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A B S T R A C T

A novel biocompatible and hydrophobic drug-loaded cellulose triacetate (CTA) aerogel was prepared using
supercritical antisolvent process for drug delivery system. In this work, it was investigated the influences of the
size and the distribution of drug in the CTA aerogels on the drug release property. All CTA aerogels showed high
loading capacity with 3D irregularly shaped nanoscale pores. The CTA/paracetamol (PA) aerogels had low
volume shrinkage and high drug content from 19.8% to 61.8% (w/w), with high specific surface area and
porosity. The distribution of drug was higher close to the surface in all CTA/PA aerogel. The smaller particles
and more uniform distribution of drug caused slower dissolution of drug from the hydrophobic CTA aerogel. The
wellness of Ritger-Peppas model fitting suggests that release of paracetamol from CTA aerogels follows Fickian
diffusion. The high drug uptake and slow release rate from CTA aerogel shows the high potential for pharma-
ceutical applications.

1. Introduction

The oral route, which is most popular approach for delivery system,
has contributed greatly to the treatment of diseases due to simple ad-
ministration, high patient compliance and low manufacturing costs
[1–3]. Recent studies are mainly focused on pharmacokinetic and

pharmacodynamic properties, such as drug release control and bio-
compatibility [4–7]. As for an acetylated derivative of cellulose
polymer, cellulose acetate (CA) have already attracted many attention
as a matrix for controlled drug release with non-toxic, remove from the
digestive tract in the body, good process and hydrophobic [8,9]. It is
found that using cellulose acetate as three-dimension scaffolds did not
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induce any toxic effects for cell and enhanced cell proliferation [10]. It
has recently been reported that the cellulose acetate nanofiber mats, on
account of good continuity and flexibility, large specific surface area,
high porosity and low cost, had been used as a matrix for controlling
drug release [11–13].

Aerogels, as the lowest density nanostructured solids, are attracting
increased attentions with large pore volumes and outstanding high-
surface area as hosts for loading with active compounds in drug de-
livery systems [14–16]. Moreover, aerogels as a drug matrix could load
high amounts of drugs, control the size of drug particles and increase
the stability of drug particles [17]. Drug release from the aerogel is
complex process and influenced by various factors as those involve
various mechanisms in the release processes. The hydrophilic network
matrix would swell or collapse once it contacts with the aqueous
medium to influence the release of drugs [18]. The aqueous medium
conditions, such as pH and temperature, can destroy the aggregate
structure of polymer and the pore size of aerogel to influence the drug
release [19]. The size of drug particles and pore size in the aerogel
determine the resistance of movement of drug [20].

In recent decades, both inorganic and organic aerogel have been
investigated as drug delivery systems [21–23]. The paracetamol was
loaded in the silica aerogel with supercritical gas process with 41%
drug content to show a fast release due to the collapse of hydrophilic
aerogel [24]. The biodegradability and biocompatibility of the natural
polymers are regarded as one of the most important matrix for drug
delivery. The paracetamol (PA) and ibuprofen had been reported to
load in starch aerogel in the range of 10–25% drug content and showed
fast drug dissolution rate [25]. However, those polysaccharide-based
aerogels swell or break during putting into water as its hydrophilicity,
which limits some potential applications. CTA aerogels would be an
advantageous drug delivery matrix due to their outstanding features,
such as low density, large specific surface area and porosity, non-toxic,
good process and hydrophobic. The large specific surface area and
porosity would be reached high drug loadings in the CTA aerogel [24].
Compared with hydrophilic starch aerogels [25] or cellulose aerogels
[7], the hydrophobic CTA aerogel could not be collapsed in the aqueous
medium, which may control the drug release behavior.

