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Abstract In this study, first time a nanoformulation, sap-
onin-loaded SBA-15 has been developed for an improved
and continuous release. The SBA-15 nanopowder was syn-
thesized by a hydrothermal process. Saponin was introduced
into the mesoporous channels of SBA-15 and its concentra-
tion in SBA-15 was measured by UV-visible spectropho-
tometry. The pristine SBA-15 and saponin-loaded SBA-15
were characterized by small-angle XRD, FESEM, HRTEM,
TGA, FTIR. N, adsorption—desorption isotherms were used
to measure the specific surface area and pore channel struc-
ture parameters of pristine and loaded SBA-15. Saponin
release was studied in phosphate buffered saline (pH 7.4),
which revealed that the release rate could be effectively con-
trolled. The controlled drug release is highly desired for can-
cer treatment. The cytotoxicity of pristine and loaded SBA-
15 was analyzed on Panc-I cancer cells. Both the pristine
SBA-15 and saponin-loaded SBA-15 nanoparticles showed
specific toxicity on the cancer cells. The preliminary results
showed that saponin-loaded SBA-15 could be an effective
therapeutic agent for Panc-I cancer cells.
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1 Introduction

Saponins are naturally occurring large family of amphiphilic
compounds widely distributed in higher plants and com-
monly found in leaves, roots, tubers, blooms or seeds [1].
Saponins can be categorized into triterpenes and steroids
on the basis of the carbon skeletons. The glycone part of
saponinis generally oligosaccharide, organized in a linear or
branched manner and through an acetal linkage attached to
hydroxyl groups [2]. Saponins are non-toxic to humans upon
oral intake. However, when the sponins injected into the
bloodstream, they can act as powerful hemolytic agents [3].
Saponins are also act as lipase inhibitors [3]. Some sanitized
portions of Quilla jasaponaria have adjuvant activity [4, 5].
Some important properties of saponins include generation
of molecular compounds with cholesterol as well as other
hydroxyl steroids, ability to generate foam when mixed in
aqueous solutions, generation of emulsions with oils, toxic-
ity to amphibians and fish [6, 7]. Current research on sapo-
nins revealed their anti-tumor effect on various cancer cells
[1]. Several saponins prevent tumor cell growth through cell
cycle arrest [1]. Furthermore, the use of saponins with well-
known tumor treatment strategies presents improved thera-
peutic effect. Saponin has interesting biological activities
such as hypo cholesterolaemic, anti-tumorigenic, immune-
stimulatory effects [3]. However, the wide spectrum action
of saponins in the medical field is limited by their insolubil-
ity [3].

Over the past couple of decades, nanosuspension technol-
ogy has gained significant attention of research society in
pharmaceutics since the poor water-solubility of new chemi-
cal entities and difficulty to formulate via conventional tech-
niques [8, 9]. The nanosuspensions consist of a liquid colloi-
dal dispersion in nanoscale (10—1000 nm) and surfactants or
polymers as stabilizers [10]. The nanosuspensions are very
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effective in improving the dissolution rate and especially,
the oral bioavailability of poorly water soluble drugs [11,
12]. However, modern research is focused on poorly soluble
controlled drug delivery vehicles like ordered mesoporous
silicas: AMS-1, SBA-15 and SBA-16 [13, 14]. The SBA-15
is a favorable drug carrier due to its various beneficial prop-
erties such as stable arranged mesoporous structure, very
large specific surface area, tunable pore size, large pore vol-
ume and outstanding biocompatibility [15-17]. Addition-
ally, the adsorption ability of poorly soluble drugs onto the
surface of SBA-15 is an emerging tactic for enhancing drug
dissolution [18]. Nano sized drug delivery carrier such as
SBA-15 can be an evolving tactic for saponin delivery and
tumor targeting [19].

In the present study, first time the release properties and
cytotoxicity to cancer cell lines of saponin loaded SBA-15
are described in detail. The proposed controlled release sys-
tem has an inordinate potential to achieve a sustained release
of poorly water-soluble saponin.

2 Materials and methods
2.1 Materials

Ethylene oxide—propylene oxide—ethylene oxide
(EO,¢PO,(EO,, Pluronic P,,;) with molecular weight,
Mw = 5800, tetraethoxyorthosilicate [(C,H50),Si, TEOS],
Hydrochloric acid, HCI (35%) and saponin from quillaja
bark purified were procured from Sigma-Aldrich, India.
Double deionized water was used. All chemicals and sol-
vents were of analytical grade.

