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bstract

Cataract surgery is often performed in patients suffering from associated pathologies. Our goal is to develop a biodegradable drug delivery
ystem (DDS) combined with the artificial intraocular lens (IOL). DDS were manufactured using poly(d,l-lactide-co-glycolide), or PLGA, and
ere loaded with triamcinolone acetonide (TA). The loading capacity was approximately 1050 �g of TA per DDS. The higher the molecular weight
f PLGA (34,000, 48,000 and 80,000 Da), the slower was the release of TA in vitro. Cataract surgery was performed on the right eye of rabbits.
OL was inserted with (i) no DDS, (ii) unloaded DDS PLGA48000, (iii) one loaded DDS PLGA48000, (iv) two loaded DDS. The number of
nflammatory cells and the protein concentration were measured in the aqueous humor (AH). Unloaded DDS showed good ocular biocompatibility.
ne DDS PLGA48000 loaded with TA significantly reduced postoperative ocular inflammation. Two loaded DDS PLGA48000 was even more
ffective in inhibiting such inflammation. On long-term observation (days 63 and 84), reduction of inflammation could be obtained by insertion of
ne DDS PLGA48000 and a second DDS PLGA80000. Therefore, our “all in one” system is very promising since it could replace oral treatment
nd reduce the number of intraocular injections.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Cataract extraction is one of the most frequently performed
urgeries in the world today. Each year about 2 million people
ave their cataracts removed and replaced with an intraocular
ens IOL (Hankinson, 2000). Surgical trauma may induce the

nset of cystoid macular edema (Wright et al., 1988; Miyake
t al., 2000; Simone and Whitacre, 2001). Moreover, cataract
urgery is often performed in older patients suffering from
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ombined ocular pathologies such as uveitis, age-related macu-
ar degeneration (AMD) or proliferative diabetic retinopathy.
urgery can cause these pathologies to deteriorate and may

ead to permanent visual loss. In AMD, ocular surgery may
e followed by a rapid progression of choroidal neovasculariza-
ion associated with neovessel proliferation (Adamis and Shima,
005). Non-phakic eyes have been shown to develop a higher
isk (odd ratio = 5.7) of late-stage maculopathy lesions compared
o phakic eyes (Wang et al., 2003).

To prevent short- and long-term complications, corticos-
eroids and nonsteroidal anti-inflammatory drugs are applied
opically in cataract surgery. In the presence of macular edema,
ystemic or local steroid injections have been used (Antcliff et
l., 2001; El Harazi and Feldman, 2001; Simone and Whitacre,

001; Eyetech Study Group, 2003). Simultaneous administra-
ion of anti-vasoproliferative agents (anti-VEGF) has also been
uggested in AMD (Eyetech Study Group, 2003). However, the
fficacy of these treatments is limited either by the blood–ocular
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arriers (McGhee et al., 2002), poor drug bioavailability or
erious side-effects. Intravitreal injections must be repeated to
aintain the drug level within a therapeutic range, with the risks

f vitreous hemorrhage, retinal detachment or endophthalmitis
Parke, 2003).

Biodegradable drug delivery systems (DDS) open a new route
o control postoperative inflammation (Cahill and Jaffe, 2006).
DS are designed to increase drug bioavailability and effec-

iveness, prolong the controlled release of the drug and reduce
ystemic side-effects (Tan et al., 1999). Biodegradable DDS
liminates the need for a second surgery to remove the implant.
arious solid DDS releasing drug into the posterior part of the
ye have been investigated (Kunou et al., 2000; Okabe et al.,
003; Yasukawa et al., 2005). A few DDS have been developed
o specifically treat inflammation following cataract surgery
Chang et al., 1999; Tan et al., 2001; Wadood et al., 2004): the
urodex® steroid DDS (Oculex Pharmaceuticals, Inc., Sunny-
ale, CA) is placed in either the posterior or the anterior chamber
t the conclusion of surgery. This device presents major dis-
dvantages such as migration, discomfort, and the persistence
f residues of the device after several months. The Posurdex®

Oculex Pharmaceuticals, Inc.), placed in the vitreous base, is
ffective in treating macular edema associated, among others,
ith post-cataract surgery (Rana and Pearson, 2006). There are

isks, however, of subconjunctival or vitreous hemorrhage and
ncreased IOP.

