated eye biocompatibility and safety of 

PLGA/PLA microspheres through intravitreal injection in rabbits. Normal New Zealand rabbits 

were randomly selected and received intravitreal administration of different doses (low, medium, 

or high) of PLGA/PLA microspheres and erythropoietin-loaded PLGA/PLA microspheres. The 

animals were clinically examined and sacrificed at 1, 2, 4, 8, and 12 weeks postadministra-

tion, and retinal tissues were prepared for analysis. Retinal reactions to the microspheres were 

evaluated by terminal deoxynucleotidyl transferase-mediated dUTP nick end staining and 

glial fibrillary acidic protein immunohistochemistry. Retinal structure changes were assessed 

by hematoxylin and eosin staining and transmission electron microscopy. Finally, retinal 

function influences were explored by the electroretinography test. Terminal deoxynucleotidyl 

transferase-mediated dUTP nick end staining revealed no apoptotic cells in the injected retinas; 

immunohistochemistry did not detect any increased glial fibrillary acidic protein expression. 

Hematoxylin and eosin staining and transmission electron microscopy revealed no micro- or 

ultrastructure changes in the retinas at different time points postintravitreal injection. The elec-

troretinography test showed no significant influence of scotopic or photopic amplitudes. The 

results demonstrated that PLGA/PLA microspheres did not cause retinal histological changes 

or functional damage and were biocompatible and safe enough for intravitreal injection in rab-

bits for controlled drug delivery.

Keywords: PLGA/PLA microspheres, intravitreal injection, posterior segment diseases, 

biocompatibility

Introduction
Drug delivery, especially protein drug delivery to the posterior segment of the eye, 

has been one of the most challenging endeavors for both ophthalmologists and phar-

maceutical scientists. Because of the anatomical structure and physiology of the eye, 

the blood–ocular barrier is the main reason why it is difficult to deliver drugs to the 

posterior segment.1 Systemic administration and delivery via eye drops and periocular 

injection make it difficult to achieve an effective therapeutic protein drug concentra-

tion. Tear production, nonproductive absorption, and transient residence time also 

reduce the bioavailability of drugs.2–4 Although topical therapy for posterior segment 

diseases has been proven successful,5 and systemic administration of drugs can be 

used for retinal disorders,6,7 the accessibility of ocular tissues is greatly limited, and 

high systemic doses are needed. This increases drug exposure in nonocular tissues 

and enhances the risk of systemic side effects.8
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Intravitreal injection is an effective means of delivering 

therapeutic levels of drugs in a timely manner with minimal 

systemic side effects. However, most drugs have a limited 

half-life, and frequent injections are often needed to main-

tain the vitreous concentrations of drugs in the therapeutic 

range. Repeated invasive administration may increase ocular 

complications associated with the procedure, such as vitreous 

hemorrhage, retinal detachment, cataract, and endophthalmi-

tis, which can significantly influence vision function.9

The controlled drug delivery systems that have been 

developed to overcome these limitations offer an excellent 

alternative to multiple intravitreal injections. Such systems 

can provide prolonged therapeutic drug concentrations in 

ocular tissues while limiting systemic exposure, side effects, 

and the high peak intraocular drug concentrations associated 

with pulsed dosing. These systems may also improve patient 

compliance.10,11 The most popular dosing device is the micro-

sphere, which is made up of poly(lactic-co-glycolic acid) 

(PLGA) and/or poly(lactic acid) (PLA).12 This device has the 

inherent advantages of biodegradability and biocompatibility 

in nonocular tissues; it degrades into metabolic lactic and 

glycolic acids in vivo and eventually into water and carbon 

dioxide, which can be eliminated effectively from the body.13,14 

Previous studies conducted by the present researchers have 

demonstrated the neuroprotective effects of the intravitreal 

protein drug delivery system (erythropoietin [EPO]–dextran 

PLGA/PLA microspheres) on retinal ganglion cells in rats.15 

The microspheres were first prepared by a unique system of 

stabilized aqueous–aqueous ‘‘emulsion’’ to formulate EPO–

dextran particles. The particles were then encapsulated into 

PLGA/PLA by the solid-in-oil-in-water (S/O/W) method.16 

The manufacturing procedure realized the prolonged release of 

protein and addressed the protein denature or aggregation dur-

ing the preparing and releasing process. Other studies have also 

been published on the injection of PLGA microsphere drug 

delivery systems in retinal neurodegenerative diseases.17–19 

However, the effects of PLGA and/or PLA microspheres 

and their biodegraded products in the vitreous cavity on the 

normal retina and on vision function are not well documented. 

