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Abstract

Mesoporous silica (SBA-16) was synthesized by the hydrothermal synthesis route. The structural properties of the synthesized
SBA-16 were found out by a small-angle X-ray diffraction technique. Morphological characterization was characterized by
scanning electron microscope (SEM) and high-resolution transmission electron microscope (HRTEM). Nitrogen adsorp-
tion—desorption isotherm was used to find out surface area, pore size, and pore volume. Aripiprazole was used as a model
drug to calculate drug loading efficiency of prepared SBA-16 and their release kinetics was also calculated with the response
to three different pH solutions. UV—-Visible spectrophotometer was used to find out the absorbance of the sample. The results
indicated that the synthesized SBA-16 has high drug loading efficiency with a control release profile.
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1 Introduction

In recent researches, it is found that polymers are structurally
and thermally not stable to carry the drug. Some polymers
are toxic [1], that’s why they may be responsible to cause
adverse effects in the body of living organisms. Polymers
show slow biological degradation hence can be responsible
for long term environmental pollution. To overcome all the
drawbacks of polymer-based drug delivery there is a need to
find out alternatives to conventional drug delivery vehicles.

SBA-16 (Santa Barbara Amorphous-16) belongs to
MCM-48 (Mobil Composition of Matter 48) family and
is mesoporous silica with cubic symmetry, high surface
to volume ratio, pore size, and pore volume can be modi-
fied accordingly. In the past decades, SBA-16 and other
mesoporous silica attracted the researchers of various dis-
ciplines. SBA-16 used in variety of applications such as
catalyst [2], molecular imaging [3], chromatography [4],
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drug delivery [5] etc. SBA-16 is a three-dimensional cubic
mesoporous with high thermal, chemical and physical sta-
bility. The size of SBA-16 can be tuned from 50 nm to sub-
micron scale [6] as well as its pore size [7] depending upon
the application. The surface area of SBA-16 can be modified
[8] to introduce large amount of molecule for a wide variety
of applications. SBA-16 does not show any cellular toxicity
[9] and also has no adverse effect on the environment there-
fore it does not cause any type pollution. Mesoporous silica
is biocompatible and is removed from the body through
urine through basic metabolic process of life [10]. Moreover
mesoporous silica especially SBA-16 has high drug loading
capacity than other carriers [11]. Not only does mesoporous
silica have high drug loading efficiency, but drug release
kinetics can be controlled by functionalizing their inner wall.

So far, according to the literature survey and recent
publications, no one has studied loading and releasing
efficiency of aripiprazole in SBA-16. Some conventional
aripiprazole carriers were used in this application such as
solid lipid nanoparticles [12], poly(caprolactone) nano-
particle [13] and silicosan particles [14]. But these nano-
particles were much not impressive as their aripiprazole
loading efficiency was 9.28-31.54% for solid lipid nano-
particle, 72.4 +3.16% for poly(caprolactone) nanoparticle
and 10.1-58.3% for silicosan particle. Aripiprazole “7-[4-
[4-(2, 3-dichlorophenyl)-1-piperazinyl]butoxy]-3,4-dihy-
drocarbostyril” is a third-generation drug originally used
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to treat schizophrenia and bipolar I disorder. The chemical
formula of aripiprazole is C,3H,,CI,N;0, and 448.38 is
the molecular weight. The chemical structure of aripipra-
zole is given in Fig. 1. Uncontrolled and high doses of
aripiprazole may cause Akathisia (a condition of feeling
restlessness and nervousness), anxiety and increase sui-
cidal thoughts [15]. Whenever aripiprazole is administered
orally, it can cause several side effects such as difficulty
in speaking, drooling, loss of balance, muscle trembling,
jerking or stiffness, etc. Therefore, the release required to
overcome the side effects of aripiprazole need to be con-
trolled. Only a few piece of research available on loading
and controlled release of aripiprazole by various carrier,
among them one of the research articles shows aripipra-
zole with poly(lactic acid) polymer with 73-80% drug
loading efficiency [16]. It is the highest loading capacity
for aripiprazole by any carrier till date.

In this research work, aripiprazole was loaded into
SBA-16 matrix to ascertain its loading capacity as well
as to find out how its release profile is affected at different
pH condition. The results are very impressive with higher
drug loading efficiency and show sustainable release with
respect concerning particular time duration. This in vitro
loading and release study of aripiprazole through SBA-16
would play a significant role to overcome its side effects
and improve its efficacy.

