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Abstract

Tiny nanoparticles of dexamethasone palmitate (DXP) were designed as transparent
suspensions for intravitreal administration to treat age-related macular degeneration (AMD).
The influence of three surfactants (PEG-40-stearate and Pluronic block copolymers F68 and
F127) on nanoparticles size and stability was investigated and led to an optimal formulation
based on Pluronic F127 stabilizing DXP nanoparticles. Size measurements and TEM
revealed tiny nanoparticles (around 35 nm) with a low opacity, compatible with further
intravitreal injection. X-Ray powder diffraction (XRPD) and transmission electronic
microscopy (TEM) performed on freeze-dried samples showed that DXP nanoparticles were
rather monodisperse and amorphous. The efficacy of DXP nanoparticles was assessed in
vivo on pigmented rabbits with unilateral intravitreal injections. After breakdown of the blood-
retinal barrier (BRB) induced by injection of rhVEGF165 with carrier protein, DXP
nanopatrticles induced a restoration of the BRB 1 month after their intravitreal injection.
However, their efficacy was limited in time most probably by clearance of DXP nanoparticles
after 2 months due to their small size.
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INTRODUCTION

Age-related macular degeneration (AMD) is a macular disorder that represents a leading
cause of severe and irreversible visual impairment(Mitchell et al., 2018). This disease can
develop in a “wet” and a “dry” form. Clinical signs which characterize both of these forms in
the early stages are the formation of numerous drusen, retinal pigment epithelium (RPE)
abnormalities, geographic atrophy (GA) of the RPE and the choriocapillaris, and neovascular
maculopathy((AAO), 2006; Rein et al., 2009). In the dry form, the most common one (90 % of
cases), visual loss is usually gradual and depends of the drusen growth in the macular area.
The wet form is less frequent (10 % of cases) but more severe, and with a faster evolution.
The main feature is the development of choroidal neovascularization (CNV), ie. the
formation of new abnormal blood vessels growing below the retina(Buschini et al., 2011).
Without treatment, neovessels tend to form a big scar in the macular area, resulting in a
dramatic decrease in central vision(Kokotas et al., 2011). Since AMD frequency increases
with aging, as population is getting older, this handicapping disease will increase significantly
in the next 40 years.

Corticosteroids are efficient anti-inflammatory drugs widely used for the treatment of acute or
chronic eye diseases such as uveitis(Munoz-Fernandez and Martin-Mola, 2006) and could
also have an important role in the management of ocular diseases involving
neovascularization(Kertes and Coupland, 2005). Nevertheless, their administration by the
systemic route often generates systemic and ocular toxic effects (cataract and glaucoma),
and topical ocular application does not allow to reach a therapeutic level of the active
principle. Periocular injections can avoid these problems, but can also breed periocular
fibrosis, globe perforation and ptosis(Ferrante et al., 2004). Direct release of drugs into the
vitreous is therefore required for the effective treatment of posterior segment diseases, even
though repeated injections may be necessary to ensure therapeutic levels over an extended
period of time(Giancipoli et al., 2018). Although used in the clinics, intraocular injections of
drug solutions or suspensions(Grzybowski et al., 2019) are not totally harmless and multiple
injections can increase the probability of complications like vitreous hemorrhage or retinal
detachment. Furthermore, administration of drug solution leads to a local peak of
concentration that can have deleterious effects(Kwak and D’Amico, 1992). Encapsulation of
drugs into intravitreal implants such as Ozurdex® is currently used in the clinics but several
report show that the macroscopic implant can in some case migrate into the anterior
chamber(Malclés et al., 2013; Vela et al., 2012)

