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Preparation of calcium chloride-loaded solid lipid particles
and heat-triggered calcium ion release
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Abstract—CaCl,-loaded solid lipid particles (SLPs) were prepared by a melt/emulsification/solidification method.
CaCl, microparticles (1-5 pm) could be obtained in a mortar with aid of the dispersant (Tween 80/Span80 (35/65, w/w))
when the ratio of CaCl, to dispersant was 2:0.1 (w/w). SLP was prepared by dispersing 0.42 g of micronized CaCl,
particles in 2 g of molten PBSA, emulsifying the mixture at 85 °C in 40 ml of Tween 20 solution (0.5% w/v), and quench-
ing the emulsion in an ice bath. The diameter of CaCl,-loaded SLP was 10-150 pm. The unenveloped CaCl, could be
removed by dialysis and the specific loading of CaCl, in SLP was 0.036 mg/mg. An EDS spectrum of CaCl,-loaded
SLP, which was dialyzed, showed that the unenveloped CaCl, was completely removed. Any excipients (dispersant,
Tween 20, CaCl,) had little effect on the melting point of SLPs. No appreciable amount of Ca** was released in 20-50 °C
for 22 h. But the release degree at 60 °C was significant (about 2.3%) during the same period. The matrix of the lipid
particle was in a liquid state at 60 °C, so CaCl, particles could move freely and contact the surrounding water, leading
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to the release. At 70 °C, the release degree at a given time was a few times higher than that obtained at 60 °C.
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INTRODUCTION

Encapsulation is a technology to envelop core materials with a
coating or shell [1]. The objective of encapsulation is to reduce the
adverse effect, control the release, and enhance the stability of the
core materials [2]. Various kinds of capsules have been designed to
release the core materials in a stimuli-triggered manner. Temperature
change, pH change, light irradiation, magnetic field, electric filed
and redox reaction can be used as a trigger for release [3]. Among
them, temperature change is one of the most frequently used ones.
Liposome (phospholipid bilayer vesicle), which releases its content
with the respect to temperature change, has been developed by deco-
rating the liposomal surface with temperature-sensitive polymers
[4,5] or by taking advantage of the solid gel-to-liquid crystal transi-
tion of the liposomal membrane [6]. Another lipidic particle which
undergoes the phase transition (e.g. melting) is solid lipid particles
(SLP) [7]. Due to the easy preparation, the high shelf stability, the
low toxicity, and the high bio-absorptivity, SLP was proposed to be
used as a drug carrier for the transdermal delivery of an anti-inflam-
matory agent (e.g., Triptolide) [8,9], the intracellular delivery of genes
[10,11], and the oral delivery of anti-cancer drugs (e.g., rifampicin,
isoniazid and pyrazinamide) [12,13]. In this study, CaCl,-loaded
SLP (SLP/CaCl,) were prepared by dispersing the CaCl, micropar-
ticles in molten fatty acid and emulsifying the molten fatty acid
containing CaCl, microparticles in an aqueous solution. CaCl, micro-
particles loaded in SLP will hardly release in an aqueous solution
once they are completely enveloped by the lipid matrix, which is
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impermeable to water. If the SLP suspension is heated to a tem-
perature greater than the melting point of fatty acid, the SLP will
become an emulsion droplet. Upon the melting of solid lipid matrix,
the mobility of CaCl, microparticles in the lipid particles will mark-
edly increase and the chance of CaCl, microparticles to be exposed
to surrounding aqueous phase will also increase. As a result, CaCl,
will dissolve out of SLP at a temperature greater than the melting
point of fatty acid (Fig. 1). The release of CaCl, out of SLP was inves-
tigated by increasing the temperature of SLP suspension in the range
of 20 °C-70 °C, and the amount of CaCl, released was determined
by measuring the concentration of Ca”* in the suspension. By tak-
ing advantage of the principle of heat-induced meting and release,
calcium chloride-loaded SLP was newly developed for heat-trig-
gered calcium ion release. Calcium chloride-loaded SLP was devel-
oped so that it can be used as heat-sensitive cross-linking particle
for the preparation of bulky alginate hydrogel (it is described in
detail in the section of Results and Discussion).

