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Abstract

The aim of this study was to evaluate intraocular biodistribution of a fluorescent polymeric nanosystem composed of chitosan and gelatin after
intravitreal administration in rat eyes. The nanoparticles based on chitosan and gelatin were synthesized using a reverse emulsion-double
cross-linking technique (ionic and covalent) and their structural characteristics are presented. Two units of 1% suspension of fluorescein-labeled
nanoparticles in saline solution were injected intravitreal in rat eyes. The histological cross-sections obtained at 24 and 72 hours were
analyzed by confocal microscopy and compared to a similar number of control cross-sections. The scanning electron microscopy of the
nanoparticles obtained by double cross-linking in reverse emulsion technique revealed spherical, smooth, highly porous particles with no
tendency to form aggregates. The chitosan–fluorescein conjugate was present in all the ocular tissues both at 24 and at 72 hours. The
nanoparticles were present in the retina in a larger quantity and persisted longer than in the other ocular tissues. They were mainly fixed
paravascular. The double cross-linking in reverse emulsion technique was efficient in synthesizing a biocompatible polymeric nanosystem.
The in vivo study of intraocular biodistribution of fluorescein-labeled nanoparticles revealed their affinity for the retina after intravitreal
administration.
Keywords: biodistribution, retina, intravitreal, nanoparticles, chitosan, gelatin.

 Introduction
Nanoparticles are nanometer-sized molecules that
behave as a whole unit regarding its properties and
transport behavior. These particles are used on a wide
scale in the field of medicine as safe and efficient drug
carrier systems. In the field of ophthalmology, nanoparticles were proved to overcome the eye barriers,
including the cornea, conjunctiva, sclera and the bloodretinal barriers [1–5].
The blood-retinal barriers consist of an inner segment
constituted of retinal endothelial cells, pericytes and
astrocytes and an outer segment composed of the tight
junctions between the retinal pigment epithelium cells.
This barrier acts as a filter that restricts permeability of
high molecular weight particles, including drugs, to the
retina. Drug loaded nanoparticles of the appropriate size
were proved to have favorable biological properties as
prolonged residence time in the vitreal gel, higher
availability of the drugs to the deeper layers of the retina
and decreased toxicity [6–8]. Also, these carriers can
improve the availability of poorly water-soluble molecules
to the retinal layers [9, 10].
The most recent research trends in ophthalmology aim
the achievement of intraocular drug delivery systems
that may exercise their pharmacological effect over a
longer period of time at a lower administration rate and
with a lower toxicity rate.
The aim of this experimental study is to assess the
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intravitreal biodistribution of fluorescent chitosan nanoparticles injected in rat eyes.
 Materials and Methods
Preparation of fluorescent nanoparticles
The polymers used for the preparation of the nanoparticles were chitosan and gelatin.
Chitosan is a linear polysaccharide obtained from
crustacean shells. It is composed of randomly distributed
β-(1→4)-linked D-glucosamine (deacetylated unit) and
N-acetyl-D-glucosamine (acetylated unit). In the preparation process of the nanoparticles we used a low molecular
weight chitosan (21–46 kDa), supplied by Sigma-Aldrich
(448,869) with a degree of deacetylation of 91.1%.
Gelatin is a polypeptide prepared by thermal, chemical
and physical denaturation of collagen. In the experimental
protocol, a type B gelatin extracted from bovine skin
was used, provided by Sigma-Aldrich.
In the preparation process were also used: Tween 80
(Sigma-Aldrich), Span 80 (Fluka), sodium phosphate
(Sigma-Aldrich) with a 95% degree of purity, 25% aqueous
solution of glutaraldehyde (Sigma-Aldrich), EDAC [1-ethyl3-(3-dimethylaminopropyl)-carbodiimide hydrochloride]
(Fluka). A 10% fluorescein solution was used to mark
the chitosan-gelatin nanoparticles, purchased from Alcon
Laboratories, Inc. U.S.A. (H10432-1105).
Chitosan and gelatin nanoparticles were synthesized
ISSN (on-line) 2066–8279
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using the double cross-linking in the droplets method.
This method was selected due to the low toxicity required
by the applications in ophthalmology.
The heterogeneous reaction system involved one double
emulsion [(O1/W/)/O2]. First, the primary emulsion was
prepared (E1): oil in water. The aqueous phase (W1) was
represented by the solution of the two natural polymers,
gelatin and chitosan (polymer concentration 0.5%). First,
a 0.5% solution of polymers was prepared by dissolving
overnight the mixture of macromolecular compounds.
The ratio by weight was 1/1 (w/w) in 50 mL of acetic
acid (2%). After filtration, the surfactant Tween 80 (2%)
is added to the solution to and then stirred on a magnetic
plate. O1 organic phase, consisting of toluene (15 mL)
and the specific amount of the surfactant Span 80 (0.3 g)
was added drop by drop to the aqueous solution and stirred
at Ultraturax at 15 000 rpm for 10 minutes. E1, the primary
emulsion, thus obtained was dropped by syringe into a
600-mL Berzelius beaker, stirred ultra-fast for 10 minutes
in order to obtain the secondary emulsion E2 in the
organic phase O2, represented by a volume of 260 mL
toluene and the appropriate surfactant, 2% Span 80
(3.25 g).
After the emulsification, ionic cross-linking was carried
out using sodium tripolyphosphate (5%), under stirring
(5000 rpm/10 minutes). Then, the double emulsion was
transferred into a mechanical stirring reactor (500 rpm)
and held at room temperature in order to complete the
ionic cross-linking. Glutaraldehyde [ratio NH2/AG groups
14/1 (mol/mol)] was dropped into the reaction flask under
stirring, for one hour to complete the covalent crosslinking.
After the cross-linking process was finished, separation
of the particles was performed by centrifugation at
5000 rpm for 30 minutes. A further breaking of the
emulsion was done by stirring at 8000 rpm, followed by
purification of the particles in several steps consisting
of successive cycles of washing with double-distilled
water/acetone/n-hexane to remove traces of toluene and
centrifugation (5000 rpm). Drying of nanoparticles was
carried out in n-hexane at room temperature.
The nanoparticles were labeled with fluorescein, which
was covalently bounded to chitosan. Fluorescence was
necessary to identify nanoparticles biodistribution inside
the eye.
The chitosan–fluorescein conjugate was synthesized
using a method adapted from De Campos et al. (2004)
[11]. 2.5 g of low molecular weight chitosan were
dissolved in 200 mL of acetic acid (1%, v/v) at pH 6
(adjusted with 1 M sodium hydroxide solution), completing the reaction volume to 250 mL of demineralized
water. 100 mg of fluorescein was dissolved in ethanol
(10 mL) under gentle stirring. The solutions prepared
were mixed and 0.05 M EDAC was added to activate
the reaction of amidic bond formation. The reaction was
maintained for 12 hours at room temperature, protected
from light.
The resulting product was dialyzed using a dialysis
membrane in the form of tubes with a pore size of
12 000 Da (MD THE diaphragm 34, 14×100 CLR,