Therefore, the purpose of this study was to explore eye bio-

compatibility and the safety of PLGA/PLA microspheres 

through intravitreal injection in normal New Zealand rabbits 

by evaluating retinal histological and functional changes.

Materials and methods
Materials
Dextran 64,000–70,000 of average molecular weight and 

Tween 20 were supplied by Sigma-Aldrich Co. (St Louis, 

MO, USA). Polyethylene glycol 8000 of average molecular 

weight (PEG 8000) and EPO were purchased from Shanghai 

Clonbiotech Co. Ltd (Shanghai, People’s Republic of China). 

PLGA (47 kDa, 5050 DL, inherent viscosity: 0.25–0.43 dL/g) 

and low-viscosity PLA were obtained from Lakeshore Biopo-

lymers Inc. (Cincinnati, OH, USA). Polyvinyl alcohol (PVA), 

dichloromethane (DCM), and sodium chloride (NaCl) were 

obtained from the Chinese Medicine Group Chemical Reagent 

Corporation (Shanghai, People’s Republic of China). Santen 

Co. Ltd (Osaka, Japan) provided 0.4% oxybuprocaine, 0.3% 

ofloxacin ophthalmic ointment, 1% tropicamide, and 5% 

phenylephrine. An optimal cutting temperature compound 

was purchased from Ted Pella, Inc. (Tissue-Tek®; Redding, 

CA, USA). An in situ apoptosis detection kit was obtained 

from Calbiochem of Merck KGaA (Darmstadt, Germany). 

Mounting media containing 4′,6-diamidino-2-phenylindole 

(DAPI) was purchased from Roche Applied Science (Man-

nheim, Germany). Bovine serum albumin and goat serum 

were obtained from Boster Biotechnology Co. Ltd (Wuhan, 

People’s Republic of China). Monoclonal mouse antirabbit 

primary antibody to glial fibrillary acidic protein (GFAP) 

and goat antimouse fluorescent secondary antibody were 

obtained from Molecular Probes® of Thermo Fisher Scientific 

(Waltham, MA, USA). 

Preparation of PLGA/PLA microspheres
Protein drug-loaded PLGA/PLA microspheres were prepared 

as previously mentioned.6,15 In this study, EPO was used as an 

example of protein drugs. First, a temperature-induced phase 

separation method was applied to prepared EPO–dextran 

particles. A cosolution containing EPO (0.003% weight/

weight [wt/wt]), dextran (1% wt/wt), and PEG (8% wt/wt) 

was prepared in a 4°C water bath and frozen at -20°C for 

8–12 hours. The mixture was lyophilized to powder, then 

resuspended in DCM to dissolve the PEG continuous phase, 

followed by centrifugation to remove PEG. The pellets 

were evaporated for 24 hours. Next, EPO–dextran PLGA/

PLA microspheres were prepared using an S/O/W method. 

The prepared EPO–dextran particles suspended in a DCM 

solution of PLGA/PLA (PLGA:PLA  =4:6, 12.5% wt/wt) 

(particles: PLGA/PLA =1:20, wt/wt) were added to 5 mL 

of a precooled hydrophilic continuous phase containing 1% 

(wt/wt) PVA and 5% (wt/wt) NaCl at 4°C and stirred at 

2,000 rpm for 30 seconds using a magnetic composite. Once 

microspheres were formed, the sample was immediately 

transferred into 1 L of 10% (wt/wt) NaCl solution at 0°C 

under gentle stirring (100 rpm) using an electromotive stir-

rer (Xinhang JJ-1; Jintan Xinhang Co. Ltd, Jintan, People’s 

Republic of China) to extract the organic solvent and harden 

the embryonic microspheres. This microsphere aging process 
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lasted 4 hours. The hardened microspheres were rinsed using 

distilled water to remove PVA and NaCl and lyophilized 

again to remove water and solvent residues. Blank PLGA/

PLA microspheres were prepared in the same manner without 

EPO dextran particles added.

