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ABSTRACT: The therapeutic effect of sustained intravitreal injectable voriconazole micro-
spheres (VCZ-MS) on experimental endophthalmitis caused by Aspergillus fumigatus was in-
vestigated. VCZ-MS were prepared and evaluated. Vitrectomy was performed on rabbits after
intravitreal inoculation of susceptible A. fumigatus. The animals were randomly divided into
five groups, including control (no treatment after vitrectomy), vitrectomy plus voriconazole in-
travitreal injection, and vitrectomy plus intravitreal injection of VCZ-MS containing 0.5, 1.0, or
1.5 mg of voriconazole. The therapeutic effect was assessed at different time intervals. Voricona-
zole concentrations were monitored in the vitreous injected with VCZ-MS containing 1.0 mg of
voriconazole. The results showed that endophthalmitis occurred in all eyes of the control group
and rapidly developed into panophthalmitis. The inflammation in the voriconazole and VCZ-MS
groups was mild, and in the groups treated with VCZ-MS containing 1.0 or 1.5 mg voriconazole,
the inflammation was controlled, the vitreous was clear in all eyes, and there was no recurrence
of endophthalmitis. Histopathological examination showed normal structures in the cured eyes,
while most uncured eyes were atrophied. Therefore, it can be concluded that an intravitreal
injection of VCZ-MS in addition to vitrectomy is an effective treatment for A. fumigatus-induced
endophthalmitis in rabbits. © 2010 Wiley-Liss, Inc. and the American Pharmacists Association
J Pharm Sci 100:1745–1759, 2011
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INTRODUCTION

Fungal endophthalmitis is a severe, sight-
threatening infection of the intraocular fluids or
tissues, with characteristics of insidious onset, long
pathogenesis, and frequent recurrence.1–3 Because
of its long latency, the absence of early diagnosis,
and the typically aggressive treatment, fungal en-
dophthalmitis usually results in blindness and/or
ocular atrophy. About 16% of endogenous fungal
endophthalmitis and 24% of exogenous fungal en-
dophthalmitis patients underwent evisceration or
enucleation. A recent report indicated that among
fungal endophthalmitis cases, the Aspergillus species
was the most commonly isolated agent (54.4%).4,5
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Also, Aspergillus species were the most destructive
strains to visual acuity and ocular tissues.6

Voriconazole was approved by the Food and Drug
Administration in May 2002 for the treatment of in-
vasive aspergillosis and refractory infections of Sce-
dosporium apiospermum and Fusarium spp.7 Previ-
ous studies have shown that voriconazole has a broad
spectrum of activity against species including those
in the Aspergillus genus, the Candida genus, and the
Scedosporium genus, as well as Paecilomyces lilac-
inus and Cryptococcus neoformans.8 Furthermore,
voriconazole is effective as a primary therapy in the
treatment of invasive aspergillosis, and it is an effec-
tive salvage therapy for refractory infections caused
by Fusarium species.9

The accepted effective method to treat endoph-
thalmitis is vitrectomy combined with an intravitreal
injection of antibiotics.10,11 The course of fungal en-
dophthalmitis is lengthy, so iterative intravitreal in-
jections of antifungal agents are needed to achieve a
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persistent and effective drug concentration over a rel-
atively long period to guarantee the antifungal effect.
However, concentrations of intravitreal voriconazole
at various time points exhibited an exponential decay
with a half-life of 2.5 h.9

A rapid decline in the intravitreal concentration
of voriconazole after injection suggests that repeated
intravitreal injections may be required in clinical
settings to maintain therapeutic levels. However,
repeated intravitreous injections can result in an in-
creased incidence of complications such as retinal de-
tachment, hemorrhaging, and endophthalmitis.12,13

Many experts adopt a sustained-release method to
reduce the complications caused by repeated intrav-
itreous injections.13 Of the many sustained-release
technologies, the biodegradable microsphere is one of
the most useful because it can be delivered by injec-
tion and the microspheres degrade gradually. Various
biodegradable microspheres have been developed to
deliver a variety of drugs that are typically used for in-
travitreous injections.14–17 Among various biodegrad-
able polymers, poly(lactic-co-glycolic acid) (PLGA) is
the most widely studied and used.16,18,19

In this study, we first prepared sustained-release
voriconazole microspheres (VCZ-MS). Then, choosing
Aspergillus fumigatus as our model pathogen due to
its powerful pathogenicity, we established an animal
model of exogenous fungal endophthalmitis that was
similar to human endophthalmitis caused by trauma.
Referring to similar prior studies, we investigated the
therapeutic effectiveness and optimal dosage of sus-
tained intravitreal VCZ-MS in an attempt to find a
new breakthrough in the therapy of this eye problem.