It is our proposal to combine cataract surgery and postoper-
tive treatment in a single procedure. We developed a sustained
elease biodegradable DDS linked to the artificial intraocular
ens (IOL) by its haptic. We used copolymers of poly(lactic
cid) and poly(glycolic acid) (Zhou et al., 1998; Kunou et al.,
000; Yasukawa et al., 2005) and tested DDS in rabbits. The bio-
ompatibility of DDS was analyzed. Insertion of DDS loaded
ith triamcinolone acetonide (TA) was evaluated with regard to
ossible reduction of postoperative inflammation.

. Materials and methods

.1. Materials

Poly(d,l-lactide-co-glycolide) copolymer or PLGA was
mixture 50:50 lactide/glycolide with a molecular weight-

verage Mw of 34,000 Da (Resomer RG503), 48,000 Da
Resomer RG504) and 80,000 Da (Resomer RG505), abbrevi-
ted hereafter as PLGA34000, PLGA48000, and PLGA80000,
espectively (Boehringer Ingelheim, Ingelheim, Germany).
OLs (AcrySof® MA 30BA) were supplied by Alcon Phar-
aceuticals (Hünenberg, Switzerland). The TA was purchased

rom Sigma (Buchs, Switzerland); all reagents were of analytical
rade.

.2. Manufacture of drug delivery system
DDS were prepared by dissolving 667 mg of PLGA in 2 g
f acetone. For loaded DDS and after complete dissolution of
LGA in acetone, 400 mg TA was homogenously dispersed in
polymer solution by vortexing for 5 min. Unloaded DDS did
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ot contain any active agent. Films were cast by pouring this
ispersion into circular Teflon molds (35 mm in diameter) and
eft to dry at room temperature for 3 days to allow the solvent
o evaporate. The films were then separated from the molds and
tamped out to obtain discs of around 2 mm in diameter and
000 �g of TA load. A hole was punched into the center of each
isc.

One or two discs were threaded onto an IOL haptic and the
esulting combined IOL + DDS system sterilized by ethylene
xide gas.

.3. Drug concentration in original DDS

DDS discs (n = 6) were placed in 25 ml of acetonitrile
o dissolve PLGA and TA. The amount of TA was mea-
ured by HPLC (Waters LC Module I plus, Milford, MA,
SA) using a C-18 reverse-phase column (Nucléosil C-18,
54 mm × 4 mm × 5 �m, Macherey Nagel, Switzerland) at a
ow rate of 0.8 ml/min and was detected with a UV spectropho-

ometer at 236 nm. The mobile phase was composed of a mixture
f water (60%) and acetonitrile (40%). Analysis was performed
t 20 ◦C. Under these experimental conditions, retention time of
A was 9.8 min (Felt-Baeyens et al., 2006).

.4. In vitro release study

The DDS discs (n = 6) were incubated in 5 ml of phosphate-
uffered solution (0.1 M, pH 7.4) in a closed vial under smooth
haking at 37 ◦C. At a predetermined interval the entire buffer
olume was tested and 5 ml of fresh medium added to the sample
ial. After filtration (Durapore, 0.2 �m, Milllipore Switzerland),
he amount of TA released into the medium was measured by
PLC and was expressed as a percentage of the initial TA load-

ng in the disc.

.5. Cataract surgery and implantation

The experiments and surgery on pigmented rabbits were
erformed in accordance with the Swiss regulations for ani-
al experimentation. Anesthesia was provided by an i.m.

njection of 1 ml/kg body weight of a mix (1:3) Rompun®

% (Bayer, Lyssach, Switzerland): Ketalar® 50 mg/ml (Pfizer,
arke-Davis, Zürich, Switzerland). Mydriasis was induced by
ne drop of Tropicamide 0.5% SDU Faure (CIBA Vision,
ettlingen, Switzerland), Atropine 1% SDU Faure (Novartis
phthalmics, Hettlingen, Switzerland) and Néosynéphrine 5%
aure (Europhta, Monaco). Both eyes were kept under slit lamp
bservation. Lens extraction was performed on the right eye of
he pigmented rabbits, the fellow eye being the control. After
isinfection with aqueous Betadine® (Mundipharma, Hamil-
on, Bermuda), Oxybuprocaine 0.4% SDU Faure (Novartis) was
nstilled directly on the eye to obtain topical anesthesia. Dur-
ng surgery the eye was constantly moistened with drops of

alanced Salt Solution (BSS®, Alcon Laboratories, Inc., Fort
orth, TX, USA). Phacoemulsification was performed with

he Series 20000TM Legacy® (Alcon Surgical, Fort Worth, TX,
SA) and the pulverized lens aspirated. The IOL or IOL + DDS
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Fig. 1. Schematic representation; artificial IOL as implanted during cataract
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ystem was then inserted. The wounds were sutured with
afilon 10/0 (B/Braub, Aesculap AG, Tuttlingen, Germany).
opical lomefloxacine (Okacin®, Novartis, Switzerland) was

nstilled in the eye at the end of surgery and the 3 following
ays.

