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ARTICLE INFO ABSTRACT

Keywords: In this study, mesoporous silica nanocarriers were synthesized from natural sources such as rice and wheat husk
Biosources for drug delivery application. First, the biogenic silica in cereals husk was extracted by acid leaching and then
Rice husk

converted to sodium silicate as a silica precursor. Mesoporous silica nanoparticles were then synthesized by
adding sodium silicate to the template mixture by continuous and discrete modes during the sol-gel process. The
effects of natural sources type and precursor addition method on nanocarriers’ morphological and physico-
chemical properties were investigated by XRD, FT-IR, BET and SEM analysis. Our results showed rice husk-based
spherical nanocarriers were more crystalline with slit-shaped pores, while wheat husk-based nanocarriers had
been composed of spherical nanoparticles with narrow cylindrical pores. The results also showed that by adding
the precursor discretely, their hydrophilicity, particle size and pore size increased compared with the continuous
mode, probably due to the high initial concentration of the precursor in the reaction mixture. Doxorubicin (Dox),
as a model anticancer drug was loaded into the nanocarriers, and the drug release behavior was studied at two
different pH values (7.4 and 5.4). In general, the accumulated released drug at pH 5.4 was approximately twice
as much as pH 7.4 due to the higher solubility of doxorubicin at acidic environment. Also, the accumulated
released drug at pH 5.4 for nanocarriers which had been synthesized by discrete mode, was higher than
continuous mode, due to the larger pore diameter of them. The biocompatibility and cytotoxicity of nanocarriers
and Dox-loaded nanocarriers were also investigated on the HFF-2 and MCF-7 cell lines, respectively. Moreover,
apoptosis, as the mechanism of cell death, was evaluated by morphological study of the MCF-7 cells. Within
acceptable toxicity limits and apoptosis induction, the Dox-loaded nanocarriers, especially discrete mode syn-
thesized nanocarriers, exhibited high-efficiency anticancer effect on the MCF-7 cell line.

Wheat husk

Mesoporous biogenic silica nanoparticles
Anticancer drug delivery

Breast cancer cell-line

1. Introduction anticancer drug, was used to treat a wide variety of cancers (Alkreathy
etal., 2019). One of the apparent side effects of this drug is heart disease

It is well known that cancer treatment with current clinical methods (Abdullah et al., 2019). Fortunately, the new generation drug delivery
has many side effects, which results from the non-specificity of these systems have achieved excellent results in reducing side effects (Hossen
methods. In other words, failing to distinguish healthy cells from et al., 2019; Singh et al., 2019). Nanocarriers are a main component of
cancerous cells can cause irreversible adverse effects. Doxorubicin, as an drug delivery systems that prevent drug leakage in normal tissues and
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protected them until they reach the cancer site. Mesoporous silica
nanoparticles (MSNs) have unique and beneficial structural features,
including high surface area, high pore volume, stable mesoporous
structure, adjustable pore diameter, adjustable particle size, and simple
internal and external surface functionalization (Wanyika et al., 2012; Lv
et al., 2016; Hao et al., 2017; Jafari et al., 2019; Manzano and Valle-
t-Regi, 2020). Due to their favorable structural and chemical properties,
MSNs were used in various sciences, such as drug delivery and cancer
treatment (Elbialy et al., 2020; Guo et al., 2020; Nik et al., 2020; Dia-
z-Garcia et al., 2020; Lim et al., 2020; Zaharudin et al., 2020; Saini et al.,
2020), adsorption of organic, inorganic, and gas compounds (Costa
et al., 2020), catalyst (Isaeva et al., 2020; Haynes et al., 2020), enzyme
immobilization (Venezia et al., 2020), etc.