manufactured in the USA) against 0.05 N sodium
hydroxide solution of demineralized water. The last step
was the lyophilization of the product. Chitosan fluorescein
labeling was demonstrated by infrared spectroscopy.
Using the double cross-linking in double emulsion
process, as described above, fluorescent nanoparticles were
obtained by introducing in the reaction a fluoresceinlabeled chitosan.
In vivo eye biodistribution test of fluorescent
particles
The in vivo biodistribution test was conducted on
three groups of five Wistar rats, each weighting between
150 and 180 g, bred in the laboratory under identical
conditions. The study was conducted in accordance with
the Declaration of Helsinki, considering the current changes
(Somerset West amendment). The tests were approved
by the Ethics Committee of the “Grigore T. Popa”
University of Medicine and Pharmacy, Iassy, Romania.
The rats were anesthetized intraperitoneally with ketamine
(dilution of 0.1 mL/100 g), both prior to intravitreal
administration of the nanoparticle polymer solution and
prior to euthanasia for the removal of eyeballs.
The three groups (two experimental groups and one
control group) of five Wistar rats were anesthetized with
ketamine before the intravitreal injection. After obtaining
the effect of the anesthetic, two units of 1% suspension
of nanoparticles labeled with fluorescein were injected
intravitreal in the left eye of the two experimental groups.
The animals belonging to one of the experimental groups
were euthanized 24 hours after injection and those
belonging to the second experimental group and the
control group at 72 hours. The animals were first
anesthetized with ketamine. The left eye was harvested
from both experimental groups and both eyes from the
control group and then transferred to ice and sectioned
within 15 minutes.
The cross-sections were than treated with antifluorescein monoclonal antibodies (obtained from mouse,
clone FL-D6, Sigma-Aldrich), dilution 1/400 at room
temperature. After 48 hours, the primary antibodies were
removed by repeated washings with PBS (phosphate
buffered saline) and treated with anti-mouse secondary
antibodies (IgG whole molecule) produced in goat and
marked with R-phycoerythrin (Sigma-Aldrich), dilution
1/100 for one hour at room temperature. The histological
cross-sections were then transferred to microscope slides
coated with fluorescent medium (0.1% DABCO in PBS–
glycerol 1:1) and fixed with transparent lacquer.
To highlight the fluorescence, a confocal microscopy
setup was used, including an inverted Nikon Eclipse
TE-300 microscope. We used an excitation wavelength
of 514 nm and a LP emission filter of 570 nm for Rphycoerythrin. The cross-sections were analyzed under a
magnification of 40×.
Images capture was done using the microscopy
software setup, using two methods: red fluorescence
(for R-phycoerythrin) and transmitted light in order to
distinguish the morphological features. The final processing
was performed with Image J (NIH) to convey the two
types of images obtained.