2.2 Synthesis of pure SBA-15 matrix

Mesoporous silica, SBA-15 was synthesized according
to our earlier reported works [15-17]. At first 2 g of Py;
was dissolved in 70 ml double distilled water at 40 °C in
high acidic conditions achieved by the addition of 10 ml
HCI (2 M). Then, a clear solution was obtained approxi-
mately after 3 h of uninterrupted magnetic stirring. After
that 4.8 ml TEOS was slowly added to the obtained solu-
tion under uninterrupted magnetic stirring for 24 h at 40 °C.
Subsequently, the resulting solution was moved to a stain-
less steel autoclave for hydrothermal treatment at 100 °C for
24 h. At ambient temperature (~28 °C), the solid material
was filtered, washed and allowed to dry at 70 °C in a hot air
oven. At last, the solid material was calcined in a furnace
at 600 °C for 4 h with a constant heating rate of 1 °C/min
to eliminate organic templates. The finally obtained white
powder is pure mesoporous silica, SBA-15.

@ Springer

2.3 Saponin loading

Initially 200 mg of the support was soaked in 50 mL of sap-
onin-ethanol solution (0.5 mg mL~") and constantly stirred
for 24 h at room temperature avoiding solvent evaporation.
The saponin loaded sample was first filtered and then dried
again at room temperature. Afterwards, the filtrate (1.0 mL)
was properly diluted in ethanol to estimate the concentration
of saponin using a UV-Vis spectrophotometer at 428 nm.
The loading concentration of saponin was estimated using
Eq. (1).

Pp=—

XV ey

where, Py is loading concentration of saponin absorbed into
the mesoporous matrix (mg g~!, mg saponin per gram SBA-
15), while C, and C; are initial and final concentrations of the
saponin in the solution (mg mL™") respectively. W is weight
of the SBA-15 (g) and V is volume of the solution (mL).

2.4 Saponin release

In vitro saponin release from the SBA-15 was accomplished
as follows: at first, 40 mg of the sample was absorbed in
50 mL of phosphate buffer (PBS), pH 7.4 with gentle stirring
at 37 °C. Subsequently, 5 mL of the solution was removed
at predefined time interval and immediately replaced by
5 mL of new PBS. The removed 5 mL solution was filtered
and scrutinized by UV—Vis spectrophotometer. As some
share of the saponin loaded sample was removed from the
release mixture, therefore that portion of the saponin cannot
be counted for next sampling. So, a corrected method [20]
was used to estimate the real concentration of the released
saponin using Eq. (2).

t—1

1%
Ct»correcled = Ct + ‘_/ z Ct (2)
0

where, C,_yreceq (Mg ML) is the actual content of sapo-
nin released at time t, C, is concentration of release fluid
determined by UV-visible spectrometer (mg mL™") sampled
at time t, v is sampled volume reserved at particular time
interval (mL), and V is total volume of released fluid (mL).
The real quantity of saponin released from SBA-15 in the
release fluid was calculated using Eq. (3).
Ct—corrected xV % 100

A 3

t-released —
E

where A .jeaseq 15 the real quantity of released saponin at
time t (%), C_comected 1S the concentration of released saponin
at time t, V is total volume of release fluid, and Py, is loading
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concentration of the saponin absorbed into the mesoporous
matrix.

2.5 Cytotoxicity measurement

For cytotoxicity measurement Panc-I cells were seeded on
96 well plate with a high density (10* cells per well). MTT
(3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyl tetrazolium bro-
mide) assay [3] was used to measure cytotoxicity of SBA-
15 nanoparticles. The measurement was a colorimetric test
centered on selective capacity of viable cells to diminish
the tetrazolium part of MTT into a purple colored formazan
crystal. The concentration of about 1 mg/ml of SBA-15 was
taken by dilution with the media. Five different concentra-
tions of saponin such as 0.25, 0.50, 1, 2, 5 pg/ml were taken
for the measurement. After achieving 90% confluency, the
cells were cleaned with PBS buffer and different content
of nanoparticles were incorporated and incubated. Pristine
cells in media acted as a negative control and wells treated
with a nonionic surfactant, Triton X-100 acted as a positive
control for 24 h. About 5 mg of MTT was diluted in 1 ml
of PBS. Thereafter, 10 pl of the MTT solution was further-
more diluted to 100 pl with a 90 pl of serum-free phenol red
medium. Later on, the cells were incubated for 4 h to gener-
ate formazan crystals. The absorbance was characterized at
580 nm by a spectrophotometer (ELISA plate reader).