The rabbits received the following systems: (1) IOL with-
ut DDS (control group, n = 4), (2) IOL carrying one unloaded
isc of PLGA48000 which did not contain any active agent
n = 4), (3) IOL carrying one PLGA48000 disc loaded with TA
n = 7), (4) IOL carrying two PLGA48000 discs loaded with TA
n = 2), (5) IOL carrying two PLGA34000 discs (n = 2), (6) IOL
arrying two discs loaded with TA, one PLGA48000 and one
LGA80000 (n = 2).

.6. Evaluation of inflammation

Following implantation the rabbits were clinically examined
n days 1, 2, 7, 14, 21 and 42. Corneal edema, conjunctival
hemosis, conjunctival hyperemia and secretion were scored
ccording to a semi-quantitative scale from 0 to 3. The clin-
cal score was the sum of the 4 score parameters. The value

represented no symptoms/signs and 12 was the maximum.
ntraocular pressure (IOP) was measured on days 0, 7, 21 and
2 with a Tono-Pen®XL Applanation Tonometer (Medtronic
phthalmics).
Aqueous humor (AH) puncture was performed under both

ystemic and topical anesthesia in both eyes on days 7, 14,
1, 42, 63 and 84. Duplicate samples of AH were dried on
lides for inflammatory cell counting after trypan blue stain-
ng. Remaining AHs were spun and acellular AH frozen down.
rotein concentration was measured with the Coomassie®

lus Protein Assay Reagent Kit (Pierce, Rockford, IL, USA)
Bradford, 1976). Results are given in means ± S.E.M. Data
ere statistically compared with the Mann–Whitney–Wilcoxon

est.
At the end of the experiment, systemic anesthesia, clini-

al evaluation, IOP measurement and final AH punctures were
erformed. The rabbits were then euthanized by i.v. injection
f pentobarbital. Both eyes were dissected into: conjunctiva,

ornea, iris, lens (left eye) or IOL/IOL + DDS (right eye), vit-
eous humor, retina, choroid, sclera. Blood was drawn for
erum preparation. All tissues were frozen and kept for further
nalysis.

m

l
A

able 1
haracterization of the drug delivery system

olymer Batch Average weight (mg)a Average thickness (m

LGA34000 PLGA34000a 2.90 ± 0.06 0.3
PLGA34000b 2.97 ± 0.11 0.3

LGA48000 PLGA48000a 2.94 ± 0.11 0.3
PLGA48000b 2.96 ± 0.04 0.3
PLGA48000c 3.12 ± 0.06 0.3
PLGA48000db 2.16 ± 0.06 0.2

LGA80000 PLGA80000 2.97 ± 0.16 0.3

a Mean of six measurements.
b DDS without TA.
urgery and IOL combined with two drug delivery system, threaded onto an
OL haptic.

.7. TA concentration in explanted DDS and ocular tissues

DDS discs that had been placed for various periods of time
n the rabbit eye were recovered at euthanasia, detached from
he IOL and dissolved in 25 ml of acetonitrile. The amount of
A remaining in the implants was determined by HPLC. The
n vivo release of TA was calculated: (amount of TA in the
DS before implantation) − (remaining amount of TA in the

ecovered DDS)/(amount of TA in the DDS before implanta-
ion) × 100. Concentration of TA in ocular tissues was measured
ccording to the described method (Felt-Baeyens et al., 2006).

. Results

.1. Characterization of the DDS

A total of seven films were prepared to obtain the DDS discs.
ll films appeared quite elastic and flexible and the discs were

asily shaped from the initial films. Table 1 summarizes the
esults of disc weight, thickness, diameter and TA content. The
oading capacity was approximately 338 ± 7 �g of TA per mil-
igram of polymer. The mean weight of all discs was 2.86 mg
nd the mean amount of TA per disc was 1050 �g, correspond-
ng to a constant TA loading of 35%. Discs without TA (batch
LGA48000d) were prepared to test the tolerability of the poly-
eric implant in rabbit eyes.