Particulate drug delivery systems represents a good option to circumvent the above-cited
problems(Bochot and Fattal, 2012). Whereas microparticulate systems sediment in the

vitreous, nanoparticles (NPs) do not sediment, leading to a more homogeneous distribution



in the vitreous. In addition, NPs possess the ability to be internalized within retinal
cells(Bourges et al., 2003). Several studies report NPs use for intravitreal administration(de
Kozak et al., 2004; Gomes dos Santos et al., 2006; Gomes Dos Santos et al., 2006; Irache et
al., 2005; Kassem et al., 2007; Merodio et al., 2002). Most nanoparticulate systems proposed
to encapsulate corticosteroids consist in biodegradable polymer(Gomez-Gaete et al., 2007,
Gomez-Gaete et al., 2008; Ishihara et al., 2010, 2009; Kim and Martin, 2006; Sahoo et al.,
2008). Among nanoparticulate polymeric systems drawbacks is their low drug loading usually
below 5%(Kumari et al., 2010) and their important drug burst release(Allen and Cleland,
1980; Allen and Cullis, 2013; Gomez-Gaete et al., 2007; Gémez-Gaete et al.,, 2008). To
overcome these disadvantages, a recent strategy has consisted in formulating lipophilic
prodrugs of corticoids such as dexamethasone palmitate (DXP) directly into NPs by using
only PEGylated lipids as the only excipients(Fattal et al.,, 2018; Lorscheider et al., 2019b,
2019a). One obtains 150 nm NPs that are stable for a few weeks and do not exhibit a burst
release. Unfortunately, this size range is not suitable for an intravitreal injection as
suspensions were too opaque. Several surfactants compatible with an intravitreous
administration and bearing polyethylene glycol (PEG) moieties were investigated to obtain
DXP NPs as small as possible to avoid visual perturbation due to opacity, 100 nm being the
acceptable upper size limit. The optimal formulation was then fully characterized and tested
in vivo in a rabbit model of VEGF-induced hyperpermeability.

MATERIALS AND METHODS
Materials

Pluronic block copolymers F127, F68 and PEG-40-stearate were gifts from Croda (France).
Water was purified using a RIOS/Synergy system from Millipore (France). Acetone in
analytical grade and methanol for high-performance liquid chromatography (HPLC) were
obtained from Carlo Erba Reagents (France). Dexamethasone palmitate (DXP) was provided
by Santen SAS (France). Dexamethasone (DXM) was purchased from Chemos (Germany).
All other reagents were obtained from Sigma-Aldrich (France).

DXP photostability

DXP photostability was studied as by exposing the DXP powder at 25°C in a clear vial fo 1.2
million lux (3.5 days under UV + white light exposure followed by 9 days of white light
exposure only). DXP purity was then determined before and after exposure after powder

dissolution into methanol and HPLC analysis as described below.



Nanoparticles preparation

DXP nanoparticles (NPs) were prepared by the nanoprecipitation process(Fessi et al., 1989)
using the protocol described before(Lorscheider et al., 2019a) with slight modifications.
Amber glassware was used throughout the whole preparation process due to DXP
photodegradation (see results). The surfactant was dissolved into 200 mL of water placed in
a 1 L amber pyriform flask to reach the desired concentration (1.0, 1.5 or 2.0 % w/v)). At the
same time, DXP was dissolved into 10 mL of acetone volumetric flask with acetone (0.025,
0.050 and 0.075 % wi/v). The aqueous solution was heated at 60 °C, and the organic solution
was injected directly into it under stirring using a syringe needle (21G). Acetone was then
evaporated under reduced pressure using a rotary evaporator. Acetone removal was
checked by '"H NMR on a Bruker Avance 300 spectrometer (v('H) = 300 MHz). To
concentrate the suspension, it was placed into a 200 mL ultrafiltration cell from Millipore
(France), fitted up with a 100,000 Da regenerated cellulose membrane, under nitrogen
pressure until the volume was reduced to 20 mL. Finally, trehalose was added to the
concentrated suspension (final concentration 0.5, 1, 2.5, 3.5 and 4.5% (w/v)) as a
cryoprotectant before being frozen in liquid nitrogen and freeze-dried for 48 h using a
CHRIST ALPHA 1-2 LD plus (France) freeze-drier.