2.6 Cell culture

Dulbecco’s modified Eagle’s medium supplemented with
10% fetal bovine serum and 1% penicillin/streptomycin was
used to grow Panc-I cells. Cell suspensions were added to
25 cm? vials and moved to an incubator at 37 °C in presence
of 5% CO,. Afterwards, the cells were trypsinized using 1%
trypsin solution and collected from the bottom of 25 cm?
vials when the cells are in a semi-confluent state or in log
phase of growth. For examining the cell feasibility with
nanoparticles, the cell was trypsinized and resuspended in
fresh media, 24 h prior to the treatment, 100,000 cells per
I mL fresh media were added to each well of a sanitized
24-well plate, and moved to the incubator for attachment
and instantaneous overnight growth. Then on next day, three
different dosages of the samples were added to the cells at
a confluency of 70-80% and spin mixed, transferred back
to the incubator. After 3 days of growth, the plate is taken
out, and the cells in each well were washed three times with
sterile PBS.

2.7 Characterization
The concentration of saponin in saponin-loaded SBA-15

was estimated by UV-visible spectrophotometry (Shi-
madzu UV-2450, Milton Keynes, UK) according to Eq. (1)

[21]. Small-angle X-ray diffraction (XRD) was performed
using a Bruker D8 advance diffractometer with Cu-Ko
target (A=0.15418 nm) to characterize the crystallinity of
the samples. The XRD spectra was recorded from 0.5° to
4° with a scanning step of 0.01° and time per step of 10 s.
Field emission scanning electron microscope (FESEM, FEI
QUANTA 200F) and high resolution transmission electron
microscope (HRTEM, TECNAI G20) were used to char-
acterize the morphology of samples. Thermo-gravimetric
analysis (TGA) was performed using a SDT Instrument
(Q-600 DSC-TGA). Thermograms were recorded from
30 to 800 °C at a uniform heating rate of 10 °C/min with
nitrogen (N,) purge gas. Fourier transform infrared (FTIR)
spectra of samples were recorded on a Perkin-Elmer BX
IT spectrophotometer with potassium bromide (KBr), in
the range of 4000-400 cm™!. At very low temperature of
—196 °C, nitrogen (N,) adsorption—desorption isotherms
were recorded using a Micrometrics Tri-Star analyzer. N,
adsorption—desorption isotherms were used to determine the
specific surface area and pore channel structure parameters
by following BET (Brunner—-Emmett—Teller) method [22].
The pore volume and pore size distribution were measured
by following Barrett—Joyner—Halenda (BJH) model [23].

3 Results and discussion
3.1 Small angle X-ray diffraction

Small angle XRD pattern of SBA-15 and saponin-loaded
SBA-15 are shown in Fig. 1. The typical XRD pattern of
mesoporous SBA-15 shows a strong diffraction peak attrib-
uted to (100) plane with d-spacing value of 93.1 A. The
XRD pattern also reveals two quite weak but resolved

Intensity (a.u.)

110 200
(@)
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15 20 25 30 35 40
2 Theta (degrees)

05 1.0

Fig. 1 Small angle XRD patterns of (a) SBA-15 and (b) saponin-
loaded SBA-15
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peaks attributing to (110) and (200) planes. These two well
resolved weak peaks reflected by small angle XRD pat-
tern are due to the characteristics of hexagonal arranged
mesoporous structure of SBA-15 [24]. All three peaks at
0.9°, 1.52° and 1.7° respectively confirms a highly ordered
with pémm hexagonal symmetric structure of SBA-15. The
characteristic peaks of mesoporous SBA-15 are in close
agreement with the literature [25]. However, the small angle
XRD pattern of saponin-loaded SBA-15 shows a noticeable
decrease in intensity of the diffraction peaks and a slight
increase in d-spacing value (99.3 /OX). The decrease in inten-
sity of diffraction peaks may be due to the filling of pores of
mesoporous structure of SBA-15, which can diminish the
scattering disparity between the pores and their side walls
of SBA-15 [26, 27].