EXPERIMENTAL

1. Materials

Palm-based stearic acid (PBSA, stearic acid 38%/palmitic acid
61.5%) was provided by LG household and Healthcare. Tween 20,
Tween 80, Span 80, calcium chloride, and alginate were purchased
from Sigma-Aldrich Co. (St. Louis, MO, USA). Water was doubly
distilled in a Milli-Q water purification system (Millipore Corp.,
Billerica, MA, USA) until the resistivity was 18 MQ/cm. All other
reagents were of analytical grade.
2. Preparation of CaCl, Microparticles

2 g of CaCl, powder and variable amount of dispersant were put
in a mortar so that the weight ratio was 2:04, 2:0.2, 2:0.1 and
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Fig. 1. Schematic diagram for preparation of CaCl,-laoded SLP and heat-triggered calcium ion release out of SLP.

2:0. The mixture of Tween 80/Span80 (35/65, w/w) was used as
dispersant. CaCl, powder with or without dispersant were ground
in the mortar for 1 hr. The size of CaCl, microparticles was deter-
mined using an image analyzer (Vernier, LQ2-LE). CaCl, microparti-
cle was prepared using the mixture of which CaCl,/dispersant ratio
was 2:04, 2:0.2,2:0.1 and 2: 0 will be termed as CaCl, (2:0.4),
Ca(Cl, (2:0.2), CaCl, (2:0.1) and CaCl, (2: 0), respectively.

3. Preparation of Lipid Microparticles

0.2 g of Tween 20 (an emulsifier) was dissolved in 40 ml of dis-
tilled water contained in a 100 ml beaker so that the concentra-
tion was 0.5%, and the solution was heated to 85°C. 2 g of PBSA
was put in a 20 ml vial and it was melted in a water bath of the same
temperature. While the aqueous phase was being stirred using a
3 cm-long magnetic bar at either 200 rpm, 400 rpm or 800 rpm,
the molten PBSA was slowly put into the water phase and subse-
quently the two phase system continued to be stirred for 5min at
85°C for emulsification. Immediately after emulsification, the hot
emulsion was cooled by immersing the emulsion-containing bea-
ker in 500 ml of ice water (0.5 °C) contained bath and stirring the
emulsion at 200 rpm using a 3 cm-long magnetic bar until the tem-
perature of emulsion became around 20 °C.

To investigate the effect of dispersant amount on the size, the
shape, and the thermal stability of SLP, variable amount of disper-
sant was added to 2 g of molten PBSA so that the weight ratio of
PBSA to dispersant was 2:0.02, 2:0.05, and 2:0.1,2:1, and 2: 3.
The mixtures of molten SA and dispersant were emulsified at 200
rpm and all other conditions were exactly the same as described

previously.

When CaCl,-loaded SLPs were prepared, 0.42 g of CaCl, (2:0.1)
(CaCl, microparticle prepared using a mixture of which CaCl,/dis-
persant ratio was 2:0.1) was added to 2 g of molten PBSA. The
mixture of molten PBSA and CaCl, (2:0.1) was emulsified at 200
rpm and all other conditions were exactly the same as described
above.

Unenveloped CaCl, microparticles were removed from SLPs by
dialysis. The suspension of SLPs containing CaCl, (2:0.1) was freeze-
dried, and 100 mg of the dry SLPs and 10 ml of distilled water were
put together into a dialysis bag (MWCO 10,000). It was dialyzed in
800 ml of distilled water contained in a 1 L-beaker for 24 h and dia-
lyzed again for another 24 h after the dialysate was replaced with
the same amount of fresh distilled water. The concentration of Ca™*
in the dialysate was determined with time lapse using a calcium
ion detector (Vernier, LQ2-LE).