Size, zeta potential and opacity measurements

Particle size and polydispersity index (PDI) were measured using a Malvern Zetasizer Nano
ZS (Malvern Instrument, UK) based on quasi-elastic light scattering. Size measurements
were performed at 20°C, at an angle of 173° to avoid multiple scattering. Results were
expressed as the average of the mean diameter of the nanoparticles obtained from three
measurements, following a 1/5 (v/v) dilution of a nanoparticle suspension at 8 mg/mL DXP
into water. The standard deviation of the size and the PDIs were also given. The dispersion
was considered as monodisperse when the PDI was lower than 0.2. Zeta potential was
measured using the same instrument, following the same dilution in a 1 mM NaCl solution.
Suspensions were stored in amber vials at room temperature (20°C) or at 4°C and the size of
the nanoparticles was measured at TO, and after 2, 5, 9 and 15 days, when possible. Opacity
measurements were performed by measuring the percentage of transmitted light at 850 nm.

Dexamethasone palmitate loading within nanoparticles

Determination of DXP concentration in the NP suspension was performed by HPLC. A
Water™ 2707 autosampler chromatographic system was employed equipped with a
Waters™ 1525 binary HPLC pump, a Waters™ 2998 photodiode array detector, and a

Waters™ Empower software. The analysis was performed at 240 nm using a



SymmetryShield™ RP18 column (5 um, 250x4.6 mm; Waters, Saint-Quentin-en-Yvelines,
France). Column temperature was maintained at 20 °C using a column Heater (Model 1500,
Waters Corporation). The mobile phase involved a variable composition of solvent A (mixture
of watermethanol in the 30:70 (v/v) ratio + 0.1 % formic acid) and solvent B (mixture of
water:methanol in the 8:92 (v/v) ratio + 0.1 % formic acid). The mobile phase was pumped
through the column with a flow rate of 1.2 ml/min (Table 1). The developed method showed
good linearity for low concentrations between 1 and 25 pg/mL (y = 63627x - 8322.4; with r? =
0.9999) and for higher concentrations between 25 and 500 ug/mL (y = 57297x + 70768; with
r? = 0.9998). Experiments were performed at least in duplicate.

Table 1: Mobile phase program for gradient elution

Time (min) Flow rate (mL/min) Solvent A (%) ~ Solvent B (%)
0 1.2 100 0
5 1.2 0 100
25 1.2 0 100
27 1.2 100 0
35 1.2 100 0

Osmolality measurements

Osmolality was measured on a freezing point depression automatic micro osmometer (Type
13/13DR autocal, Roebling, Germany).

X-Ray Powder Diffraction

X-ray powder diffraction (XRPD) patterns were measured on a Rigaku rotating anode
automated diffractometer operated at 50 kV and 200 mA using Cu Ka radiation. Data were
collected 4 times and averaged over an angular range comprised between 1 and 60° (26)
with a step size of 0.02° and an accumulation time of 4 s per step.

Transmission Electron Microscopy

Transmission Electron Microscopy (TEM) was performed at IMAGIF (CNRS, Gif s/Yvette,
France) using a JEOL JEM-1400 microscope operating at 80kV with a filament current of
about 55 pA. Suspensions of nanoparticles after ultrafiltration, freeze-drying and
reconstitution with water (0.04 mg/mL or 0.2mg/mL DXP) were deposited (3 uL) on copper

grids (400 mesh) covered with a formvar-carbon film for 5 min. Negative staining was then



performed by adding a droplet of uranyl acetate (2% w/w) for 30s.The excess solution was
blotted off using filter paper and grids were air dried before observation. Images were
acquired using a postcolumn high-resolution (11 megapixels) high-speed camera (SC1000
Orius; Gatan) and processed with Digital Micrograph (Gatan) and ImageJ.