MATERIALS AND METHODS

Materials and Animals

Poly(lactic-co-glycolic acid) [molecular weight (Mw)
15,000D; lactide/glycolide ratio 75/25] was pur-
chased from the Chengdu Institute of Organic
Chemistry, Chinese Academy of Sciences (Chengdu,
China). Voriconazole was kindly presented as a
free sample by the Shenzhen Haibin Pharmaceu-
tical Co., Ltd. (Shenzhen, China). Hydroxypropyl-
methyl-cellulose (HPMC, K4m) was kindly provided
by the Anhui Shanhe Pharmaceutical Excipi-
ents Co., Ltd. (Huainan, Anhui province, China).
Poly(vinyl alcohol) (PVA; 87–90% hydrolyzed, av-
erage Mw 30,000–70,000D) was purchased from
Sigma–Aldrich, Inc. (St. Louis, Missouri). Ultra-
Cruz Mounting Medium (sc-24941) for fluorescence
using 4,6-diamidino-2-phenylindole (DAPI) was ob-
tained from Santa Cruz Biotechnology (Santa Cruz,
California). Sodium azide (NaN3) was purchased
from the Chengdu Kelong Chemical Reagent Fac-
tory (Chengdu, China). Tropicamide phenylephrine

eye drops were obtained from the Santen Pharma-
ceutical (China) Co., Ltd. (Suzhou, China). Ketamine
hydrochloride was purchased from the Jiangsu
Hengrui Medicine Co., Ltd. (Lianyungang, China).
Chlorpromazine hydrochloride was purchased from
the Shanghai Harvest Pharmaceutical Co., Ltd.
(Shanghai, China). Proparacaine ophthalmic solution
and balance salt solution were obtained from the Al-
con Pharmaceuticals Company (Hünenberg, Switzer-
land). Sabouraud glucose agar medium was pur-
chased from the Qingdao Hope Bio-technology Co.,
Ltd. (Qingdao, China). Acetonitrile, methanol, and
methylene chloride were obtained from the Beijing
Chemical Reagents Company (Beijing, China).

New Zealand albino rabbits were obtained from
Shandong Academy of Agricultural Sciences (Jinan,
China; License no. SCXK(Lu)20040013). The experi-
mental animals weighed between 2 and 2.5 kg, and
they were individually housed in an air-conditioned
and light-controlled room at 25 ± 2◦C and at 70 ±
5% relative humidity, with no restriction of food and
water. All animals were healthy and free of clinically
observable ocular abnormalities. The use of animals
in this study adhered to the Association for Research
in Vision and Ophthalmology Statement for the Use of
Animals in Ophthalmic and Vision Research, and the
Shandong Eye Institute ethics committees for animal
experimentation approved all of the experiments.

Preparation of Microspheres

An oil-in-water (O/W) emulsification/solvent evapo-
ration method was applied to fabricate VCZ-MS20:
120 mg of PLGA and 80 mg of voriconazole were
added to 1 mL of methylene chloride. After the mi-
crospheres were completely dissolved, the solution
was poured into 20 mL 2.0% PVA aqueous solution,
and the mixture was emulsified by constant stir-
ring at 1500 r/min for 10 min using a propeller stir-
rer (DW-2; Gongyi City Yuhua Instrument Co., Ltd.,
Gongyi, Henan Province, China) at 30◦C. After this,
the formed microspheres were hardened upon addi-
tion of 80 mL water in outer aqueous phase and 4-h
stirring (1000 r/min at 25◦C). The hardened micro-
spheres were filtered and rinsed with distilled wa-
ter, and dried under vacuum. The dried microspheres
were packaged into 0.5 mL Safe-Lock microcentrifuge
tubes (Eppendorf Manufacturing Corp., Enfield, Con-
necticut) and sterilized with hydrogen peroxide gas
plasma sterilization (type 10101 Sterrad NX steril-
izer; Johnson & Johnson, Irvine, California) for 30
min and then stored in a desiccator at 4◦C. All mi-
crospheres were used within 6 months after steril-
ization. A 0.1 mL suspension of voriconazole-free or
voriconazole-loaded microspheres was injected into
the vitreous cavity using a syringe with a 27 G needle.
To facilitate the injection of the microspheres, they
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were suspended in a sterile aqueous solution contain-
ing 0.5% HPMC.19

Microsphere Characterization

Morphological Characterization of Microspheres
and Drug Distribution Within Them

Microspheres were observed and photographed with
a light microscope equipped with a digital cam-
era (Nikon ECLIPSE E800; Nikon, Tokyo, Japan).
The microspheres were suspended in an anti-fading
agent solution of UltraCruz Mounting Medium. As
voriconazole is also a kind of fluorescent compound, a
confocal laser scanning microscope (CLSM) (NIKON/
C1 PLUS; Nikon) was then used to observe drug dis-
tribution within the microspheres.20 An excitation
wavelength of 488 nm was used.

Voriconazole Content in Microspheres

Ten milligrams of VCZ-MS powder was weighed out
and dissolved in 1 mL of acetonitrile, and 5 mL
methanol was added. After vortexing for 2 min and
centrifugation for 10 min at 7,379g, 5 :L of the or-
ganic phase was tested by high-performance liquid
chromatography (HPLC).

The encapsulation efficiency was expressed as the
ratio of detected to added drug amount.21

Infrared Absorption Spectrophotometry

Infrared (IR) spectra for PLGA, voriconazole, a phys-
ical mixture of PLGA and voriconazole, blank micro-
spheres, and VCZ-MS were obtained on a VERTEX
70 IR-spectrophotometer (BRUKER Corporation,
Bremen, Germany). Potassium bromide discs contain-
ing the samples were prepared prior to the analysis.

Differential Scanning Calorimetry

Thermal analysis was performed with a DSC204F1
differential scanning calorimeter (NETZSCH Group,
Selb, Germany). For differential scanning calorime-
try (DSC) measurements, aluminum pans were filled
with samples weighing 5–10 mg, and the samples
were heated from 20◦C to 160◦C at 10◦C/min in a
nitrogen atmosphere (flow rate 100 mL/min). Under
these conditions, DSC thermograms were obtained for
PLGA, voriconazole, a physical mixture of PLGA and
voriconazole, blank microspheres, and VCZ-MS.

