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The aim of this study was to encapsulate, L-ascorbic acid, in biopolymers in order to obtain (i) enhancing
its encapsulation efficiency (i) increasing drug release ratio using different pH mediums. Microparticles based on
polycaprolactone, polyethylene glycol and casein are prepared by spray drying technique. Microparticles are in vitro
characterized in terms of yield of production, particle size, morphology, encapsulation efficiency, and drug release.
In this manner, the importance of the study is producing of a stable and effective drug encapsulation system by
PCL-PEG-CS polymer mixture by spray dryer. We achieved minimum 27.540+0.656 um particle size with 0.512
m?/g surface area, 84.05% maximum drug loading, and 68.92% drug release ratio at pH 9.6. Release profiles are
fitted to previously developed kinetic models to differentiate possible release mechanisms. The Korsmeyer—Peppas
model is the best described each release scenario, and the drug release is governed by non-Fickian diffusion at pH
9.6. Our study proposed as an alternative or adjuvants for controlling release of L-ascorbic acid.
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INTRODUCTION

Drug delivery research aims to conveniently adminis-
ter complex drugs to the target tissue in the biological
system in a more stable and reproducible controlled way
so that it would achieve higher activity at a minimal dose
for prolonged period at the site devoid of side effects.
Entrapment of a drug into a polymeric system may
protect the drug from inactivation and help to retain
its activity for prolonged durations, decrease its toxicity,
dosing frequency and offers flexibility in administration’.

Drug encapsulation in colloidal delivery systems is an
efficient approach to improve the pharmacokinetics of
hydrophilic drugs®. These carriers encompass a broad
range of dispersion systems ranging from submicron emul-
sions to colloidal particles, such as bio-based polymeric
(polycaprolactone (PCL), polyethylene glycol (PEG),
chitosan, casein (CS), and starch) aiming to protect the
drug against degradation, sustain drug release, increase
patient comfort by avoiding repetitive bolus injections
or the use of perfusion pumps and reduce side effects®>.

L-ascorbic acid, commonly called vitamin C, is a
highly abundant and essential metabolite for plants and
animals. It is an important dietary supplement for some
animals, such as primates and humans, which lack the
capacity to synthesize L-ascorbic acid. It has attracted
considerable attention from the scientific community
due to their numerous beneficial effects for human
health, which include antioxidant and immune booster
effects’. Unfortunately, while L-ascorbic acid provides
beneficial therapeutic effects, its stability also easily ef-
fected temperature, sun-light and O,. Thus, encapsulation
of L-ascorbic acid would provide a stable and highly
effective drug’.

Spray-drying is known to be a convenient one-step
process for the continuous conversion of liquid formula-
tions into dry particulates, which is well-established in
many relevant branches such as the chemical, food or
pharmaceutical industry, due to the high flexibility to
manipulate particle properties (e.g. size and morphol-
ogy)®. It results in powders with good quality, low water

activity, easier handling and storage® '°. Equipment is
readily available and production costs are lower than most
other methods. Another advantage of spray drying is that
it is possible to control particle size and morphology by
varying process parameters and formulation. This is of
great importance for the preparation of powders for drug
encapsulation. Therefore, spray drying can be considered
as an interesting alternative to any other methods for
the preparation of amorphous solid dispersions, soluble
complexes, encapsulated systems, solid self-emulsifying
systems and nano-dispersions of poorly soluble drugs'-2.

On the basis of these remarks, aim of this work was
the encapsulation of L-ascorbic acid in microspheres
based on bio-based polymers (PCL-PEG-CS) in order
to obtain (i) enhancing of encapsulation and (ii) increas-
ing of drug release ratio simulated with different pH
mediums. We used ternary polymer mixture to obtain
best performance from an encapsulation material because
a combination of these materials can achieve superior
characteristics than each component individually and
spray dryer was our tool to obtain microspheres. The
study includes three different steps: first step is to evalu-
ate effects of spray drying conditions and composition
of the microencapsulating formulation; second part is
encapsulation of L-ascorbic acid; final part is controlled
release potential of the prepared formulations employing
plain and is followed by monitoring their in vitro drug
release profile.