Intraocular biodistribution of intravitreal injected chitosan/gelatin nanoparticles

 Results
Structural characteristics of nanopolymeric
systems based on gelatin and chitosan
The particles obtained by double cross-linking in
double emulsion technique were analyzed by scanning
electron microscopy to determine their shape and surface
characteristics. We observed that the polymeric systems
have spherical shape, high porosity, smooth surface, submicronic dimensions and a relatively high polydispersity.
The nanoparticles present a low tendency to form
aggregates.
The characteristics visible in electron microscopy
are shown in Figure 1.

Figure 1 – Scanning electron microscope image of
the obtained nanoparticles, ×15 000.
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Analysis of fluorescent nanoparticles biodistribution inside the eye
Following the intravitreal injection of fluorescent
nanoparticles and the analysis of eye histological crosssections, we found them to be uniformly distributed and
present in all ocular tissues.
The red fluorescence was present in all the ocular
tissues of the animals belonging to the study group at
both 24 and 72 hours. The red fluorescence of the retina
and lens showed a greater intensity at 24 hours after the
injection, maintained at a high level at 72 hours, thus
indicating the presence of a significant quantity of nanoparticles within its structure. Other tissues (cornea, sclera)
showed a medium or low red fluorescence at 24 hours,
indicating that the nanoparticles are present in a smaller
amount less than in the retina. Excepting the retina, other
eye tissues showed faint fluorescence intensity at 72 hours.
Analysis of the biodistribution of fluorescent nanoparticles in the lens sections as compared to the control
group demonstrated the presence of large quantities at
24 hours. The fluorescence was evident, but lower at 72
hours: 36.54±5.398 AU at 24 hours and 8.881±1.953
AU to 72 hours (Figures 2 and 3).
The fluorescent nanoparticles showed a lower biodistribution in the corneal structure at both 24 and 72
hours compared to the distribution in the lens structure.
At 72 hours, there was a small amount of fluorescent
nanoparticles inside the corneal tissue, as seen on the
RGB diagram (Figure 4).

Figure 2 – Analysis of red fluorescence from lens cross-sections of both study groups (24 and 72 hours) by comparison
with the control group. (A) Lens cross-section from control group. Red fluorescence nonexistent (40×) (4.92±1.43 UA,
n=5). (B) Lens cross-section from experimental group at 24 hours (40×) (36.54±5.398 UA, n=5). (C) Lens crosssection from experimental group at 72 hours (40×) (8.881±1.953 UA, n=5). (D) Lens RGB diagram from control
group. Red fluorescence practically nonexistent. (E) Lens RGB diagram from study group at 24 hours. Red fluorescence
is present and intense. (F) Lens RGB diagram from study group at 72 hours. Red fluorescence is present, although
lower in intensity than at 24 hours.
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Figure 3 – Analysis of red fluorescence from cornea cross-sections of both study groups (24 and 72 hours) by comparison
with the control group. (A) Cornea cross-section from control group. Red fluorescence nonexistent (40×) (4.176±1.254
UA, n=5). (B) Cornea cross-section from experimental group at 24 hours (40×) (7.243±1.793 UA, n=5). (C) Cornea
cross-section from experimental group at 72 hours (40×) (4.607±1.728 UA, n=5). (D) Cornea RGB diagram from
control group. Red fluorescence practically nonexistent. (E) Cornea RGB diagram from study group at 24 hours. Red
fluorescence is present with medium intensity. (F) Cornea RGB diagram from study group at 72 hours. Red fluorescence
is present at a low intensity.