In this work, we evaluated the drug loading and release behavior of
3D cellulose triacetate (CTA) aerogel with supercritical antisolvent
(SAS) process to show the potential as matrix of slow-release drug for
pharmaceutical applications. Paracetamol (PA) was loaded into the
aerogel during the sol-gel process and precipitated by supercritical
carbon dioxide (scCO2). Drug release kinetics from 3D CTA aerogels
were measured at gastric and intestinal pH conditions. To the best of
our knowledge, there is still no investigation of the ability of cellulose
triacetate aerogels for drug loaded and release behavior so far. This
study aims at the influence of the size and the distribution of PA

particles in the hydrophobic CTA aerogel on the transport and release
rate of drug. Thus, our work is the first time to reveal the developed
that CTA aerogels can be potentially applied to pharmaceutical appli-
cations

2. Materials and methods

2.1. Materials

Cellulose triacetate (degree of polymerization=300; degree of
acetyl substitution= 2.85 tested according to ASTM D871 (2010)) was
supplied from Daicel Corporation (Osaka, Japan). Paracetamol (PA)
was purchased from Santa Cruz Biotechnology (Dallas, Texas,
American). Ethanol, 1, 4-dioxane, dimethyl sulfoxide (DMSO), hydro-
chloric acid (HCl) and phosphate buffer solution (PBS, pH=7.4) were
of analytical grade from Nacalai Tesque Inc. (Kyoto, Japan) and used
without further purification. Siphon grade CO2 was purchased from
Izumisangyo Corporation (Shizuoka, Japan).

2.2. Methods

2.2.1. Preparation of drug-loaded CTA aerogel
As Fig. 1 showed, cellulose triacetate (CTA) with different con-

centration of 1%, 2%, 4% and 8% (w/v) were dissolved in 1, 4-dioxane
on a magnetic stirrer at 70℃ about 3 h to form a homogeneous sol
solution. Paracetamol (PA) with concentration of 2% (w/v) was dis-
solved in ethanol (same volume as 1, 4-dioxane solution) with stirring
at 70℃ to obtain a transparent solution. Then the PA/ethanol solution
was slowly added to 1, 4-dioxane solution. The mixture was stirring for
another 5 h at same temperature to get homogeneous solution. The final
obtained CTA/PA aerogels with various weight ratios of CTA/PA, 5/10,
10/10, 20/10, and 40/10, were denoted as C5/P10, C10/P10, C20/P10
and C40/P10 respectively. The hot solution was poured into molds and
slowly cooled down to 20℃ to form polymers gel due to the phase se-
paration. Finally, the polymers gel was submitted to aging for 24 h at
20℃.

Drying the polymers gel in scCO2 was performed using setup of
automatic back pressure regulator BP-2080 Plus and a high perfor-
mance pump PU-2086 Plus (JASCO CO. Ltd, Japan) as shown in Fig. 2.
As the solvent containing 1, 4-dioxane and ethanol could dissolve in
scCO2, the polymers gel was directly dried by scCO2 without any sol-
vent change. The drug loaded polymers gel was put in a high pressure
vessel heated at 40℃. Then the high pressure vessel was closed and
filled with liquid CO2 until the pressure reach the operating tempera-
ture at 15MPa. In order to avoid the collapse of aerogel, the system was
depressurized to 10MPa at rate of 1MPa/min and continued to de-
pressurize to atmospheric pressure at rate of 0.2MPa/min at 40℃.

Fig. 1. Schematic illustration of the synthesis of CTA/PA aerogels.
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2.2.2. Characterization of neat and drug-loaded CTA aerogels
The volume of aerogels was calculated by measuring the diameter

and the height of cylinder aerogel. The actual density (Da) of neat and
drug-loaded aerogels was calculated by volume and the weight of the
aerogels after SAS process. The volume shrinkage (S) was calculated
according to the following equations:

= ×S V V
V

(%) 100%0

0 (1)

where V0 is the volume of polymers gel before the SAS process, V is the
volume of aerogel after the SAS process. All results were the averages of
five independent experiments.

The samples for Fourier-transform infrared spectroscopy (FTIR)
measurement were prepared by pressing into dried sheet. The FTIR
spectra of CTA aerogel and CTA/PA aerogel were obtained using
Spectrum One spectrometer (PerkinElmer Co., Ltd., Japan) equipped
with an attenuated total reflection accessory. Morphology of all aero-
gels were observed using scanning electron microscope (SEM, JSM-
6700 F, Japan). The element distribution of drug loading aerogels was
analyzed by the scanning electron microscopy equipped with an energy
dispersive X-ray spectrometer (SEM-EDS).

