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Abstract: This study involves the use of mesoporous silica to evaluate the in vivo performance of ordered mesoporous silica (OMS) as
a carrier for poorly water soluble drugs. Mesoporous silica is selected as a carrier for poorly water-soluble drug. Docetaxel is selected as
model compound. Solid dispersion technology was used to prepare the Docetaxel loaded mesoporous silica nanoparticles.
Physicochemical characterization was carried out by SEM, IR, DSC, and PXRD. Percent drug release was calculated by in vitro
dissolution. Because in vitro dissolution is directly correlated with bioavailability in pharmaceutical research, an emerging approach to
enhance dissolution is encapsulation of hydrophobic amorphous drugs in ordered mesoporous silica materials. The outstanding features
of ordered mesoporous silica materials, including their highly regular mesoporous structure, high surface area, large pore volume,
tunable pore size, good biocompatibility, and thermal stability have led to these materials becoming important drug carriers. This work
concluded that PARTECK SILICA SLC can therefore be considered as a promising carrier to achieve enhanced oral bioavailability for

drugs with extremely low water solubility.
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1. Introduction

BCS class IV drugs (e.g., Amphotericin B, Furosemide,
Acetazolamide, Ritonavir, and Paclitaxel) have many
characteristics that are problematic for effective oral & per
oral delivery. Many of the problems associated with very
low aqueous solubility, poor permeability and poor
absorption, inter and intra subject variability and significant
positive food effect which leads to low and variable
bioavailability. Also, most of the class IV drugs are substrate
for P-glycoprotein (low permeability) and substrate for
CYP3A4 (extensive pre systemic metabolism) which further
creates the problem of poor therapeutic potential of these
drugs. For clinical effectiveness these drugs require the
development of a proper delivery system for both oral and
per oral delivery®

Mesoporous silica nanoparticles are considered as one of the
most promising nanovectors to perform controlled drug
delivery for the design of drug nanocarriers, several factors
taken into account. By using orgnosilicane functionalized
chiral mesoporous silica we can improve drug loading
capacity and drug dissolution of mesoporous silica. Also by
using ordered mesoporous silica i.e. Parteck silica SLC we
can give controlled release to the drug. Hence, mesoporous
silica is very important drug carrier for poorly water soluble
drugs.(2,3)

It has considered that porous silica and porous glasses are
typically nonordered mesoporous materials. They have wide
pore distribution and pore structure is nonordered. It is seen
that M41S are highly ordered mesoporous materials but they
are not crystalline material, instead of they are amorphous
materials like glass.

Some important characteristics of mesoporous materials are:
1) They have long range ordered porous structure.

2) Their pore size distribution is usually very narrow and
the pore size can be varied from 2 nm to 30 nm by
changing the composition of the synthesis mixture or
surfactants;

3) They have large surface areas which enable them for
sorption processes.

4) Different structure of these materials such as rods, sheets
& 3D structures can be obtained by using different
surfactants.

5) High thermal stability & hydrothermal stability can be
obtained after modification. 2

2. Material and Method

Docetaxel & Parteck silica SLC was obtained from Merck
pharmaceuticals.Various chemicals like Ethanol,Disodium
hydrogen phosphate, Potassium dihydrogen phosphate,
Conc.HCL, N-ocatnol was obtained from Modern science
lab Nashik.

2.1 Preparation and optimization of Drug MSN
Nanoparticles

Drug-MSN was prepared by using a solvent evaporation
method. Drug and MSN was dispersed in anhydrous alcohol
at a designated molar ratio. The mixture was subsequently
gently stirred in a warm water bath (40°C) for 2hrs and
evaporated at the same temperature above to remove the
anhydrous alcohol. Optimization was carried out. In the
study, one factor the drug concentration in solvent was
selected as independent variables. The mixture was
subsequently gently stirred in a warm water bath (40°C) for
2hrs and evaporated at the same temperature above to
remove the organic solvent. The obtained drug-MSN
nanoparticles were further dried overnight in an oven at
room temperature, and then it was stored in a desicator.
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2.2 Determination of drug content

Docetaxel content in all drug loaded mesoporous silica
nanoparticles were determined by taking weighed quantity
of DTX-MSN i.e. 200mg in 10 ml ethanol. Then sonicated
(CITIZEN LAB CD 4820.) for 10 min. Concentration of
Docetaxel was determined by analyzing the supernatant by
UV-visible spectrophotometer at 229nm after suitable
dilutions in ethanol. The percentage drug loading was
calculated by using the following formula:

Drug content (%) = Cene. of drug loaded mesoporous silica = 100

Cone. of pure dmg

2.3 Determination of drug loading

Drug loading capacity of all drug loaded mesoporous silica
were determined by suspending drug loaded mesoporous
silica equivalent to 100mg of Docetaxel plain drug in 10ml
ethanol (n=3).this suspension was then subjected to vortex
(REMI ELECTROTECHNIK Ltd.DSC) for 15 min and then
sonicated (CITIZEN LAB CD4820) for 10 min. The
undissolved mesoporous silica was separated by centrifuging
the suspension at 15000rpm for 10 min. Concentration of
Docetaxel was determined by analyzing the supernatant by
UV-visible spectrophotometer Concentration of Docetaxel
was determined by analyzing the supernatant by UV-visible
spectrophotometer at 229nm after suitable dilutions in
ethanol. The percentage drug loading capacity was
calculated by using the following formula.
Yadrug_Amt of drug added-Amt. of drug in supematant

loading 100

Amt. of nanoparticles

3. Sample Characterization
3.1 ATR Spectroscopy

All ATR spectra were obtained by using the Spectrum RX1
(Perkin-Elmer, UK) spectrometer. Accurately weighed (5
mg) samples were mixed thoroughly with 100 mg of
potassium bromide IR powder and compressed under
vacuum at a pressure of 12 psi for 3 min. The pellet obtained
was affixed in a suitable holder and spectrum was recorded
from 4000 cm™ to 400 cm™ in a scan time of 12 min.

3.2 DSC Study

Thermal analysis of Docetaxel plain drug and drug loaded
mesoporous carriers were carried out by using Mettler
Toledo DSC system operating with STAR® software. Indium
was used for calibration. The sample cell was purged with
dry nitrogen at a flow rate of 60 ml/min. Accurately weighed
samples of 5 — 10 mg were placed in aluminum crimped
pans with a pin hole and scanned at a heating rate of 10
C/min over a temperature range of 30 — 300 °C.

3.3 Scanning Electonic Microscope

SEM image of DTX plain drug , mesoporous plain carrier
and drug loaded mesoporous carrier were taken from the
SEM (JEOL JSM -5600) instrument to study the
morphology. The power samples were mounted over a
double sided adhesive carbon tape which were mounted over
aluminum pin stubs and sputter coated with gold using ion
sputter. The powder samples which were not adhered on to
carbon tape were blown out gently and finally the samples
were visualized under SEM instrument.

3.4 In-Vitro Drug Release Study

A in-vitro dissolution study were carried out using USP-type
Il apparatus (LABINDIA DS8000) was performed on
formulation DTX, DTX:MSN batch (1:1, 1:2, 1:3) using
900ml of PB (PH 7.4). Test were conducted at 37°c with
rotation speed of 100 rpm. Sample were collected at lhr
interval. These were filter through 0.45pum and analyzed
using UV Spectrophotometer.

3.5 Powder X-Ray Diffraction Analysis (PXRD)

PXRD pattern of plain drug and drug loaded carriers were
recorded by using an MAXima X XRD-7000 (Shimadzu,
Japan) X-ray difractometer operated at a voltage of 40 kV
and current of 30 mA using Cu Ka radiation source (1.54 A)
passing through nickel filter with divergence slit (1°), scatter
slit (1% and receiving slit (0.3 mm) over the angular range
(20) of 10— 40° at a rate of 4° min™ in steps of 0.02° with
step time of 0.3 second.

4. Result and Discussion
4.1 Determination of Drug Content
The percent drug content was calculated by according to the

absorbance determined by using the formula of regression
coefficient: y=mx+c and was determined to be 28.99%.
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Table 4.1.1: Drug content (%) (n=3) Table 4.3.1 Interpretation of ATR of Docetaxel
Docetaxel : MSN Batch | % Drug content Frequency (cm™) | Range (cm™) Group
DTX:MSN (1:1) 59.87% + 0.26% 3375 3200-3600 O-H
DTX:MSN (1:2) 78.59% +0.78% 2980 2850-3000 C-H
DTX:MSN(1:3) 73.24% £0.51% 1734 1734-1750 C=0
1101 1000-1300 C-0
4.2 Determination of drug loading 1450 1450-1375 CH3
1263 1000-1350 C-N
Table 4.2.1: Drug Load estimation (%wt), (n=3
Silica carriers | % Drug loading capacity +SD KTHM COLLEGE,NASHIK EsHmanzu
DTX:MSN (1:1) 21.95% £ 1.03%
DTX:MSN (1:2) 14.28% +0.92% 1107
DTX:MSN(1:3) 16.73% +0.64% E I |
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Figure 4.3.2: ATR spectra of Parteck silica SLC
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Figure 4.3.3: Drug MSN Formulation