Release of Voriconazole from Microspheres in vitro

A dialysis method was utilized for a study of drug
release in vitro.21 In brief, about 5 mg of micro-
spheres was weighted and added to a dialysis bag
(MD34; Solarbio, Marseille, France) with a Mw cut-
off of 8–14 kDa, and 5 mL phosphate buffered saline
(PBS, 0.01 M, pH 7.4, containing 0.02% NaN3) was
then added. The dialysis bag containing the micro-
sphere suspension was kept in a beaker of 45 mL

PBS as the release medium and shaken at a rate of
72 r/min at 37◦C. A volume of 1.0 mL of medium was
drawn out at the predetermined daily interval and
the same volume of fresh PBS was replenished. Media
were filtered through a 0.45 :m filter and analyzed
by HPLC.

Intraocular Release of VCZ-MS

The right eyes of six rabbits were used in this study.
The pupils were dilated using tropicamide phenyle-
phrine eye drops. The rabbits were generally anes-
thetized using an intramuscular injection of mixed
ketamine hydrochloride [50 mg/kg body weight (bw)]
and chlorpromazine hydrochloride (10 mg/kg bw).
With a proparacaine topical anesthetic applied, rou-
tine pars plana vitrectomy was performed using a bal-
anced salt solution perfusion (120 mmHg of suction
power), and a 20-gauge vitreous cutter (750 rpm and
10 min in cut speed; Alcon, Fort Worth, Texas) cutting
for 10 min in the mid-vitreous cavity. After vitrectomy,
0.1 mL of a VCZ-MS suspension containing 1.0 mg
voriconazole was injected into the vitreous cavity via
the pars plana puncture site. The scleral incisions
were sutured with 7–0 sutures (Ethicon, Inc., Shang-
hai, China). The delivery tube was then extracted and
the presuture was tightened. On days 1, 3, 5, 7, 14,
21, and 28 after VCZ-MS injection, about 0.1 mL of
vitreous humor was aspirated from each eye for de-
termination of the concentration of voriconazole.

Analysis of Voriconazole

For the drug content test and in vitro release studies,
the drug concentrations were detected by HPLC. The
HPLC method for the analysis of drug content and
drug released in vitro was as follows: the HPLC sys-
tem was an Agilent 1100 series (Agilent Technologies,
Inc., Santa Clara, California), composed of a G1314A
ultraviolet (UV) detector, G1322A degasser, G1316A
column temperature controller, G1367A injector, and
G1311A quaternary pump. Reversed-phase Agilent
C18 columns (250 × 4.60 mm, 5 :m; Agilent Technolo-
gies) were used for separations. The mobile phase
consisted of 75% methanol and 25% 0.02 M phosphate
buffer (containing 0.1% triethylamine, adjusting the
pH 6.0 by phosphoric acid 85%). The flow rate was
kept constant at 1.0 mL/min. The detection was per-
formed at 35◦C at a wavelength of 256 nm, and the
injection volume was 20 :L. The retention time of
voriconazole was 5.2 min.

The concentration of voriconazole in vitreous
samples was determined with the HPLC–electro-
spray ionization-mass spectrometry (HPLC–ESI-MS)
method. The HPLC–ESI-MS method was performed
using an Agilent Technologies Series 1100 Trap VL
liquid chromatography–mass spectrometry (LC–MS/
MS) system (Agilent Technologies, Inc.) that included
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an Agilent 1100 G1311A QuatPump, a vacuum de-
gasser (model G1322A), an Agilent 1100 autosam-
pler (model G1313A), and an Agilent 1100 MSD sin-
gle quadrupole mass spectrometer equipped with an
electrospray source (model G1956B). A Zorbax SB-C18
column (2.1 × 30 mm2, 3.5 :m; Agilent Technologies,
Inc.) was used for the separation. The signal acqui-
sition, peak integration, and concentration determi-
nation were performed using ChemStation software
(10.02 A) supplied by Agilent Technologies. The mo-
bile phase was a 50:50 (v/v) mixture of methanol and
1% acetic acid aqueous, and was used at a flow rate
of 0.2 mL/min. The HPLC analyses were performed
at room temperature. The HPLC–ESI-MS was car-
ried out using nitrogen to assist nebulization. The
quadrupole mass spectrometer (equipped with an ESI
source) was set to use a drying gas (N2) flow of 10 L/
min, nebulizer pressure of 30 psi, drying gas temper-
ature of 350◦C, capillary voltage of 4.5 kV, and the
positive ion mode. The fragmentor voltage was 0.9 V.
The ESI-MS was performed in the selected-ion moni-
toring mode using the target ions m/z 350.1→281.

Efficacy Testing

Animal Model of Exogenous A. Fumigatus
Endophthalmitis

Rabbits were used to establish the animal model
of exogenous fungal endophthalmitis. A. fumigatus
3.772 was obtained from the Institute of Microbiology,
Chinese Academy of Medical Science. An A. fumi-
gatus suspension was prepared in advance by serial
dilution to achieve a concentration of 1000 CFU/mL.
Prior to injection, pupils were dilated and the rab-
bits were generally and topically anesthetized by the
methods mentioned previously. After anterior cham-
ber paracentesis was performed, 60 :L of fungal sus-
pension was injected into the right vitreous cavity
(mid-vitreous) via pars plana, 2 mm posterior to the
temporal bulbar limbus, using a 30 G needle on a
1 mL tuberculin syringe. The injection was performed
slowly, under direct visualization using an operating
microscope (Carl Zeiss, Inc., Vertrieb Deutschland,

Germany), with the bevel of the needle facing the lens
to keep the needle away from it.21

Different Treatments

The 30 rabbits (representing 30 successfully inocu-
lated eyes) were randomly distributed into five groups
with six eyes in each group. The groups were no treat-
ment after vitrectomy; 100 :g/0.1 mL of voriconazole
injected after vitrectomy; and 0.1 mL VCZ-MS sus-
pension containing 0.5, 1.0, and 1.5 mg voriconazole
injected after vitrectomy.