Animal experiments
Normal New Zealand rabbits were used to evaluate the 

biocompatibility and safety of PLGA/PLA microspheres in 

eyes. All experimental protocols and animal care complied 

with the Association for Research in Vision and Ophthalmol-

ogy Statement for the Use of Animals in Ophthalmic and 

Vision Research and the guidelines of the Animal Care and 

Use Committee of Fudan University (Shanghai, People’s 

Republic of China). Prior to the intravitreal injection, animals 

were anesthetized with a mixture of ketamine (40 mg/kg body 

weight) and xylazine (4 mg/kg body weight) by an intra-

muscular injection. Topical 0.4% oxybuprocaine eye drops 

were also administered. Then, PLGA/PLA microspheres 

were suspended in 0.01 M phosphate-buffered saline (PBS). 

The animals were divided into six groups. Each received a 

single intravitreal injection of 1) low group: PLGA/PLA 

microspheres 2.5  mg/0.1 mL; 2) medium group: PLGA/

PLA microspheres 5 mg/0.1 mL; 3) high group: PLGA/PLA 

microspheres 10 mg/0.1 mL; 4) EPO group: EPO–dextran 

PLGA/PLA microspheres 5 mg/0.1 mL; 5) PBS group: 0.01 

M PBS 0.1 mL; and 6) normal group: intact eyes received 

no intravitreal injection. After the procedure, 0.3% ofloxacin 

ophthalmic ointment was applied to the ocular surface to 

prevent infection and corneal desiccation. Slit lamp and 

indirect funduscopic examinations were performed on each 

eye immediately following the injection, every day within 

the first week of the injection, and once a week after 1 week 

postinjection.

Terminal deoxynucleotidyl transferase-
mediated dUTP nick end labeling
Eyes (n=4 for each group at each time point) enucleated 

at 1, 2, 4, 8, and 12 weeks following injection were fixed 

in 4% paraformaldehyde for 2 hours at room temperature. 

After being dehydrated in graded sucrose solution over-

night at 4°C, the eyecups with the removal of the anterior 

segments were embedded in optimal cutting temperature 

compound at -20°C. Cryostat sections of 10 μm thickness 

were obtained. To detect whether there was retinal ganglion 

cell death caused by the microspheres and their degraded 

products, terminal deoxynucleotidyl transferase-mediated 

dUTP nick end (TUNEL) labeling was performed by an 

in situ apoptosis detection kit (Calbiochem®, Merk KGaA, 

Darmstadt, Germany) according to the manufacturer’s 

protocol. Mounting media containing DAPI was used to 

image the nuclei. All preparations were observed under a 

fluorescent microscope (Leica DM4000B; Leica Micro-

systems, Wetzlar, Germany), and six slides for each eye 

were prepared. 

GFAP immunohistochemistry
Cryostat sections were obtained as described previously, and 

six slides were randomly chosen from each eye (n=4 for each 

group at each time point) at 1, 2, 4, 8, and 12 weeks after the 

injection, respectively. GFAP immunohistochemistry stain-

ing was performed. For antigen retrieval, sections were first 

put in 0.01% Tween 20 at room temperature for 5 minutes. 

They were then incubated in a mixture of 5% bovine serum 

albumin and 1% goat serum for 1 hour to reduce nonspe-

cific binding. Then, monoclonal mouse antirabbit primary 

antibody to GFAP (1:200) was used at room temperature for  

24 hours. After being washed three times in 0.01 M PBS, 

goat antimouse fluorescent secondary antibody (1:500) was 

applied for 1 hour. Followed by three washes in 0.01 M PBS, 

the sections were stained with 1 μg/mL DAPI in methanol 

for 5 minutes to label cell nuclei. The sections were then 

observed under a fluorescence microscope.