4. SEM-EDS

The suspension of SLP containing CaCl, (2:0.1) was freeze-dried
before and after unenveloped salt was removed by dialysis. The freeze
dried SLPs were laid on metal stubs, coated with gold by sputter-
ing technique. The SEM photos were obtained on a scanning elec-
tron microscope (Hitachi S-4800) installed at Central Laboratory
in Kangwon National University. The composition of the SLP sur-
face was examined by SEM-EDS analysis on the electron micro-
scope equipped with energy dispersive X-ray spectrometer.

5. Differential Scanning Calorimetry
PBSA, dry SLP, dry SLP containing dispersant, and dry SLP
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containing CaCl, (2:0.1), 5mg of each was weighed into an alu-
minum pan (Tzero), and the DSC curves were recorded in 20-100 °C
on a differential scanning calorimeter (DSC Q2000, TA Instruments,
USA) at the heating rate of 2 °C /min.
6. Release of Ca’" from SLP

20 mg of dry SLP containing CaCl, (2:0.1), subjected to dialysis
and thus free of free salt, was put into 2 ml of distilled water con-
tained in a glass vial. The temperature of the SLP suspension was
kept to 20°C, 30°C, 40 °C, 50 °C, 60 °C, and 70 °C for 22 h by im-
mersing the vial in a water bath. The concentration of Ca™ in the
SLP suspension was detected using a calcium ion detector (LQ2-
LE). The release degree was defined as the percent of the amount
of CaCl, released with respect to the total amount of CaCl, envel-
oped in SLP.

(A)
.
=
(C)

RESULTS AND DISCUSSION

1. Preparation of CaCl, Microparticles

Fig. 2(A) shows the optical microphoto of CaCl, (2: 0.4), CaCl,
(2:0.2), CaCl, (2:0.1) and CaCl, (2:0). Large lumps rather than
particles were found on the photo of CaCl, (2:0.4) (Fig. 2(A)(a)).
When Cadl, to dispersant ratio was 2 : 0.4, CaCl, powder was com-
pletely wet due to the excess amount of dispersant; thus the ground
mixture (CaCl, (2:0.4)) was a kind of paste. On the other hand,
dispersed particles were found on the photo of CaCl, (2:0.2), CaCl,
(2:0.1) and CaCl, (2:0). Fig. 2(B) shows the size distribution of
CaCl, (2:0.2), CaCl, (2:0.1) and CaCl, (2:0). The size of CaCl,
(2:0.2) was a few to tens of um and the particles in the range of
3-4 pm were the most frequently found. The particle size greater
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Fig. 2. Optical microphoto (A) of CaCl, (2:0.4) (a), CaCl, (2:0.2) (b), CaCl, (2:0.1) (c) and CaCl, (2:0) (d). Each bar in the photo rep-
resents 10 um. Size distribution (B) of CaCl, (2:0.2) (a), CaCl, (2:0.1) (b) and CaCl, (2:0) (c). Size distribution of CaCl, (2:0.4)

could not be determined.
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than 10 pum is due to the agglomeration of particles (see Fig. 2(A)(b)).
When the CaCl, to dispersant ratio was 2 : 0.2, the amount of dis-
persant seemed to be still excessive and it might cause the particle
agglomeration. The particle size of CaCl, (2:0.1) was in the range
of 1-5 um and the particles in the range of 2-3 um were the most
frequently found. The particle size greater than 10 m was seldom
found (see Fig. 2(A)(c)). The size of CaCl, (2:0) was a few to tens
of um and particles greater than 10 um were the most frequently
found. When the CaCl, to dispersant ratio was 2: 0, CaCl, could
hardly be broken down into smaller particles, possibly because there
was no dispersant in the preparation. Since smaller particles could
be obtained with the aid of dispersant (Tween 80/Span80 (35/65,
w/w)), it can be said that dispersant (Tween 80/Span80 (w/w)) was
effective in helping to micronize CaCl,. When the hydrophilic and
lipophilic balance of a surfactant falls within 9-11, the surfactant
can be used as a dispersant [14]. In fact, the HLB of the mixture of
Tween 80/Span80 (35/65, w/w) is estimated to be 11 [15], so the
mixture is believed to play a role in dispersing CaCl, particles. And
following the result described above, it can be said that CaCl, to
dispersant ratio of 2: 0.1 was the best choice among the ratios tested.
2. Preparation of Lipid Microparticles