Forty-eight hours after inoculation of A. fumiga-
tus, the rabbits were generally and topically anes-
thetized according to the methods described above.
After sterile ocular preparation, routine pars plana
vitrectomy was performed and VCZ-MS or voricona-
zole was injected with the method described above.
For the voriconazole injection group, 100 :g/0.1 mL
voriconazole was injected, and the same injection pro-
cedure was performed 48 and 96 h later.

Postoperative Observation

The inflammatory reactions in the anterior chamber
and the levels of vitreous opacification were graded
according to the method of Yang and Li22 each day
for the first 2 weeks and on weeks 3, 4, 6, and
8 using slit lamp examination and indirect ophthal-
moscopy (Table 1). During weeks 2, 4, 6, and 8, ap-
proximately 0.1 mL of vitreous fluid was aspirated
from two randomly chosen eyes within each group,
periodic acid–Schiff (PAS) staining was performed af-
ter smear to seek hyphae, and the surplus sample
was cultured in Sabouraud glucose agar medium to
see whether fungi would grow 5 days later. At week
8, two rabbits chosen randomly from each group were
euthanized and the operation eyes were harvested.
After being fixed in 10% formaldehyde solution for at
least 24 h and dehydrated with gradient alcohol, the
eyeballs were prepared for hematoxylin–eosin (HE)
and PAS stainings using routine methods, and ana-
lyzed with light microscopy to observe the effects of
fungi on ocular tissues.

Table 1. Clinical Grading Scheme

Aqueous Humor Vitreous

Grade Cells Flare Opacification

0 No cell No flare No opacity
1 5–10 Faint flare Faint opacity, while details of retinal vessels and

nerve fibers can easily be identified
2 11–20 Moderate flare, while details of the iris and

lens can be identified
Mild opacity, while details of retina vessels can

easily be identified but not of nerve fibers
3 21–50 Obvious flare, while details of iris and lens

can hardly be identified
Moderate opacity, while details of retinal vessels

and nerve fibers can hardly be identified
4 >50 Severe flare with lots of fibrin exudates, and

the aqueous humor seems “frozen”
Severe opacity, while the posterior segment

cannot be seen
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Figure 1. Optical micrograph of voriconazole micro-
spheres (magnification 400×). The optical microscopy re-
vealed that the microspheres obtained were opaque, dis-
crete, and spherical particles with smooth surfaces.

Data Analysis

SPSS (SPSS Inc., Chicago, Illinois) was applied in
data processing. The statistical significance of the
therapeutic effect was determined with the Kruskal–
Wallis test (p ≤ 0.05) and comparisons among groups
were determined using the Mann–Whitney test (p ≤
0.05).

RESULTS

Morphology, Drug Loading, Drug Distribution,
and in vitro Release of VCZ-MS

Optical microscopy revealed that the microspheres
obtained were opaque, discrete, and spherical par-
ticles with smooth surfaces. The particle size is an
important property of microspheres, as it can influ-
ence the biopharmaceutical properties of the parti-
cle preparations. The resulting particle sizes were in
the range of 10–40 :m and were considered suitable

for intravitreal administration through a 27 G nee-
dle (inner diameter 0.19 mm). Figure 1 shows the
microsphere morphology. As shown in CLSM observa-
tion, voriconazole was distributed uniformly in micro-
spheres. This contributed to the long, steady in vitro
and in vivo release of voriconazole by microspheres.
The encapsulation efficiency and drug loading were
29.94 ± 1.17% and 74.85 ± 2.93%, respectively.

The cumulative release of voriconazole from mi-
crospheres was plotted in Figure 2. The in vitro re-
lease behavior was consistently reproduced. The mi-
crospheres had an initial burst release on the first
day followed by a long, steady phase of release. In the
initial 7 days, release was nearly linear, with 10%
of the voriconazole released per day. Thereafter, a
gradual slow release was observed, and about 85%
of the drug was released at day 21. All of the release
characteristics were fitted by zero-order, first-order,
and Higuchi’s equations. The results showed that the
first-order model was more suitable than the other
two in this context. The first-order model equation
was ln(100−Q) = −0.093t + 4.2831 (r = 0.987), with
Q being the release percentage in time t. In the re-
lease medium, the microspheres initially had spher-
ical surfaces. The microspheres became more irregu-
larly shaped after 7 and 14 days of degradation. After
28 days of incubation, the microspheres’ matrix col-
lapsed completely.