Figure 4 – Analysis of red fluorescence from retina cross-sections of both study groups (24 and 72 hours) by comparison
with the control group. (A) Retina cross-section from control group. Red fluorescence nonexistent (40×) (3.867±1.778
UA, n=5). (B) Retina cross-section from experimental group at 24 hours (40×) (13.887±1.187 UA, n=5). At this level,
the red fluorescence is present with great intensity and predominant vascular and perivascular disposition. (C) Retina
cross-section from experimental group at 72 hours (40×) (4.199±1.116 UA, n=5). (D) Retina RGB diagram from
control group. Red fluorescence nonexistent. (E) Retina RGB diagram from study group at 24 hours. Red
fluorescence is present with high intensity. (F) Retina RGB diagram from study group at 72 hours. Red fluorescence
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Analysis of the biodistribution of fluorescent nanoparticles within the retinal tissue revealed their presence
in large quantities at 24 hours as seen in both the microscopic examination of histological sections and the RGB
diagram. The nanoparticles were predominantly fixed in
the vascular and perivascular tissues. However, at 72 hours
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the amount of nanoparticles in the retinal tissue was
significantly reduced (Figure 5).
In the structure of scleral tissue, fluorescent nanoparticles were present in a small amount both at 24 and
72 hours as seen on the RGB diagrams and the histological
cross-sections.

Figure 5 – Analysis of red fluorescence from sclera cross-sections of both study groups (24 and 72 hours) by comparison
with the control group. (A) Sclera cross-section from control group. Red fluorescence nonexistent (40×) (3.867±1.778
UA, n=5). (B) Sclera cross-section from experimental group at 24 hours (40×) (6.677±1.936 UA, n=5). (C) Sclera crosssection from experimental group at 72 hours (40×) (3.988±1.968 UA, n=5). (D) Sclera RGB diagram from control
group. Red fluorescence nonexistent. (E) Sclera RGB diagram from study group at 24 hours. Red fluorescence is
present with low intensity. (F) Sclera RGB diagram from study group at 72 hours. Red fluorescence is present at very
low intensity.

 Discussion
Nanopolymeric systems structured on chitosan and
gelatin are commonly used in the pharmaceutical composition of hydrogels as drug carriers due to their property
of being absorbed and metabolized without resulting
toxic products. Chitosan and gelatin were chosen in this
experimental study in order to combine the properties
of polysaccharides and proteins and obtain polymeric
systems with high bioavailability, capable to release the
drug to the target tissue in a controlled manner, to persist
a sufficiently long period of time for the drug to be
efficient and to be degraded in non-toxic products. As a
large number of recent studies show, the blending of
chitosan with gelatin increases the stability of the gel
[12, 13].
The double cross-linking (covalent and ionic) in
double emulsion technique was efficient in obtaining
particles stable in size and shape due to covalent surface
cross-linking and with a high swelling capacity due
to ionic cross-linking, thus enabling a large diffusion
capacity of drugs. This technique is based on the formation
of intermolecular bridges between the polysaccharides