Fig. 3 shows the optical microphoto and the size distribution of
SLPs prepared at the stirring speed of 200 rpm, 400 rpm and 800
rpm. When the stirring speed was 800 rpm, the diameter of parti-
cles was in the range of 3-40 um and the particles in 10-20 um were
the most frequently found. When it was 400 rpm, the diameter was
in the range of 10-50 um and the particles in 10-30 pum were the

(A)
(B)

Calcium concentration(mg/L)

0 4 8 12 16 20 24 28 32 36 40 44 48
Time(h)
Fig. 4. Concentration of Ca® in dialysate (water) with time lapse.

most frequently found. When 200 rpm, the diameter was in the
range of 10-150 um and the particles in 50-150 pm were the most
frequently found. As the stirring speed is higher, the shear force is
stronger and the size of oil droplet is smaller. Since one of the ob-
jectives of the present work is to envelop CaCl, in SLP, larger SLPs
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Fig. 3. Optical microphoto (A) of SLPs prepared at the stirring speed of 200 rpm (a), 400 rpm (b) and 800 rpm (c). Each bar in the photo
represents 50 pm. Size distribution (B) of SLPs prepared at the stirring speed of 200 rpm (a), 400 rpm (b) and 800 rpm (c).
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are likely to be favorable. Thus, the stirring speed of 200 rpm was
chosen for the preparation of CaCl,-laoded SLPs.

Fig. 4 shows the concentration of Ca™ in dialysate (water) with
time lapse. The concentration increased for the first 8 h and no sig-
nificant change was observed during the rest of the period. The
concentration increase is because unenveloped CaCl, was dissolved
in water and Ca™* released out of the dialysis bag. The almost con-
stant concentration in the later stage is due to the equilibrium be-
tween the inside and the outside of the dialysis bag. After the dial-
ysate was replaced with fresh distilled water, the concentration of
Ca” in the dialysate was close to zero and almost constant for 24 h.
This means that free Ca* was removed out of dialysis bag for the
first 24 h. Using the concentration of Ca** detected in the dialy-
sate, the amount of unenveloped CaCl, and the specific loading
were calculated to be 0.034 mg/mg and 0.036 mg/mg, respectively.
3. SEM-EDS

Fig. 5 shows the SEM photos of dry SLPs containing CaCl, (2:
0.1) obtained by freeze-drying before and after they were dialyzed.
On the SEM photo of the SLP before dialysis, some particles were

Fig. 5. SEM photos of dry SLPs containing CaCl, (2:0.1) obtained
by freeze-drying before (A) and after (B) they were dialyzed.
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tens of micrometers in diameter and others were more than 100
pm. On the SEM photo of the SLP after dialysis, particles fell within
the size range of particles that were not subjected to dialysis. Since
the continuous matrix material, PBSA, was relatively in excess com-
pared with the discontinuous core material, CaCl,, (the weight ratio
of PBSA to CaCl, in SLP containing CaCl, (2:0.1) was 2:0.4), SLP
would have maintained its integrity even if all CaCl, particles envel-
oped in SLP had been leached out during the dialysis. This may
account for why the particle size did not change markedly after dialy-
sis. The surface of SLP was rough whether it underwent dialysis or
not. SLP was prepared in an aqueous phase; thus CaCl, particles at
the oil/water interface would have been dissolved in water phase,
leaving voids on the surface of the particle.