Interaction Studies

The DSC curves obtained are shown in Figure 3.
The PLGA thermogram displayed a thermal event
at 52.9◦C corresponding to the polymer glass transi-
tion temperature (Tg), whereas voriconazole exhibited
a melting peak at 133◦C. When empty microspheres
were tested, the Tg was 49.4◦C, which was a value sim-
ilar to that obtained for the polymer alone. The PLGA
Tg value and the voriconazole melting peak remained
located at practically the same temperatures for the
physical mixture of PLGA and voriconazole. When the

Figure 2. In vitro drug release profile of voriconazole from microspheres (n = 5, x ± s).
Conditions: phosphate buffered saline, pH 7.4, 37◦C.
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Figure 3. Heat flow–temperature curve of samples (a, PLGA; b, voriconazole; c, physical
mixture of PLGA and voriconazole; d, blank microspheres; and e, VCZ-MS). These curves reflect
that free crystalline voriconazole was absent in the microspheres. PLGA, poly(lactic-co-glycolic
acid); VCZ-MS, voriconazole microspheres.

polymer was formulated in microspheres containing
voriconazole, the peak corresponding to drug melting
decreased to 122.8◦C, and the melting range was sig-
nificantly extended. It can also be seen from the figure
that voriconazole’s melting enthalpy was 106.3 J/g,
and that of voriconazole in microspheres was 33.21 J/
g. The melting enthalpy of the drug in microspheres
was significantly reduced, indicating that voricona-
zole was dispersed in the microspheres in a noncrys-
tal state. All of the above observations reflect that

free crystalline voriconazole was absent in the mi-
crospheres, and that the polymer may inhibit drug
crystallization during voriconazole formation.

The Fourier transform-IR (FTIR) spectra obtained
are shown in Figure 4. The voriconazole FTIR
spectrum showed C N, C F, and C C stretching
bands at 3191.26–3046.04, 1497.28–1451.28, and
1587.44–1451.28 cm−1, respectively. The ester C O
stretching band for PLGA was observed at 1747.57
cm−1. Peaks at 3650.10 and 3508.41 cm−1 for OH
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Figure 4. Infrared spectrum of samples (a, PLGA; b, voriconazole; c, physical mixture of
PLGA and voriconazole; d, blank microspheres; and e, VCZ-MS). The FTIR spectrum obtained
displayed that no free crystalline voriconazole was present in the microparticle sample for-
mation. PLGA, poly(lactic-co-glycolic acid); VCZ-MS, voriconazole microspheres; FTIR, Fourier
transform IR.

and 2996.96–2948.44 cm−1 for C H stretching
bands were also observed as the typical bands of
PLGA. When empty microspheres were tested, the
spectrum appeared similar to that obtained for the
polymer alone. The spectrum for the physical mixture
of PLGA and voriconazole also showed all the typi-
cal bands of the polymer and voriconazole. The FTIR
spectrum obtained for VCZ-MS displayed the typical
bands of polymer only. Therefore, no free crystalline
voriconazole was present in the microparticle sample
formation.

In vivo Release of Voriconazole from the Microspheres

The intravitreal concentration of voriconazole is
shown in Figure 5. After VCZ-MS injection, the in-
travitreal concentration of voriconazole was, on av-
erage, 7.27 :g/mL on the first day, which was the
peak of the entire release curve. The concentration
of intravitreal voriconazole decreased to 2.03 :g/mL
on day 3 and 0.62 :g/mL on day 14. After day 14,
the concentration was below the minimum inhibitory

concentration(MIC50 ) of voriconazole to A. fumigatus,
which is 0.25 :g/mL, as Lalitha et al.23 reported.

Therapeutic Effect on Exogenous a. fumigatus
Endophthalmitis

Clinical Observation

Control Group. Twenty-four hours after inoculation
and just before vitrectomy, all eyes showed a mild
diffuse inflammatory reaction in the vitreous cavities
with few localized condensations. Three to four days
after A. fumigatus inoculation, the inflammatory re-
sponse in the anterior chamber and vitreous began to
gradually increase.

Five to six days after inoculation, moderate-to-
severe congestion and edema were observed in the
iris, with severe fibrin exudation in the anterior cham-
ber and grades 3–4 vitreous opacification. About 7–10
days after inoculation, cloudy corneas appeared in
two eyes; this developed into white corneas, and the
vitreous could not be observed because of the white
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Figure 5. Intraocular release profile of voriconazole from microspheres in healthy rabbits’
eyes (n = 6, x ± s). Injected voriconazole dose: 1.0 mg.

cornea. Neovascularization was induced in the two
white and cloudy corneas, and the vessels had grown
1–4 mm into the cornea. In the fourth week, inflam-
mation in the anterior chamber disappeared and the
corneal edema gradually subsided, but residual neo-
vascularization remained in the central cornea and
the corneas still showed moderate-to-severe conges-
tion and edema.

As for the other four eyes in the control group,
neovascularization was also observed in the iris, and
pupillary was seclusion, and the vitreous showed
more and more opacification. On the 14th day, in-
flammation in the anterior chamber subsided, but the
pus in the vitreous became suppurated. The corneas
then became transparent and displayed shallow an-
terior chambers, iris neovascularization, and lens
opacification.

At the end of the observation period (week 8), en-
dophthalmitis was observed in all eyes of the control
group, which developed into panophthalmitis. Ocular
atrophy appeared at the end of 8-week period. The
progression of inflammation in the control group is
shown in Figure 6.