For Brunauer-Emmett-Teller (BET) measurement, the samples were
dried for 3 h under vacuum (< 1 Pa) at 120 °C using the BELPREP-vac Ⅱ
(Microtrac BEL, Japan). Specific surface area (SBET) of the CTA aerogels
and CTA/PA aerogels were calculated from low-temperature N2 ad-
sorption-desorption data using the BELSORP-mini Ⅱ (Microtrac BEL,
Japan). The porosity (P) of the CTA aerogels and CTA/PA aerogels were
calculated according to the following formula [26]:

=
× + ×

×P D
D C D C

(%) 1
(1 )

100%a

CTA a PA a (2)

where Da is the actual density of aerogel, DCTA is the density of cellulose
triacetate (DCTA =1290mg/cm3), DPA is the density of paracetamol
(DPA=1263mg/cm3), Ca is the actual drug loading content calculated
by formula (4).

2.2.3. In vitro drug release
Drug release rates of PA in aerogel were conducted either in 0.1M

phosphate buffer solution (pH=7.4) or in 0.1 N aqueous HCl solution
(pH=1.0) to simulate the digestive tract in human [27]. PA-loaded
aerogels were immersed in a 1 l glass jars containing the corresponding
drug release medium (500ml) with a constant agitation speed of
100 rpm at 37 °C. Samples solution (2ml) were taken from the bottom
of the solution at determined time for analysis by a UV-spectro-
photometer on model UV-2550 (Shimadzu Co. Ltd., Japan) at a max-
imum absorption wavelength of 244 nm for paracetamol. Each drug
release test lasted for 48 h.

The drug concentrations were calculated according to the linear
relationship between absorption and concentration. The linear coeffi-
cient between absorption and concentration of PA in 0.1 N HCl solution
(ℇHCl) and in PBS (ℇPBS) were calculated from the calibration solution
and known concentration of PA (ℇPBS = 0.0821, ℇHCl=0.0795).

2.2.4. Actual drug content of aerogel
The actual concentration of the PA in the CTA/PA aerogels was

measured by dissolving the aerogels in the dimethyl sulfoxide (DMSO)
solution. Then PA dissolved in the DMSO solution was added into the
0.1 N hydrochloric acid solution to use the known ℇHCl to calculate the
concentration of PA in the aerogel. There are no obvious effect by
adding little DMSO into the hydrochloric acid solution during using the
UV-spectrophotometer [16]. The designed drug content (Cd) and actual
drug loading (Ca) in CTA/PA aerogels were calculated according to the
following equations:

=
+

×C W
W W

(%) 100%d
PA

PA CTA (3)

where WPA is the weight of PA dissolved in ethanol, WCTA is the weight
of CTA dissolved in 1, 4-dioxane.

= × ×
×

×C A V
W

(%) 20 100%a
d

HCl (4)

where A is the absorption at 244 nm in the spectrum, Vd is the volume
of DMSO solution, W is the weight of aerogel dissolved in DMSO and
ℇHCl is the coefficient of linear relationship between absorption and PA
concentration in the hydrochloric acid. The loss content of PA (L) from
CTA/PA aerogels during SAS process was calculated according to the
following equations:

=
×

×L C C
C C C

(%) 100%d a

d d a (5)

where Cd is the designed drug content in CTA/PA aerogels, Ca is the
actual drug content in CTA/PA aerogels.

3. Results and discussion

3.1. Sol-gel process

Polymer gels are three-dimensional (3-D) polymer networks con-
taining large quantities of solvent but exhibiting solid-like behaviors.
After removing the solvent by scCO2, those gels become uniform me-
sopores and macropores materials which have the high potential in
drug delivery systems [28]. The phase separation is one of the most
important methods to fabricate polymer gels. Many polymer gels, such
as poly(acrylonitrile), poly(3-hydroxybutyrate) and poly(ethylene-co-