In vivo experiments

Ten pigmented rabbits (5 males and 5 females) from the Fauve de Bourgogne strain aged 2
to 3 months (CEGAV, Saint-Mars-d’Egrenne, France) were used in this study. All animals
were treated according to the Directive 2010/63/UE European Convention for the Protection
of Vertebrate Animals used for Experimental and Other Scientific Purposes and to the
Association for Research in Vision and Ophthalmology (ARVO) statement for the Use of
Animals in Ophthalmic and Vision Research. The duration of the biological effect of DXP
nanoparticles was assessed at time-points up to 2 months (time points were 1 week, 1 and 2
months). Pigmented rabbits were dosed (50 pL, once) with unilateral intravitreal injections of
0.8% (400 pg) DXP nanoparticles. Breakdown of the blood-retinal barrier (BRB) of the
treated eyes was induced at each predefined time point by a single 50 pl IVT injection of 500
ng rhVEGF165 with carrier protein (diluted in PBS). Forty-eight hours after the induction,
sodium fluorescein leakage was quantified with a FM-2 Fluorotron Master ocular photometer
(OcuMetrics, Mountain View, CA, USA). The efficacy of the DXP nanoparticles was
determined by comparing the fluorescein leakage of the treated eyes with the untreated
contralateral eye. A ratio close to 1 (treated right eye vs untreated unchallenged left eye) was
indicative of the restoration of the integrity of the BRB.

RESULTS AND DISCUSSION

DXP photostability was assessed as described above and revealed a degradation of about
90% of DXP with purity decreasing from 99.1 % to 8.5 %. Amber glasseware was therefore
used for the remaining of the experiments. Three surfactants were considered for DXP
nanoparticle stabilization all bearing PEG moieties that are important for steric stabilization of
nanoparticles(Lorscheider et al., 2019a) : PEG-40-stearate (P-40) and Pluronic block
copolymers F68 and F127. These were chosen for their compatibility with an intravitreous
injection due to their low ocular toxicity(Dumortier et al., 2006). Numerous formulations were
tested with different concentrations of surfactant and DXP to isolate the optimal one. In each
case, three concentrations of surfactant (1.0, 1.5 and 2.0 % w/v) were tested with two or
three concentrations of DXP (0.025, 0.050 and 0.075 % w/v). In particular, we were
interested in the size and polydispersity evolution with time, as well as the crystallinity.
Indeed, DXP is prone to crystallize and DXP NPs may undergo Ostwald ripening. Preliminary



experiments showed that the presence of 0.9 % NaCl (w/w) was beneficial for preventing
crystallization. The first round of experiments was therefore carried out keeping NaCl
concentration constant at 0.9 % (w/v). The influence of NaCl, as well as the storage

temperature, were tested in a second time, on the optimized formulation only.

1. Choice of surfactant

1.1 PEG-40-stearate

Results obtained using PEG-40-stearate as a stabilizer are shown in figure 1. The average
size of the particles was generally higher than 100 nm, and PDIs between 0.28 and 0.5
indicate high polydispersity. The higher the P-40 concentration, the more stable the size over
time. The higher the DXP concentration, the faster nanoparticle size increases, in agreement
with the turbidity observed visually after 2 or 5 days. Aggregates/precipitates observed by
optical microscopy correspond to DXP crystals therefore confirming the importance of
Ostwald ripening(Boissenot et al., 2016; Gomez-Gaete et al., 2007; Gémez-Gaete et al.,
2008; Teeranachaideekul et al., 2008). Although the stearate moiety of P-40 could
theoretically interact with the palmitate moiety of DXP, the presence of the dexamethasone
moiety on DXP prevents interaction most probably by steric hindrance. Given these results,
P-40 cannot be considered as a good stabilizer for DXP nanoparticles.

-

* Precipitation
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Figure 1: Size of DXP nanoparticles prepared with PEG-Stearate P-40 as a function of time

upon storage at room temperature (n=3).

