J. Indian Chem. Soc.,
Vol. 96, August 2019, pp. 1109-1116

cancer cell lines

Pritam Singh?, Sanchaita Mondal®, Moumita Saha®, Krishna Das Saha®*, P. K. Maiti¢ and Kamalika Sen?*
@Department of Chemistry, “Department of Chemical Technology,
University of Calcutta, 92, Acharya Prafulla Chandra Road, Kolkata-700 009, India

E-mail: kamalchem.roy@gmail.com

bCSIR-Indian Institute of Chemical Biology, 4, Raja S. C. Mullick Road, Jadavpur, Kolkata-700 032, India

E-mail: chem.sanchaita@gmail.com, moumitasahaiicb@gmail.com, krishna@iicb.res.in

Manuscript received online 17 July 2019, revised and accepted 26 July 2019

Mesoporous alumina and its modifications are in vogue for their medical applications. These are mostly used for controlled
delivery of different drugs for their internal porous configuration. However, studies on their candidature to be used for des-
truction of live cancer and normal cells are still in dearth. Herein, we report the synthesis and characterization of mesoporous
alumina together with its modification using a carbohydrate, B-cyclodextrin (BCD). Thereafter we report on the cytotoxicity of
these materials towards colon cancer cells (HCT 116) and normal kidney cells (HEK 293) together. The ICg, values of the
pristine alumina and the BCD modified alumina were found to be 15.61 ng/mL and 23.39 ng/mL respectively for HCT 116. It
has been observed that both the materials can be perceived to be potential reagents for destruction of cancer cells.
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Introduction

An exponential growth of research in the field of
nanotechnology especially mesoporous materials has been
observed in the recent years. This trend of the modern sci-
ence community towards mesoporous materials is quite ob-
vious as these materials posses some unique properties such
as high surface area, tunable pore size, higher stability, easy
functionalization compared to that of the bulk materials. These
properties make them novel and distinguished candidates
for a variety of applications'.

Alumina is one such candidate that has different applica-
tions in several branches of science. The most interesting
property of such materials lies in their wear resistance capa-
bility and antimicrobial activity. Due to such properties,
mesoporous alumina has found its application in the medi-
cal field as a ceramic material in the contemporary organ
replacement therapy. In fact it has been used in hip joint
prosthesis. It has also found applications in biochemical fields
such as biosensors, protein separations, drug delivery,
etc.7.

However, the use of such candidates also results in their
exposure to the living systems. Therefore, the impact of
nanomaterials on biological systems has become manda-
tory® and has bred a new field of research known as
‘nanotoxicology”. This term has captured our attention with
the growth of their gradual penetration in industrial and so-
cial platforms®.

Now a basic question arises regarding the reason be-
hind such toxicity. A clear and an obvious answer to this query
rely on the interaction between the nanomaterials and the
cells of the living system. Particle size of such materials is
anticipated to play a decisive role behind the extent of toxic-
ity as smaller particles are likely to invade and penetrate the
cell wall, enter into the cellular matrix, create an imbalance
in the biochemical system therein causing cell damage°.

Nanodimensional aluminum oxide shows numerous re-
ports on toxicological assays in the literature!". Chen et al.
reported that aluminium oxide nanoparticles reduced the cell
viability of human brain microvascular endothelial cells by
alteration in the potential of mitochondria'2. The mechanism
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also involved increased cellular oxidation, and decreased
protein expression in presence of the particles. In another
work Alshatwi et al. showed the cytotoxicity of Al,04
nanoparticles towards human mesenchymal stem cells by
changing the internal cellular structure. Altered gene expres-
sion factors were found to escalate the mitochondria medi-
ated cell deathS.