Fig. 2. Schematic representation of the SAS equipment (1: CO2 cylinder; 2: Valve; 3: Cooler; 4: Pump; 5: Pressure gauge; 6: High pressure vessel; 7: Oven; 8:
Automatic back pressure regulator).
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vinyl alcohol), were successfully prepared by phase separation method
by using a suitable solvent [29–31]. As Fig. 1 showed, CTA can dissolve
in 1, 4-dioxane and ethanol mixture solution at 70℃ to form a homo-
geneous solution. When the temperature changes to 20℃, the CTA-
mixture solvent affinity decreases to induce the CTA separation from
the mixture solution. In a polymer-rich phase, CTA molecules begins to
aggregate and serves as junctions to form 3D network polymer gels.
When the concentration of CTA was less than 5mg/cm3, the homo-
geneous solution will not become a monolithic CTA gel after cooling
down at 20℃. On the other hand, the CTA would not completely dis-
solve in 1, 4-dioxide and ethanol mixture solution as the CTA content
was more than 40mg/cm3. In this method, the concentration of CTA
was selected in the range of 5mg/cm3 to 40mg/cm3.

3.2. Shrinkage and density of CTA and CTA/PA aerogels

The parameters of CTA aerogels and CTA/PA aerogels were sum-
marized in Table 1. The density of aerogel, one of the most important
parameter, could influence the structure and the porosity of matrix to
influence the size of drug loaded in the aerogel. As shown in Table 1,
the actual density of aerogels (Da) were in the range of 6.5mg/cm3 to
53.52mg/cm3 when their designed density was the between of 5mg/
cm3 and 50mg/cm3. The aerogel generally shrinks, especially during
the drying process, resulting in a density greater than the designed
density [25]. Both CTA and CTA/PA aerogels shrunk by supercritical
antisolvent process with small volume shrinkage from 5.5% to 22.5%
due to the low capillary force between the CTA and the solvent. From
C5 to C40 or C5/P10 to C40/P10, the higher concentration of CTA lead to
lower volume shrinkage. High content of CTA would be easier to hold
the shape of aerogels due to the higher strength, resulting in less vo-
lume shrinkage. However, the C5 (density is 6.5mg/cm3) is one of the
ultralow-density bio-aerogels showing the high potential as a matrix in
drug delivery systems [24].

3.3. FTIR measurement

It was very important to check no chemical reaction between drug
and matrix when applied the drug-loaded aerogel in drug delivery
system [32]. In order to verify that, the infrared spectra of samples were
showed in Fig. 3. All spectra showed the same characteristic absorption
bands of cellulose triacetate, such as carbonyl C]O stretching of ester
absorption band near 1735 cm−1, the peak of CeH stretching of methyl
near ester around 1366 cm−1 and CeO stretching of acetyl group ab-
sorption band in a wave number of 1214 cm−1. In the IR spectra of
CTA/PA aerogel, it were obviously observed the absorbance peaks of
PA such as the NeH bending vibration of primary amines near
3326 cm–1 and 1565 cm–1, the peak of aromatic ring in a wave number
of 1609 cm–1, 1510 cm–1 and 1435 cm–1 and CeH stretching of para-

substituted benzene ring around 805 cm–1 [33]. All of those demon-
strated that there were no detectable chemical interactions between the
CTA and the paracetamol.

3.4. Morphology of CTA and CTA/PA aerogels

The surface skeletal framework of samples was observed by a
scanning electron microscope and the images are shown in Fig. 4. All
samples showed 3D network structure and irregularly shaped nanoscale
pores, which was the same as typically regenerated natural polymer
aerogel [25]. And, the pore size of CTA aerogels decreased with the
concentration of CTA increased (a, b, c and d in Fig. 4). The higher
concentration of CTA had larger density of CTA, resulting in smaller
size of pore.

