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Objective(s): In this work, paclitaxel (PX), a promising anticancer drug, was loaded in the
basil seed mucilage (BSM) aerogels by implementation of supercritical carbon dioxide (SC-
CO,) technology. Then, the effects of operating conditions were studied on the PX mean
particle size (MPS), particle size distribution (PSD) and drug loading efficiency (DLE).

Methods: The employed SC-CO, process in this research is the combination of
phase inversion technique and gas antisolvent (GAS) process. The effect of DMSO/
water ratio (4 and 6 (v/v)), pressure (10-20 MPa), CO, addition rate (1-3 mL/min)
and ethanol concentration (5-10%) were studied on MPS, PSD and DLE. Scanning
electron microscopy (SEM) and Zetasizer were used for particle analysis. DLE was
investigated by utilizing the high-performance liquid chromatography (HPLC).

Results: TNanoparticles of paclitaxel (MPS of 82-131 nm depending on process
variables) with narrow PSD were successfully loaded in BSM aerogel with DLE of
28-52%. Experimental results indicated that higher DMSO/water ratio, ethanol
concentration, pressure and CO, addition rate reduced MPS and DLE.

Conclusions: A modified semi batch SC-CO, process based on the combination
of gas antisolvent process and phase inversion methods using DMSO as co-
solvent and ethanol as a secondary solvent was developed for the loading of an
anticancer drug, PX, in ocimum basilicum mucilage aerogel. The experimental
results determined that the mean particle size, particle size distribution, and
drug loading efficiency be controlled with operating conditions.
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INTRODUCTION

Paclitaxel (PX), a promising anticancer drug, isa
natural alkaloid belonging to a class of taxanes with
excellent therapeutic efficacy against a wide variety
of cancers through the inhibition of DNA synthesis
by stabilizing microtubule assembly (by interfering
with their normal depolymerization) [1-3]. The
poor water solubility of PX in conventional vehicles
is greatly restricted the significant activity of PX in
clinical applications and causes low therapeutic
index [4]. Therefore, the use of an adjuvant
(Cremophor® EL (polyethoxylated castor oil)) is

required in its current formulation which causes
* Corresponding Author Email: ghoreshi@cc.iut.ac.ir

several undesirable side effects (including severe
hypersensitivity ~ reactions, myelosuppression,
and neurotoxicity) [5,6]. Hence, maximizing
PX activity and minimizing these side effects by
the development of new PX formulations is an
important approach.

In recent years, the design of novel drug delivery
systems by employing both synthetic (such as PE,
PP, and PDMS) and natural polymers have been
successfully investigated [7-9]. However, the use of
natural origin polymers (plant derived polymers)
for pharmaceutical applications are more attractive
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and regarded as key formulation ingredients for
the engineering of modified drug delivery systems.
Natural polymers are non-toxic, biocompatible,
stable, inexpensive, freely available, potentially
biodegradable, and renewable and have the
capability of chemical modifications in comparison
to synthetic polymers [10-13].

Mucilages are plant derived natural polymers that
largely consist of polysaccharides and proteins.
Mucilage is a gelatinous substance with wide usages
such as adjuvant, thickeners, suspending agents,
binders, a granulating agent in the pharmaceutical
industries and also used as matrices for sustained
and controlled drugs delivery [14- 16].

Ocimum basilicum L. (OB) seeds are rich sources
of mucilage. OB is an important culinary, aromatic
herb which is a native species in tropical and
subtropical regions of Asia, Africa, and Central
and South America that has several functional
characteristics such as treatment of flatulence,
gastritis, headaches, coughs, diarrhea, constipation,
dyspepsia, warts, worms and kidney malfunctions.
It contains a high proportion of phenolic
derivatives, aroma compounds and essential oils
containing biologically active constituents [17, 18].
The basil seed mucilage can be extracted by soaking
the basil seeds in water that results in swelling of
outer pericarp into a gelatinous mass which could
be concentrated or dried for further applications
[19].