3.2 FESEM analysis

FESEM images of SBA-15 and saponin-loaded SBA-15 at
relatively low and high magnifications are shown in Fig. 2.
The FESEM micrographs (Fig. 2a, b) reveals somewhat
rod-like domains aggregated to wheat-like structures.
Such type of structures generally consists of large fibrous

structures ranging from 0.5 to 1 um in diameter and from
3 to 6 um in length, as designated by dotted white circle
(Fig. 2b). The fibrous structures are the group of huge
quantity of fibers generally made of small rod type par-
ticles of diameter 0.1-0.3 pm and length 0.1-2 um [28],
as indicated by solid white circle (Fig. 2b). The FESEM
micrographs also reveal weakly trapezoidal shape wheat
grain type particles. This happens due to the involvement
of various synthesis parameters of SBA-15 such as tem-
perature, electrolytes, co-surfactants, pH, and swelling
agents, etc. [25]. The low magnification micrograph of
saponin-loaded SBA-15 (Fig. 2¢) seems almost similar to
that of the SBA-15 (Fig. 2a). However, at high magnifi-
cation, a clear difference in the morphology of both the
materials can be easily observed. The FESEM micrograph
of saponin-loaded SBA-15 also reveals rod-like packed
domains agglomerated to wheat-like structures, as des-
ignated by dotted white circle (Fig. 2d). But, the diam-
eter as well as the length of these domains appears larger
than the domains seen in case of SBA-15. On the other
hand, the micrographs of saponin-loaded SBA-15 display
integrated small rod units with tightly packed macro-
structures of amorphous units, as indicated by solid white

Fig. 2 FESEM images of a, b SBA-15 and ¢, d saponin-loaded SBA-15

@ Springer



J Porous Mater (2018) 25:945-953

949

circle (Fig. 2d). The significantly modified morphology is
because of the loading of saponin in SBA-15.

3.3 HRTEM analysis

HRTEM micrograph of SBA-15 (Fig. 3a) reveals the ordered
structure with cylindrical nano-pores well-organized in a
hexagonal array. This type of structure is found in close
agreement with the structure estimated from the small-
angle XRD pattern of SBA-15 (Fig. 1). Figure 3a shows
the 2-dimensional (2D) hexagonal, p6bmm structure consist-
ing identical cylindrical pores of same width to efficiently
accommodate saponin. The mesochannels in rod type of
particles are along the long axis [28]. The diameter of mes-
ochannels in SBA-15 is very small even less than 10 nm. It
is also realized that the nano-pores are not connected with
each other. The entrapment of saponin into the mesochannels
of SBA-15 does not affect its hexagonal arranged structure
(Fig. 3b). However, the HRTEM micrograph of saponin-
loaded SBA-15 does not reveal any existence of agglomer-
ated saponin particles that may be due to the homogeneous
distribution of saponin into the pores of mesochannels of
SBA-15 [15].

3.4 Thermal analysis

Thermal stability of prepared samples was investigated using
TGA curves. The TGA thermograms of SBA-15, saponin
and saponin-loaded SBA-15 are shown in Fig. 4. The ther-
mogram of SBA-15 indicates a small mass loss about 8.9%
up to 800 °C. A minimal mass loss of SBA-15 up to 200 °C
ascribed to thermo-desorption of water from mesopores of
SBA-15. After that no significant mass loss was observed on
heating SBA-15 to 800 °C. However, a small mass loss of
SBA-15 from 650 to 800 °C is ascribed to the condensation
and dehydroxylation of silanol groups [15]. The TGA pro-
file of saponin shows a significant mass loss at 300 °C. The
saponin alone shows a sharp degradation at 300 °C, which

100
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80 83.7%
g 60
E
2
(] [
2 ol 38.4%
209 ——sBA-15
—— SBA-15-Saponin
——— Saponin
-

T v
100 200 300 400 500 600 700 800

Temperature (°C)

Fig. 4 TGA thermograms of SBA-15, saponin and saponin-loaded
SBA-15

point out that the melting point of saponin lies somewhere at
this temperature range. At 800 °C, the saponin loses its sig-
nificant mass about 61.6%. Conversely, the saponin-loaded
SBA-15 shows a better stability throughout the temperature
range even at 800 °C with 83.7% remnant. The initial mass
loss of saponin-loaded SBA-15 by heating up to 250 °C cor-
responds to solvent removal. The mass loss observed from
250 to 800 °C corresponds to the decomposition of saponin.