The size and content of PA particles may influence the speed of drug
dissolution from the aerogel [4]. In this case, paracetamol (PA) was
loaded into the aerogel during the sol-gel process and precipitated by
supercritical antisolvent process. During sol process rather than other
drug loading techniques (e.g., during solvent exchange or supercritical
impregnation), the drugs were directly dissolved in the solution, which
is a simple and flexible way [34]. Supercritical antisolvent process is a
technology for allowing the solute to precipitate out from solution to
load in the pore of aerogel using scCO2 as an antisolvent [35–37]. In
this situation, the PA would form different size of particles due to dif-
ferent pore size in the aerogel. Compared with neat CTA aerogels, there
were obviously PA particles in the CTA/PA aerogels. When the actual
density of CTA aerogels was 16.8mg/cm3 (A in Fig. 4), the surface of
CTA/PA aerogels showed a large quantity of particles with the size from
1 μm to 20 μm. Compared with C40/P10 (D in Fig. 4), there were only
small PA particles (< 100 nm). Those demonstrated that the lower
concentration of CTA would have larger pore size to obtain bigger PA
particles.

From SEM images, a large amount of PA particles formed at the
surface of the CTA/PA aerogel (A, B, C and D in Fig. 4). In order to
figure out if all the PA precipitated at the surface of CTA/PA aerogel,
especially for C5/P10, the surface and the middle of CTA/PA aerogels
were measured by the EDS as shown in Fig. 5. The digital photo of C5/
P10 aerogel was shown in Fig. 5a. Even though there were no obviously
PA particles in the middle of CTA/PA aerogel (b in Fig. 5), the nitrogen
(N) element of PA was uniformly distributed in the middle of the CTA/
PA aerogel (d in Fig. 5). The nitrogen content at the surface was 6.1%
more than the middle 4.7%. It is suggested that the PA were loaded not
only in the surface of the aerogel, but also in the middle of the aerogel.
The size and content of PA particles would be larger at the surface.

The N2 absorption-desorption isotherms are shown in Fig. 6. The
isotherms of all samples exhibited type IV behavior and a significant
hysteresis behavior, indicating the open porous structure and the pre-
sence of mesopores in the aerogels [38]. The characterization data of

Table 1
Parameters of CTA aerogels and CTA/PA aerogels.

Samples CTAa

(mg/cm3)
PAb

(mg/cm3)
Sc (%) Ddd

(mg/cm3)
Dae

(mg/cm3)

C5 5 0 22.5 ± 1.4 5 6.5 ± 0.3
C10 10 0 16.9 ± 1.0 10 12.1 ± 0.3
C20 20 0 10.7 ± 0.7 20 22.7 ± 0.6
C40 40 0 5.5 ± 0.8 40 42.3 ± 0.3
C5/P10 5 10 21.2 ± 1.9 15 16.8 ± 0.2
C10/P10 10 10 16.3 ± 1.3 20 22.8 ± 0.4
C20/P10 20 10 9.0 ± 0.6 30 32.4 ± 0.4
C40/P10 40 10 6.9 ± 0.5 50 53.5 ± 0.4

a Designed CTA content.
b Designed PA content.
c The volume shrinkage of aerogel calculated by formula (1).
d The designed density of aerogel.
e The actual density of aerogel. Fig. 3. FT-IR spectra of CTA and CTA/PA aerogels.
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the CTA aerogel and CTA/PA aerogel were shown in the Table 2. The
specific surface area of aerogels was in the between of 162m2/g and
639m2/g. The higher specific surface area of aerogel (C5/P10) would
obtain higher drug content due to rule of thumb [17]. All aerogels had
very high specific pore and volume porosity (more than 95%), showing
a porous structure for high drug loading.

In this method, the ratio of CTA and PA was designed by changing
CTA content to control the PA content. From Table 2, the actual drug
content of CTA/PA aerogels was in the range of 19.8% to 61.8%, which
were slightly smaller than the designed drug content. During SAS

process, some PA dissolved in the ethanol and scCO2 was released from
the high pressure vessel as it was depressurized. As Table 2 showed, the
loss content of PA during SAS process was in the range of 1.1% to
18.5%, increased with the concentration of CTA decreased. Combined
with SEM measurement, higher concentration of CTA would have lower
pore size to increase the resistance of movement of drug move out to
the aerogel, resulting in the loss content of PA decreased.

Fig. 4. SEM images of the surface of CTA and CTA/PA aerogels (scale bars are 1 μm); Insets: scale bars are 10 μm; a) C5; b)C10; c) C20; d) C40; A) C5/P10; B) C10/P10; C)
C20/P10; D) C40/P10.
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Fig. 5. (a) The digital photo of C5/P10 aerogel; b) SEM image of middle of C5/P10 aerogel; c) N element of the surface of C5/P10 aerogel; d) N element of the middle of
C5/P10 aerogel.