MSNs can be synthesized from high-cost alkoxy silanes (Ke et al.,
20205 Li et al., 2020; Mishra et al., 2020) or inexpensive and economical
sodium silicate solutions (Chapa-Gonzalez et al., 2018; Narayan et al.,
2018). The main goals of drug delivery strategy are reducing side effects
and cancer treatment costs using biocompatible and biodegradable
nanocarriers. In order to achieve these goals; it is best to synthesize
nanocarriers from natural sources. Scientists have found that cereal’s
husk such as rice and wheat are rich sources of silica. (Shaikh and
Shaikh, 2013; Renuka et al., 2013; Espindola-Gonzalez et al., 2010).
These materials are agricultural wastes that can be used to synthesize
MSNs as valuable and useful material (Kaliannan et al., 2019). During a
morphological study of biogenic MSNs derived by rice husk, N.K.
Renuka et al. synthesized MCM-41 and SBA-16 type of MSNs (Renuka
et al., 2013). In another research, MCM-48 type MSNs are manufactured
by H. T. Jang et al. from rice husk as precursors and a mixture of PLE
(polyoxyethylene lauryl ether) and CTAB (cetyltrimethylammonium
bromide) as surfactants. The surface of as-synthesis nanoparticles was
functionalized by ATPES to create amine groups for CO2 adsorption
(Jang et al., 2009). L. R. Shaikh et al. succeeded in synthesizing biogenic
MSNs from wheat husk with a similar procedure. In their study, after an
acid pretreatment followed by calcination, the wheat husk ash was ob-
tained. The uniform size MCM-41 nanoparticles with a particle size in a
range of 300 to 500 nm are synthesized by wheat husk ash as silica
precursors and CTAB as a template (Shaikh and Shaikh, 2013). In this
research, the biogenic silica nanoparticles were extracted from rice and
wheat husk that mentioned as RSN and WSN. Then, the physicochemical
properties, Dox loading efficiency, and drug delivery potential were
analyzed in-vitro. To improve drug delivery efficiency, the mesoporous
silica nanoparticles with various precursors adding methods (RMSN—C,
RMSN-D, WMSN—C, and WMSN-D) were synthesized. Moreover, the
effect of nanoparticles with various physicochemical properties on drug
delivery potential was investigated entirely. The biocompatibility and
toxicity of as-synthesized nanocarriers were studied by MTT assay on
HFF-2 and MCF-7 cell lines as normal and cancerous model cells.
Moreover, apoptosis as the mechanism of cell death, was evaluated by a
morphological study of MCF-7 cells.

2. Materials and methods
2.1. Materials

Rice husk (RH) and wheat husk (WH) as silica bio-sources, were
obtained from a rice and wheat mill in Iran. Sodium hydroxide, hydro-
chloric acid, sulfuric acid, and cetyl trimethyl ammonium bromide
(CTAB: 99%) were purchased from Merck (Darmstadt, Germany) and
used as surfactant agents. Doxorubicin hydrochloride (Dox) was bought
from the Faculty of Tabriz Pharmaceuticals, Iran. The cell culture me-
dium (RPMI-1640), fetal bovine serum (FBS), and penicillin-
streptomycin were purchased from Gibco (Life Technologies, Paisley,
Scotland). HFF-2 and MCF-7 cell lines were obtained from the Pasteur
Institute of Iran (Tehran, Iran). The 5-diphenyl-2-H-tetrazolium bromide
(MTT), Trypsin and dimethyl sulfoxide (DMSO) were purchased from
Sigma-Aldrich, Chemical Co (St. Louis, MO USA).
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2.2. Biogenic silica nanoparticles synthesis

RSNs and WSNs could be synthesized from rice husk and wheat husk,
respectively. Initially, an acid pretreatment was performed to remove
impurities. They should be boiled in 1 M hydrochloric acid for 3 h then,
were washed with distilled water to remove residual acid and dried
overnight at 90 °C. After that, husks were calcinated at 550 °C for 4 h by
5 °C/min heating rate, and the products were named as RSN and WSN,
respectively.