Hematoxylin and eosin staining
Eyes (n=4 for each group at each time point) were enucle-

ated at 1, 2, 4, 8, and 12 weeks after intravitreal injection 

and fixed for 24 hours at 4°C. Following fixation, the 

anterior segments were removed. The posterior eyecups 

were dehydrated through a graded alcohol series, cleared 

in xylene, and embedded in paraffin. Serial slides of 3 μm 

were cut, and six slides for each eye were randomly chosen 

and stained with hematoxylin and eosin (HE). A microscope 

(Leica DM4000B; Leica Microsystems) was used for general 

observation of microstructure changes of the retinas. The 

sections were photographed at approximately two to three 

disc diameters from the optic nerve.

Transmission electron microscopy
Animals (n=4 for each group at each time point) were eutha-

nized at different times following intravitreal administration 

(1, 2, and 4 weeks postinjection). Each eye was rapidly enucle-

ated and fixed overnight in a solution of 2.5% glutaraldehyde 

and 2.5% paraformaldehyde after the removal of the cornea, 

lens, and vitreous body. The samples were osmicated and 

embedded in Epon (Electron Microscopy Sciences, Hatfield, 

PA, USA) according to standard procedures. Six ultrathin 

sections were randomly chosen from each eye and stained 

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


International Journal of Nanomedicine 2014:9submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

3060

Rong et al

with uranyl acetate and lead citrate and then examined by 

a Philips CM120 transmission electron microscope (TEM), 

(Philips Electronics Ltd., Amsterdam, the Netherlands). The 

eyes were analyzed by masked examiners to avoid bias, and 

cellular ultrastructure injury on TEM was evaluated.

Electroretinography
Animals used for electroretinography (ERG) received intra-

vitreal injection in the right eye, whereas the contralateral 

eyes remained untouched, in order to serve as controls. The 

ERG was assessed in the low, medium, high, and EPO groups 

(n=4 for each group at each time point) immediately after 

the right eye injection and at 1, 2, 4, 8, and 12 weeks after 

the injection. Rabbits were initially dark-adapted overnight 

for scotopic response and 10-minute light-adapted before 

photopic response in both eyes. Pupils were dilated with 

1% tropicamide and 5% phenylephrine, and the animals 

were anesthetized by intramuscular injection before the 

recording of ERG. Two gold cup electrodes coated with 2% 

methylcellulose were placed over both corneas, and a needle 

electrode was inserted into the back. Scotopic and photopic 

ERG responses were recorded, and the results of the left intact 

eye served as baseline. Visual stimuli were generated by  

5 ms duration flashes of a white light. The responses to a light 

flash (0.01 cd·s/m2 and 1.0 cd·s/m2 in scotopic and photopic 

ERG, respectively) from a photic stimulator were amplified, 

filtered, and averaged. All examinations were carried out at 

room temperature and with no evident tachypnea.