1.2 Pluronic F68
F68 was the worst of the three surfactants investigated for stabilization of DXP NPs. Even
with DXP concentration as low as 0.025 % (w/v), suspensions were already slightly turbid at
TO and turbidity went increasing as the size increased. DXP NP size initially around 50 nm
increased above 100 nm with PDIs between 0.03 and 0.3 within two days of preparation and



kept increasing afterwards until aggregation/precipitation (Figure 2). Aggregates/precipitates
observed by optical microscopy correspond to DXP crystals therefore confirming the
importance of Ostwald ripening. Given the poor stability of the suspensions, Pluronic F68
was unable to stabilize DXP NPs and should not be considered further.
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Figure 2: Size of DXP NPs prepared with Pluronic F68 as a function of time upon storage at

room temperature (n=3).

1.3 Pluronic F127

The best results were obtained using Pluronic F127. The formulations prepared with DXP at
0.05 % (w/v) and F127 concentrations 1.5 and 2.0 % (w/v) remained stable and transparent
for 15 days. In both cases, the average size of the NPs remained unchanged, around 40 nm
with PDIs between 0.12 and 0.27. When DXP concentration was increased to 0.075 % (w/v),
the suspension prepared with F127 at 1.5 % (w/v) was totally stable and transparent during
at least 9 days. The average size of the particles remained around 40 nm with PDIs between
0.13 and 0.16 (Figure 3). As for P-40, we observe that the higher the surfactant
concentration, the better the stabilization. One can also note that the higher the DXP
concentration, the more prone to aggregation/precipitation of the suspension. As for other
surfactants, aggregates/precipitates observed by optical microscopy correspond to DXP
crystals confirming the importance of Ostwald ripening in the destabilization process.

Pluronic F127 indeed appears as the best surfactant to stabilize tiny DXP NPs with a low
polydispersity. The better stabilization probably arises from the steric repulsions of longer
PEG moieties of Pluronic F127 as compared with Pluronic F68 or PEG-40 stearate. As a
compromise between stability of the suspension and DXP concentration, we have chosen to
pursue our study using DXP NPs prepared with 1.5 % (w/v) F127 and 0.075 % (w/v) DXP.
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Figure 3: Size of DXP nanoparticles prepared with Pluronic F127 as a function of time upon

storage at room temperature

Another nanoparticulate system containing DXP was previously described by Lu et al. (Lu et
al, 2008) and Kim et al.(Kim et al., 2011). The process reported, called ‘nanotemplate
engineering’, consists in a microemulsion formed by a melted matrix material (oil phase)
combined with a mixture of water and surfactants. DXP is solubilized in the oil phase which
forms a suspension of solid NPs during the cooling of the microemulsion to room
temperature. The maximum drug concentration obtained was 0.48 mg/mL, with an average
size of the NPs around 90 to 130 nm, and Ostwald ripening was also observed. Our
formulation is then 1.5 times more concentrated (0.75 mg/mL), with an average size 3 to 4
times smaller, exhibiting a low opacity (light transmission at 850 nm = 99.5 %).

2. Characterization and optimization of the formulation

For intravitreal injections, in the literature doses of 700 pg or 350 pug of DXM are reported for
human(Boyer et al., 2011; “Dexamethasone: intravitreal implant,” 2011; Haller et al., 2011;
Zucchiatti et al., 2012), corresponding to 1125 pg and 563 pg DXP respectively. Since patients
usually receive a 100 pL intravitreal injection, DXP concentration should be around 8 mg/mL
(i.e. 0.8 % (w/v)). To further concentrate DXP NPs, we used a ultrafiltration cell fitted up with a
100,000 kDa regenerated cellulose membrane under nitrogen pressure until the volume was
reduced to one tenth. In addition, this process reduced the proportion of Pluronic F127 since
the surfactant passes through the membrane while the nanoparticles did not. Obviously, the
concentrated suspension was less stable than the diluted one (3 days) but the size just after
ultrafiltration was exactly the same, around 35 nm with a PDI of 0.07. The concentration of
DXP was checked via HPLC in the concentrated suspension and in the filtrate to be sure that



NPs were blocked by the membrane. Results are presented in table 2. In addition, opacity
remained low for the concentrated suspension (light transmission at 850 nm was 96.1%).
Table 2: Characteristics of the diluted and concentrated suspension in terms of DXP
concentration.