Voriconazole Injection Group. In the voriconazole
injection group, two eyes showed no obvious inflam-
matory response in the anterior segments throughout
the experiment, but in the posterior segment, both
retinas detached during week 2 (see Fig. 7). The other
four eyes showed inflammatory reactions of different
degrees in the anterior segment 3 days after injection
of voriconazole. On days 5 and 6, the inflammation
was remarkable, and the eyes demonstrated flares of
grades 0–3, cells of grades 0–2, and vitreous opacities
of grades 0–3. The anterior and posterior lens capsule
was attached by depositive inflammatory cells, and an
even, translucent purulence layer could be observed
behind the lens. Two of the four eyes exhibited white

and cloudy corneas from day 10 to week 4, which were
similar to the eyes in the control group, and the other
two eyes showed no obvious anterior chamber inflam-
mation, although one of them displayed phacoscotas-
mus at week 8.

VCZ-MS Containing 0.5 mg Voriconazole Group. In
the VCZ-MS containing 0.5 mg voriconazole group, all
eyes showed anterior chamber inflammation of grades
1–2 in the first 2 weeks. Four of the six eyes showed
no inflammation reaction in the vitreous throughout
the observation period. However, the other two eyes
showed posterior pole suppuration in the vitreous in
the first 3–5 days, and then one exhibited white pus
blocks on day 7, the other vitreous had more and
more pus in the following days, and large areas of
retinal neovascularization were observed during the
third week (seen in Fig. 8). After the third week, the
anterior inflammation regressed and the liquor puris
was limited to the front of the optic disc and organized
by degrees, and disc and retinal neovascularization
could be found at the end of the observation period
(8 weeks). Some microparticles attached to the lens
posterior capsule were seen in all eyes after intravit-
real injection but disappeared within 4–8 weeks.

VCZ-MS Containing 1.0 mg Voriconazole Group. In
the VCZ-MS containing 1.0 mg voriconazole group, all
eyes showed anterior chamber inflammation of grades
1–2; the inflammation then regressed during the first
2 weeks, and the vitreous was kept limpid until the
end of the observation period with no recurrence of
inflammation (seen in Fig. 9). Microparticles attached
to the lens posterior capsule were seen in all eyes after
intravitreal injection, and they disappeared within
4–8 weeks.

VCZ-MS Containing 1.5 mg Voriconazole Group.
All eyes in the VCZ-MS containing 1.5 mg
voriconazole group also showed anterior chamber
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Figure 6. Observation of the anterior chambers and vitreous body of the control group (n = 6)
(different animals). At time 0, rabbits were injected with 60 :L of fungal suspensions (1000 CFU/
mL) into the right vitreous cavity. A vitrectomy was performed at day 1.

inflammation of grades 1–2 that regressed in the first
2 weeks, and the vitreous was kept limpid until the
end of the observation period with no recurrence of in-
flammation. However, more microparticles were seen
attached to the lens posterior capsule in all eyes after
intravitreal injection than in the groups treated with
lower amounts of VCZ-MS.

The grade of anterior chamber flare, the grade
of cells, and the grade of vitreous opacity within
different treatment groups at selected intervals are
shown in Figure 10. Statistical analysis results of the
vitreous opacity at selected intervals are shown in
Table 2. It can be seen that the VCZ-MS groups gen-
erally experienced less anterior chamber inflamma-
tion when compared with the control group during the
first 2 weeks of observation (p < 0.05). After this, the
inflammatory reaction in the anterior chamber con-
trol group subsided. The voriconazole injection group
showed significantly less anterior chamber inflamma-
tion than the control group during the first 2-week
observation period (p < 0.05); After the first 2 weeks,
the inflammation in the anterior chambers of both
groups was not significantly different.

As the key indicators of our observations, minor
vitreous opacities were observed in all of the groups
within 3 days after surgery, and these could be ex-
plained by the normal inflammatory response that is
expected to occur following surgical operations. The
VCZ-MS groups showed significant improvement in
vitreous opacity, whereas severe vitreous opacity was
observed in the control group (p < 0.05), and the
voriconazole injection group showed an exacerbated
vitreous opacity (p < 0.05) that was similar to that
of the control group. Meanwhile, the VCZ-MS groups
had no significant difference in vitreous opacity be-
tween each other (p > 0.05).

Microbiological Analysis

Hyphae were visualized by smear and PAS stain, and
positive fungal cultures were obtained from vitreous
specimens in the control and voriconazole injection
groups at weeks 2, 4, and 6, during which the speci-
mens changed from milky or semitransparent speci-
mens having a small amount of pus to having curdy
pus and even white cheesy semisolids; no specimens
were aspirated from uncured eyes on week 8 because
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Table 2. Statistical Analysis Results of Vitreous Opacity in Selected Intervals

Days Weeks

3 5 7 10 2 3 4 6 8

pAB 1.000 0.000 0.004 0.004 0.013 0.012 0.011 0.014 0.011
pAC 0.661 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
pAD 0.200 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
pAE 0.378 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
pBC 0.661 0.334 0.005 0.000 0.000 0.000 0.000 0.000 0.000
pBD 0.200 0.880 0.006 0.007 0.004 0.001 0.000 0.000 0.000
pBE 0.378 0.452 0.003 0.003 0.002 0.000 0.000 0.000 0.000
pCD 0.439 0.391 0.772 0.147 0.160 0.379 0.821 0.828 0.821
pCE 0.698 0.774 1.000 0.239 0.255 0.544 0.955 0.957 0.735
pDE 0.671 0.530 0.751 0.756 0.764 0.762 0.757 0.766 0.537

Note: A represents group A, that is, experiment group with no treatment after vitrectomy; B represents group B, that is, experiment group
with 100 :g/0.1 mL of voriconazole injected after vitrectomy; and C, D, E represent groups C, D, and E; they are experiment groups with 0.1 mL
VCZ-MS suspension containing 0.5, 1.0, and 1.5 mg voriconazole injected after vitrectomy, respectively.

of the solid-state pus. Rarefied and transparent liquid
was aspirated from eyes of the VCZ-MS groups; these
samples did not contain hyphae and were negative for
fungal cultures at all time points.