ERG analysis
The scotopic and photopic A-wave amplitude was measured 

as the difference in amplitude between the recording at onset 

and the trough of the negative deflection. The B-wave ampli-

tude was measured as the difference in amplitude between 

the trough of the A-wave to the peak of the B-wave. Differ-

ences in the ERG amplitudes between the injected eyes and 

the intact eyes in all recorded animals were determined by 

Student’s t-tests when the variance of the data was homoge-

neously distributed, or by the Wilcoxon rank sum test when 

heterogeneously distributed. The data were expressed as the 
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Figure 1 TUNEL staining for apoptotic cells in retinas at 2 weeks after intravitreal injection. 
Notes: (A) Low group: intravitreal injection of 2.5 mg/0.1 mL PLGA/PLA microspheres; (B) medium group: intravitreal injection of 5 mg/0.1 mL PLGA/PLA microspheres; (C) high 
group: intravitreal injection of 10 mg/0.1 mL PLGA/PLA microspheres; (D) EPO group: intravitreal injection of 5 mg/0.1 mL EPO–dextran PLGA/PLA microspheres; (E) PBS group: 
intravitreal injection of 0.1 mL 0.01 M PBS; (F) normal group: normal retinas received no intravitreal injection. No apoptotic-positive cells were found in any of the retinas.
Abbreviations: EPO, erythropoietin; GCL, ganglion cell layer; INL, inner nuclear layer; IPL, inner plexiform layer; ONL, outer nuclear layer; OPL, outer plexiform layer; PBS, 
phosphate-buffered saline; PLGA/PLA, poly(lactic-co-glycolic acid)/poly(lactic-acid); TUNEL, terminal deoxynucleotidyl transferase-mediated dUTP nick end labeling.
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Figure 2 Immunohistochemistry staining of GFAP expressed in retinas at 2 weeks after intravitreal injection. 
Notes: (A) Low group: intravitreal injection of 2.5 mg/0.1 mL PLGA/PLA microspheres; (B) medium group: intravitreal injection of 5 mg/0.1 mL PLGA/PLA microspheres; 
(C) high group: intravitreal injection of 10 mg/0.1 mL PLGA/PLA microspheres; (D) EPO group: intravitreal injection of 5 mg/0.1 mL EPO–dextran PLGA/PLA microspheres; 
(E) PBS group: intravitreal injection of 0.1 mL 0.01 M PBS; (F) normal group: normal retinas received no intravitreal injection. GFAP expression was mainly localized in the 
inner limiting membrane in all groups without any differences between groups.
Abbreviations: EPO, erythropoietin; GCL, ganglion cell layer; GFAP, glial fibrillary acidic protein; INL, inner nuclear layer; IPL, inner plexiform layer; ONL, outer nuclear 
layer; OPL, outer plexiform layer; PBS, phosphate-buffered saline; PLGA/PLA, poly(lactic-co-glycolic acid)/poly(lactic-acid). 

means ± standard deviation, and P0.05 was considered 

statistically significant.

Results
Clinical observation
No clinical evidence of ocular changes in the groups of 

rabbits was noted after intravitreal injection or during the 

following period, although the microspheres topically 

remained in the lower part of the vitreous of the injected eyes. 

These microspheres gradually degraded and disappeared at  

11 weeks postinjection. Corneas kept clear, and anterior and 

posterior media as well as retinas were free of any inflam-

matory response.

TUNEL labeling
TUNEL labeling was used to detect cells undergoing apop-

totic death induced by the PLGA/PLA and EPO–dextran 

PLGA/PLA microspheres or by their degraded products in 

the vitreous. DAPI was employed to stain cell nuclei in the 

retinas. The results showed that no TUNEL-positive cells 

were detected in the DAPI-positive cells in layers of retinas 

(Figure 1). No deoxyribonucleic acid fragmented nuclei were 

found in the retinas of all groups at 1, 2, 4, 8, and 12 weeks 

following intravitreal injection.

GFAP immunohistochemistry
GFAP expression was mainly localized to the vicinity of the 

inner limiting membrane and nerve fiber layer in all retinas 

of intravitreally injected groups, as it was expressed in intact 

normal retinas. Representative results in Figure 2 show the 

GFAP expression in retinas at 2 weeks after intravitreal 

administration. The injection and the microspheres did not 

cause elevated expression of GFAP, which is a marker of 

retinal injury.20
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HE staining
The microstructure changes in the retinas were examined 

by HE staining at 1, 2, 4, 8, and 12 weeks after intravitreal 

injection. Neither retinal detachment nor inflammatory reac-

tions occurred after the injection of PLGA/PLA or EPO–

dextran PLGA/PLA microspheres as well as 0.01 M PBS 

at the examined time points, as represented in Figure 3 at 

2 weeks postinjection. The results indicate that the injected 

microspheres did not trigger an immune reaction in the retinal 

tissue or any disorganized retinal structure when compared 

with the normal group.

Transmission electron microscopy
Ultrastructure changes in retinal tissues were observed by 

TEM at 1, 2, and 4 weeks postintravitreal injection. No obvi-

ous retinal ultrastructure abnormality was noticed between 

the intravitreally injected groups and the normal retinas at 

any time points. No evidence of cell toxicity was reflected by 

the retinal neurons ultrastructure under TEM. The appearance 

of mitochondria in photoreceptor inner segments and discs 

in outer segments in injected groups was intact compared 

with the normal retinas (Figure 4). No mitochondrial swell-

ing, rupture, disc swelling, or disorganization were found. 

In retinal ganglion cells, no nuclear pyknosis or karyolysis 

was detected, except for a small amount of steatosis in 

cytoplasm, which is often found in intact normal ganglion 

cells (Figure 5).