One or two discs were threaded on an IOL haptic (Fig. 1),

eaving freedom of movement between the disc and the haptic.
picture of the IOL combined with two DDS is shown in Fig. 2.

m)a Average diameter (mm)a Average amount of TA per DDS (�g)a

2.1 1040 ± 4
2.0 1042 ± 61

2.1 1021 ± 47
2.0 1003 ± 19
2.1 1158 ± 23
2.0 –

2.1 1038 ± 22
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tein concentrations and number of inflammatory cells within the
AH were comparable to those obtained after simple cataract
surgery (Figs. 4 and 5, IOL + unloaded 48000). Insertion of
Fig. 2. Picture of the IOL combined with two DDS.

.2. In vitro release of TA

The cumulative release of TA from the different types of
isc is plotted in Fig. 3. Each vial contained one DDS disc
PLGA34000a, PLGA48000a and PLGA80000). The three
ypes of device show different TA release profiles due to dif-
erences in the Mw of the polymer. PLGA480000a discs showed
tri-phasic release profile with an initial burst, and a second

tage followed by a second burst. The initial burst (6%) occurred
ithin 1 week and was observed for the three types of DDS, with
ifferent release percentages. For the PLGA48000a disc, 28 g
f TA was released during the first 24 h. After this initial burst,
A was released slowly over 3 weeks (diffusion phase). The
econd burst occurred 4 weeks after incubation. For implants
LGA34000a and PLGA80000, no second burst was observed.

Although PLGA34000a discs showed a more rapid release
han PLGA48000a discs at the beginning of the incubation, the
otal amount of drug released was almost the same for both discs
t the end of the in vitro assay: 282 �g of TA (29%) was released
rom PLGA34000a discs after 73 days and 285 �g of TA (24%)

rom PLGA48000a implants after 71 days. The in vitro studies
ere terminated at days 71 or 73 when some of the DDS from

he two batches were partly broken up or dissolved.

ig. 3. Effects of the Mw of PLGA on in vitro release from DDS at constant
A loading of 35%. (©) DDS PLGA34000a, (�) DDS PLGA48000a, (�) DDS
LGA80000. The values are means ± S.D. (n = 6).
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The DDS from batch PLGA80000 showed rapid release with
n initial burst (Fig. 3) without the latency period that was
bserved with the PLGA48000a. TA release was gradual and
ery slow. After 18 weeks (day 126) of in vitro investigations,
0% of TA was released from the PLGA80000 implants, corre-
ponding to 216 �g of TA.

The in vitro release profile per disc obtained with DDS
LGA48000 remained the same whether one or two discs were

mplanted. After 50 days, one DDS released 156 �g of TA while
wo DDS discs released 330 �g. Thus two discs delivered twice
s much TA as one disc. This demonstrates that the medium of
he vial did not reach saturation in TA concentration at 37 ◦C.

Altogether these results confirmed that a decrease in the Mw
f PLGA results in a higher rate of drug release.

.3. Effect of DDS on inflammation

Lens extraction and IOL insertion induced inflammation. At
ay 7 after surgery, more than 10 mg/ml protein was measured in
H (Fig. 4, IOL) and around 20 cells/�l AH were counted in AH

Fig. 5, IOL). Both parameters progressively returned to normal
alues within around 4 weeks. The clinical score reached a value
f 4–6, at day 7 after the surgery. The value then progressively
ecreased with a time interval of 4 weeks (not shown).

In the contralateral control eyes, protein concentration was
ull at any time point and the number of inflammatory cells were
2 (not shown). These values confirm that control eyes are in a
alm situation and do not show any inflammation.

Unloaded 48000 DDS inserted with the IOL did not induce
reater inflammation than the IOL without DDS. Values for pro-
he unloaded DDS did not worsen the clinical score either (not

ig. 4. Inflammation after cataract surgery, as measured by protein concentration
ithin the aqueous humor in mg/ml. Following devices were inserted: IOL (con-

rol), IOL + unloaded DDS PLGA48000, IOL + one loaded DDS PLGA48000,
OL + two loaded DDS PLGA48000. *Results are significantly different from
OL control. At 7 days, for IOL + one loaded 48000, P = 0.0084; for IOL + two
oaded 48000, P = 0.0133. At 14 days, for IOL + one loaded 48000, P = 0.0324;
or IOL + two loaded 48000, P = 0.0502.
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hown). These results prove that PLGA and DDS conformation
re biocompatible and well tolerated in the rabbit eye.