Sending the drug to a specific site, in a specific
time and release pattern is the goal of an ideal drug
delivery system [20-22]. Ion exchange resins [23],
films [24], microspheres and gels [25, 26] are some
common drug delivery systems that may have
many adverse effects (including gastrointestinal
or renal side effects). These disadvantages lead to
the significant interest in the development of drug
delivery systems providing better release rate,
reduce toxicity and optimize the drug therapeutics
[7].

Application of aerogels as a drug delivery system
enhances pharmacokinetic properties, release rate
and the bioavailability rate of active pharmaceutical
ingredients (API) [27]. There is growing interest
in aerogels made of organic materials such as
polysaccharides due to their outstanding properties
such as low densities, large open pores, high inner
surface areas and drug loading capacities, their
ability of controlled drug release, capability to
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increase the bioavailability of low solubility drugs
and improving both their stability and their release
kinetics by combining the natural properties of
polysaccharides and aerogels structure [28-30].
Aerogels are generally synthesized by direct
polymerization of organic precursors followed by
solvent exchange and supercritical drying steps or
using a conventional sol-gel technique involving
subsequent hydrolysis, condensation, gelation,
aging and supercritical drying steps [31-33].
Incorporation of drugs into aerogels is applicable
by several methods such as the addition of the drug
during the synthesis, sol-gel process or during the
post-treatment of the synthesized gels or aerogels
(supercritical adsorption) [34, 35]. Most of the
previous techniques proposed for incorporation
of drug samples into the aerogels present some
limitations (time-consuming, presence of organic
solvents that can remain entrapped inside the
polymeric network). Supercritical fluid techniques
overcome these disadvantages due to their high
dissolving power (liquid-like) and transport
properties  (gas-like)  [36,37].  Supercritical
carbon dioxide (SC-CO,) is usually preferred in
pharmaceutical applications, because of features
like non-reactive, non-toxic, non-flammable,
environmentally benign, inexpensive, naturally
abundance and favorable critical properties [38-
41].

Drug loading during the post-treatment is
practicable by adsorption of the pharmaceutical
compound into the pores of the aerogels via
supercritical impregnation. However, limited
solubility of most drugs restricted the use of this
technique for a wide variety of pharmaceutical
compounds. The common supercritical methods
is not directly applicable to water soluble polymers
(SC-CO, shows a very limited compatibility with
polar components).

Thus, thiswork presentsthe combination of modified
semi batch SC-CO, assisted phase inversion and gas
antisolvent (GAS) process technique for generation
and loading of PX nanoparticles into the aerogels
of ocimum basilicum seeds musiluge (BSM), a
plant derived low-cost polymer. Our attention was
focused on the effect of process variables on the
PX particle size and the drug loading efficiency.
Moreover, there is no reported study dealing with
the PX-loading in BSM-aerogel under Supercritical
condition. In the presented work, BSM aerogels
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Fig. 1. Schematic diagram of employed SC-CO, process; (1) CO, cylinder, (2) column consisting of molecular sieve and silica gel, (3) chiller, (4)
HPLC pump, (5) needle valve, (6) oven, (7) spring coil preheater, (8) stainless steel high pressure vessel, (9) metallic porous filter, (10) BPR valve.

were used as carriers for PX loading using a newly
developed technique. The used SC-CO, process
in this study is the combination of gas antisolvent
(GAS) and phase inversion techniques in two steps:
(1) the preparation of casting solution (a uniform
mixture of BSM, water, paclitaxel, ethanol and
dimethyl sulfoxide (DMSO)), (2) simultaneous
generation and precipitation of PX nanoparticles in
BSM aerogels using SC-CO, (antisolvent). The aim
was to design, study, and optimize the process of
PX loading on BSM aerogels as an active substance
under various operating conditions.