3.5 FTIR studies

Fourier transform infrared (FTIR) spectra of SBA-15, sapo-
nin and saponin-loaded SBA-15 are shown in Fig. 5. The
spectra of SBA-15 show specific bands at 460, 802, 1086
and 1634 cm™!, which are attributed to Si—O-Si bands
(Fig. 5a), the condensed network of mesoporous silica. A
very broad band at 3447 cm™! ascribed to silanol stretching
vibration and OH group of water molecules present into the

Fig. 3 HRTEM images of a SBA-15 and b saponin-loaded SBA-15
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Fig. 5 FTIR spectra of (a) SBA-15, (b) saponin and (c) saponin-
loaded SBA-15

mesoporous structure of SBA-15 [16]. A band at 1086 cm™!
corresponds to Si—O asymmetric stretching [29]. Any weak
peaks in the range 940-965 cm™! ascribed to non-condensed
Si—OH groups [30]. Also, the silanol groups of mesoporous
SBA-15 shows a weak peak at 964 cm™!. The FTIR spectra
of saponin show typical bands at 2365, 2934 and 3391 cm !
with various bands such as 1610, 1516, 1410, 1220 and
1086 cm™" in the fingerprint region (Fig. 5b) [30]. The FTIR
spectra of saponin-loaded SBA-15 show the significant vari-
ation in two bands such as 2365 and 1220 cm™! (Fig. 5¢).
The variation in these bands may be considered as proof for
loading of saponin into SBA-15 mesoporous structure. In
case of saponin-loaded SBA-15, the infrared band located
at 460 cm ! corresponds to T—O bend vibration [16] and
the band located at 1086 cm™' corresponds to T-04 asym-
metrical vibration of Si—O-Si [21]. The existence of these
infrared bands specifies that the saponin loading into SBA-
15 does not destroy its main structure.

3.6 Saponin loading studies

To estimate the concentration of saponin in saponin-loaded
SBA-15, the spectrophotometry was used [21]. The esti-
mated saponin loading efficiency (Py) into SBA-15 was 85%.
Nitrogen (N,) adsorption—desorption curves are very effec-
tive in determining the surface properties of mesoporous
materials including surface area, pore volume and pore size
distribution. The adsorption—desorption isotherms and BJH
pore size distributions curves of SBA-15 and saponin-loaded
SBA-15 are shown in Figs. 6 and 7 respectively. Both the
pristine SBA-15 and loaded SBA-15 exhibit a typical irre-
versible type IV isotherm along with H1-type hysteresis
loop. Such type of isotherm with hysteresis loop is a char-
acteristic of porous material having hexagonal cylindrical
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Fig. 6 N, adsorption—desorption isotherms of (a) SBA-15 and (b)
saponin-loaded SBA-15

channels with open pores [31, 32]. In case of saponin-
loaded SBA-15, the quantity of nitrogen uptake falls due to
the shrinkage of mesopore volume (Fig. 6). The shrinkage
of volume also leads to the decrease in size of mesopores
as shown by corresponding pore size distribution curve
(Fig. 7). The pristine SBA-15 reveals the specific surface
area of ~737 m*/g with pore volume ~0.94 cm?/g and pore
diameter ~9.4 nm. All these three parameters decreased
due to saponin loading in mesoporous silica. The saponin-
loaded SBA-15 shows the specific surface area of ~585 m*/g
with pore volume ~0.84 cm?/g and pore diameter ~7.3 nm.
The N, adsorption—desorption isotherms of saponin-loaded
SBA-15 reveals that the basic mesoporous structure as well
as pore shape of SBA-15 remain unaffected, which signifies

(a) SBA-15
1 (b) SBA-15-Saponin

A

[e]
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Fig. 7 BJH pore size distribution curves of (a) SBA-15 and (b) sapo-
nin-loaded SBA-15
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that the saponin molecules are loaded into the mesochannels
of SBA-15 without pore plugging.

3.7 In vitro saponin release studies

The saponin loading efficiency (Pp) of SBA-15 was found to
be 85%. In vitro release of saponin was measured with PBS
(pH 7.4). The release % of saponin from mesoporous SBA-
15 at predefined time intervals was determined using Eq. (3).
Figure 8 demonstrates the in vitro release profile of saponin.
The saponin is showing a fast initial drug release rate that
can be designated as the “burst release”. Over the time range
of 0.25—12 h, the constant release rate of saponin accelerated
and a released amount of 65.4% was achieved. After 12 h, a
relatively slow release rate was observed till 72 h and 80.3%
of the saponin was released. An initial burst release was
expected because of the saponin molecules attached onto
the surface of SBA-15 particles. However, the constant and

100

©
b

Cummulative saponin release (%)
)]
o
1

0 10 20 30 40 50 60 70 80
Time (hours)

Fig. 8 In vitro release profile of saponin from saponin-loaded SBA-
15

slow release was due to the entrapped saponin. The saponin
release occurred due to diffusion of drug from pores of SBA-
15. The declined release rate of saponin at longer time rec-
ommended the significance of the diffusion in release kinet-
ics [33]. The measured slow and constant release of saponin
after initial burst release is noteworthy because controlled
drug release is obligatory in cancer therapy. These results
specified that the saponin-loaded SBA-15 is a beneficial con-
trolled drug delivery system especially for cancer treatment.

