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Purpose. The purpose of this work was to obtain a sterilized formu-
lation consisting of biodegradable microspheres of poly (DL-lactide-
co-glycolide) (PLGA) for intraocular sustained release of ganciclovir.
Methods. Microspheres were prepared using a dispersion of ganci-
clovir in fluorosilicone oil (FSiO) that was further dispersed in an
acetone solution of PLGA [50/50 and inherent viscosity 0.41 dl/g],
and emulsified in silicone oil with a surfactant. Once prepared, the
formulation was exposed with an effective g radiation dose of 2.5
megarads. The release rate data of ganciclovir from the sterilized and
nonsterilized batches were compared using the similarity factor (f2).
Results. The dispersion of the drug in FSiO contributed to achieving
a drug payload of up to 95% of the theoretical in the 300–500 mm
microspheres. Ten mg released ganciclovir in vitro at 1.3 mg/h for the
first 21 days, but decreased to ∼ 0.2 mg/h from day 25 until the end of
the release study (42 days). No significant differences in the amounts
of encapsulated drug (a40.05) were observed between the sterilized
and nonsterilized microspheres. Furthermore, dissolution profiles of
formulations behaved similarly before and after gamma radiation
exposure.
Conclusions. The technique of microsphere preparation described
resulted in high ganciclovir loading (95%) and prolonged drug re-
lease. The ganciclovir formulation behaved similarly before and after
the sterilization process.

KEY WORDS: ganciclovir; microspheres; PLGA; intraocular; g ir-
radiation.

INTRODUCTION

Cytomegalovirus (CMV) retinitis is an ocular infection
that occurs frequently in persons with acquired immunodefi-
ciency syndrome (AIDS). The infection is progressive and
results in blindness from retinal detachment associated with
retinal necrosis (1). Ganciclovir and Foscarnet are used to
treat CMV retinitis (2,3). In most cases, an intravenous dose
(10 mg/kg daily, 7 to 21 days) of ganciclovir halts disease
progression. Unfortunately, the disease recurs after discon-
tinuation of the drug. Even on maintenance therapy, CMV
recurs in 30 to 50% of patients (4–5). Dose-dependent my-

elosuppression prevents maintenance therapy in about 15%
of patients. Sepsis related to permanent indwelling catheters
is another problem associated with systemic ganciclovir ad-
ministration (6)

Intravitreal ganciclovir injections provide higher intraoc-
ular drug concentrations than systemic therapy. The intravit-
real half-life of ganciclovir (estimated to be approximately
13h) requires frequent injections (1 to 3 times/week) to main-
tain therapeutic ocular levels (7). Intravitreal ganciclovir in-
jections of 200 to 400 mg, administered weekly, produce tem-
porary remission of CMV retinitis (7,8). However, repeated
intravitreal injections are poorly tolerated. The short intravit-
real half-life of ganciclovir and its systemic toxicity make the
drug a good candidate for using in a local sustained-delivery
system. An intravitreous sustained-delivery ganciclovir device
that releases ganciclovir for several months is currently used
in human patients. This device is made of poly (ethylene vinyl
acetate) and polyvinyl alcohol (PVA), is approximately 9 mm
long and 3.5 mm wide, and has a depot filled with a pellet of
several milligrams of ganciclovir. This nonbiodegradable de-
vice is implanted in the vitreous cavity through a scleral inci-
sion, where it is retained by a suture. The 1mg/h device re-
leased between 0.5 and 2.88 mg/h ganciclovir in vivo and was
shown to be therapeutically effective in human CMV retinitis
(9). The median effective inhibitory dose (ED50) of ganciclo-
vir for human CMV isolates ranged between 0.2 and 3.0 mg/
ml, (10) which is equivalent to >0.9–13.5 mg per the 4.5 ml of
the human vitreous (11). Despite the good performance of
the available intraocular implant, a biodegradable injectable
system could be a good alternative to this surgical implant,
particularly for less-developed countries. Injectable drug-
delivery devices are potentially less expensive than the surgi-
cal implants now available. Also, performing an intraocular
injection requires a lower level of surgical sophistication than
that needed to perform the delicate surgery for the placement
of an intraocular implant. Experience has shown that poly
(DL-lactide) (PLA) and poly (DL-lactide-co-glycolide)
(PLGA) are biocompatible and degrade to metabolic prod-
ucts that are eliminated from the body (12,13). Microspheres
loaded with retinoic acid, adriamycin, 5-Fluorouracil, and
dexamethasone, as well as the ganciclovir formulation de-
scribed here have been prepared to treat intraocular diseases
such as proliferative vitreoretinopathy, (14,15) uveitis, (16)
and cytomegalovirus retinitis.