MATERIALS AND METHODS

Paclitaxel was purchased from Sobhan
Oncology Co. (Iran). Basil seeds were prepared
from agriculture research center (Isfahan-Iran).
Dichloromethane (DCM) (=99.9%, Merck, CAS #:
75-09-2), acetonitrile (ACN) (=99.9%, Merck, CAS
#: 75-05-8), Sodium hydroxide (= 99.0%, CAS #:
1310-73-2), dimethyl sulfoxide (DMSO) (299.9%,
Merck, CAS #: 67-68-5) , ethanol (=99.9%, CAS #:
64-17-5) and deionized water were used in HPLC
analysis and drug loading in aerogels structure.
Industrial grade carbon dioxide (299.9%) was
purchased from Ardestan Co. (Isfahan, Iran).

Supercritical fluid apparatus

The supercritical system in Fig. 1 was used to
carry out the objectives of this study. The detailed
explanation of apparatus is available in our
previous publication [42, 43]. Briefly, The CO, in
the cylinder (1) was passed through the column
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of molecular sieve and metal porous filter (2) for
further purification. Then, CO, was cooled down
(-10 to -5 *C) in a chiller (3) and the liquefied CO,
was charged to the oven (298-523 + 0.5 K) (6)
through the needle valve (5) by a feed pump (4).
CO, was heated using spring coil preheater (7)
inside the oven before entering the 15 mL stainless
steel high-pressure vessel (8). For the collection of
PX-loaded BSM-aerogels, a metallic porous disc (9)
was placed at the bottom of the vessel. The pressure
of the vessel in the process was controlled via back
pressure regulator (BPR) valve (10).

Experimental procedure

The detailed procedure of BSM preparation
methods and materials was explained in our
previous publication [43]. The combination of gas
antisolvent and phase inversion techniques was
employed in this research. Casting solution which
is a uniform mixture of BSM, water, paclitaxel,
dimethyl sulfoxide (DMSO) and ethanol was
prepared in the first step, and then simultaneous
generation and loading of PX nanoparticles in BSM
aerogels were achieved using SC-CO, technology.
In this work, a mixture of polymer solution (BSM
and water), drug and co-solvent (PX and DMSO)
and ethanol (secondary solvent) was prepared and
processed by SC-CO, with the procedure of our
previous work on GAS process [40, 42 and 43].
The casting solution for each experiment was
prepared as follows: The hydrogel was obtained
by dissolving 10 mg of dried BSM powder in 1 mL
of deionized water to form a polymeric solution.
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The organic co-solvent, DMSO and the secondary
solvent (ethanol) were added to the obtained gel
under ultra-sonic bath to obtain a uniform solution.
For the two sets of experiments, 3 and 5 mL DMSO
was added to the obtained solutions, and then for
drug loading, 1 mL of a 0.5 mg/mL PX solution in
DMSO was added to each sample. The final casting
solutions with DMSO to water ratio of 4 and 6 (v/v)
and drug to polymer of 5% (w/w) for all samples
were prepared. Also, samples with different ethanol
concentrations (5, 7.5 and 10% (v/v)) were obtained
to investigate its impact on the produced aerogels.
The casting solution was loaded into the high-
pressure vessel. All experiments were done at a
constant temperature of 50 °C which was set by the
oven. The vessel was closed via the valve closure,
and CO, was charged into the vessel. CO, injection
was continued to reach the appropriate pressure
(10, 15 and 20 MPa). After reaching the equilibrium
(by turning off the pump for 30 min), the CO,
addition was carried out at the flow rates of 1, 2 and
3 mL/min. To ensure that a solvent (DMSO/water/
ethanol) free product (PX-loaded BSM) has been
obtained; flushing with a constant CO, flow rate
was maintained. To bring back the system to the
atmospheric pressure, the vessel depressurization
lasted for about 20 min. The samples of the final
product (PX-loaded BSM aerogels) were collected
for characterization analyses.