3.8 Cytotoxicity studies

An in-vitro anticancer activity of saponin-loaded SBA-15
was studied against Panc-I cells. Figure 9a shows the con-
trol Panc-I cell free from any drug and SBA-15 nanoparti-
cles, while Fig. 9b displays a completely damaged Panc-I
cell after treatment with saponin-loaded SBA-15. Both the
SBA-15 and saponin-loaded SBA-15 has the potential to
damage the Panc-I cell within 48 h. The saponin-loaded
SBA-15 damaged the nucleus of Panc-I cancer cell. Due
to the destruction of nucleus of the cancer cell, there is no
chance of redevelopment of that cell. After the treatment
with nanosaponin, cancer cell lost its apoptosis and melg-
nant property.

The toxicity of SBA-15 was analyzed by MTT on Panc-I
cancer cells. The SBA-15 nanoparticles were found toxic on
Panc-I cells (Fig. 10). However, the nanosaponin presented
precise toxicity on cancer cells (Fig. 10).

Generally, saponins isolated from various plants and
animals precisely prevent the evolution of in vitro cancer
cells [34-39]. The ability of natural substances to control
malignancies led to extensive research on this typical prop-
erty of saponins. The saponin extracted from Gymnema-
sylvestre leaves show toxicity on Hela cells (human cervi-
cal carcinoma) [40]. Similarly, the saponins extracted from
Paris polyphylla var. yunnanensis show toxicity to tumor

Fig. 9 TEM images of a untreated Panc-I cancer cell and b damaged Panc-I cancer cell after treatment with saponin-loaded SBA-15
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Fig. 10 MTT assay of SBA-15 and saponin-loaded SBA-15 on Panc-
I cancer cells

cells [41]. This indicates that some molecular level mecha-
nism happening for saponin to present particular toxicity
on cancer cells. Therefore, additional studies on this char-
acteristic are highly desired to develop better understand-
ing on detailed anticancer action of the saponins. The toxic
action of saponins on various cancer cells can happen via
numerous and complex mechanisms. The discriminatory
restriction on tumor growth has been identified using trit-
erpenoid saponins. That happened by cell cycle arrest in
human breast cancer cells as well as apoptosis in leukaemia
cells [42]. Saponins based on the structural functionalities
can prompt a cell cycle arrest facilitated by restriction of
the phosphatidylinositol-3-kinase—protein kinase signaling
pathway [42] or uninterrupted destruction of protein kinase
complex genes [43].

In the present study, saponin-loaded SBA-15 can induce
Panc-I cancer cell death, which is an interesting observa-
tion. However, apoptosis is a process of tissue homeostasis
and can be considered as an ideal pathway to restrict cancer
cell growth. This study is focused on the anticancer activity
of saponin-loaded SBA-15, which is clearly revealing that
a constant saponin release rate could be possible to cancer
cells. The saponin alone can totally expire once triggering
sudden death to a certain population of cancer cells [3].
But, the saponin-loaded SBA-15 can release the saponin in
a controlled manner to cause toxicity to those cancer cells
for long time.

4 Conclusions

Mesoporous silica, SBA-15 was synthesized and used to
load saponin drug. First time, saponin was successfully
introduced into the mesoporous channels of SBA-15. Maxi-
mum loading efficiency of 85% was achieved. Small-angle
XRD and electron microscopy confirmed the homogeneous
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dispersion of saponin into the pores of SBA-15. FTIR spec-
tra and N, adsorption—desorption isotherms revealed no
structural change in mesoporous channel structure of SBA-
15 due to saponin loading and also verified the successful
encapsulation of saponin into the mesochannels of SBA-15.
FTIR studies also indicated the possibility of some interac-
tion of saponin with the SBA-15. After initial burst release,
a sustained release of saponin was observed up to 72 h with
a maximum release of 80.3%. The SBA-15 showed specific
toxicity on Panc-I cancer cells. However, saponin-loaded
SBA-15 revealed significant toxicity on the cancer cells.
This study presented sufficient evidence of nanotechnol-
ogy based saponin in vitro delivery to Panc-I cancer cell to
improve the therapeutic efficiency of this well-known green
chemotherapeutic agent.
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