Electroretinogram
An ERG test was applied to evaluate the retinal function 

influence caused by different doses of PLGA/PLA and 

EPO–dextran PLGA/PLA microspheres. In the results, no 

significant decrease in ERG amplitudes (A- and B-waves) 

was detected in the intravitreally injected eyes compared 

with the intact eyes at 1, 2, 4, 8, and 12 weeks postinjection 

in any groups. The ERGs were normal in all eyes with little 

or no change in A- and B-waves. Representative ERGs are 

shown in Figures 6, 7, and 8. Figure 8 presents the compari-

son results of the scotopic and photopic B-wave amplitudes 

between the injected eyes and the intact eyes at 2 weeks 

postintravitreal injection, with P0.05.

Discussion
This study demonstrated the biocompatibility and safety 

of intravitreally delivered biodegradable PLGA/PLA and 

EPO–dextran PLGA/PLA microspheres in normal rabbits. 

A

D E F

B C
RPE
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OPL
INL

GCL
IPL

50 µm

Figure 3 HE staining of structure changes in retinas at 2 weeks after intravitreal injection. 
Notes: (A) Low group: intravitreal injection of 2.5 mg/0.1 mL PLGA/PLA microspheres; (B) medium group: intravitreal injection of 5 mg/0.1 mL PLGA/PLA microspheres; 
(C) high group: intravitreal injection of 10 mg/0.1 mL PLGA/PLA microspheres; (D) EPO group: intravitreal injection of 5 mg/0.1 mL EPO–dextran PLGA/PLA microspheres; 
(E) PBS group: intravitreal injection of 0.1 mL 0.01 M PBS; (F) normal group: normal retinas received no intravitreal injection. No obvious structure changes were detected 
in the retina in the injected groups compared with the intact eyes.
Abbreviations: EPO, erythropoietin; GCL, ganglion cell layer; HE, hematoxylin and eosin; INL, inner nuclear layer; IPL, inner plexiform layer; ONL, outer nuclear layer; 
OPL, outer plexiform layer; PBS, phosphate-buffered saline; PLGA/PLA, poly(lactic-co-glycolic acid)/poly(lactic-acid); PR, photoreceptor; RPE, retinal pigment epithelium.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


International Journal of Nanomedicine 2014:9 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