2 Experimental
2.1 Materials

Pluronic F127 (PEO,,,PPO,,PEO ), tetracthoxysilane
(TEOS, 98%) and aripiprazole (98% purity) were pur-
chased from Sigma Aldrich, hydrochloric acid (HCI, 37%)
and 1-butanol from Fisher Scientific. Aqueous solution for
this experiment was made up into double distilled water
(DDW). Teflon coated stainless steel autoclave was used
for the hydrothermal reaction process.

cl

0 N
H

Fig. 1 Chemical structure of aripiprazole
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2.2 Synthesis of SBA-16 matrix

The hydrothermal synthesis of SBA-16 was accomplished by
following the process explained in [17]. In a typical hydro-
thermal synthesis process of SBA-16, 3 g of Pluronic 127
(P,,7) was dissolved in 144 g of DDW. To maintain high
acidic conditions for proper dissolution of P,,; into DDW,
5.94 g of 2 M hydrochloric acid was added drop wise into
stirring solution. 9 g 1-butanol (co-surfactant) was added
after obtaining a uniform solution of P,,, and remained it
vigorously stirred for next 3 h. 14.2 g TEOS (as silica pre-
cursor) was added drop wise into the stirring solution and
kept it for the next 24 h at room temperature (i.e. 38 °C). The
white color precipitate was obtained after 24 h treatment; it
was further placed into Teflon coated autoclave and kept it
into hot air oven at 100 °C for next 24 h to treat hydrother-
mally. The product obtained after hydrothermal treatment
was washed 5 times in ethanol with the help of centrifuga-
tion and dry it at 80 °C. At last, to obtain the dry, white and
impurity-free powder, it was calcined at 550 °C for 5 h.

2.3 Preparation of aripiprazole standard curve

First of all, aripiprazole was dissolved into ethanol (1 mg/
ml) to make a stock solution. Afterward, various amount of
drug solutions (aripiprazole solutions) i.e. 1 pg/ml to 10 pg/
ml was prepared by serial dilution method. The standard
curve then created into MS Excel software by obtaining the
absorbance of each diluted solution at 255 nm (A, for ari-
piprazole) wavelength. The regression equation between the
absorbance (y) and concentration (x) was obtained by creat-
ing a standard curve where R? (regression coefficient) was
0.9968, m (slope) was 0.0659, c (intercept) was +0.3142.
The drug loading efficiency of SBA-16 was determined by
putting the absorbance value of supernatant into the Eq. (1)
[18].

y=mxz=xc, (1)

[T 9

where “y” is absorbance of the obtained solution and “x” is
concentration of the drug into the given solution.

2.4 Aripiprazole loading into SBA-16

Aripiprazole was load into SBA-16 by post impregnation
method at room temperature. In this drug loading process,
200 mg of aripiprazole was dissolved into 20 ml of ethanol
thereafter 250 mg of SBA-16 were added into the aripipra-
zole/ethanol solution. The aripiprazole/ethanol/SBA-16
composite solution was continuously stirred at 800 rpm for
12 h. After 12 h of stirring, the obtained composite solu-
tion was centrifuged at 10,000 rpm for 2 h to separate the
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supernatant and solid. The obtained solid pellet was dried
overnight into hot air oven at 50 °C and the obtained super-
natant was use to find out the aripiprazole loading efficiency
of SBA-16.

To calculate the drug loading efficiency of SBA-16, 1 ml
of supernatant was diluted 100 times (converted the con-
centration of supernatant from mg/ml to pg/ml) and found
out their absorbance at 255 nm wavelength. Ethanol was
used as a reference solution into respective blank cuvette to
create baseline in the UV-Vis spectrophotometer. The ari-
piprazole loading efficiency (LE%) of SBA-16 is calculated
by Eq. (2) [19]
where LE% is loading efficiency (mg/ml), C; is initial con-
centration of aripiprazole (mg/ml), C,is final concentration
of aripiprazole in the supernantent (mg/ml).