Fig. 6. N2 absorption-desorption isotherms of CTA and CTA/PA aerogels: (a) C5; (b) C10; (c) C20; (d) C40; A) C5/P10; B) C10/P10; C) C20/P10; D) C40/P10.
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3.5. Distribution of PA in aerogel

Not only the size of drug particles, but also the distribution of drug
in the aerogel may influence the release process, such as sudden release
phenomenon and uneven release [4]. Combined with the results of SEM
and EDS measurement, the closer to the surface of aerogels would have
larger PA particles and higher content. Those were contributed by the
supercritical antisolvent process as shown in Fig. 7 [24]. First, the PA
was dissolved in the ethanol to obtain a homogeneous distributed
loaded CTA gels. Then CTA gels were penetrated from surface to the
middle by scCO2 as an antisolvent. With the concentration of the scCO2
increasing, when the organic solvent was dissolved and taken away by
the scCO2, PA started to precipitate at the surface of aerogels (A, B, C
and D in Fig. 4). The PA dissolved in the middle of gels moved to the
surface due to the concentration gradient. Finally, all of PA was loaded
in the CTA aerogel with all solvent exchange by scCO2, with higher
content and larger size of PA particles close to the surface as shown in
right of Fig. 7.

Compared with different concentration of CTA/PA aerogels, higher
content resulted in the smaller pore size to obtain smaller PA particles
at the surface of aerogels due to the bigger resistance to restrict the PA
move to the surface. In this method, the PA was more uniformly dis-
tributed in the aerogels as the CTA content increased.

3.6. In vitro drug release behavior

Although the release kinetic of drug depends on many complicated
factors, the drug release rate from aerogels is importantly related to the
structure of the aerogel and the distribution of drug in the aerogel [39].
The release kinetic of PA from all samples in PBS (pH=7.4) were
shown in Fig. 8. All the samples showed the sudden release phenom-
enon due to the higher content and size of drug at the surface of
aerogels. PA completely released in the PBS about 15min (star in
Fig. 8). Fast release rate of PA often required repeated dosing to achieve

a therapeutic effect resulting in severe side effects [1]. Other studies
previously reported that PA released from hydrophilic silica aerogels
for 30min [40], tablets using an extrusion based 3D printing process for
2 h [33], and ordered silica aerogels for 20 h [4]. In this work, the PA-
loaded in different concentration of hydrophobic CTA aerogels was
completely released for many hours to reduce repeated oral dosing.
When the actually density of CTA was 53.52mg/cm3 (C40/P10, circle in
Fig. 8), the PA from C40/P10 sustained release for 48 h which is the same
as the drugs stay in the digestion tract in human body [41].

As Fig. 9 showed, although C40/P10 aerogel had little shrinkage after
released 48 h in PBS (PH=7.4), the hydrophobic CTA aerogel do not
collapse in the aqueous medium. Compared the fast release from hy-
drophilic potato starch and high amylose maize starch [25], the hy-
drophobic CTA aerogel showed slow release rate of PA and high po-
tential as a matrix of slow-release drug for pharmaceutical applications.

For biodegradable and hydrophobic aerogel in drug delivery system,
the diffusion mechanism of drugs were important factors in vitro drug
release process [17]. The release kinetic behaviors from CTA aerogels
were evaluated by fitting the drug release profile to two mathematical
models (first-order model (Eq. (5)), Korsmeyer-Peppas model (Eq. (6)))
with the aid of Origin 8 software [42]. For the Korsmeyer-Peppas
model, the release exponent n is used to characterize different release.
For a cylindrical geometry delivery system: n≤ 0.45 suggests a Fickian
diffusion; 0.45< n<1.0 supports an anomalous non-Fickian transport
[43].

= ×F F e(1 )max
k t1 (6)

= ×F k tn
2 (7)

where F is the fractional weight of drug released, t is time, Fmax is the
maximum fraction of drug released, k1 is first order kinetic coefficient
expressed in units of min−1, k2 is the release rate constant and n is the
release exponent.