Characterizations

Scanning Electron Microscope (SEM) was
implemented for qualitative observations of the
PXnanoparticlesshapeandaerogelsmorphology.
The obtained products were sputter coated
with gold (SC 7620, Quorum Technologies,
UK) at 30 mA for 180 s and analyzed by the
SEM (DSM 960A, Carl Zeiss AG, Germany).
Particle size, particle size distributions, aerogel
fiber diameter and fiber diameter distribution,
were measured by Zetasizer Nano ZS (Malvern
Instruments, Southborough, MA). The PX
sample preparation for Zetasizer analyses was
carried out via dissolving the PX-loaded BSM
aerogels in water to make a dilute gel containing
PX particles. PX particles were removed from
gel structure into the clear water sample by
filtration and washing the diluted gel, and the
obtained samples were analyzed by Zetasizer.
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Drug loading efficiency

Drug loading was determined based on our
previous study [43]. The PX loading efficiency
in BSM aerogels was determined by high-
performance liquid chromatography (HPLC, Jasco,
equipped with UV-visible detector). Acetonitrile:
water (50:50, v/v) solution was used as the mobile
phase. The PX nanoparticles embedded in the
BSM aerogel were extracted by dissolution of
2 mg of sample in 1 mL DCM in an ultrasonic
low-temperature bath. After allowing the DCM
evaporation from the sample, 5 mL of mobile phase
was added and placed in an ultrasonic water bath
to dissolve the PX. Then, 2 mL of the solution was
filtered into HPLC vials by 0.22 pum syringe filters.
Determination of PX loading efficiency of each
sample was carried out three times for each one.
Drug loading efficiency (DLE) was calculated as
shown below:

DLE (%) = Actual loading of PX (mg)
®) ~ Theoretical loading of PX in the casting solution (mg)

x 100 (1)

RESULTS AND DISCUSSION

In this study, our attention was focused on the
effect of process variables on PX particle size, size
distribution, and drug loading efficiency. When
the effect of each variable was studied, the values
of other variables had been fixed based on one
factor at a time method. Triplicate experiments
were carried out in each operating condition, and
the mean values have been reported throughout the
manuscript.

Effect of pressure

The effect of pressure at three levels (10, 15 and
20 MPa) was studied at a constant CO, flow rate
of 2 mL/min, ethanol concentration of 7.5% (v/v),
DMSO/water ratio of 6 (v/v) and the temperature
of 50 °C. For the lowest (10 MPa) and highest (20
MPa) pressures, mean particle diameters were 130

Table 1. Mean particle size of paclitaxel particles and drug load-

ing efficiency obtained at 50 °C, 2 mL/min, DMSO/water ratio of

6 (v/v), ethanol concentration of 7.5% (v/v) and various pressures
of 10, 15 and 20 MPa.

Mean particle size ~ Drug loading efficiency

Pressure (nm) %)
10 130 49
15 112 45
20 104 43
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nm and 104 nm, respectively. Table 1 shows the
obtained results of mean particle size and drug
loading efficiency for three operating pressures. As
illustrated in Table 1, increasing the pressure led to
the decreasing of mean particle size. An increase
in the pressure increases the supercritical CO,
density and solvation power. Furthermore, faster
supercritical CO, extraction of the liquid solvent
leads to the rapid supersaturation (enhanced
nucleation); thus, the average particle size tends to
decrease which was confirmed by the results of this
study. As pressure increased from 10 to 20 MPa,
the drug loading efficiency decreased from 49% to
43%. Increasing the pressure (increasing SC-CO,
density) raises PX solubility in SC-CO, that leads
to PX discharging from the aerogel structure and
high-pressure vessel. The remaining experiments
were conducted at the constant pressure of 20 MPa.

Effect of CO, flow rate

The effect of CO, addition rate (1, 2 and 3 mL/
min) on particle size and drug loading efficiency
was investigated at fixed temperature, pressure,
DMSO/water ratio and ethanol concentration of 50
°C, 20 MPa, 6 (v/v) and 7.5% (v/v), respectively. For
the highest addition rate (3 mL/min), the minimum
mean particle size was obtained to be 87 nm. As
illustrated in Table 2, increasing the CO, addition
rate resulted in smaller mean particle size which is
similar to conventional GAS processes [40, 42].
At higher CO, (antisolvent) addition rate, more
volumetric  expansion and  supersaturation
occurred. The rate of supersaturation controlled
the nucleation rate and the larger number of
nucleus formed with primary nucleation. At this
time solute concentration in the liquid phase and
the supersaturation were reduced. Due to the
production of enough particles with a large surface
area, the secondary nucleation could occur. Particle
size grows up when there is a concentration driving

Table 2. Mean particle size of paclitaxel particles and drug load-

ing efficiency obtained at 50 °C, 20 MPa, DMSO/water ratio of

6 and (v/v), ethanol concentration of 7.5% (v/v) and CO, flow
rates of 1, 2 and 3mL/min.