Formulation F127 (1.5 %) / DXP (0.075 %)
Average Coxp in the diluted

: 745 + 27
suspension (pg/mL)
Average Cpxr in the
concentrated suspension 7520 + 800
(ng/mL)
Average Cpxp free in the : :
filtrate (ugfmL) s
Efficacy of encapsulation (%) 99

Nanoparticle storage was then evaluated on the optimal formulation. Nanoparticles could not
be stored at 4°C without precipitation contrary to what was observed with PEGylated lipids
nanoparticles(Lorscheider et al., 2019a). This happens most probably due to a transition of
F127 from micelles to unimers as temperature decreases(Alexandridis and Hatton, 1995). In a
hypothetical industrial development, the final product has to be storable during weeks or
months without changes. The second option was to freeze-dry the suspensions after addition
of trehalose as a cryoprotectant. Different concentrations of trehalose were tested to assess
the lowest concentration necessary to yield easy to resuspend lyophilisates without modifying
DXP NP characteristics. Results presented in table 3 show that 2.5 % of trehalose is enough
to protect nanoparticles during the freeze-drying process.
Table 3: Size and PDI of initial and freeze-dried supensions as a function of trehalose

content.
Size £ S.D. PDI
(nm)
= 36£0.5 0.11
T'eha!;:se 05 472178 0.58
Tff-‘haizs-e 100 o12:82 0.42
Treha!;)se 2.5 35+0.06 0.07
(]

Tmhalgs.e- 3.5 36 =0.08 0.08

Trehalose 4.5

% 36 +0.3 0.07




Osmolality

The influence of sodium chloride concentration was checked on the optimized formulation by
measuring the osmolality of the suspension. At the beginning, nanoparticles were prepared
with 0.9 % of NaCl. This is the usual concentration used to avoid osmotic shock. The problem
was that, for the suspension freeze-dried with 2.5 % of trehalose and 0.9 % of NaCl, the
osmolality was measured at 1090 mOsmol.kg™” after redispersion at 0.8 % of DXP. The
average size of these resuspended nanoparticles remained 35 nm with a PDI of 0.05 after 7
days, but that high osmolality was problematic for injection. In the same conditions but without
sodium chloride, it was measured at 550 mOsmol.kg', meaning that nanoparticles themselves
induce a significant osmolality. The average size of the NPs prepared without NaCl was 36 nm
with a PDI of 0.1, with a negative zeta potential (-4.25 + 0.9 mV, n = 3). The opacity of the
resuspended nanoparticles remained low (light transmission at 850 nm was 96 %).

X-Ray Powder Diffraction (XRPD)

To the best of our knowledge, only one paper deals with the crystallographic structure of
DXP(Doi et al., 1989). Doi et al. described two polymorphic crystalline forms of DXP obtained
by crystallization in acetone or in n-heptane. X-Ray Powder Diffraction was performed on
F127, DXP crystallized in acetone (thin needles-like crystals) and freeze-dried nanoparticles.
XRPD of the DXP crystals obtained from acetone exhibit the characteristic diffraction peaks
of a monoclinic unit cell (Green line, Figure 4). Experiments also reveal that no characteristic
diffraction peaks of DXP crystals were present on the powder pattern of a freshly lyophilisate
sample of DXP nanoparticles (Red line, Figure 4). DXP nanoparticles are therefore
amorphous. The Bragg peaks observed at 20 = 19.2° and 23.4°, and the broad peaks
observed at 20 = 26.5°, 36° and 39.5° are characteristic of lyophilized Pluronic F127 (Black
line, Figure 4)(Lian et al., 2011). Trehalose added to the formulation before freeze-drying is
also amorphous and is responsible for the flattening of the bump situated between 7 and 15°
observable for F127.