2.3. Biogenic mesoporous silica nanoparticles synthesis

Sodium silicate solution (SSS) was needed as MSNs precursor and can
be prepared by dissolving 1 g RSNs and WSNs in 7.04 mL of 1 M sodium
hydroxide solution, individually. The mixture was heated at 80 °C and
stirred vigorously until half of the initial volume evaporated. In this
section, the effect of the biosource type in the final MSN properties was
investigated. Therefore, all the steps described below were performed on
both precursors. To create a mesoporous structure, CTAB was used as a
template. 4.8 g of CTAB was utterly dissolved in 100 mL deionized water
at 40 °C for 1 h. After that, the pH value of the solution was adjusted to
6.5 by 1 M sulfuric acid. To investigate the effect of precursors adding
method to the reaction mixture on nanoparticles’ physicochemical
properties, two modes were considered. i) SSS was added drop by drop
continuously to the CTAB solution at 40 °C for 2 h (RMSN—C). ii). Half
of the SSS was added to the reaction mixture; after 1 h, the rest of the SSS
was added in the discrete form (RMSN-D). In the end, the pH of the
mixture was adjusted to 11.25 by 1 M NaOH solution and was further
stirred for 1 h. The reaction product was aged at 100 °C for 24 h. The
next day, the precipitated solid product filtered and washed with
distilled water twice. Then it was dried at 90 °C for 12 h and finally,
calcined at 500 °C for 4 h by of 5 °C /min heating rate. The obtained
products were assigned as RMSNs and WMSNs based on MSN derived
from the rice husk and MSN derived from the wheat husk.

2.4. Drug loading into the nanoparticles

5 mg of nanoparticles were completely dispersed in 2.5 mL doxo-
rubicin (2 mg/mL) and 0.5 ml PBS mixture at room temperature for 24
h. The dispersion was centrifuged at 12,000 rpm for 6 min and carefully
washed with distilled water to remove unloaded Dox. The amount of
unloaded drug presented in the supernatant, was determined by using a
UV spectrophotometer with a detection wavelength of 482 nm.

2.5. Invitro drug release

Nanoparticles loaded with doxorubicin were re-dispersed in 4 mL of
PBS (pH 7.4 and 5.4). The dispersion was then transferred into a shaker
incubator at the desired temperature. Then the solution was centrifuged,
and the supernatant was replaced with fresh PBS at specified times. The
amount of released drug was determined using a UV spectrophotometer
with the detection wavelength of 482 nm.

2.6. Cell culture

Human breast cancer cells (MCF-7) and Human foreskin fibroblasts
(HFF-2, normal cell) cells were maintained in RPMI 1640 medium
supplemented with 10% (v/v) fetal bovine serum (FBS), penicillin (100
U/mL) in CO5 humidified atmosphere containing 5% CO; at 37 °C.

2.7. The cytotoxicity assays

The cytotoxicity of nanoparticles against HFF-2 and MCF-7 cell lines
and Dox-loaded nanoparticles against MCF-7 cells were determined by
standard MTT assay. Briefly, the cells were seeded onto 96-well plates at
a density of 10,000 viable cells per well and incubated for 24 h. Then the
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Fig. 1. X-Ray diffraction patterns of the silica nanoparticles: (a) RSN, WSN and (b) RMSN-C, RMSN-D, WMSN-C, WMSN-D.

cells were treated with Dox-loaded nanoparticles with the Dox concen- were carried out with four replicates (Hu et al., 2013).
trations ranging from 0.08 to 20 mg mL ™}, and blank nanoparticles 0.4
to 200 mg mL %, respectively, in a final volume of 200 pL. After treat-