Table 2
Characterization data of CTA aerogels and CTA/PA aerogels.

Samples Cd
a (%) Ca

b (%) Lc (%) SBETd (m2/g) Pe (%)

C5 – – 639 99.5
C10 – – 417 99.1
C20 – – 283 98.2
C40 – – 203 96.7
C5/P10 66.7 61.8 ± 2.8 18.5%±4.9 532 98.7
C10/P10 50.0 45.4 ± 2.3 16.6%±3.6 305 98.2
C20/P10 33.3 30.5 ± 1.2 4.6%±1.5 204 97.5
C40/P10 20.0 19.8 ± 1.5 1.1%±0.8 162 95.8

a The designed drug content was calculated by Eq. (3).
b The actually drug content was calculated by Eq. (4).
c The loss content of PA was calculated by Eq. (5).
d The specific surface area.
e The porosity of the samples was calculated by Eq. (2).

Fig. 7. A schematic diagram of the preparation of CTA/PA aerogels by SAS process.

Fig. 8. The drug release rate from CTA/PA aerogels in PBS (PH=7.4); Insets:
partial enlargement (1 h).
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Kinetic fitting parameters of the PA release from CTA aerogels in pH
7.4 PBS solution are shown in Table 3. The first order model generally is
used to describe the drug dissolution from stable porous matrices with
uniform drug distribution [42]. However, PA released from CTA aero-
gels showed bad fitting to first-order model (R2< 0.95, Table 3). Al-
though the shape CTA aerogels were stable during dissolution process
(b in Fig. 9), the distribution of PA were not uniform in the aerogel.
Those would be beyond the limits of first-order model [17]. For PA
release from CTA aerogels, Korsmeyer-Peppas model showed compar-
able fitting wellness (R2> 0.98, Table 3). The release exponent n of
Korsmeyer-Peppas model below 0.45, an extreme value for cylindrical
dosage forms, suggests the release of PA from CTA aerogels following
the Fickian diffusion mechanism [42,43].

Combined with SEM and BET measurement, the slow release rate of
C40/P10 had smaller PA particles (< 100 nm) and more uniformly dis-
tributed in the aerogel with the smallest specific surface area. For the
C5/P10 with the largest specific surface area, the larger PA particles and
higher content at the surface of aerogel resulted the faster release rate
than others aerogel samples. In this case, the release rate of drug could
be controlled by adjusting the concentration of matrix and the ratio of

the matrix and drug.
The pH of aqueous medium depends on the shape of aerogel to

influence the drug release [6]. Considering the pH of digestion tract in
human body, the release kinetic of PA was stimulated in PBS (pH=7.4)
or 0.1M HCl (pH=1.0) [26]. The drug release rate in PBS (pH=7.4)
and 0.1M HCl (pH=1.0) were shown in Fig. 10. The release curve of
PA particles and C40/P10 were almost similarly whether in PBS or in
HCl solution, which demonstrated that there were no significant dif-
ferent that the PA released in PBS (pH=7.4) or HCl (pH=1.0). And
those showed the CTA aerogels could maintain the structure stability
not only in water but also in the acid solution.

4. Conclusion

In that context, 3D biodegradable, non-toxic and hydrophobic
aerogel of cellulose triacetate were investigated regarding the feasi-
bility to deliver paracetamol for oral drug delivery system. Paracetamol
loading in CTA aerogels had high content from 19.8% to 61.8% (w/w),
with large specific surface area and porosity. The distribution of drug
was higher close to the surface in CTA aerogel resulting in the sudden
release phenomenon. The smaller specific surface area with higher
concentration of CTA had smaller pore size, resulting in smaller PA
particles and uniformly distributed, which would have slower release
rate to reduce repeated oral dosing. The release rate of PA loaded in
CTA aerogels was prolonged from 15min. to 48 h either in buffer so-
lution or acid solution. Release of paracetamol from CTA aerogels is
found to be governed by Fickian diffusion. This work clearly demon-
strates the capability of 3D CTA aerogel as a matrix for drug delivery
system and shows the high potential for pharmaceutical applications.
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