The aim of this project, therefore, was to prepare micro-
spheres of biodegradable polymers loaded with ganciclovir to
obtain sustained release of the drug with a single intravitreous
injection. However, a potential drawback of use of polymers
for drug delivery could be the breakdown of their network
after being exposed to ionizing radiation (17). Sterility is ex-
tremely important in drugs or devices to be used intravitre-
ously, in which terminal sterilization procedures are preferred
over aseptic processing. Consequently, we have developed a
technique to prepare relatively hydrophobic microspheres
with high drug payload and sustained ganciclovir release rates
within the estimated therapeutical levels required for intra-
vitreous therapy. Four diameter sizes of microspheres were
tested (53–106mm, 106–212mm, 212–300mm, and 300–500mm)
for drug loading and releasing. Of these, the most satisfactory
microsphere formulation was size 300–500mm, and was used
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for the evaluation of the effect of 2.5 Mrad g radiation dose
on its stability.

MATERIALS AND METHODS

Materials

Ganciclovir sodium salt (BW B759 U, DHPG, dihydroxy
propoxymethyl guanine) was obtained from Syntex Labora-
tories (Palo Alto, California). PLGA with a 50/50 ratio of
DL-lactic to glycolic acids and an inherent viscosity of 0.41
dl/g in hexafluoroisopropanol was purchased from Birming-
ham Polymers Inc. (Birmingham, Alabama) (Molecular
weight calculated by GPC; 0.4dl/g434,000 daltons; 0.5dl/
g448,000 daltons). Methylene chloride and hexane were
bought from Fisher Scientific (Pittsburgh, Pennsylvania). Sili-
cone oil (SiO, polydimethylsiloxane, trimethylsiloxy termi-
nated) viscosity 500 centistokes (cs), fluorosilicone oil (FSiO,
polymethyl-3,3,3-trifluoropropyl siloxane) 1000 cs, and di-
methylsiloxane ethylene oxide-propylene oxide copolymer
(DMSiEPO) 1800 cs were obtained from Hüls America Inc.
(Piscataway, New Jersey).

Methods

Preparation of Microspheres (18)

A suspension of ganciclovir sodium salt (equivalent to 25
mg of free ganciclovir) in FSiO (100 ml) was added to an
acetone (0.8 ml) solution of PLGA (250 mg). The mixture was
dispersed by agitation in vortex for 1 min and sonication (50
Sonic Dismembrator, Fisher Scientific) for 5 min at high fre-
quency (intervals of 1 min of sonication and 10 sec of rest
periods between sonications). This dispersion was immedi-
ately sonicated for 25 sec at high frequency (#18, outpower
80%) with a 2 ml aliquot of a solution of SiO (45 ml) in
acetone (5 ml) and the surfactant DMSiEPO (100 ml). After
the sonication, the mixture was added to the stirring remain-
ing amount of the previously prepared SiO–acetone–
surfactant solution. The stirring of the mixture, in the hood at
room temperature, continued overnight until the acetone
evaporated and the solid microspheres were formed. The mi-
crospheres were filtered and washed twice with hexane to
remove residual SiO, and then separated in size fractions us-
ing sieves of 53, 106, 212, 300, and 500 mm (diameter aper-
ture). Finally, the microspheres were dried over anhydrous
CaSO4 in a vacuum desiccator for at least 48 hours before
they were used for the drug-release assays.

Analysis of Ganciclovir in the Microspheres

Replicate samples of microspheres from each batch and
size were accurately weighed (10 mg) and dissolved in meth-
ylene chloride (2 ml). The ganciclovir was extracted from the
methylene chloride solution twice into 3 ml of distilled water
and measured spectrophotometrically at absorbance of 250.5
nm (Beckman DU-70 Spectrophotometer, Fullerton, Califor-
nia).

Microsphere Morphology

Microsphere samples were observed after sieve separa-
tion by light microscopy and by scanning electron microscopy

(SEM, SAMR Model 1000A, Lico, Bedford, Massachussetts),
before and at different stages of the release assay. For SEM
the microspheres were attached to a specimen holder with a
double-coated adhesive tape, and gold sputter-coated before
observation at 20 Kv with a 12-mm working distance.