. ) 2.8. Morphological evaluation of the apoptotic cells
ment, 20 pL of MTT (5 mg,mL in PBS) was replaced in each well and

incubated for an additional 3 h. ppon remoying the MTT solution, the For morphological studies of the MCE-7 cell line, the cells were
purple formazan crystals were dlssolved' with 100‘”1“ DMSO, and the seeded in 6-well plates at a concentration of 8 x 105 cells/well, in 2 mL
absorbance was recorded 'at 570 nm with a multi-well plate feader. of the growth medium, and incubated for 24 h to allow cell attachment.
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Fig. 2. FT-IR spectra of (a) RSN (b) RMSN-C (c) RMSN-D (d) WSN (e) WMSN-C (f) WMSN-D.
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Fig. 3. SEM images of (a) RSN and (b) WSN in micro-scale (I) and (a) RSN (b) RMSN-C (c) RMSN-D (d) WSN (e) WMSN-C, and (f) WMSN-D in nano-scale (II).

loaded RMSN-D with IC 50 values obtained by MTT assay. After 48 h of
incubation, DNA was also stained with Hoechst 33,258 (1 mg/mL in
PBS) for 2 min, then examined using a fluorescence microscope (Arya-
pour et al., 2012).

3. Characterization

The low angle X-ray diffractometer (XRD) patterns of nanoparticles
were recorded using a powder X-ray diffractometer (D8 Advance, Bruker
AXS, Germany) with the scattering angle (20) range of 10-80° for the
RSN and WSN, and 1-10° for the RMSN-C, RMSN-D, WMSN-C, and

WMSN-D. Fourier transform infrared (FT-IR) spectra were recorded
using the FT-IR spectrophotometer (TENSOR 27, Bruker, Germany).
Scanning electron microscopy (SEM) (TESCAN Vega 3, Kohoutovice,
Czech Republic) images were taken with an energy-dispersive X-ray
spectrum (EDS). N2 adsorption-desorption isotherms and parameters
such as surface area, pore size, and pore volume were obtained with
Surface Area and Pore Size Distribution Analyzer (Belsorp mini, japan).
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Fig. 4. Particle size distribution of RMSN-D and WMSN-D.

4. Results and discussion
4.1. Characterization

4.1.1. XRD pattern

For the synthesis of MSNs from biogenic sources, amorphous
biogenic silica nanoparticles were first synthesized from rice husk as a
precursor for the sol-gel process. Fig. 1-a illustrates RSN’s and WSN’s
wide-angle XRD pattern, which appears as a broad peak at a 26 angle of
22.17°, indicating the amorphous nature of silica. Also, no impurities
were observed in the profile. Moreover, the intensity of the XRD pattern
at a 20 angle of 22.17° in RSN was higher than WSN. This result can be
due to the regular structure of the rice husk compared with the wheat
husk. Fig. 1-b shows low angle XRD patterns of RMSN-C, RMSN-D,
WMSN-C, and WMSN-D from top to down, respectively. The XRD pat-
terns show the crystalline state of silica with an intense peak at 26 =
2.36° related to the reflection line (100) for all samples, which charac-
teristic of the hexagonal structure of the mesoporous silica nanoparticles
with high crystallinity (La-Salvia et al., 2017).

As shown in Fig. 1-b, RMSN-C and RMSN-D had a bit higher intensity
at 20 = 2.36° than WMSN-C and WMSN-D, which was related to the
property of the bio-sources. Also, MSNs, which synthesized by discrete
SSS adding mode (RMSN-D & WMSN-D), are more crystalline than
continuous precursor adding mode (RMSN-C & WMSN-C). This signifi-
cant change in intensity could be due to the lack of necessary time for
crystals to grow in continuously precursor adding methods. This
parameter can influence the nanocarrier’s drug loading efficiency and
release behavior.