COs flowrate  Mean particle size  Drug loading efficiency

(mL/min) (nm) (%)
1 131 52
2 104 43
3 87 38

force in the solution and particle surface. However,
in this case, the high CO, addition rate discharged
the supersaturation, so, the nucleation mechanism
prevailed and growth rate decreased.

As indicated in Table 2, drug loading efficiency
decreased when the CO, addition rate increased.
Higher CO, flow rate (the low average residence
time) and the subsequent turbulency discharges
the smaller PX particles from the vessel, and
consequently, the PX particles are not precipitated
in the BSM aerogel which leads to the decreased
drug loading efficiency. The CO, addition rate of 3
ml/min was used for the rest of experiments.

Effect of co-solvent (DMSO) to water ratio and
ethanol concentration

In this research, DMSO was simultaneously used
as a solvent for PX based on the GAS technique
and also as co-solvent due to its appropriate PX
solubility and relative compatibility with water for
increasing water solubility in SC-CO, based on
phase inversion method. The amount of co-solvent
directly affects the obtained structure, particle size
distribution, and drug loading efficiency.
By implementation of DMSO/water<2 (v/v), the
water content of polymer solution could not be
removed by the non-solvent stream (DMSO/SC-
CO, mixture) in a reasonable time (less than 2 h).
Also, for the DMSO/water>7 (v/v), a two phase
mixture of casting solution was prepared (casting
solution was not uniform), a phase poor in BSM and

Table 3. Mean particle size and drug loading efficiency of paclitaxel particles and specific volume (cm?/g) of BSM aerogels obtained at
50 °C, 3 mL/min, 20 MPa, DMSO/water ratios of 4 and 6 (v/v) and ethanol concentrations of 5, 7.5 and 10%.

DMSO/water=6 (v/v)

DMSO/water=4 (v/v)

Ethanol‘ Mean particle  Drug loading Specific Mean particle  Drugloading Specific
concentration diameter (nm) efficiency volume diameter (nm) efficiency yoltme
(%) (cm®/g) (cm’/g)

5 113 49 186.9 128 45 109.6

7.5 87 38 300.0 88 42 280.3

10 82 28 319.3 84 34 306.4

Nanomed Res J 2(3): 179-188, Summer 2017
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another phase rich in BSM [43]. Thus, experiments
were carried out in two levels of DMSO/water ratio
of 4 and 6 (v/v) while the ethanol concentration
was in the range of 5-10% (v/v).

Table 3 shows the obtained results for mean particle
size and drug loading efficiency of paclitaxel
particles and specific volume (cm’/g) of BSM
aerogels obtained at 50 ‘C, 3 mL/min, 20 MPa,
DMSO/water ratios of 4 and 6 (v/v) and ethanol
concentrations of 5, 7.5 and 10%. As DMSO/water
ratio increased from 4 to 6 (v/v), the mean particle
size decreased (from 128 to 113 nm (Ceth=5%),
from 88 to 87 nm (Ceth=7.5%) and from 84 to 82
(Ceth=10%)). At higher DMSO/water ratio, the PX
(solute) concentration decreased in the solution
while the amounts of PX and ethanol were kept
constant. When the solute (PX) concentration
reduces, the nucleation is obtained at the higher
volume expansion that leads to the lower rate of
nucleus growth. Thus, at higher DMSO/water ratio
(lower solute concentration), the smaller particles
generation is expected which is confirmed by the
results of this study.