2.5 Aripiprazole release study

The dialysis method (also known as open ended tube
method) was employed to study aripiprazole release from
SBA-16 carrier. In this method, the open end of the tube
tied with a 12 k molecular mass cut off dialysis membrane
(semipermeable membrane). Three different dialysis mem-
brane-bounded tube filled with aripiprazole-SBA-16 was
immerged into three different solutions, viz. 0.1 N HCI (pH
1.2), phosphate buffer (pH 7.2) and phosphate buffer (pH
6.8) which mimic simulated gastric juice (SGJ), simulated
body fluid (SBF), and simulated intestinal juice (SIJ) respec-
tively. The release study performed at body temperature (37
°C) and sample aliquots were taken at definite time intervals
to obtain their absorbance. Subsequently, solution media was
replenished with their relevant fresh solution media. There-
after, aripiprazole release study from aripiprazole loaded
SBA-16 matrix was plotted using Eq. (3) [20]

t—1

v
Cr-correczed = Ct + ‘_/ Z Ct’ 3)
0

where C, is the concentration measured from released drug
at time t, C,_ . recteq 1 the real concentration of aripiprazole
released at time t, v is the volume of the sample taken at
different time intervals and V is the total volume of release
drug.

2.6 Characterization

The structural property of hydrothermally prepared SBA-
16 was determined by using small-angle X-ray diffrac-
tion (SAXRD) technique (Bruker D8). SAXRD pattern of

SBA-16 was obtained at wavelength (A) 1.5418 A using
Cu Ka radiation. The diffraction angle of SAXRD was 20
and the XRD pattern was taken between 0.5° and 5° with
0.02° step size. Surface area, pore size, and pore volume
were examined by N, adsorption—desorption isotherm
with the help of surface area analyzer (Quantachrome
Nova Win version 11.02) at cryogenic temperature i.e.
77 K and degassing carried out at 200 °C for 6 h under
vacuum condition. The surface area was calculated using
the Brunauer—Emmett—Teller (BET) model while pore size
distributions were calculated by the Barrett—-Joyner—Halenda
(BJH) model. Morphological characterization of SBA-16
was carried out using a scanning electron microscope (SEM;
Zeiss EVO 50) and high-resolution transmission electron
microscope (HRTEM) (Tecnai G20). The aripiprazole
loading and release study was performed with the help of a
UV-Visible spectrophotometer (Varian Cary-5000).

3 Result and discussion

3.1 SAXRD

Since SBA-16 is amorphous at the atomic level hence no
reflections can be obtained at wide-angle XRD. SBA-16 is
an ordered mesoporous nanostructure; therefore SAXRD
technique is useful to find out diffraction pattern between 20
angles 0.5° and 5° after fulfilling the Bragg’s condition [21].
Figure 2 shows the SAXRD graph of SBA-16 which reflects
well-resolved peaks near to 20 angle 0.96°, 1.28° and 1.38°
which correspond to (110), (200) and (211) planes respec-
tively [22]. The d spacing for the plane (110) is calculated
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Fig.2 SAXRD pattern of SBA-16
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as ~1.02 A and SAXRD patterns indicate the Im3m cubic
structure of SBA-16.

3.2 Nitrogen adsorption/desorption isotherm

Figure 3a represents the nitrogen adsorption/desorption iso-
therm for SBA-16 which was observed at low temperature
(77 K). Nitrogen adsorption/desorption technique is very
helpful to find out surface area, pore size, and volume of
the desired material. According to the International Union
of Pure and Applied Chemistry (IUPAC), the obtained iso-
therm could be classified into type IV isotherms and H1
hysteresis loop which indicates an ordered cubic mesoporous

structure. The pore size (Dp) and pore volume (Vp) of the
SBA-16 (calculated by the BJH model) was derived as 5.743
nm and 0.195 cm?/g, respectively while the surface area
(S) of SBA-16 was (calculated by BET model) derived as
781.551 m%/g.

3.3 SEM

Figure 4 shows the scanning electron microscope (SEM)
image of SBA-16. The average size of the particle is
observed around 400 nm which is an ideal size for a drug
delivery system. The SEM image of prepared SBA-16 is evi-
dent in the almost spherical structure that show agreement
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Fig.3 a Nitrogen adsorption/desorption isotherm of SBA-16 and b pore size distribution of SBA-16

Signal A= SE1
Mag= 384 KX

P
EHT =20.00 kv
WD= 95mm

Fig.4 SEM Image of SBA-16 a high magnification SEM image and b low magnification SEM image
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with previous studies held on SBA-16. The small pores
could be visualized in the obtained SEM image of spherical
SBA-16 nanoparticle.

3.4 HRTEM

Uniform mesopores, ordered cubic structure of SBA-16
can be observed from the HRTEM image shown in Fig. 5.
HRTEM image supported the N, adsorption/desorption
isotherm in the context of the mesoporous, cubic structure
of prepared SBA-16. The distance between two subsequent
channels is ~ 10 nm which supported the “d” space value
obtained from SAXRD diffractogram.

