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Abstract
The permeation studies of active com-

pounds and formulations are necessary to
verify the capability of molecules to pass
through the physiological barrier of our
body. In order to develop a 3D model of the
cornea, preparation and characterization of
different hydrogels as corneal stroma sub-
stitutes were tested. 

Introduction
The cornea is composed of five layers,

but the most important barrier action
against the passage of foreign molecules is
performed by i) the epithelium, which is a
lipophilic structure composed of 5-6 layers
of epithelial cells characterized by tight-
junctions; and ii) the stroma which consti-
tute a hydrophilic barrier composed of a
collagen network, water, extracellular
matrix and few fibroblasts.1 The employ-
ment of the epithelial model in permeation
studies has a good correlation with in vivo
only for hydrophilic and moderately
lipophilic compounds instead, highly
lipophilic substances show a higher perme-
ation coefficient in respect to the entire
cornea due to the absence of hydrophilic
stroma. Therefore, the presence of stroma in
corneal permeation model is essential to
obtain permeation data for both hydrophilic
and lipophilic compounds similar to origi-
nal tissue.2 By the fact that corneal stroma is
composed in major part of collagen and
water and in a minimal part by cells, it may
be produced artificially developing a hydro-
gel with the appropriate chemical-physical
characteristics.  

Materials and Methods
The hydrogels were prepared using

PVA (polyvinyl alcohol 26-88; Merck) in
combination with microcrystalline cellulose
(Pharmacel 102; DFE Pharma) (PVA/C) or
gelatin (Type A porcine gelatin; ACEF
S.p.A., PVA/G) and a thermal cross-linking
treatment or chitosan (CHI, Powder-Shrimp
87,6%Deac.; Marine Chemical) by a
process of acidification and alkalinization.
The PVA/C and PVA/G were prepared by
dissolving the component separately: i) cel-
lulose was dissolved in an aqueous solution
of urea and sodium hydroxide, stirred and
then stored overnight in the refrigerator
then warmed up to room temperature and
stirred until the solution was transparent; ii)
PVA was dissolved in the same mixture
under stirring at 90°C; iii) gelatin was dis-
solved in water under stirring at 40°C.
Finally, the dispersions were mixed in dif-
ferent ratios and subjected to 7 or 14 freez-
ing/thawing cycles.3 Instead, the CHI
hydrogels were prepared by dissolving chi-
tosan in an acetic solution at 60°C under
stirring. The obtained product was filtered,
poured into a 24 wells-plate and added of
sodium hydroxide 0.5M. All the hydrogels
were then compressed and washed with
water until neutral pH. The first characteris-
tics analyzed of the hydrogel were the per-
centage of mass loss and water content. The
last one was compared to that of the corneal
stroma. Following, the wettability charac-
teristics of the hydrogel by water have been
determined using the captive bubble tech-
nique of contact angle goniometry, where
an air bubble is placed in contact with the
hydrogel surface meanwhile it was sus-
pended in a clear glass chamber of milli-Q
water.4,5 Successively, permeability to a
water flow employing an appropriate appa-
ratus able to accommodate the hydrogel and
apply a determinate pressure was evaluated
and the permeability coefficient K was cal-
culated.6 The apparatus consists of a cham-
ber with two apertures: the upper one for the
inlet of pressurized water and the lower one
to collect the amount of water permeated
through the hydrogel.7 Finally, the selected
hydrogels were subjected to permeation
studies of two molecules for glaucoma

treatment (Timolol Maleate, TM; and
Magl17b, a newly synthetized compound)
with different logP. The apparatus consists
of a perfusion system able to accommodate
the hydrogel with a donor and receiving
compartment. Samples of receiving phase
were withdrawn at the determined times
and analyzed with HPLC.

Results
The PVA/G showed a mass loss similar

to the percentage of gelatin contained
(Figure 1), therefore gelatin was not cross-
linked with this approach and no further
investigations were performed on these
hydrogels. Instead, PVA/C and CHI showed
a negligible mass loss (0-3.7%) and a water
content very close to the normal hydration
levels of the corneal stroma.8
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Figure 1. Mass loss percentage
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The contact angle measurements for
PVA/C showed an increase in hydrophilici-
ty as the amount of cellulose increased
moreover, the PVA/C and CHI wettability
resulted slightly higher than the native stro-
ma.9-11 The water permeability coefficient
of the hydrogels resulted very closer to that
corneal stroma at normal hydration level.8
Finally, the permeation studies of the two
molecules showed (Table 1) as hydrogels
were a barrier to Magl17b permeation simi-
lar to entire cornea while they were more
highly permeated than the cornea by TM.
This behavior is due to different partition
coefficient of the two drugs which cause
different affinity to the hydrophilic mem-
brane.

Conclusions
PVA/C displayed very similar proper-

ties to the corneal stroma even if these
materials are at a relatively early stage of
research and development. Further studies
are needed to progress towards their possi-
ble application as functional stroma-like

materials, but such promising features
deserve to be explored with the study of a
larger number of molecules and in combina-
tion with the corneal epithelial tissue.
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Table 1. Apparent permeability (Papp) of TM and Magl17b through PVA/C hydrogels
and cornea (mean±SE).

Substrate                    Papp TM * 102 (cm/h)                Papp Magl17b * 102 (cm/h)

PVA/C_90:10                                     5,010 ± 0,085                                                   0,203 ± 0,015
PVA/C_80:20                                     4,767 ± 0,956                                                   0,210 ± 0,010
PVA/C_70:30                                     4,413 ± 0,230                                                   0,205 ± 0,005
Cornea                                              1,310 ± 0,680                                                   0,347 ± 0,041
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