Increasing the ethanol concentration in both
DMSO/water ratios, resulted in increasing
the specific volume (decreasing the density)
of the produced aerogels. The diffusion of the
supercritical mixture (SC-CO,/ethanol) in the
hydrogel structure generated more porous and low
density (high specific volume) BSM aerogels. There
was more deviation between the aerogels specific
volumes of the two DMSO/water ratios of 4 and 6
(v/v) in ethanol concentration of 5% in comparison
to the higher ethanol concentrations. This showed
that in lower ethanol concentrations, DMSO acts as
an auxiliary agent for expansion. By increasing the
ethanol concentration in the vessel, the influence
of DMSO on the production of porous structure
vanishes.

Fig. 2 shows the SEM image of the obtained
product from DMSO/water ratio of 6 (v/v), ethanol
concentration of 7.5%, pressure of 20 MPa, the

>

Fig. 2. SEM image of paclitaxel loaded BSM aerogel obtained at

50 °C, CO, flow rate of 3 mL/min, 20 MPa, ethanol concentration

of 7.5% and DMSO/water ratio of 6 (v/v) with the magnitude of
a) 10000X and b) 25000X.

temperature of 50 °C and CO, flow rate of 3 ml/
min. Image J software was used for the aerogel
fibers diameter determination.

The diameters of determined fibers in Fig. 2.b have
been shown in Table 4. As illustrated in Table 4,
the diameter of aerogel fibers varied from 30 nm
to 121 nm. The mean fiber diameter of aerogels was
also determined by means of 160 randomly chosen
points.

Fig. 3 shows the fiber diameter distribution in the
BSM aerogels at 50°C, 3 mL/min, 20 MPa, 7.5%
ethanol and DMSO/water of 6 (v/v).

Fig. 4 and 5 show particle size distribution for three
levels of ethanol concentration (5, 7.5 and 10%) in
DMSO to water ratio of 4 and 6 (v/v), respectively.

Table 4. The diameter of the fibers shown in Fig. 2.b at 50 °C,
CO, flow rate of 3 mL/min, 20 MPa, ethanol concentration of 7.5% and DMSO/water ratio of 6 (v/v)

number 1 2 3

5 6 7 8 9 10 11

Fiber diameter

45 120 114 121

(nm)

68 64 30 120 100 87 37
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Fig. 3. diameter distribution of aerogel fibers obtained at 50°C, 3 mL/min, 20 MPa, 7.5% ethanol and DMSO/water of 6 (v/v).
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Fig. 4. Size distribution of paclitaxel particles obtained at 50°C,
3 mL/min, DMSO/water ratio of 4 (v/v) and various ethanol
concentrations of 5, 7.5 and 10%.

Increasing the ethanol concentration lowered
the PX mean particle diameters from 113 to 82
nm (DMSO/water=6%) and from 128 to 84 nm
(DMSO/water=4%) while drug loading efficiency
decreased from 49 to 28% (DMSO/water=6%) and
from 45 to 34% (DMSO/water=4%). Therefore, a
counter effect was observed regarding the effect of
ethanol concentration on drug loading efficiency
and particle size. It is necessary to realize that the
lower PX concentration decreases the particle size
which results in an increased surface area and
dissolution rate.

At higher ethanol concentrations, much more
unsaturated PX particles were carried out
by ethanol in the outlet stream, and thus the
precipitation of PX in the BSM aerogel was
inhibited. This phenomenon explains the lower PX
loading efficiency at higher ethanol concentrations
which is confirmed by the results of this study.
When initial solute (PX) concentration increased

Nanomed Res J 2(3): 179-188, Summer 2017
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Fig. 5. Size distribution of paclitaxel particles obtained at 50°C,

3 mL/min, DMSO/water ratio of 6 (v/v) and various ethanol
concentrations of 5, 7.5 and 10%.

by decreasing the ethanol concentration, the
nucleation obtained at the lower volume expansion.
Therefore, the nucleuses grow in a longer time,
and larger PX nanoparticles will be produced. By
increasing the ethanol concentration from 5 to
7.5%, the solute concentration decreased (more
volume expansion) and resulted in enhanced
particle growth rate. However, by increasing
the ethanol concentration from 7.5 to 10%, no
significant change in the particle size was observed.
The SEM image of the loaded and encapsulated PX
particles in the aerogel structure in DMSO/water
ratio of 6 (v/v), ethanol concentration of 7.5% (v/v),
pressure of 20 MPa, temperature of 50 °C and CO,
flow rate of 3 ml/min was shown in Fig. 6.