Histopathologic Examination

Eight weeks after injection of A. fumigatus, two eyes
were selected from each group for histopathologic ex-
amination. All eyes with uncontrolled inflammation
were atrophied. HE staining showed that the anterior
chambers and/or vitreous cavities were filled with a
white purulent solid, and phacoscotasmus could be
observed. Hyphae could be found in the vitreous via
PAS staining (Fig. 11a), but no hyphae were found in

Figure 7. Observation at week 2 of the posterior chamber
of a rabbit from the VCZ group (n = 6), showing a retina
detachment. At time 0, the rabbit was injected with 60 :L of
fungal suspensions (1000 CFU/mL) into the right vitreous
cavity. A vitrectomy was performed at day 1 and 100 :g/
0.1 mL voriconazole were injected at days 2, 4, and 6. VCZ,
voriconazole.

the eyeball wall structure (Fig. 11b), which could be
explained by the eyeball wall not being infiltrated by
the hyphae. The retinal tissue of each layer could not
be identified, and the sclera was infiltrated by inflam-
matory cells (Fig. 12a). All inflammation-controlled
eyes had a clean vitreous cavity, explicit retinal struc-
ture, and a compact sclera (Figs. 12b and 12c), and no
hyphae or fungal spores were observed in cured eyes.

DISCUSSION

In vitro investigation of voriconazole is especially im-
portant for the treatment of infections by Aspergillus
and Candida species.24 Pfaller et al.25 found that
voriconazole maintains activity against itraconazole-
resistant A. fumigatus isolates. In the USA,

Figure 8. Observation at week 3 of the posterior cham-
ber of a rabbit from the 0.5 mg voriconazole microspheres
group (n = 6), showing a retinal neovascularization. At time
0, the rabbit was injected with 60 :L of fungal suspensions
(1000 CFU/mL) into the right vitreous cavity. A vitrectomy
was performed at day 1 and 0.5 mg voriconazole as micro-
sphere was injected at day 2.
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Figure 9. Observation of the anterior chambers and vitreous body of the 1 mg voriconazole
microspheres group (n = 6) (different animals). At time 0, rabbits were injected with 60 :L of
fungal suspensions (1000 CFU/mL) into the right vitreous cavity. A vitrectomy was performed
at day 1 and 1 mg voriconazole as microsphere suspension was injected at day 2.
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Figure 10. The grade of anterior chamber flare (a), anterior chamber cells (b), and vitreous
opacity (c) of different groups in selected intervals.

intravenous and/or oral voriconazole is recommended
for adults for the treatment of invasive Aspergillus.26

In Europe, intravenous and/or oral voriconazole is
recommended for adults and pediatric patients of at
least 2 years of age for the treatment of invasive
aspergillosis.25 Herbrecht et al.27 compared voricona-
zole with amphotericin B for the primary therapy
of invasive aspergillosis and found that voriconazole
had better therapeutic effects, higher survival rates,
and fewer severe side effects. However, low permeabil-
ity after venous and oral administration limits the
use of voriconazole for fungal endophthalmitis.28,29

Since 2006, intravitreous injection of 100–200 :g

voriconazole has been used and is effective in
treating refractory fungal endophthalmitis to some
extent,3,29–31 but it potentially brings a variety of
complications due to repeated injections for long
courses of treatment and easy recurrence of fungal
infection.

Microspheres have become a research focus in that
they may provide an ideal route of administration for
chronic ocular disease.13 We chose PLGA, which is
polymerized by lactic acid and glycolic acid and de-
grades to lactic acid and glycolic acid firstly, and then
ultimately it degrades to carbon dioxide and water.
Intravitreal-injected microspheres containing this
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Figure 11. Hyphae examination of the eye in control
group; magnification 200×. Periodic acid—Schiff stain
showing hyphae (yellow arrows) in the vitreous cavity (a),
but not in eyeballs (b). At time 0, rabbits were injected with
60 :L of fungal suspensions (1000 CFU/mL) into the right
vitreous cavity. A vitrectomy was performed at day 1.

polymer offer several advantages over systematic
and topical therapy such as higher biocompatibil-
ity, fewer side effects, relatively constant drug lev-
els, less usage of bulk drug, and much greater
convenience.13 The microsphere fraction selected
from the original formulation was composed of a 3:7
voriconazle:polymer ratio, and the microspheres were
10–40 :m in size, which was adequate for a high drug
dose in a limited injection volume (0.1 mL) and easy
intravitreal administration through a 27 G syringe
needle.

An endophthalmitis model was established using
an Aspergillus suspension of 1000 CFU/mL in this
study. Photophobia and lacrimation could be observed
in most rabbits, and a small number of eyes showed
slight vitreous empyema, which was similar to the
initial symptoms of human fungal endophthalmitis.
After preliminary tests, we considered that the best
occasion of therapy for this model was at most 48 h
after injection. The severity, process, and prognosis
of endophthalmitis depend on the virulence of the
pathogen, the time to diagnosis, and the effectiveness
of the therapy.