B-Cyclodextrin (BCD) is a water soluble oligosaccharide
with a toroid shape having glucopyranoside units linked by
glycosidic bonds. The toroid has a lesser hydrophilic interior
and a more hydrophilic exterior due to the spatial orientation
of the -OH groups. This makes them good candidates to form
inclusion complexes with drugs with a resultant advantage
for controlled drug delivery due to enhanced solubility. BCD
is also capable to penetrate body tissues and is known to
have sufficient bioactivity to remove cholesterol from cultured
cells. Additionally they are of wide interest because of their
nontoxic behavior, as far as the in vivo studies are concerned.
Therefore, BCDs are now well chosen in the field of drug
delivery applications'. Rachmawati et al. reported BCD
based drug delivery of curcumin to enhance its skin perme-
ability'®. In another work by Babbta and Agarwal, an inclu-
sion complex of meloxicam in BCD to increase the dissolu-
tion rate of the drug was reported'®. BCDs are also used to
modify mesoporous materials for achieving targeted drug
delivery. Recently in 2017, Abdous et al. developed a sys-
tem based on BCD modified mesoporous silica for controlled
loading and release of curcumin with higher cytotoxic effi-
cacy for cancer cells!”. Further, Zhang et al. reported BCD
modified gold functionalized mesoporous silica for sustained
release of 1-adamantaneacetic acid and fluorescein drug'®.

However, every such modification changes the toxico-
logical features of the resultant species. The possibilities of
altered toxicity of any chemical reagent at different chemical
milieu should be considered and BCD is not an exclusion
from this generalization. Rather, it should be considered more
poignantly particularly because it has well known in vivo
nontoxicity.

In this work we have prepared mesoporous alumina and
modified it with a biopolymer [3-cyclodextrin (BCD). We char-
acterized these materials using different techniques like N
adsorption-desorption isotherm, FESEM (field emission scan-
ning electron microscopy), TEM (transmission electron mi-
croscopy), and so on to get a clear idea about the surface
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and internal properties of these materials. The current sce-
nario associated with the nanotoxicology directs us to go
through a survey of the toxicity of such materials. So we
have taken one human colon cancer cell (HCT 116) and a
normal cell line (HEK 293 (Normal Human Epithelial Kidney)
cells) to study the cytotoxicity of these materials.

Experimental
Materials:

Pluronic F-68 was purchased from Himedia Laboratory
Pvt. Ltd. (India). Aluminium iso propoxide (98%) was pur-
chased from Loba Chemie (Laboratory Reagents & Fine
Chemicals) (India). B-Cyclodextrin (BCD) (98%) was pur-
chased from Sisco Research Laboratories Pvt. Ltd. (India).
Dulbecco’s modified Eagle’s medium (DMEM), Fetal Bovine
Serum (FBS), antibiotic penicillin-streptomycin (PS), trypsin
and ethylenediamine tetraacetic acid (EDTA) were purchased
from Gibco BRL (Grand Island, New York, USA). 3-(4,5-
Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(45989, MTT-CAS 298-93-1-Calbiochem), dimethyl sulfox-
ide (DMSO), FlowCollect Annexin Red kit (Cat. No.
FCCH100108) were bought from Merck-Millipore. Tissue
culture plastic wares were bought from Genetix Biotech Asia
Pvt. Ltd. All other chemicals were of AR grade and used as
obtained.

Apparatus:

Quantachrome surface area analyzer instrument was
used to get nitrogen adsorption-desorption isotherm at liquid
nitrogen temperature (77 K). The field emission scanning
electron microscopic images were obtained using JEOL JSM-
7600F instrument. JEOL JEM 2100 HR with EELS transmis-
sion electron microscopy was used to get TEM images of
the prepared materials. Perkin-Elmer FT-IR 783 spectropho-
tometer having resolution 1 cm=! was used to get the Fou-
rier transformed infra red (FTIR) spectra of the prepared
materials in the range of 400 to 4000 cm™" using KBr pellets.
X-Ray diffraction (XRD) data was obtained from X-PERT-
PRO Panalytical diffractometer. The data so obtained from
XRD was then compared with the standard data obtained
from the Joint Committee on Powder Diffraction Standards
(JCPDS) software. A digital balance of Mettler Toledo, cor-
rect upto four decimal place was used to accurate weighing
of the materials. Calcination was performed using Muffle fur-
nace of Bysakh & Company, India instrument.
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Synthesis of mesoporous alumina (MA):

The synthesis method was followed from a literature re-
port'®. Pluronic F-68 solution was prepared in ethanol in a
beaker. In another beaker, aluminium isopropoxide was taken
in ethanol and to complete the dissolution 3 mL of concen-
trated HNO5 was added to the iso propoxide solution. In the
next step, the iso-propoxide solution was mixed with pluronic
solution under stirring condition. After 5 h of continuous stir-
ring, the mixture was dried in an oven and finally the material
was calcined at 1000°C for 4 h at a heating rate of 10°C/min.