==Fresze-dried nanoparticles
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Figure 4: XRPD patterns of freeze-dried nanoparticles (Red line), freeze-dried Pluronic F127

(Black line), and DXP crystallized in acetone (Green line).



TEM

TEM images of the DXP NPs diluted at 0.2 mg/mL (Fig 5A) and at 0.04 mg/mL (Fig 5B) are
in agreement with the DLS results mentioned above. The nanoparticles appeared
monodisperse and rather spherical with an average size around 25 nm in agreement with
DLS measurements. A Fast Fourier Transform (FFT) of Figure 5A image was performed and
confirms that DXP NPs are amorphous as no pattern was observed.

Figure 5: TEM images of the DXP NPs at 0.2 mg/mL (A) and at 0.04 mg/mL (B). The inset
corresponds to the image A FFT.

These optimized DXP NPs therefore possess all the characteristics suited for intravitreal

injection and were administered in vivo.

3. In vivo results

After DXP NP intravitreal injection, 8 out of 10 animals (8/10) and 9/9 and 2/9, presented a
restoration of the blood-retinal barrier at one week and one and two months, respectively, as
attested by a markedly reduced fluorescein leakage in the eye after intravenous injection (Fig
6). These results demonstrate that a single DXP NP injection was able to deliver DXM to the
tissues of the posterior segment of the eye at a concentration sufficient to normalize VEGF-
induced vascular hyperpermeability for one month. However, two months after DXP NP



intravitreal injection, the blood-retinal barrier was leaky again, suggesting a relatively rapid
clearance of the DXP NPs that can be attributed to their small size (35 nm).
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Figure 6: Fluorescein leakage over time following a single intravitreal injection of DXP NPs.

These results should be compared to an intravitreal injection of DXM solution that has a half-
life of about 3 hours only(Graham and Peyman, 1974). Indeed, molecules of molecular
weight lower than 500 Da, presented in the form of a solution require frequent
administrations, owing to a limited retention half-life of approximately 3 days(Thrimawithana
et al.,, 2011). Bourges et al. described the benefits of intravitreal administration of NPs over
drug solutions in targeting of the retina, thus directing our development toward this dosage
form(Bourges et al., 2003). In addition, NP size and charge have a major impact on the
vitreous clearance rate. The smaller the size, the faster the elimination, but bigger size
particles may sediment and provoke visual disturbance when suspended in the visual field.
Thus, to be able to obtain a long-term efficacy with dispersed formulations, a compromise

should be found between particle size (i.e. elimination rate) and the visual disturbance.

It is particularly difficult to predict the pharmacokinetics of intravitreal drug as the vitreous
which is composed of more than 95% of water by weight and glycosylaminoglycans can vary
in density and viscosity over age, species and disease state. Indeed, vitreous body which
has a gel-like structure in young and healthy adults becomes more fluid in inflamed

conditions and older adults(Kleinberg et al., 2011).

CONCLUSION

DXP formulation into tiny nanoparticles was optimized for intravitreal injection. For the first
time, these nanoparticles were concentrated to reach the therapeutically level needed for
ocular delivery directly after the nanoprecipitation with Pluronic F127 as stabilizer, or by
resuspension from freeze-dried samples. In both cases, NP size was around 35 nm, allowing



a low opacity, with a negative zeta potential around -4 mV. XRPD and TEM experiments
revealed that the nanoparticles were amorphous and monodisperse, and HPLC tests
confirmed a 99 % encapsulation efficacy. In vivo experiments performed in rabbits revealed
the ability of DXP NPs to restore the blood retinal barrier up to one month after injection.
However, the effect of blood-retinal barrier restoration did not last two months after DXP NP
intravitreal injection, proving rapid clearance of the DXP NPs given their small size. A
reservoir of DXP NP might represent an interesting alternative to prolong their effect.
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