4.1.2. FT-IR detection

The infrared spectrum of absorption or emission of RSN, RMSN-C,
RMSN-D, WSN, WMSN-C, and WMSN-D were obtained by Fourier-
transform infrared spectroscopy (FTIR) technique which illustrated in
Fig. 2. The characteristic bands of silica nanoparticles are visible at 460,
810, and 1100 cm ™! due to Si-O-Si bending vibration, Si-O-Si sym-
metric stretching and Si-O-Si asymmetric vibration (Beygi et al., 2016)
in all samples that allow identifying the SiO2 networks. The peak at 3450

cm™! was related to symmetric stretching of the Si-OH group, and the
O—H stretching vibration of HyO was visible at 1620 cm™* and 950
em! (Xu et al., 2015; Lenza and Vasconcelos, 2001). These findings
indicated that silica networks of particles were successfully obtained in
all the samples. The peak at 3920 cm ! was related to the C—H band due
to residual CTAB in samples. However, by discrete form synthesis
nanoparticles (RMSN-D and WMSN-D), the characteristic bands of silica
and the peaks located at 950, 1620, and 3450 em ! are stronger. This
allows us to assuming that, by synthesizing mesoporous silica nano-
particles with discrete precursor adding method, a denser silica network
was formed. Moreover, RMSN-D and WMSN-D are further hydrated than
RMSN-C and WMSN-C (Espindola-Gonzalez et al., 2010). This property
improvement is significant because the organic moieties could attach to
inorganic Si using silanol groups. So, drug delivery potential improved
by developing functionalized mesoporous silica nanoparticles and tar-
geted drug delivery systems.

4.1.3. SEM observation

The morphological properties and the size of nanoparticles were
analyzed by scanning electron microscope (SEM). Fig. 3-i, illustrated the
micro-scale of RSN and WSN. The RSN nanoparticles had a regular
structure compared to WSN. However, WSN nanoparticles had micro-
channels in their structure which can affect their drug delivery proper-
ties. As illustrated in Fig. 3-ii, RSN, RMSN-C, RMSN-D, WSN, WMSN-C,
and WMSN-D are spherical in nano-scale. It is evident that, by synthe-
sizing RMSNs and WMSNs from RSNs and WSNs, the boundary between
nanoparticles has become explicit, and the uniform nanoparticles were
synthesized. The average hydrodynamic diameter of the nanoparticles
of RSN, RMSN-C, RMSN-D, WSN, and WMSN-C was 28.76, 32.46, 41.8,
49.18, 63, and 72 nm, respectively. So, the particle size of RMSN-D and
WMSN-D was increased compared with RMSN-C and WMSN-C. This
phenomenon can be explained by silica precursor concentration at the
beginning of the reaction. In the RMSN-D and WMSN-D cases, the higher
sodium silicate solution was added compared to RMSN-C and WMSN-C
at the beginning of the sol-gel process. Also, increasing the silica pre-
cursor ratio to water can cause an increase in particle size because it
encourages hydrolysis and condensation reactions (Dabbaghian et al.,

Table 1

Elemental Analysis for samples.
Elements (W %) RSN RMSN-C RMSN-D WSN WMSN-C WMSN-D
Si 63.76 59.17 71.02 49.64 57.86 70.91
o 36.24 40.83 28.98 50.36 42.14 29.09
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Fig. 5. The N, adsorption—desorption isotherm and BJH pore diameter distribution of (a) RSN (b) RMSN-C (c¢) RMSN-D (d) WSN (e) WMSN-C (f) WMSN-D.

2010). The particle size distribution of RMSN-D and WMSN-D was

illustrated in Fig. 4.

The elemental analysis was determined by Energy-dispersive X-ray
spectroscopy (EDS). Table 1 proposed a mass percentage of elements in
nanoparticles. All the samples consist of Si and O elements, which
indicate the silica network existence. The ratio of Si to O for RMSN-C and
WMSN-C was 1.44 and 1.37. However, the ratio of Si to O for RMSN-D
and WMSN-D was increased to 2.45 and 2.43, respectively.