Fig. 6 shows the EDS spectra of dry SLPs containing CaCl, (2:
0.1) obtained by freeze-drying before and after they were dialyzed.
On the EDS spectrum of the SLP before dialysis, Ca signal was found
around 3.7 eV, and the content of Ca on the surface of SLP was eval-
uated to 3.54% (w/w). Because the suspension of SLP containing
CaCl, (2:0.1) was not dialyzed after it was prepared, the suspen-
sion would contain not only CaCl, particles within the SLP matrix
but also free Ca™/Cl" in its bulk aqueous phase. Upon the freeze-
drying of the suspension, the free ions in the bulk phase will be
precipitated out and deposited on the surface of the SLP. This can
account for why the surface of the SLP was salty. On the EDS spec-
trum of the SLP after dialysis, no trace of Ca signal was detected.
Because the suspension of SLP containing CaCl, (2:0.1) was exten-
sively dialyzed until no free Ca™ was detected, the suspension would
contain only CaCl, particles within the SLP matrix but not free Ca’'/
CI in its bulk aqueous phase. Accordingly; no free ions in the bulk
phase will be precipitated out and deposited on the surface of the
SLP by freeze-drying. This can account for why the surface of the
SLP was free of salt.
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Fig. 6. EDS spectra of dry SLPs containing CaCl, (2:0.1) obtained
by freeze-drying before (A) and after (B) they were dialyzed.
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4. Differential Scanning Calorimetry

Fig. 7 shows the DSC curve of PBSA, dry SLP, dry SLP contain-
ing dispersant and dry SLP containing CaCl, (2:0.1). PBSA exhib-
ited an endothermic peak around 56 °C. PBSA used in the present
study is composed of stearic acid/palmitic acid (38/62, w/w). The
melting point of stearic acid and that of palmitic acid is reported
to be 69.3 °C and 62.6 °C, respectively. The endothermic peak around
56 °C is believed to be the melting point of the mixture of the fatty
acids. Due to the different chain length, they can interfere with their
own crystalline structure by each other. Accordingly, the melting
point of PBSA could be lower than that of each fatty acid. Since
the melting point of PBSA was observed at one certain tempera-
ture, it can be said that PDSA is the molecularly homogeneous
mixture of SA and PA. The melting point of dry SLP was almost
the same as that of PBSA. It means that, during the melting and
the solidifying of PBSA which are required for the preparation of
SLB, the crystalline structure of the fatty acid was not altered. In
addition, Tween20 was used as an emulsifier for the preparation of
SLB so it would be at the interface of SLP/water. In this circum-
stance, even though the amount of Tween 20 was significant (the
weight ratio of PBSA to Tween 20 was 2: 0.2), the emulsifier would
hardly affect the crystal structure of the fatty acid core of SLP. Dry
SLP containing dispersant also exhibited its melting point at the
same position as SA did, indicating that dispersant (Tween 80/Span
80, 35/65 (w/w)) had no effect on the crystalline structure of PBSA.
Tween 80 could migrate to the oil/water interface during the emul-
sification due to its relatively high HLB number (16); however, Span
80 can be dissolved in the molten PBSA due to its relative low HLB
number (4.3) and affect the crystalline structure of the fatty acid
core of SLP. Nevertheless, the amount of Span 80 seemed to be too
small (the weight ratio of PBSA to Span 80 was 2:0.013, which is
the ratio in the final formulation of SLP containing CaCl, (2:0.1))
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Fig. 8. Release of Ca™* from SLP at 20 °C (@), 30°C (O), 40°C ('¥),
50°C (A), 60°C (H), and 70 °C (1) for 22 hr.

to affect the crystal structure of the solid fatty acid. The melting
point of dry SLP containing CaCl, (2:0.1) was found at almost
the same position as that of PBSA. CaCl, is not dissolved in the
lipid matrix of SLB, and it is enveloped in SLP as particles but not
as molecules. Thus, there will be no effect of CaCl, on the crystal-
line structure of the solid PBSA.
5. Release of Ca®* from SLP