One 48000 DDS loaded with TA significantly reduced protein
oncentration within the AH compared to an IOL without DDS
t day 7 (P = 0.0084) and day 14 (P = 0.0324) (Fig. 4, IOL + one
oaded 48000). The insertion of two loaded 48000 DDS reduced
nflammatory protein exudation within the AH to near untreated
evels (Fig. 4, IOL + two loaded 48000). In comparison to IOL
ontrol, the significant P values were 0.0133 and 0.0502 for
ay 7 and 14, respectively. The number of cells in the AH was
lso reduced (Fig. 5, IOL + two loaded 48000). At day 14, the
esult obtained with two loaded 48000 DDS was significantly
ifferent from the control (P = 0.0023). Insertion of two loaded
8000 DDS considerably reduced the clinical score that returned
o null at day 14 after surgery (not shown). These observations
rove that TA is delivered from the DDS within the first days
fter surgery and has a therapeutic effect during at least 21 days
fterwards. Two discs are more efficient than one in reducing
ostoperative inflammation.

In all the experiments, the non-implanted fellow (left) eyes
howed no protein exudation within the AH at any time, what-
ver the type of DDS implanted in the right eye. The clinical
core of the non-implanted eyes also stayed at zero (not shown).

Mean values of intraocular pressure (IOP) varied between
and 15 mmHg during the time of the experiments, with no

ignificant difference between the control eyes and those under-
oing cataract surgeries. The DDS loaded with TA did not induce
athological changes in IOP (not shown).

Experiments were also conducted over longer periods of time
days 42, 63 and 84) and were compared to lens extraction and
OL insertion with no DDS. Dual DDS showing a progressive
ontinuous in vitro long-term delivery without a second burst
not shown) were chosen for this comparison. The device com-
rising of one 48000 DDS + one 80000 DDS was more effective

n inhibiting inflammation than that of two 34000 DDS. At day
3, the 48000 + 80000 device significantly reduced protein con-
entration in the AH (P = 0.0119) (Fig. 6) and the number of

ig. 5. Inflammation after cataract surgery, as measured by the number of
nflammatory cells per microliter of aqueous humor. See Fig. 4. *Results are
ignificantly different from IOL control at 14 days, for IOL + two loaded 48000,
= 0.0023.
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DS PLGA34000 or IOL + one DDS PLGA48000 + one DDS PLGA80000. At
ay 63, one loaded 48000 + one loaded 80000 significantly reduced inflamma-
ion, P = 0.0119.

nflammatory cells (P = 0.0423) (Fig. 7). At day 84, there was a
endency toward a significant inhibition of the number of cells
n AH (P = 0.0747).

.4. In vivo release of TA

The profile of in vitro (PLGA48000a) and in vivo
PLGA48000b) cumulative TA release is compared in Fig. 8. In
ontrast with the in vitro release, no initial burst was observed
n vivo. After 1 week, the in vivo discs released as little as 11 �g
=0.6%) of TA, whereas the in vitro implants released up to 66 �g
=6%). At day 20, approximately the same amount was released
rom the in vitro and in vivo discs (around 90 �g TA, corre-
ponding to 7.5%). Thereafter, DDS released the drug faster in

ivo than it did in vitro. After day 42, the mean amount released
n vivo and in vitro was 410 �g (40.5%) and 156 �g (13%),
espectively. DDS recovered from rabbit eyes were intact at day
1 but distorted at day 42.

ig. 7. Long-term effect of two DDS as measured by the number of inflammatory
ells within the aqueous humor. See Fig. 6. At day 63, one loaded 48000 + one
oaded 80000 significantly reduced inflammation, P = 0.0423. At day 84, one
oaded 48000 + one loaded 80000 had the tendency to reduce inflammation,
= 0.0747.
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Fig. 8. In vivo and in vitro release profile of TA from the DDS prepared
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PLGA48000b). The data are mean percentages of the initial concentration
ithin the DDS (n = 6 in vitro and n = 2 in vivo).