4.1.4. Brunauer-Emmett-Teller (BET) surface area analysis

To improve the drug delivery capacity of RSNs and WSNs, CTAB as a
template was used to create a mesoporous structure with a high specific
surface area and appropriate total pore volume. These parameters are
critical to increasing drug loading efficiency and encapsulation capacity.
In Fig. 5, N2 adsorption/desorption isotherms for all the silica samples
has been shown. Pore size distributions for these samples has been
shown in the inset. According to IUPAC classification (Thommes et al.,

Table 2

Specification of the different silica nanoparticles.
Type of nanoparticles RSN RMSN-C RMSN-D WSN WMSN-C WMSN-D
as,BET (ngfl) 226.52 969.81 950.76 242.95 841.76 617.35
Total pore volume (cm®g~") 0.2498 0.9976 1.1218 0.2924 0.4925 0.6362
Average pore diameter (nm) 4.4105 4.1144 4.717 4.146 2.3402 4.122
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Table 3
Silica nanoparticles drug loading and encapsulation efficiency.
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Type of nanoparticles RSN

RMSN-C RMSN-D WSN WMSN-C WMSN-D
Loading (%) 23.33 31.34 32.19 19.14 47.52 42.06
Encapsulation (%) 19.43 26.11 26.81 15.94 39.58 35.04

2015), isotherms globally represent type IV, which confirmed the exis-
tence of mesoporous structure (Xu et al., 2015). With a more detailed
investigation of charts, as illustrated in Fig. 5 (b and d), RMSN-C and
RMSN-D were compatible with type IV(a) isotherm, in which pores
condensation were accompanied by hysteresis type H3 at the relative
pressure p/p0 = 0.4-1.0 (Sotomayor et al., 2018). This type of hysteresis
belongs to the slit-like pores. On the other side, WMSN-C and WMSN-D
adsorption/desorption isotherms were reversible, and they were
compatible with type IV(b) isotherm, which represents narrow meso-
porous (cylindrical pores less than ~4 nm for nitrogen at 77 K) (Soto-
mayor et al., 2018). So, the difference in the pore types of nanocarriers
can influence their drug delivery potential. The corresponding pore size
distribution curve indicated that the nanoparticles had a narrow pore

size reported in Table 2. According to the BET results, RSNs and WSNs
had a specific surface area of 226.52 and 242.95 cm?g ™!, respectively.
Also, the average pore volume of them was 0.2498 and 0.2924 cm>g L.
To improve physicochemical properties, RMSNs and WMSNs were
synthesized based on RSNs and WSNs. RMSN-C and RMSN-D were
synthesized by high specific area and very high average pore volume of
969.81, 950.76 cm?g~ !, 0.9976, and 1.1218 cm3g ™!, respectively. As
reported in Table 2, the specific surface area and the average pore vol-
ume of WMSN-C and WMSN-D had increased compared to WSN. How-
ever, these parameters were lower than RMSN-C and RMSN-D. Due to
the utterly identical synthesis method, these differences probably were
due to the type of biological source. Furthermore, precursors’ addition
during the synthesis of MSNs in a continuous mode has raised the
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Fig. 7. The cytotoxicity and of different nanoparticles to (a) HFF-2 clells, (b) blank nanoparticles to MCF-7 cells and (c) Dox added nanoparticles to MCF-7 cells.

specific surface area. On the other side, discrete mode has created
nanoparticles with a higher average pore volume and larger pore
diameter. All these parameters are critical in the drug delivery field and
nanocarriers efficiency.

4.2. In-vitro pH-responsive drug release

Dox as an anti-cancer drug with pH-dependent hydrophilicity
(Kamba et al., 2013) was loaded into the nanoparticles via a simple
mixture method at room temperature. The unloaded Dox was removed
by centrifugation, and the loading efficiency was calculated by
measuring the concentration of the unloaded drug using UV-Vis spectra.
The Dox loading percentage and encapsulation efficiency were pre-
sented in Table 3.