Ganciclovir Release from Microspheres

Replicate samples of microspheres (10 mg) from each
batch and size were suspended in 1.5 ml of phosphate buffer
(PBS 0.01 M, pH 7.4), and placed in a shaker with constant
agitation (50 rpm IKA Bath, RT III, Germany) at 37°C.
Samples for analysis (∼1.5 ml) were taken with a syringe at 0h,
1h, 1, 4, 7, 11, 14, 18, 21, 25, 28, 32, 35, 39, and 42 days. The
samples were filtered through a 0.45-mm filter (Gelman, Ac-
rodisc LC 13 PVDF), and analyzed for ganciclovir by moni-
toring its absorbance at 250.5 nm. After sample removal for
analysis, an identical volume of fresh phosphate-buffered sa-
line (PBS) was added to the container with the microspheres
to continue the release test.

When the release assay was concluded, the microspheres
were dried for 2 days in a desiccator under vacuum, and the
residual ganciclovir was then extracted from the polymer and
analyzed as described above.

On the basis of the intravitreal pharmacokinetics of gan-
ciclovir (t1/213h, and human vitreous volume 4.5 ml) and the
CME50 range 0.2–3mg/ml, we calculated the theoretical re-
lease rate of ganciclovir to achieve therapeutical concentra-
tions in the range of 1.15–17.26 mg/day. From all the micro-
particle sizes assayed, the microspheres of size 300–500mm
were selected as the best suited to potentially deliver the
required amount of drug intravitreously.

Gamma Irradiation of Ganciclovir Microspheres.

Five different batches of the selected formulation (300–
500mm) were weighted and transferred to 5 ml glass screw cap
vials.

The vials were labeled and packed surrounded with dry
ice into a polyurethane container, assuring a low temperature
during the irradiation process. Although g irradiation causes
only a minimal temperature rise, the low temperature avoids
a possible acceleration of the hydrolytic degradation of the
PLGA (17,19). The samples were shipped and treated at the
Gamma Sterilization Unit of Aragogammma S.A. (Barce-
lona, Spain). Following the USP recommendations, an effec-
tive sterilizing dose of 2.5 megarad (Mrad) was used (20).

Before the sterilization, the mean values of ganciclovir
payloads, and in vitro release rate from samples of 9 nonster-
ilized microsphere batches were determined in triplicate. The
mean value of the dissolution profile was considered as the
reference batch. On this way, the lot-to-lot variation in the
release profile of the nonsterilized formulation was estab-
lished.

Ganciclovir payload and release rate from the five ster-
ilized batches of microspheres were determined in triplicate.
The amounts of encapsulated drug before and after steriliza-
tion were compared by a mean t-test (a4 0.05). A similarity
factor (f2) (21,22) was calculated to compare dissolution pro-
files of ganciclovir from the microspheres before and after
sterilization. This factor allows characterization of the release
profile of the drug. Conceptually, f2 is a measure of the simi-
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larity in the percent dissolution between two curves. The
value of similarity factor ranges between 0 to 100 with a
higher f2 value indicating more similarity between the two
profiles. Table I provides the f2 similarity limits for different
average distances.

RESULTS

Ganciclovir Payloading and Release Rate
from Microspheres

The 53–106 mm microspheres contained 681mg of ganci-
clovir per 10mg of microspheres (75.5% of theoretical); 106–
212mm, 764mg/10mg (84.79%); 212–300mm, 845mg/10 mg
(93.78%); and 300–500mm, 864 mg/10mg (95.89%), respec-
tively.

Figure 1 compares the cumulative fractional release of
ganciclovir from microspheres (Mt/M`) referring to the total
encapsulated drug. Following the conditions described by
Peppas (23) to describe the general solute release behavior
from spheres (Fickian and non-Fickian) regardless of the re-
lease mechanism used, the fractional release of ganciclovir
during the initial portion of the release curve were adjusted to
the equation Mt/M`4K.tn; where Mt 4 percentage of re-
leased drug referred to M`; M` 4 whole incorporated drug
(100%); K4 constant incorporating characteristics of the
macromolecular network system and the drug; and n4 diffu-
sional exponent (indicative of the transport mechanism).

The rest of the release data were fitted to different ki-
netics (first or zero). Two sequential mechanisms of drug

transport characterized the release kinetic of ganciclovir from
the microspheres of size 53–106mm; 106–212mm and 212–
300mm. Fickian diffusion is the predominant mechanism of
drug release during the first 14 days. After that, phenomeno-
logically the release rate behaves according to a zero-order
release kinetic. Including the initial burst of the drug, the
ganciclovir release rate never reached 100mg/day for any of
the microspheres.