Endophthalmitis due to A. fumigatus infection re-
sulted in rapid and severe vision and tissue destruc-
tion. In the control group, no medication was given,

Figure 12. Histopathological examination of eyes in the
control group (a) and 1.0 mg voriconazole microspheres
(b and c); magnification 100×. As observed from Figure
12a, the retinal tissue of each layer could not be identi-
fied, and the sclera was infiltrated by inflammatory cells,
but all inflammation-controlled eyes had a clean vitreous
cavity, explicit retinal structure, a compact sclera, and no
hyphae or fungal spores were observed in cured eyes, as
shown in Figures 12b and 12c.

but a vitrectomy was performed after the injection of
the Aspergillus suspension, and rapid and severe in-
flammatory reactions (including effusion, purulence,
hyphema in the anterior chamber, lens opacification,
purulence in the vitreous cavity, corneal edema, and
neovascularization) occurred in all eyes, especially 72
h after infection. During observation, A. fumigatus
was found to grow in smear and in culture, and all
samples with uncontrolled infections showed eye wall
destruction. Therefore, A. fumigatus endophthalmitis
may lead to eye collapse.

Gao et al.32 extrapolated from their experimental
results that 100 :g of voriconazole may be injected
safely into a human eye. In accordance with previous
studies, 100 :g/0.1 mL of voriconazole was injected
into eyes in our experiment three times after vitrec-
tomy, once every other day. The flare, cells in the an-
terior chamber, and the vitreous opacity were milder
than in the control group (p ≤ 0.012) at early time
points in the experiment, for the possible reason that
the concentration of voriconazole in the vitreous cav-
ity could inhibit the growth and breeding of A. fumiga-
tus. Seven days later, after the intravitreal injection
of voriconazole was stopped, inflammation showed no
difference from the control group (p > 0.05), and pos-
itive smears and fungal cultures were obtained dur-
ing observation. The half-life period of voriconazole
in the rabbit vitreous cavity is 2.5 h and may be
much shorter in eyes after vitrectomy. In recent years,
the therapeutic method of voriconazole injection has
been used, and many patients have had fairly suc-
cessful results, although relatively worse results also
exist in cases of delayed diagnosis or swiftly progress-
ing disease.3,29–31 The retina detached in two of the
eyes in voriconazole intravitreal injection group that
had relatively mild inflammation, for the presumed
reason that multiple intravitreal drug injections re-
sulted in rhegmatogenous retinal detachment or that
inflammation led to exudative retinal detachment, or
both. The advantages and disadvantages of multiple
intravitreal drug injections are therefore worthy of
further discussion.

The inflammation of eyes in the VCZ-MS groups
was milder in comparison to that of eyes in the con-
trol and voriconazole injection groups. Eyes in the
voriconazole injection group showed milder anterior
chamber inflammation and vitreous opacity than the
control group (p = 0.000) during the first 2 weeks, but
the vitreous of the VCZ-MS groups was clearer than
those of the control group at later time points (p =
0.000). The vitreous samples aspired from the VCZ-
MS containing 0.5 mg voriconazole group did not con-
tain hyphae and were negative for fungal cultures,
which indicated that the drug dosage in the vitreous
cavity could antagonize fungi but could not control the
infection. All uncured eyes eventually deteriorated to
ocular phthisis.
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The VCZ-MS containing 1.0 or 1.5 mg voriconazole
had the best anti-inflammatory effect. The slight in-
flammation seen initially disappeared 2 weeks after
operation, and no recurrence emerged in all eyes and
there was no recurrence in any eyes for the duration of
the follow-up period. The early anterior chamber in-
flammation and vitreous opacity of the groups treated
with VCZ-MS containing 1.0 or 1.5 mg voriconazole
were milder than in the control and voriconazole in-
jection groups, but no significant difference was seen
between the group treated with VCZ-MS containing
0.5 mg voriconazole (p ≥ 0.147) and the group treated
with voriconazole injection alone. Compared with the
voriconazole injection group, the therapeutic effect in
the groups treated with VCZ-MS containing 1.0 or
1.5 mg voriconazole was more definite, and no com-
plications such as retinal detachment were observed
during the study. In the groups treated with VCZ-
MS containing 1.0 or 1.5 mg voriconazole, all eyes
had transparent corneas, clear aqueous humor, hya-
line lens, and vitreous clarity, no fibers existing in
the site of drug implantation, no corneal hyperemia,
no edema, and no hole or detachment was observed
for 8 weeks after surgery. Histopathological examina-
tion showed no necrotic foci in the retinas, and each
layer could be identified clearly. All results indicate
that microspheres containing 1.0 or 1.5 mg voricona-
zole possess good histocompatibility and biocompati-
bility. However, microspheres can also impair vitreous
clarity. During the observation period, we also found
some microspheres attached to the lens posterior cap-
sule, and the more microspheres were injected, the
more they are attached. Therefore, microspheres con-
taining 1.0 mg voriconazole may be potentially useful
in treating endophthalmitis of A. fumigatus in addi-
tion to vitrectomy, and if needed, the dose may be
increased to 1.5 mg.

CONCLUSIONS

The results of our study showed that when used as
a system for the delivery of voriconazole in an ani-
mal model of endophthalmitis of A. fumigatus, PLGA
microspheres can effectively treat this infection such
as rapidly reducing inflammation, preventing tissue
destruction, decreasing fungal growth in the tissues,
and eliminating recurrences. Clinically, no inflamma-
tory signs were noted, and good histopathologic and
biocompatibility findings suggest that VCZ-MS may
be a promising novel antifungal formulation.
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