MATERIAL AND METHODS

Material

Polycaprolactone with M, = 10.000 g/mol, M, = 14.000
g/mol and casein from bovine milk are purchased from
Sigma-Aldrich. Polyethylene glycol (PEG-6000) is a gift
from Ashland Inc. L-ascorbic acid powder (Vitamin C)
is also obtained from Sigma-Aldrich. Acetic acid (Merck)
and formic acid (Merck) are used as solvent agents for
polymer mixtures and used without any further purifi-
cation. Oxalic acid and 2.6-Dichloroindophenol sodium



salt hydrate are used to determine L-ascorbic acid in
UV spectrum.

Preparation of polymer mixture

PCL+PEG+CS polymer mixture solutions are pre-
pared by acetic acid-formic acid solutions with 3:7 (v/v)
ratios for ~24 h, followed by a filtration step (1.5 um;
934-AH® Binderless Glass Microfiber Filter Media). The
value of 3:7 (v/v) acetic acid:formic acid is determined
by previous studies*'%. Polymer amounts are 10 wt%
and mixtures are prepared by 1:1:1 (wt/wt) ratio.

Drying, drug loading and drug release studies

Although in industrial spray drying processes, disper-
sions with high solid concentration are recommended
(>30%) to reduce costs and increasing drying efficiency,
in this study dispersions with low concentration of total
solids were selected in order to avoid obstruction of the
pneumatic nozzle when using blends with the highest
concentration of gum'’,

Polymer solutions are fed to spray dryer (Yamato ADL
310 lab scale spray dryer) by a peristaltic pump and first
of all, best drying conditions are determined by chang-
ing drying temperature (120°C, 135°C, and 150°C) and
feed flow rate (3 mL/min, 6 mL/min, and 9 mL/min).
Atomizer pressure is constant at 1 barg.

Secondly, particle diameter and particle size distribu-
tion are determined and L-ascorbic acid in different
weight ratios are loaded for microsphere which have
the lowest particle diameter. L-ascorbic acid loading
studies are done by indirect loading (pH 7.0) of drug
to microspheres at 25°C and 200 rpm. L-ascorbic acid
contents are 5 wt%, 10 wt%, and 15 wt%, respectively.
Encapsulation efficiency is calculated by Eq. 1'%

Final L—ascorbic acid amounts
Initial L—ascorbic acid amounts

Encapsulation ef ficiency % =

)
Liquid phase is analyzed by UV at 518 nm to calcu-
late Eq. (1)"?2. Calculations in drug release step of the
study are also done by UV. 0.5 mg blend/1 mL release
medium with different pH saline solutions (pH 2.8, 7.4,
and 9.6) ratio is used. Polymeric drug is dispersed in the
release medium and incubation occurred at 25°C with
shaking. Drug release is calculated by Eq. (2)".

(3
Drug release % = #xlﬂ(}
- C0)

(@)
Where;

C(t) refers to drug amount in any time and C(0) to
drug amount at t = 0.

Methods

Particle Size Analyzer (Malvern Mastersizer 2000),
Mastersizer is used to obtain particle size diameter with
distribution. Scanning Electron Microscopy (SEM-Jeol,
JSM-6390 LV) is used to obtain morphological structures
of microspheres. Particle morphology is determined by
this way. Thermogravimetric analysis or thermal gravi-
metric analysis (TGA, Perkin-Elmer Diamond TG/DTA)
is used to analyze blend structure. Ultraviolet Analysis
(UV-UV Mini 1240 SHIMADZU) is used to calculate
drug encapsulation efficiency and drug release ratios.
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RESULTS AND DISCUSSION

Yield and particle size distribution with standard devia-
tion are shown for all studies in Figure 1 and Figure 2,
respectively. Due to the Figure 2, Mastersizer analyses
are done 3 times and particle diameter distribution is
determined by standard deviation of the results. Final
values demonstrate particle size [um] with standard
deviation of PCL-PEG-CS microspheres. Figure 1 de-
termines that drying efficiency increase by decreasing
of flow rates at 120°C, 135°C and 150°C. The cause of
these results are that increasing drying temperature
resulted in agglomeration of polymer mixture, so contact
time with polymer mixture and drying temperature had
adversely effect on diameter distribution?. Due to these
results, 135°C and 3 ml/min are the best drying condi-
tions because the lowest particle diameter and highest
surface area are also obtained with 27.540+0.656 um
particle size with 0.512 m?/g surface area in this study.
The yields from spray drying have also been significantly
decreased at higher flow rates due to the less contact
time with hot drying air®.