The total amount of ganciclovir released at 14 days, rela-
tive to drug payload was inversely proportional to the size of
the microspheres (Figure 2).

Ten mg samples of the 300–500 mm microspheres with a
total ganciclovir content of 864±30.71 mg released ganciclovir
for at least 42 days (Figure 3). During the first 21 days, the
microspheres released the drug following zero-order kinetics
(32.76 mg/day) (r40.9905). From that time on, the micro-
spheres released ganciclovir at a constant rate of 4.17 mg/day
(r40.9776) until the conclusion of the experiments at day 44.
The total amount of drug released averaged about 98% of the
initial payload.

Table 1. Average Difference Between Two Dissolution Profiles of
Reference Batches

2% 5% 10% 15% 20%

f2 Limit 83 65 50 41 36

Fig. 1. Cumulative ganciclovir released in 1.5 ml PBS from 10-mg
microspheres of different sizes ( d 53–106 mm microspheres: 681 mg
ganciclovir; m106–212 mm microspheres: 764 mg; j 212–300 mm mi-
crospheres: 845 mg; and l 300–500 mm microspheres: 864 mg) pre-
pared using the technique described in this work, with 250 mg of 0.41
dl/g polymer in 0.8 ml acetone, and 25 mg ganciclovir in 100 ml FSiO.

Fig. 2. Percentage of ganciclovir released by day 14 in 1.5 ml PBS the
microparticles from Figure 1 as a function of microsphere size (mm).

Fig. 3. Percentage of ganciclovir released in 1.5 ml PBS from 10-mg
of microspheres (300–500mm). Data points (± standard deviations)
from drug-release experiments before (d 9 batches) and after (m 5
batches) exposition to an effective dose (2.5 Mrad) of g radiation.
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Ten mg of 212–300mm and 300–500mm microspheres re-
leased ganciclovir at 1.15–17.26mg/day, which is within the
therapeutic rate required per human vitreous (4.5 ml). How-
ever, not only was the drug release rate more controlled for
these two sized microspheres than for the smaller sizes, but
even 5 mg of the 300–500mm microspheres would be enough
to achieve the therapeutic range of the drug required in the
human vitreous. Therefore, the 300–500mm formulation was
selected for the sterilization experiment.

Sterilization Effect

The maximum batch-to-batch variation for the 9 nonster-
ilized batches of microspheres prepared was 9%. Table III
lists the mean (±SE) values for f2, for the sterilized versus the
non sterilized microsphere formulations. Both series—the
pre- and post-sterilized batches—have similar drug release
behavior, with f2 values in the range 51–55. Furthermore, the
difference between the release rate of ganciclovir from both
sterilized and nonsterilized formulations was no larger than
the maximum difference between any two batches of the pre-
sterilized microspheres (Tables II and III). Therefore, we can
conclude that the g irradiation dose of 2.5 Mrad did not pro-
duce significant changes on the ganciclovir release rate be-
havior of the selected microspheres.

Microsphere Morphology

Scanning electron microscopy (SEM) examination of the
microspheres showed different structures at the surface and in
the interior. Microspheres were round and homogeneous in
shape for all sizes. The surface of the microspheres was
smooth, but had some holes (Figure 4a). The interior of the
fractured microspheres showed dark zones that were prob-
ably filled with the dispersion of ganciclovir in FSiO (Figure
4b). By day 28 of the release experiment, the surface of the
microspheres was beginning to erode (Figure 5a) and had a
highly porous interior. (Figure 5b).

DISCUSSION

The technique described here for preparing ganciclovir-
loaded microspheres required mixing an acetone solution of
PLGA with a fine dispersion of ganciclovir in FSiO. This
dispersion was further dispersed in a small amount of SiO that
contained 10% acetone to prevent premature polymer pre-
cipitation. The SiO does not dissolve the drug, the FSiO, or
the polymer, although the more volatile acetone is slightly
soluble in SiO. Therefore, when the mixture dispersed in a
large volume of the SiO–acetone solution is stirred in an open
container, in an aspirator hood, the acetone evaporates, yield-
ing the solid microspheres. The relatively rapid solidification
of the polymer at the interface with the SiO external phase
resulted in an excellent yield of well-shaped microspheres

that contained the entrapped suspension of ganciclovir in
FSiO (24).

Most of the SiO in the microspheres is removed by wash-
ing it in hexane, which does not dissolve the drug, the FSiO,
or the polymer. Because of the entrapped FSiO and any re-
sidual superficial SiO, the microspheres are fairly hydropho-
bic, which contributes to the high drug payload and the good
ganciclovir release profile of the microspheres. The FSiO and
the residual SiO retard but do not hinder the release of the
drug from the microspheres to an aqueous environment.
When the volume of FSiO was increased from 100ml to 150ml
(18) we observed a slower release rate of the drug from the
microspheres.