In this study, the main purpose of using CTAB was to improve the
drug delivery efficiency of RSN and WSN nanocarriers. The specific
surface area, the specific pore volume, and the average pore diameter
are the effective parameters in the drug delivery applications (Bavnhgj
et al, 2019). Increasing the specific surface area or equivalently
reducing the specific pore volume imposed to improve the drug loading
(Bavnhgj et al., 2019). However, it should be noted that, an excessive
increase in the specific surface area leads to prepare nanocarriers with
smaller pores diameter than model drug size, such that the drug cannot

be able to penetrate the nanocarrier (Li et al., 2019). Therefore, nano-
carriers must have the appropriate pore size for effective drug loading.
As reported in Table 3, RMSN-C, RMSN-D, WMSN-C, and WMSN-D
nanocarriers have a higher loading percentage than RSN and WSN due
to the increase in their specific surface area. However, another critical
point is the type of pores and their accessibility, affecting the drug
loading. RMSN-C and RMSN-D nanocarriers, despite their higher spe-
cific surface area, have lower loading efficiency than WMSN-C and
WMSN-D nanocarriers. The reason probably depends on the morphology
of the pores. The results show that the cylindrical pores of WMSN-C and
WMSN-D have a higher loading capacity than the slit-like pores of
RMSN-C and RMSN-D.

The release profile of Dox from the nanocarriers was investigated at
two different pH values (5.4 and 7.4), which represent the acidic tumor
microenvironment and normal physiological environment, respectively,
at the body temperature. In all cases, the acidic condition improved the
drug release into the buffer. This pH-responsive behavior can be
explained by the solubility variation of Dox at different pHs. A low pH
leads to Dox hydrophilicity and solubility increasing by enhancing
protonated amine groups on it, which afforded the fast drug release from
the nanoparticles (Hu et al., 2015). As mentioned before, RSNs and
WSNs as precursors have potential for drug delivery applications. As
shown in Fig. 6(a), RSNs could release 14.5% and 28.12% of
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(b) Dox @ RMSN-[h

Fig. 8. Fluorescence microscopy of the MCF-7 cells (a) without treated (control) (b) treated with Dox@RMSN-D (c) Dox. Fluorescence images of the cells stained
with Hoechst 33258 after 48 h. All of the investigated chromenes induced condensation and fragmentation of the nuclei.

accumulated Dox at basic and acidic conditions after 72 h, respectively.
Also, WSNs can release a more significant amount of accumulated Dox
(16.74% and 36.61%) under the same conditions. It can be due to a
larger pore diameter of WSNs compared to RSNs (Limnell et al., 2011).
RMSNs and WMSNSs release patterns were illustrated in Fig. 6 (b and c).
Accumulative Dox releases from WMSN were a bit higher than RMSN;
however, it is noteworthy that the release pattern in wheat husk-based
nanoparticles (WMSN) has a steeper slope compared to RMSN. It can
be due to the higher accessibility of WMSNs pores. Moreover, as
analyzed in Fig. 6 (b and c), RMSN-D, and WMSN-D, which have high
crystallinity and larger pore size, have a higher accumulated amount of
released Dox, compared to RMSN-C and WMSN-C with lower crystal-
linity at the same time. Our results indicate that using discrete methods
in the precursor addition increases the drug release in the tumor
medium.

4.3. MTT assay

In-vitro MTT assay was applied on human fibroblast cell line (HFF-2)
for examining cytotoxicity and biocompatibility of blank nanoparticles
with the nanoparticle’s concentrations ranging from 0.8 to 400 ug mL ..
As the results were presented in Fig. 7(a), no significant toxicity of the
blank nanoparticles was observed on the normal cell line. These results
show the high biocompatibility of nanocarriers. Also, the toxicity of the
blank and Dox-loaded RSN, RMSN-C, WSN, RMSN-D, WMSN-C, and
WMSN-D were investigated by evaluating the cytotoxicity on the MCF-7
cell line with the Dox concentration ranging from 0.08 to 20 ug mL7L As
shown in Fig. 7(b), blank nanoparticles had no significant toxicity on the
MCEF-7 cells. However, the cytotoxicity of Dox-loaded nanoparticles was
shown in Fig. 7(c). All of the nanoparticles showed acceptable toxicity
on the cancerous cell lines. However,as expected the toxicity of RMSN-D
and WMSN-D have been higher due to their higher drug release ability.
So, these biogenic drug delivery systems by excellent biocompatibility
can be high-efficiency drug delivery systems in cancer therapy.