3063

Safety evaluation of PLGA/PLA microspheres through intravitreal injection

The protein-loaded microspheres were manufactured by first 

loading the drug into dextran particles, then encapsulating 

the particles in PLGA/PLA microspheres using the S/O/W 

method. This method realized the prolonged release of pro-

teins and protected the proteins from denaturing or aggrega-

tion, as reported previously.16 The microspheres possessed a 

spherical shape, smooth surface, and diameter of 40–100 μm,  

with an in vitro release profile of more than 60 days, as 

analyzed in the previous studies.6,15

PLGA- and/or PLA-sustained drug release systems 

applied in the eye have shown prolonged release of drugs21,22 

and have facilitated effective treatments for chronic 

ocular disorders such as proliferative vitreoretinopathy, 

retinal diseases, glaucoma, and neovascularization.18,19,23,24  
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Figure 4 TEM scanning for ultrastructure changes of outer and inner segment of photoreceptors in retinas at 2 weeks after intravitreal injection. 
Notes: (A) Low group: intravitreal injection of 2.5 mg/0.1 mL PLGA/PLA microspheres; (B) medium group: intravitreal injection of 5 mg/0.1 mL PLGA/PLA microspheres; 
(C) high group: intravitreal injection of 10 mg/0.1 mL PLGA/PLA microspheres; (D) EPO group: intravitreal injection of 5 mg/0.1 mL EPO–dextran PLGA/PLA microspheres; 
(E) PBS group: intravitreal injection of 0.1 mL 0.01 M PBS; (F) normal group: normal retinas received no intravitreal injection. No significant morphologic changes were 
detected in the outer segment disc and inner segment of mitochondria in the groups.
Abbreviations: EPO, erythropoietin; IS, photoreceptor inner segment; OS, photoreceptor outer segment; PBS, phosphate-buffered saline; PLGA/PLA, poly(lactic-co-
glycolic acid)/poly(lactic-acid); TEM, transmission electron microscope.
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D E F
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Figure 5 TEM scanning for ultrastructure changes of retinal ganglion cells at 2 weeks after intravitreal injection. Retinal ganglion cells are identified by arrows. 
Notes: (A) Low group: intravitreal injection of 2.5 mg/0.1 mL PLGA/PLA microspheres; (B) medium group: intravitreal injection of 5 mg/0.1 mL PLGA/PLA microspheres; 
(C) high group: intravitreal injection of 10 mg/0.1 mL PLGA/PLA microspheres; (D) EPO group: intravitreal injection of 5 mg/0.1 mL EPO–dextran PLGA/PLA microspheres; 
(E) PBS group: intravitreal injection of 0.1 mL 0.01 M PBS; (F) normal group: normal retinas received no intravitreal injection. No distinct morphologic changes were detected 
in retinal ganglion cells in the injected eyes compared with normal retinas.
Abbreviations: EPO, erythropoietin; PBS, phosphate-buffered saline; PLGA/PLA, poly(lactic-co-glycolic acid)/poly(lactic-acid); TEM, transmission electron microscope.
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Figure 6 Scotopic ERG of rabbits at 2 weeks after intravitreal injection. 
Notes: (A) Low group: intravitreal injection of 2.5 mg/0.1 mL PLGA/PLA microspheres; (B) medium group: intravitreal injection of 5 mg/0.1 mL PLGA/PLA microspheres; 
(C) high group: intravitreal injection of 10 mg/0.1 mL PLGA/PLA microspheres; (D) EPO group: intravitreal injection of 5 mg/0.1 mL EPO–dextran PLGA/PLA microspheres. 
No significant scotopic amplitudes were influenced by the injected microspheres compared with the intact eyes.
Abbreviations: a, A-wave of the ERG; b, B-wave of the ERG; EPO, erythropoietin; ERG, electroretinography; OD, the injected right eye; OS, the intact left eye;  
PLGA/PLA, poly(lactic-co-glycolic acid)/poly(lactic-acid).
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Figure 7 Photopic ERG of rabbits at 2 weeks after intravitreal injection. 
Notes: (A) Low group: intravitreal injection of 2.5 mg/0.1 mL PLGA/PLA microspheres; (B) medium group: intravitreal injection of 5 mg/0.1 mL PLGA/PLA microspheres; 
(C) high group: intravitreal injection of 10 mg/0.1 mL PLGA/PLA microspheres; (D) EPO group: intravitreal injection of 5 mg/0.1 mL EPO–dextran PLGA/PLA microspheres. 
No significant photopic amplitudes were influenced by the injected microspheres compared with the intact eyes.
Abbreviations: a, A-wave of the ERG; b, B-wave of the ERG; EPO, erythropoietin; ERG, electroretinography; OD, the injected right eye; OS, the intact left eye;  
PLGA/PLA, poly(lactic-co-glycolic acid)/poly(lactic-acid).
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Figure 8 Scotopic (A) and photopic (B) ERG of rabbits at 2 weeks after intravitreal 
injection. Low group: intravitreal injection of 2.5 mg/0.1 mL PLGA/PLA microspheres; 
medium group: intravitreal injection of 5 mg/0.1 mL PLGA/PLA microspheres; high 
group: intravitreal injection of 10 mg/0.1 mL PLGA/PLA microspheres; EPO group: 
intravitreal injection of 5 mg/0.1 mL EPO–dextran PLGA/PLA microspheres. No 
statistically significant differences were observed between the intravitreally injected 
eyes and the intact eyes in all groups.
Abbreviations: EPO, erythropoietin; ERG, electroretinography; PLGA/PLA, poly 
(DL-lactic-co-glycolic acid)/poly(DL-lactic).

The present researchers’ previous studies have revealed that 

a single intravitreal injection of EPO–dextran PLGA/PLA 

microspheres could significantly protect retinas damaged 

from optic nerve crush in rats.15 However, whether intravitre-

ally injected PLGA/PLA microspheres and their degraded 

products could cause inflammatory reactions and damage 

to retinas and vision function have not been systemically 

investigated.