The mechanism of ganciclovir release from the micro-
spheres in PBS starts with the typical burst effect that results
from rapid dissolution of the drug at the surface of the mi-
crospheres. Then, the hydrophobic FSiO and SiO retard the
penetration of water into the microspheres and consequently
prolong the ganciclovir release. When the polymer is hy-
drolized and starts to disintegrate, water reaches the bound-
aries of FSiO globules into the pores of the microsphere, the
oil flows out and the dispersed ganciclovir in the oil is parti-
tioned into the surrounding water.

Depending on the size, microspheres have different con-
stitution ratio of ganciclovir, FSiO, and PLGA. As expected,
the smaller microspheres released the drug faster than the
bigger microspheres as the result of the larger diffusion area
and shorter diffusion path of the smaller microspheres. The
smaller size also facilitates breakdown of the microspheres
due to polymer hydrolysis. Consequently, the best ganciclovir
loading and release profiles from microspheres among the
sizes tested were obtained with the biggest (300–500 mm) mi-
crospheres. Five mg of these microspheres released ganciclo-
vir in vitro at concentrations within the potential therapeutic
range for at least 42 days. These in vitro results are in agree-
ment with the ones obtained about the efficacy of the ganci-
clovir microspheres, evaluated ex vivo, against CMV infection
in HS68 monolayers (25). Also, viral quantity inhibition as-
says in rabbit eyes indicated that 1 mg/ml of microspheres
similar to the ones evaluated in this work inhibited more than
two digits of the virus over 6 weeks (26).

In an earlier publication, no inflammatory signs were
noted in the vitreous, retina, and choroid for up to 8 weeks
after injection of up to 15 mg of ganciclovir microspheres
prepared from a PLGA with similar inherent viscosity (0.39
dl/g) as used in the present study after ultraviolet light ster-

Table 2. f2 Values Calculated for the 9 Nonsterilized Batches from the Dissolution Profile Expressed in
Percentagea

Batch [ I II III IV V VI VII VIII XIX

f2 56.25 56.04 74.86 60.43 62.56 64.88 53.75 65.72 51.06

a Reference batch 4 mean dissolution data from the nine experiences.

Table 3. f2 Values Calculated for the 5 Sterilized Batches Using the
Mean Dissolution Data of the Nonsterilized Lots as Reference

Batch [ S1 S2 S3 S4 S5

f2 Limit 54.26 58.99 51.21 55.21 55.84
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ilization (26). Nevertheless, because intraocular drug delivery
systems are required to be absolutely free from microorgan-
isms, in this study we used the more effective g irradiation
procedure to sterilize the microspheres. Although g irradia-
tion causes a minimal temperature rise, alterations in the
polymer network of PLGA by g irradiation have been re-
ported before (17,19). Therefore, we used care to avoid tem-
perature increases during the g irradiation time. If the poly-
mer network was modified substantially by the ionizing irra-
diation, a variation in the drug release profile would be
expected. However, the ganciclovir–microsphere formulation
behaved similarly before and after the sterilization process.

CONCLUSIONS

The technique of microsphere preparation described in
this paper resulted in high ganciclovir loading and prolonged
drug release. The SiO in the microsphere solidification me-
dium contributes to high drug loading by preventing the loss
of the hydrophilic drug during the microsphere preparation.
The FSiO in the microspheres retards but does not hinder the
dissolution of the ganciclovir to the surrounding aqueous me-
dium and prolongs the time of drug release. It is estimated
that 5 mg of the 300–500mm ganciclovir microspheres could
deliver an adequate amount of drug in a single injection into
the human vitreous.

A potential drawback of FSiO and SiO in the micro-
spheres is the fact that both oils are nonbiodegradable and

would remain in the eye after the polymer disappeared. The
theoretical FSiO calculated per 5 mg of ganciclovir micro-
spheres described in this work is 1.30ml. However, for the
potential intraocular injection of microspheres in AIDS pa-
tients with CMV retinitis, the residual ocular oils should not
present an intolerance problem (27). Intravitreous injections
of SiO are often used as internal retinal tamponade in AIDS
patients who develop retinal detachments associated with
retinal necrosis (28). FSiO also has been used in the eye,
albeit less frequently due to earlier emulsification than SiO
(29).
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