4.4. Morphological assay of the apoptotic cells

In this section MCF-7 cells were cultured at a density of 8 x 10° cells/

well in the presence of indicated concentrations (IC50 Values) of the
Dox-loaded RMSN-D and Dox for 48 h. Harvested cells were stained with
Hoechst 33258 to detect the apoptotic cells (Fig. 8). Under a fluores-
cence microscope, the control cell’s nucleus was large and round,
without any condensation and fragmentation. However, cells treated
with Dox-loaded RMSN-D and Dox exhibited chromatin condensation
and fragmentation, a typical morphological feature of apoptosis. As
illustrated in Fig. 8, the chromatin condensation and fragmentation are
wider in the cells treated with Dox-loaded RMSN-D. These data indicate
that the investigated compounds have induced apoptosis in the MCF-7
cell line (Naseri et al., 2015).

5. Synthesis mechanism

In this study, RSN and WSN nanocarriers were extracted from rice
and wheat husk by acid treatment and calcination processes. The syn-
thesis mechanism was illustrated in Fig. 9(a). To improve physico-
chemical properties, loading efficiency, and encapsulation capacity, as
illustrated in Fig. 9(b), sodium silicate solution as silica precursor was
synthesized from RSN and WSN. Moreover, by continuous and discrete
sodium silicate solution adding modes to the template mixture, RMSN-C,
RMSN-D, WMSN-C, and WMSN-D nanocarriers were synthesized by sol-
gel process. One of the salient features of these nanocarriers were their
high specific surface area and high loading efficiency, which can induce
a high potential in MCF-7 cells death.

6. Conclusion

In conclusion, we have developed novel economic biogenic meso-
porous silica nanoparticles based on rice husk and wheat husk as bio-
sources. In this paper, the effect of biosources and their adding modes to
reaction mixtures for MSN syntheszing with various properties were
investigated. These parameters can influence the physicochemical
properties and drug delivery potential. Dox, a typical anticancer drug,
was effectively loaded into the nanoparticles. The release profile of Dox
from them was investigated at two different pH values 5.4 and 7.4. All of
the samples have higher accumulative release behavior at the acidic
condition. So, nanoparticles were pH-responsive due to highlight the
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Fig. 9. Synthesis mechanism of (a) Biogenic silica nanoparticles and (b) biogenic mesoporous silica nanoparticles from rice and wheat husk by two different pre-

cursors adding methods.

Dox solubility variation in different pHs. At pH 7.4, Dox was less soluble
in water and was protected in the nanoparticle‘s pores. By decreasing the
pH to 5.4, the hydrophilicity of Dox enhanced and caused to higher
release rate in acidic condition. Biogenic silica nanoparticles (RSN and
WSN) have mesopores in nature which could protect the anticancer
drug. To improve the drug loading capacity, RMSNs and WMSNs were
synthesized by CTAB using as a template. In this way, the specific sur-
face area was increased and led to higher Dox loading. The MSNs, which
were synthesized by discrete adding precursors mode (RMSN-D and
WMSN-D) had higher crystallinity and showed higher drug release rate
at the acidic condition. Moreover, in this study, it was found that only a
high level of specific surface area was not the reason for the high drug
loading and drug release rate. The pore structure is a valid parameter in
the drug loading and release profile. WMSNs had a low specific surface
area than RMSNs, but they had higher drug loading and release rates. It
was shown that the pore accessibility in the WMSNs was more conve-
nient. The biocompatibility of nanoparticles was investigated by MTT

10

assay on the HFF-2 cell line, and they have no significant toxicity. Also,
the Dox-loaded nanoparticles had acceptable toxicity on the MCF-7
cells. Ultimately, the as-synthesized economic and biocompatible
biogenic drug delivery systems would provide great potential for the
development of cancer therapy.
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