Comparison of ATR spectra of Docetaxel pure drug (fig drug in carrier. Spectra of pure Docetaxel shows two distinct
12.3.1 ), Parteck silica SLC (fig 12.3.2) and Docetaxel-  peaks in the region 3400-3300 cm™. These peaks have been
Parteck silica matrix (fig 12.3.3) reveals that some peaks  completely masked in the spectra of formulation.

have been masked while some are shifted due to loading of
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Some peaks from spectra of pure drug shows shifting
towards lower frequency range. This shifting and masking of ~ 2) DSC of Drug: MSN (50:50 physical mixture)
peaks confirms loading of Docetaxel in Parteck silica.
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Figure 4.4.3: DSC of Drug: MSN (50:50 physical mixture)
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Figure 4.4.1: DSC thermogram of Docetaxel 2.09 e
Thermal behaviour of Docetaxel was studied by using DSC. -~mf
Characteristics endothermic peak of pure drug was observed 4 f?'

at 190°C (Fig 4.4.4) corresponding to its melting point

which indicates purity of its sample and crystallinity. s0q

-6.00

DSC thermographs of unformulated DTX, Parteck silica, e ]
Physical mixture of DTX-MSN and formulated DTX-MSN R s e

Temp |C]
are illustrated in fig 4.4.1, 4.4.2, 4.4.3 and 4.4.4 respectively. Figure 4.4.4: DSC of Docetaxel loaded MSN Formulation
1) DSC of Parteck silica As shown in figure, DTX exhibited a typical endotherm at
g approximately 190°C indicative of its anhydrous and
' crystalline nature. The typical peak of DTX can be seen
clearly in the DSC curve of the physical mixture of

4 dermiiopers unformulated DTX and MSN, but the melting point was
- e decreased to 160°C and peak intensity was reduced. This
“ T g phenomenon was caused by the partly complexing of the
| mixture during the melting process on DSC. Since the
0 melting point of Mesoporous silica are too high to be shown
[ in DSC study, flat curves without endothermic peaks
400 confirmed the stability of the silica carrier. And in the DTX-
MSN  formulation, endothermic peak showed at
ad approximately 83°C.
""" o0 om0 9000 m00d 50000

femp [€) o 4.5 Scanning electron microscopy study
Figure 4.4.2: DSC of Parteck silica
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Figure 4.5.2: SEM image of drug loaded with MSN (1:2 batch)
From SEM, white fluorescence was clearly visualized to be 4.6 Drug Release Study
uniformly concentrated inside the mesoporous silica

nanoparticles which meant the active drug has been
efficiently adsorbed into the silica.
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Figure 4.6.1: %Drug release vs. Time in hrs of all 3 batches

As results, DTX exhibited a dissolution percentage of 4.7 X- Ray Diffractometry (XRD)
32.54% within 32 hrs, while DTX:MSN batch (1:1) had

62.09% drug release, DTX:MSN batch (1:3) had 70.02%

drug release and DTX:MSN batch (1:2) significantly

increased the percentage by 83.42%.
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Figure 4.7.1: XRD of plain powder of Docetaxel
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Figure 4.7.2: XRD of Docetaxel loaded MSN

Interpretation of XRD analysis

e XPRD analysis could clearly describe the crystalline
degree of drug Docetaxel.As seen in fig 10.12 A, the XRD
pattern of Docetaxel displayed multiple peaks between
26 to 250 and at theta value of 10,there are 3 peaks i.e. at
832°C, 1125 °C & 2172 °C respectively.

o While in the case of drug loaded MSN formulation, there
are no intense peaks, & at theta value of 10, there is only
one peak at 197.5 °C .

e The mesoporous silica and drug loaded formulation
showed no typical crystal peak, which indicate that the
drug is loaded inside the silica at amorphous state.

5. Conclusion

From this work, it can be concluded that enhancement in the
solubility of Docetaxel-loaded Parteck silica SLC matrix
was observed as compared with Docetaxel pure drug, as the
dissolution profile of optimized batch [DTX: MSN (1:2)]
showed that there is increased in percent drug release within
32hrs as compared to pure drug.

Also from XRD study, it can be seen that the mesoporous
silica and drug loaded formulation showed no typical crystal
peak, which suggest that the drug is converted into
amorphous form after it is being incorporated in Parteck
silica SLC.

The surface morphology, size and size distribution of the
DTX-loaded Parteck silica SLC was studied by XRD and
result showed that the formed nanoparticles are of desired
particle size and from scanning electron microscopy, white
fluorescence was clearly visualized to be uniformly
concentrated inside the mesoporous silica nanoparticles
which meant the active drug has been efficiently adsorbed
into the silica.

Conclusively, the current study attained the successful
design, preparation and evaluation of drug-loaded Parteck
silica nanoparticles.
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