Figure 1 shows the tendency of the yield to be higher
when the spray rate was low. Additionally, particle size
diameters are increased at higher spray rates as seen
in Figure 2. It is revealed that we have to avoid higher
spray rates because of its reverse effect on encapsulation
material.
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Figure 1. Yield [wt%] at different drying temperature [°C]
and flow rates [ml/min]
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Figure 2. Particle diameter [um] with standard deviations at
different drying temperature [°C| and flow rates [ml/
min|

SEM micrographs are shown in Figure 3 for PCL-
-PEH-CS microsphere obtained at 135°C and 3 ml/min.
Observing the external morphology, particles show
a spherical shape and various sizes with no apparent
cracks or fissures, which is an advantage, since it implies
that capsules have lower permeability to gases, increas-
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Figure 3. SEM micrographs of PCL-PEH-CS microsphere (a)
5,000X; (b) 9,000X; (c) 10,000X

ing protection and retention of the active ingredient
(L-ascorbic acid). Moreover, the variety in size is a typi-
cal characteristic of particles produced by spray drying.
The mixtures of different wall materials are influenced
on microparticles morphology® %%, As well, the picture
shows that there are no agglomeration and adherence
between microspheres during drying process.

TGA curve for PCL-PEG-CS bio-blend is shown
in Figure 4. The sample is placed in furnace and it is
burned in the N, atmosphere without O, with the ramp
30°C/min up to 800°C. TGA scan is obtained from the
measurement to determine decomposition temperature
and char yield.

When heating a ternary blend (PCL-PEG-CS),
three well-separated peaks are obtained on the TGA
thermogram as shown in Figure 4. Customarily, the
peak temperatures are referred to the degradation
temperatures of the blending components?”. Figure 4
shows encapsulation material thermal degradation and
it begins about 200°C with CS degradation, following
at 350°C with PCL degradation and finalized at 400°C
with PEG-6000 degradation.
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Figure 4. TGA curve of PCL-PEG-CS microsphere obtained at
135°C, 3 ml/min

Drug encapsulation studies are performed under three
different L-ascorbic acid concentrations (5 wt%, 10 wt%,
and 15 wt%) at pH 7.0 with different loading time and
PCL-PEG-CS particle amounts. It is expected that en-
capsulation efficiency of a drug changes depending on
structures of the microspheres®. Particle diameter also
affects the encapsulation efficiency. Drug-encapsulated
amount depends on surface area of the microspheres.
Microsphere obtained at 135°C and 3 ml/min is used
in drug loading studies because this microsphere had
the lowest particle diameter and also best distributed
particles due to the Mastersizer analyses (see also in
Fig. 1 and 2). Figure 5 and Figure 6 indicate that how

much L-ascorbic acid is encapsulated due to the time
and particle amount, respectively. All measurements
were carried in triplicate and values are presented as
the mean = standard deviation (SD).

Figure 5 shows drug absorbance is achieved peak value
(84.05% loading efficiency) in one hour; thereafter it
is smoothly decreased in all L-ascorbic acid solutions.
SD values are calculated *4.0, £2.5 and *1.5 for drug
loading environment at 5 wt%, 10 wt% and 15 wt% L-
-ascorbic acid solutions, respectively.
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Figure 5. Effects of drug loading time on encapsulation of
L-ascorbic acid

Although there is no significant difference, Figure 6
indicates that the encapsulation efficiency tended to
increase from 0.5 to 2.0 mg particle/mL L-ascorbic acid
solution. On the contrary, increasing weight percent of
L-ascorbic acid in solution significantly increased loading
rates. It changes from 49.93% to 84.05% by PCL-PEG-
-CS microsphere amounts from 0.5 to 2.0 mg particle/
mL solution. It is also facts that low diameter and well
distributed structure of microspheres are reasons to gain
high L-ascorbic acid loading values®. Thus, when highly
water-soluble drugs, such as L-ascorbic acid, are encap-
sulated using ternary polymer blends, % encapsulations
achieved are expectably high. SD values are calculated
*5.0, £2.9 and *1.5 for drug loading environment at
5 wt%, 10 wt% and 15 wt% L-ascorbic acid solutions,
respectively.