In this study, possible ocular reactions after intravitreal 

injection were observed through clinical ophthalmoscopic 

examination and retinal cell responses. The clinical results 

showed that anterior and posterior media of the eyes kept 

clear, although the microspheres remained topically in the 

lower part of the vitreous; these microspheres gradually 

degraded and disappeared at 11  weeks postinjection. No 

cataract, retinal detachment, or inflammatory vitreous opacity 

was induced. Meanwhile, in the retinal sections, no apoptotic 

cells or elevated GFAP expression were detected. Only lim-

ited GFAP was stained, localized to the inner limiting mem-

branes and nerve fiber layers at different observed time points 

in all injected eyes, as in normal retinas. Increased GFAP 

expressed by activated glial cells in retinas is a nonspecific 

marker of neuronal injury,20 which has been proposed as an 

important factor contributing to neuron death.25 The results 

in this study revealed that the microspheres and the degraded 

products did not trigger glial cell activation or further cell 

death in the retinas. The results also demonstrated the safety 

of released protein drug EPO in the vitreous.

The retinal microstructure and ultrastructure changes pos-

sibly induced by the microspheres and the degraded products 

were evaluated by retinal HE staining and TEM. The results 

showed that the retinas remained intact in groups of different 

doses of microspheres and EPO–dextran PLGA/PLA micro-

spheres with no inflammatory cell invasions. No significant 

cellular organ changes, such as mitochondria swelling or 

rupture in photoreceptor inner segments, disc swelling, or 

disorganization in photoreceptor outer segments, or pyknosis 

or karyolysis in retinal ganglion cells, were found in TEM 

analysis. The results indicated that no inflammation or cell 

toxicity in the retinas was triggered by the microspheres, 

the degraded products, or the changed microenvironments 

in the eyes. The ocular tissues showed great tolerability and 

biocompatibility after the intravitreal administration. These 

results might be due to the special characteristic of immune 

privilege in the eyes, which display unique features of 

blood–ocular barrier anterior chamber-associated immune 

deviation. This deviation refers to a phenomenon in which 

antigenic material introduced into the anterior chamber 

of the eye elicits a systemic immune response that results 

in immune deviation, characterized by the suppression of 

T-cell-mediated immunity, while enabling the production of 

noncomplement-fixing antibodies.26–28 Further, this immune 

response results in reduced expression of major histocom-

patibility complex molecules on ocular cells, the existence 

of an intraocular anti-inflammatory environment mediated 

by resident cells, and various surface-bound and soluble 

molecules; these serve to modulate the activity of infiltrating 

immune cells in situ.27,29,30

To investigate retinal function changes influenced by the 

different doses of microspheres and the degraded products, 

binocular ERG examination was evaluated at 1, 2, 4, 8, and  

12 weeks after monocular intravitreal injection. Note that 

ERG A-wave is obtained primarily from the maximal 

combined response and reflects the photoreceptor func-

tion. Physiologically, A-wave arises from the light-evoked 
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closure of sodium channels along the outer segment plasma 

membrane of photoreceptor cells. The B-wave results from 

the current flow along Müller cells in response to increased 

extracellular potassium ion concentrations. It is highly 

dependent on bipolar cells within the inner nuclear layer 

and hence on the retinal circulation.31 In this present study, 

the scotopic and photopic ERG amplitudes of neither A- nor 

B-waves were affected by the microspheres. These findings 

confirmed that intravitreal injection of PLGA/PLA micro-

spheres had nontoxic effects on retinal neurons and was 

biocompatible and safe enough for delivering drugs to the 

posterior segments of eyes.

Conclusion
This study demonstrated that intravitreal injection of a 

PLGA/PLA microspheres drug delivery system is bio-

compatible and safe in normal New Zealand rabbits. The 

microspheres and the degraded products did not cause cell 

death, glial activation, or inflammatory reactions in retinas 

and did not trigger any retinal histological changes or cell 

ultrastructure damage. Furthermore, these microspheres  

in the vitreous did not cause retinal function damage. 

Therefore, the PLGA/PLA microspheres offer a feasible, 

biocompatible, and safe drug delivery system suitable for 

intravitreal injection to treat posterior segment ocular dis-

eases. However, to better understand the therapeutic effect 

of the drug delivery system, further studies are encouraged 

in order to investigate the polymer degraded process, the 

exact microenvironment changes, and the drug-controlled 

release profile in the vitreous.
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