macromolecular chains, thus reducing their water solubility
[14]. The double cross-linking of the two polymers generates
a stable network that is not easily disintegrated and may
represent the support of controlled drug release systems.
The method used for synthesizing the polymeric nanosystem was adapted after a technique first published by
De Campos et al. (2004) [11] and afterwards used in
many experimental studies [15–23].
The nanoparticles obtained using this method were
analyzed in toluene to avoid swelling processes ant to
obtain values similar to the dry state. An important role
in obtaining spherical particles was the presence of
surfactant substances in both phases of the emulsion,
thus providing better stability of aqueous droplets and
later of the ionic gel [24, 25].
The particles obtained were analyzed by scanning
electron microscopy to determine their shape and surface
characteristics. We found that the polymeric systems
have spherical shape, smooth surface, high porosity,
submicronic size. These features of chitosan conjugate
will facilitate the accumulation and controlled release of
active drug.
The histological samples were treated by indirect
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immunofluorescence to investigate the presence or absence
of chitosan–fluorescein conjugate in their structure. This
technique involves the use of two types of antibodies:
▪ the primary antibodies that bind to the target
molecule, respectively the monoclonal anti-fluorescein
antibodies (produced in mouse, clone FL-D6, SigmaAldrich);
▪ the secondary antibodies that specifically bind to
the primary antibodies, respectively anti-mouse immunoglobulins produced in goat and marked with R-phycoerythrin (Sigma-Aldrich).
R-phycoerythrin is composed of a peptide covalently
bonded to a chromophore respectively phycoerytrobilin.
It is produced mainly by red algae. The peak of light
absorption in the visible spectrum for R-phycoerythrinis
at 565 nm and the peak of light emission at 573 nm.
Following the intravitreal injection of fluorescently
marked polymeric nanoparticles and the analysis of
histological sections obtained from the eyeballs of study
group rats the particles presented a uniform distribution
in all ocular tissues.
The histological samples from the study group
collected at 24 and 72 hours were analyzed by comparison
to the controls. Tissue samples were subjected to direct
microscopy (by transmitted light) to highlight their
morphological structure and confocal microscopy to assess
the presence of fluorescently marked nanoparticles in
the ocular tissues. The analysis by immunofluorescence
revealed the lack of red fluorescence generated by
secondary antibodies in all the control groups’ ocular
tissues. The presence of fluorescent nanoparticles was
evidenced in all the ocular tissues samples collected from
the study group at both 24 and 72 hours by revealing the
red fluorescence.
The red fluorescence of the retina and lens showed
a greater intensity at 24 hours after the intravitreal
injection, maintained at a high level at 72 hours, thus
indicating the presence of a significant quantity of
nanoparticles within its structure. Other tissues (cornea,
sclera) presented an average red fluorescence at 24 hours,
showing that the nanoparticles were fixed in a smaller
amount in their structure. Excepting of the retina and
lens, the other eye tissues showed faint fluorescence
intensity and 72 hours. The fluorescent particles were
fixed predominately around the retinal blood vessels, as
evidenced by the histological sections.
The chitosan based nanoparticles have also reported
by other researchers to have applications in brain drug
delivery [26–28], liver drug delivery [29, 30], tumor
penetration by chemotherapeutic agents [31, 32], transport
of drugs without being degraded in the intestinal tract
[33] and also gene delivery and tissue engineering [34,
35].
In ophthalmology, chitosan based nanoparticles have
been used as carriers for a large number of drugs:
dorzolamide, pilocarpine for the treatment of glaucoma
[36, 37], amphotericin B and daptomycin [38, 39] used
in endophthalmitis, triamcinolone used in ocular inflammations [40].
The results of this experimental study are similar to
those of others published in the recent literature. ElSamaligy et al. (1996) studied the biodistribution of

ganciclovir-loaded nanoparticles and recorded the
presence of effective therapeutic concentrations of the
drug in the retinal structure for more than 10 days [41].
Safety and tolerability of intravitreal administration of
nanoparticles were analyzed in numerous studies [42–
44], which concluded that this administration route was
more effective in sustaining ocular drug delivery than
the locally administered nanoparticles.
 Conclusions
The nanoparticles obtained using the double crosslinking (covalent and ionic) in double emulsion technique
were stable, spherical, highly porous, with relatively high
polydispersity submicronic particles. They showed a low
tendency to form aggregates and had smooth surfaces in
most cases. These properties demonstrate that chitosangelatin based polymeric nanoparticles may act as viable
transporters for intraocular administered drugs. The
intravitreal-injected particles are found especially in the
lens and retina at 24 hours after administration. Smaller
amounts are found in the cornea and sclera at 24 hours
after administration. Injected particles are found with
greater intensity in the deep retina, vascular and perivascular, especially at 24 hours after administration. At
72 hours after the intravitreal injection, although showing
lower fluorescence intensity, the particles presence is
evident in the lens and retina, but faint inside the corneal
and scleral structure. This experimental study demonstrated
the ability of fluorescent nanoparticles to penetrate tissues
close to the administration site and especially their
tendency to migrate deep in the retina at time intervals
of 72 hours.
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