3.5 Drug loading

Figure 6 represents the standard curve of aripiprazole.
The aripiprazole loading efficiency of SBA-16 matrix was

Fig.5 HRTEM Image of SBA-16

Fig.6 Standard curve of ari- 1.2
piprazole
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calculated with the help of Egs. (1) and (2). The absorbance
value of supernatant at the wavelength 255 nm was obtained
which was put into the Eq. (1) at the place of y (absorb-
ance) and hence x (concentration) of the drug was obtained
in the supernatant. The achieved concentration of drug in
supernatant converted into mg/ml and then put this value
into the Eq. (2) to find out drug loading efficiency (LE%) of
aripiprazole in SBA-16 matrix. 92.2% Aripiprazole load-
ing efficiency of SBA-16 had been achieved after the final
calculation.

The maximum aripiprazole drug loading amount of SBA-
16 was calculated by using following equation;

¢, -C
i f
Pp=—

XV, @

where Py is the amount of aripiprazole load into the SBA-
16 (mg/g), C; and C; is the initial and final concentration
of drug in the final solution (mg/ml) respectively, V is the
volume of the reaction solution and W is the weight of the
SBA-16 (g). The total amount of aripiprazole loaded into
SBA-16 calculated by using Eq. (4) and it was found to be
79.64 mg/g.

3.6 Invitro drug release study

Since aripiprazole is poorly soluble in water but readily
solubilizes into ethanol similarly SBA-16 can be easily
dispersed into ethanol. The pore size of the SBA-16 was
nearly 5 nm and it is supposed that the molecular size of
aripiprazole is less than 5 nm after dissolution into ethanol
S0, aripiprazole insert into SBA-16 easily but their release
kinetic depends upon their bonding with an amine and
silanol group. Figure 7 represents the in vitro aripiprazole
release study concerning different solution medium i.e.
SGJ (pH 1.2), SBF (pH 7.2) and SIJ (pH 6.8). The in vitro
release profile of aripiprazole from SBA-16 was varied

y =0.0659x + 0.3142
R?>=0.9968

4 6 8 10 12
Concentration pg/ml
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Fig.7 Aripiprazole release study of from SBA-16 matrix at different
time intervals in different fluid (a) SGJ, (b) SBF, and (c) SIJ

according to pH. In the solution of pH 1.8 which mimics
to simulated gastric juice, show the sustainable release
of aripiprazole which can be seen before 5 h thereafter,
aripiprazole was released comparatively faster. At the end
of 12 h, only 62.2% of total drug release was calculated. In
the solution of pH 6.8 which mimics to simulated intesti-
nal juice, aripiprazole show continuous sustainable release
but their release gets saturates after 11 h. No more further
significant release has observed at 12 h of their release
and the total drug release content was 68.7%. Aripiprazole
show continuous, sustainable and complete release into the
solution of pH 7.2 which mimics the SBF. At the 10 h of
their release time, 96.6% of the total drug was released and
their 12 h of release study 99.6% aripiprazole is released.

The stability of drug in physiological condition and
release profile basically depends upon the interaction
between drug with their carrier and pH of the solution.
Here, the carrier i.e. SBA-16 functionalized with APTES,
which interact with silanol group present in the wall of
SBA-16. The free amine groups (-NH) of APTES interacts
with drug molecules through hydrogen bond. Aripiprazole
is slightly alkaline therefore, it release faster in SGJ solu-
tion medium as compare to SBF and S1J. In case of SBF
solution and SIJ solution medium probably cations are
formed by aripiprazole, consequently longer drug release
time in the above medium. Since the in vitro release study
of aripiprazole indicated that the solution of pH 7.2 which
corresponds to SBF is best suited to their release so, ari-
piprazole loaded SBA-16 would be most effective to intra-
venous route than the oral route.

@ Springer

4 Conclusion

SBA-16 had been successfully synthesized with the help of
the hydrothermal route. The amorphous, cubic Im3m struc-
ture of prepared SBA-16 was observed by SAXRD which
with 1.02 A lattice space. Nitrogen adsorption/desorption
isotherm revealed ordered mesoporous structure with high
surface area, ideal pore size and better pore volume of the
prepared sample. Morphological characterization of the
prepared samples was performed by SEM analysis which
showed the almost spherical shape and 400 nm average
particle sizes. HRTEM image showed ordered mesopores
with cubic symmetry in a long chain. The channel space
agreed with the lattice space of prepared SBA-16. 92.2% of
drug loading efficiency had been achieved with a sustain-
able in vitro release profile of aripiprazole from the SBA-16
matrix.
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