Our experiments showed that the addition of a
secondarysolvent (ethanolin this case) to the casting
solution causes the expansion in the BSM polymer
structure and results in the production of BSM
aerogel while without using ethanol in the casting
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Fig. 6. SEM image of the loaded PX particles in the aerogel
structure in DMSO/water ratio of 6 (v/v), ethanol concentration
of 7.5%, the pressure of 20 MPa, the temperature of 50 °C and
CO, flow rate of 3 mL/min.

solution there will be a non-porous polymeric
structure [43] with very different properties. To
overcome the shrinkage of precipitated filaments,
and to obtain a nanoporous structure with high
porosity (BSM aerogel) the drying procedure was
carried out using SC-CO, by the addition of organic
solvent to the casting solution. The addition of an
organic solvent readily soluble in SC-CO, to the
water eliminated the solubility problem of water
in CO,. In this case, the 3-D shape and the sample
size not only was successfully preserved, but also
increased in size due to diffusion of SC-CO, in
gel structure. The volume expansion of solution,
water and ethanol in this case, leads to expansion
of polymer structure and thus high level of porosity
was obtained using SC-CO, gel drying method and
also lower paclitaxel nanoparticle mean particle
size was obtained in contrast to our previous work
for the precipitation of drug sample into the non-
porous polymeric structure of basil seed mucilage
[43]. Furthermore, during the expansion, because
of high diffusivity, supercritical mixture diffuse to
the polymer structure and thus nanometric fibers
and pores were obtained.

To ensure complete removal of PX nanoparticles
from the BSM aerogel for drugloading calculations,
the PX-free BSM (from the first step) was dried,
and the residual amount of PX nanoparticles were
obtained in the similar procedure for drug loading
measurement. The total PX residual in the BSM
matrix must not be more than 2 percent of the

186

(@)

5 10 15 20 [min]

()

NN j\\

——
5 10 15 20 [min]

Fig. 7. The chromatogram of a) unprocessed and b) processed
paclitaxel in DMSO/water ratio of 6 (v/v), ethanol concentration
of 7.5%, pressure of 20 MPa, the temperature of 50 °C and
CO, flow rate of 3 mL/min.

theoretical amount of loaded PX.

Fig. 7 illustrates the chromatogram of unprocessed
(as the reference sample) and processed paclitaxel
using the supercritical technique for PX loading
into BSM aerogels. Mobile phase, mobile phase
velocity, temperature, detector and injected volume
were: acetonitrile: water (50:50, v/v), 1 mL/min,
ambient temperature, UV detector with 227 nm
wavelength and 20 pL, respectively. Based on Fig.
7, both chromatograms have the same retention
time of 17 min and show no changes in drug (PX)
structure after all processes.

CONCLUSIONS

A modified semi batch SC-CO, process based
on the combination of gas antisolvent process and
phase inversion methods using DMSO as co-solvent
and ethanol as a secondary solvent was developed
for the loading of an anticancer drug, PX, in
ocimum basilicum mucilage aerogel. According to
the process variables, PX nanoparticles with mean
particle size of 82-131 nm and narrow particle size
distribution with DLE of 28-52% were successfully
loaded in BSM aerogels. The experimental results
determined that the mean particle size, particle
size distribution, and drug loading efficiency be
controlled with operating conditions. PX mean
particle size was decreased at higher DMSO/water
ratio. In the same manner, lower pressure, ethanol
concentration and CO, addition rate increased the
particle size and the drug loading efficiency.
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