To increase the amount of TA potentially delivered in the eye,
wo discs (PLGA48000b) were implanted in rabbit eyes (rabbits
3 and 44) (Table 2). In this dual system, a mean of 39% of the
nitial amount of TA was released after 6 weeks from the two
iscs, corresponding to 761 �g of TA.

The same investigation was carried out with the PLGA
4000b batch using two DDS per IOL. This situation also
emonstrated that the total amount of TA released after 12 weeks
as higher in vivo than in vitro. An average of 59% of the initial

mount of TA was released in vivo, corresponding to 840 �g of
A (Table 2), whereas only 29% was released in vitro after 73
ays (10.5 weeks) (Fig. 3). Altogether, these results confirmed
hat the drug delivery system could release a higher amount of
A in vivo than in vitro.

The combination of PLGA48000 and PLGA80000 on one
OL (one PLGA48000c + one PLGA80000) was also tested in

ivo. Unfortunately, the total amount of TA released could not
e determined as during removal of the DDS from the cap-
ular bag of the lens at the end of the in vivo investigation

able 2
otal amount of TA released from the DDS during the in vivo investigation

abbit # Batch TA released Time (week)

% (�g)

0 PLGA48000b 1.2 12 1
9 0 0
2 7.4 74 3
7 8.1 80
8 8.0 81
5 55 564 6
6 26 256
3a 31 608
4a 46 914

1a PLGA34000b 61 779 12
2a 56 901

a Rabbits implanted with IOL + two loaded DDS.
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12 weeks), the discs immediately disintegrated, making any
ccurate measurement of recovered TA impossible.

. Discussion

We have shown that a biodegradable DDS composed of
LGA matrix provides an effective method for intraocular TA
elivery following cataract surgery. Our “all in one” system con-
aining both DDS and IOL has a double advantage. First of
ll, the DDS is evaluated in a model of inflammation (cataract
urgery), using inflammation parameters within the anterior
hamber. Secondly, patients undergoing cataract extraction often
uffer from other diseases (uveitis, various retinopathies, AMD)
hat may be worsened by surgical intervention and require
dditional treatments (El Harazi and Feldman, 2001; Taylor
nd Keeffe, 2001). Insertion of a linked DDS during cataract
urgery would alleviate postoperative treatments and minimize
he relapse of pre-existing pathologies.

In vitro, TA release profile from the DDS was controlled by
arying the Mw of PLGA (Yasukawa et al., 2005). Our discs,
repared with PLGA48000a, showed a tri-phasic release profile
Tojo and Isowaki, 2001). The initial burst, lasting 1 week, may
esult from the rapid release of the drug absorbed on the surface
f the disc. During the second stage, TA was released slowly
ver 3 weeks (diffusion phase). Swelling and disintegration of
he polymer matrix were responsible for the second burst and
ccurred 4 weeks after incubation. For PLGA80000 discs, no
econd burst was observed within 18 weeks, suggesting that the
nner polymer degrades very little. With PLGA34000a discs,
o second burst was observed. This may be due to the faster
egradation rate of PLGA34000a that allowed water to transit
ia channels between the surface and the inside of the implant
Hashizoe et al., 1994). Thus, TA can be released continuously
nd at a relatively high rate by diffusion throughout the water
hannels.

In vivo, TA release rate is higher than in vitro, probably due
o both increased TA solubility and increased degradation of
he polymer in vivo (Okabe et al., 2003). A saturation of the
olution in vitro could be excluded, since two DDS in the same
ial showed the same in vitro release profile as one DDS. At the
arly stage in vivo, water absorption of the implant in the eye may
e less than in vitro, implying that the water channels could not
evelop in the matrix and the drug could not be delivered. Later,
he drug may be released after communication is established
etween the inner and outer layers.

We demonstrated that our biodegradable unloaded DDS made
f PLGA is biocompatible as it causes no greater inflammation
han lens extraction and implantation of an IOL without DDS.
uch DDS has been shown to be well tolerated (Theng et al.,
003; Sakurai et al., 2003). Our study shows that DDS loaded
ith around 1 mg of TA significantly reduced inflammation in

he first days following surgery. Two DDS with a total load of
mg TA were more efficient than one DDS.
Increase of IOP is one of the usual side-effects of TA, after
ntraocular injections (Ciulla et al., 2004; Jonas et al., 2005a).
n our study, the absence of increased IOP is probably due to
he very low steroid concentrations in the eye. The system of



2 al of

t
o
t

b
r
A
H
r
S

4
6
d
4
s
(

r
m
t
2
l
c
h

a
2
t
n
o

s
P
c
o
r
1
H
b
r
l
p
(

t
a
r
o
a
i
a
t
s
A
c
a

d
a
o
a
t

u
s
a
m
c
p

A

A
C
N
F
H

R

A

A

A

A

B

C

C

C

E

E

F

H

46 S. Eperon et al. / International Journ

wo PLGA48000 discs initially contained 2 mg of TA. Because
f slow delivery and turn-over of TA, we were able to ascertain
hat less than 150 �g is present in the anterior chamber.