In-vitro release profiles of L-ascorbic acid from the
microspheres produced by PCL-PEG-CS are shown
in Figure 7. Experimental uncertainties in the % drug
released, based on three replicates, are approximately
changed from 3.4% to 5.7%.
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Figure 6. Effects of particle amount on encapsulation of
L-ascorbic acid
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Figure 7. L-ascorbic acid release with different pH mediums in
8 hours

The % drug release initially in 2 h is 17.21 *+3.36 at
pH 2.8, 13.84 £3.50 at pH 7.4 and 33.39 =5.7 at pH
9.6. Maximum drug release ratio achieved in 6 h is 68.21
+5.7 at pH 9.6. The results indicate that L-ascorbic acid
in the bioblend based microspheres are easily degraded
higher pH values particularly at basic scale. Previous stud-
ies are showed that casein is soluble at basic pH values
because of this reason L-ascorbic acid release are more
effective at pH 9.6*. In additionally, since CS degraded
L-ascorbic acid release is increased, it also indicates CS
and L-ascorbic acid interaction is stronger than PCL
and PEG. Due to the previous studies, our experiments
showed that results are very encouraging particularly
with high drug release ratio for a new L-ascorbic acid
delivery drugs by PCL-PEG-CS based blends® " 7.

To describe drug release mechanism more precisely,
there is a more comprehensive but still very simple
semi-empirical formulations, called zero order kinetics,
first order kinetics, Higuchi, Hixson-Cromwell, and the
Korsmeyer-Peppas power law®" ¥ %, So the drug release
data were fitted to these kinetic models to analyze the
release kinetics and the mechanism from the polymeric
drugs. Based on the best correlation coefficient values,
the most appropriate model was selected to explain the
release behavior of the drug. The values of the release
exponent (n), kinetic rate constant (k) and the correlation
coefficient (R?) are tabulated in the Table 1. L-ascorbic
acid release from microparticles exhibits high correla-
tion with the Korsmeyer—Peppas semi empirical model,
with R? > 0.94. The values of “n” determined by the
Korsmeyer—Peppas semi empirical model, ranged from
0.259 to 0.553 as tabulated in the Table 1. The results
indicate that the formulations at pH 2.8 and pH 7.4
exhibit Fick diffusion mechanism (n<0.5), so the drug
release is governed by diffusion. The formulation at
pH 9.6 exhibits anomalous transport (i.e non-Fickian
diffusion mechanism), so the drug release is governed
by both diffusion of the drug and dissolution of the
polymeric network™®.
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CONCLUSIONS

The current study investigates the fabrication of
L-ascorbic acid drugs by bioblends for advanced spray-
drying applications. In comparison the spray dryer method
to others, we obtained much more uniform microspheres
and lower particle diameters. Significantly, the experi-
mental results indicate that to obtain particle diameter
27.540 +0.656 um with 0.512 m?/g surface area does
not need to any additive effects during drying process.
Furthermore, the microspheres can be straightforwardly
transformed into the L-ascorbic acid loaded drugs.
The dissolution rates of the drugs from PCL-PEG-CS
microspheres are clearly improved at higher pH as com-
pared to neutral and acidic pH values. The shift of the
mechanism from diffusion controlled to an anomalous
transport changing the pH of the medium from acidic to
basic conditions as seen drug release kinetic studies. It is
also indicated that drug release ratio can be adjustable
by this way, thus preventing the drug release until the
target has been achieved. Towards the aim of the study,
improving the vitamin C drugs, our method provides
easily procurable and effective solution.
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