Fig. 8 shows the release of Ca™* from SLP at 20 °C, 30 °C, 40 °C,
50 °C, 60 °C, and 70 °C for 22 hr. When the temperature of release
medium was 20-50 °C, no appreciable amount was released. The
matrix of SLP containing CaCl, (2:0.1) will be in a solid state at
those temperatures because the melting point was found around
56 °C (Fig. 7). CaCl, particles would be stuck in the solid matrix and
it would hardly have a chance to contact the surrounding water.
When the temperature of release medium was 60 °C, the release
degree increased slowly for the first 14h and then no appreciable
release was observed during the rest of the period, and the maxi-
mum release degree was about 2.3%. Since 60 °C is higher than
the melting point of the SLP containing CaCl, (2:0.1), the matrix
of the lipid particle will be in a liquid state. Accordingly, CaCl, parti-
cles can move freely and they will have the chance to contact the
surrounding water, leading to the release. The release degree will
depend on the number of CaCl, particles which can reach the sur-
rounding water, and the frequency of the particles to contact water.
Because 60 °C is just above the melting point of the matrix of lipid
particle, the molten lipid will be somewhat viscous. In this circum-
stance, CaCl, particles near oil/water interface could contact water
but not the particles in the middle part of molten oil droplet. In
addition, the frequency of the particles to contact the surrounding
water would be relatively low due to the viscous molten lipid. When
the temperature of release medium was 70 °C, the release degree
increased in a saturation manner and the release profile resembled
that observed at 60 °C. However, the release degree at a given time
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was much higher than that obtained at 60 °C. The viscosity of mol-
ten lipid at 70 °C will be lower than that at 60 °C. Hence, CaCl, parti-
dles at the higher temperature will move more freely and they will
have more chance to contact the surrounding water, causing a more
extensive release. Due to the lower viscosity of molten lipid at 70 °C,
CaCl, particles in the deeper part of molten lipid droplet could reach
the water/oil interface. In addition, the frequency of the particles
to contact the surrounding water would also be higher. These may
explain why the degree release was higher at the higher temperature.

Why is melting-induced calcium chloride release needed? Mul-
tivalent ions such as Ca™, Mg’*, and AI’* can cross-link alginate, a
negatively charged polysaccharide, through electrostatic interaction
[16,17]. Calcium chloride is usually used as a cross-linking agent
for the preparation of alginate hydrogel bead (a few millimeters in
diameter). The alginate bead is prepared by dropping the aqueous
solution of alginate into aqueous solution of calcium chloride. The
cross-linking takes place so fast that the droplets are solidified into
beads immediately after they are dropped into calcium chloride
solution. The surface of droplet will be cross-linked first, and then
the interior of the droplet will be. For the cross-linkage through-
out droplets, Ca™ should diffuse into the droplet; thus the beads
formed are usually stirred for a few hours. However, there is a prob-
lem with the interior cross-linking when the bulky lump of alginate
hydrogel (e.g., when the dimension is 10-30 cm) is prepared, because
it takes a long time for Ca™ to diffuse into the lump and cross-link
the interior. One of the strategies to circumvent this problem is to
use calcium chloride-loaded SLP as a thermo-sensitive cross-link-
ing particle. Calcium chloride-loaded SLP can be homogeneously
dispersed in aqueous solution of alginate without cross-linkage of
the polysaccharide. If the mixture is heated to a temperature higher
than lipid melting point, calcium chloride will be dissolved out of
SLP. As a result, the cross-linking will take place everywhere in the
alginate solution at the same time. Therefore, calcium chloride-
loaded SLP can be used as thermo-sensitive cross-linking particle
for the preparation of bulky alginate hydrogel.