Complications in eyes following surgery are currently treated
y intravitreal injections of TA which reduce proliferative vit-
eoretinopathy and treat macular edema (Antcliff et al., 2001;
udren et al., 2004; Yasukawa et al., 2005; Jonas et al., 2005b).
owever, they need to be repeated and may lead to hemor-

hage, retinal detachment or infections (Jonas et al., 2005b).
uch treatments could be replaced by combined DDS and IOL.

We were able to inhibit postoperative inflammation with two
8000 DDS at short term (day 21). For the longer term (days
3, 84), a system comprised of one 48000 disc and one 80000
isc was more effective in reducing inflammation. The use of the
8000 disc provides drug release during the first weeks and the
econd, 80000 disc, allows release for a longer period of time
Yasukawa et al., 2005).

Another type of DDS associated with IOL has been tested in
abbits (Siqueira et al., 2006). The IOL, made of poly(methyl
ethacrylate), was modified by adding two rings of 1 mm diame-

er. DDS, made of PLGA, had a weight of 1.5 mg and contained
5% dexamethasone (DX). Two DDS were attached to each
ens ring. This system was shown to deliver therapeutic con-
entrations of DX during 9 days in both aqueous and vitreous
umors.

The biodegradable DDS associated with IOL shows many
dvantages over conventional eye treatments (Yasukawa et al.,
005). Lower drug concentrations are required to produce iden-
ical effects and side effects are reduced (Tan et al., 1999). Patient
on-compliance is eliminated. Biodegradable DDS makes a sec-
nd surgery to remove the implant unnecessary.

DDS combined with IOL has a real advantage over other
ystems, since the implant is immobilized within the capsule.
LGA rods loaded with DX (Surodex®, Oculex Pharmaceuti-
als, Inc.), freely inserted in the anterior or posterior chamber
f patients during cataract surgery, were safe and efficient in
educing inflammatory symptoms (Tan et al., 1999; Chang et al.,
999; Tan et al., 2001; Lee et al., 2003; Wadood et al., 2004).
owever, a significant implant migration to the anterior cham-
er was noted, affecting visual acuity (Tan et al., 2001). Implant
esidues were still present after one year and the long-term ocu-
ar discomfort was not negligible for the patients. Finally, focal
eripheral anterior synechiae were observed in 22 out of 71 eyes
Tan et al., 2001).

Our DDS could be adapted by incorporation of other steroids
o treat severe uveitis (Okabe et al., 2003; Kato et al., 2004; Cahill
nd Jaffe, 2006), ganciclovir to treat cytomegalovirus (CMV)
etinitis (Kunou et al., 2000; Yasukawa et al., 2005), or antibi-
tics to treat various types of endophthalmitis. The DDS could
lso treat proliferative vitreoretinopathy, choroidal neovascular-
zation and diabetic retinopathy (Zhou et al., 1998; Yasukawa et
l., 2002). One of the most appropriate applications would be the
reatment of AMD. To date, AMD represents the most common

ource of blindness in elderly people in developed countries.
mong these patients, 15% present the wet form, leading to

horoidal neovascularization (Ciulla et al., 2004; Yasukawa et
l., 2005). Anti-angiogenic agents like anti-VEGF have been

H
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emonstrated to greatly inhibit neovascularization (Ambati et
l., 2003). The difficulty is to maintain effective concentrations
f this active agent. The implantation of a DDS containing an
nti-VEGF, or antisense oligonucleotides, could be an innova-
ive treatment.

In conclusion, our results suggest that a new intraocular DDS
sing a biodegradable polymer device placed during cataract
urgery may be useful to decrease postoperative inflammation
nd reduce the development of postoperative complications. The
ajor advantage of the intraocular DDS is the possibility to

ombine cataract surgery and postoperative treatment in a single
rocedure.
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