CONCLUSION

CaCl,-loaded SLPs were successfully prepared by a melt/emulsi-
fication/solidification method. The diameter of CaCl,-loaded SLP
was 10-150, and the lipid particles in 50 pm-150 pm were the most
frequently found. The specific loading of CaCl, in SLP was calcu-
lated to be 0.036 mg/mg. The surface of SLP was rough on the SEM
photo possibly because CaCl, particles embedded at the lipid/water
interface would have been dissolved in water phase, leaving voids
on the surface of the particle. An EDS spectrum of CaCl,-loaded
SLP confirmed that the unenveloped CaCl, was completely removed
by dialysis. Neither dispersant nor Tween 20 or CaCl, had little
effect on the melting point of SLPs, indicating that they hardly dis-
turb the crystalline structure of the fatty acid particle. No apprecia-
ble amount of Ca™ was released out of SLP for 22 h from 20-50°C,
which is below the melting point of SLP (around 56 °C). However,
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an appreciable amount of Ca™ was released above the melting point,
and the maximum release degree at 60 °C and 70 °C was about 2.3%
and 8.7%, respectively, during the same period. The matrix of the
lipid particle was in a liquid state above the melting point, so CaCl,
particles can move freely and they will have the chance to contact
the surrounding water, leading to the release. CaCl,-loaded SLP
developed in the present study could be used as thermo-sensitive
cross-linking particle for the preparation of bulky alginate hydrogel.

ACKNOWLEDGEMENTS

This work (Grant No. C0143025) was supported by Business
for Cooperative R&D between Industry, Academy, and Research
Institute funded Korea Small and Medium Business Administra-
tion in 2014.

REFERENCES

1. A. Madene, M. Jacquot, J. Scher and S. Desobry, Int. J. Food Sci.
Technol., 41, 1 (2006).

2. P. Aebischer, M. Schluep, N. Déglon, J. M. Joseph, L. Hirt, B. Heyd,
M. Goddard, J. P Hammang, A. D. Zurn, A. C. Kato, E Regli and
E. E. Baetge, Nat. Med., 2, 696 (1996).

3. C. Freitas and R. H. Miiller, In. J. Pharmaceut., 168, 221 (1998).

4. E. Zimmermann and R. H. Miille, Eur. J. Pharm. Biopharm., 52,
203 (2001).

5. L. Paasonen, B. Romberg, G. Storm, M. Yliperttula, A. Urtti and
W. E. Hennink, Bioconjugate Chem., 18, 2131 (2007).

6. S. Matsuoka, N. Matsumori and M. Murata, Org. Biomol. Chem.,
1, 3882 (2003).

7.C. Carbonea, B. Tomaselloa, B. Ruozib, M. Renis and G. Puglisi,
Eur. J. Med. Chem., 49, 110 (2012).

8.Z. Mei, X. Li, Q. Wu, S. Hu and X. Yang, Pharmacol. Res., 51, 345
(2005).

9. E.B. Souto, S. Doktorovova, E. G. Mira, M. A. Egea and M. L. Gar-
cia, Curr. Eye Res., 35, 537 (2010).

10. C. Rudolph, U. Schillinger, A. Ortiz, K. Tabatt, C. Plank, R. H.
Miiller and J. Rosenecker, Pharm. Res-Dordr., 21, 1661 (2004).

11. M. L. Bondi, A. Azzolina, E. E Craparo, N. Lampiasi, G. Capuano,
G. Giammona and M. Cervello, J. Drug Target., 15, 295 (2007).

12. M. Malmsten, Soft Matter., 2, 760 (2006).

13. A. Jaina, A. Agarwala, S. Majumder. N. Lariya, A. Khaya, H.
Agrawal, S. Majumdar and G. P. Agrawal, J. Controlled Release, 148,
359 (2010).

14. A.M. Atta, M. E. Abdel-Rauf, N. E. Maysour, A. M. A. Rahiem and
A. A. Abdel-Azim, J. Polym. Res., 13, 39 (2006).

15. C.W. Pouton and C.J.H. Porter, Adv. Drug Deliv. Rev, 60, 625
(2008).

16. P. Gacesa, Carbohydr. Polym., 8, 161 (1988).

17. G.T. Grant, E. R. Morris, D. A. Res, J. C. Smith and D. Thorm, FEBS
Lett., 32, 195 (1973).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