Synthesis of BCD modified mesoporous alumina (BMMA):

For synthesis of BMMA, the water solution of BCD and
ethanolic solution of iso propoxide were mixed with pluronic
solution under stirring condition. As described above, after
continuous stirring for 5 h, the mixture was dried in oven and
finally calcined at 300°C for 4 h at the same heating rate as
above.

Cell culture study:

The HCT 116 and HEK 293 cell lines were cultured in
DMEM containing 10% FBS at 37°C in a humidified atmo-
sphere under 5% CO,. Cells were harvested with 0.5% trypsin
and seeded at a required density to allow them to re-equili-
brate a day before the start of experiment.

Cell viability assay:

The MTT assay was done to check the cell viability. HCT
116 and HEK 293 cells (1x108 cells/iwell) were plate in 96-
well plate and treated with or without different concentra-
tions of MA (4.46, 8.92, 17.84, 26.76 and 35.68 ng/mL) and
BMMA (7.1, 14.2, 28.4, 42.6 and 54 ng/mL) for 24 h. Me-
dium was discarded and MTT (4 mg/mL) was added to the
wells and incubated for 3 h. After incubation, DMSO was
added and the absorbance of the solution was measured at
595 nm using a micro plate reader.

Detection of apoptosis using fluorescence-activated cell
sorting (FACS) analysis:

Apoptosis was assayed by using Annexin V fluorescein
isothiocyanate (FITC) apoptosis detection kit as manu-
facturer’s protocol with some modifications. HCT 116 cells
treated with MA for 24 h and were stained with propidium
iodide (Pl) and annexin V-FITC. The percentage of live,
apoptotic and necrotic cells were analyzed by BD
LSRFortessa cellanalyzer (Becton Dickinson, San Jose, CA,

USA). Data from 108 cells were analyzed for each sample.

Characterization

N, adsorption-desorption analysis was performed to get
surface information and pore size distribution of the solid
samples. Barrett-Joyner-Halenda (BJH) method was applied
to calculate the pore volume of the materials. Field emission
scanning electron microscopy (FESEM) analysis was done
using solid materials to take a clear view of the surface of
the nanoparticles. Transmission electron microscopic (TEM)
analysis was performed using a dispersed solution of the
materials (prepared in water) to get a high resolution image
of the surface and the particle size of the materials. The bond
vibration data were recorded using FTIR spectroscopic
method using solid samples. The crystalline nature of the
prepared materials was confirmed form powder X-ray
diffractometric technique using the solid form of the materi-
als.

Results and discussion

N, Adsorption desorption analysis:

Both MA and BMMA show type Il isotherm with H3 hys-
teresis loop (Fig. 1) characteristic for mesoporous adsorbent
having slit shaped pores with plate-like assemblies?0-24. The
average pore diameter for MA and BMMA are ~10 and ~15
nm respectively (Fig. 1 inset). The BJH pore volumes for MA
and BMMA are 0.080 and 0.030 cm®/g.
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Fig. 1. N, adsorption-desorption isotherms and pore diameter graph
(inset) of MA and BMMA.
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FESEM analysis:

The FESEM images show a porous nature of the surface
of both the materials. Round shaped depressions (~100 nm)
with smaller pores (~10-15 nm) are observed in both the
materials and the results so obtained are in good accordance
with the previous analysis (Fig. 2).

Fig. 2. FESEM images of MA and BMMA.

TEM analysis:

The particle size ~ 45 nm for MA and ~35 nm for BMMA
were obtained from TEM images (Fig. 3).

S—
CRNN (CU)

Fig. 3. TEM images of MA and BMMA.

FTIR analysis:

For MA, a peak at 746 cm! is found due to Al-O bond
vibration. The modification by BCD moiety was confirmed in
the BMMA material, by the peaks at 3469 cm™" (due to O-H
stretching vibration), 1637 cm™" (due to O-H bending vibra-
tion), 867 cm™" (due to C-H bending vibration) (Fig. 4). The
functionalities of all the peaks are tabulated in Table 1.

Powder XRD analysis:

From this crystallographic technique we observed that,
MA s crystalline in nature and obtained in y phase. Whereas,
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Fig. 4. FTIR spectra of MA and BMMA.

Table 1. IR spectral data of the prepared alumina nanoparticles
with their possible functional groups

Peak position (cm™")
3469, 3434
2925

2854
2344

1637, 1633

1445, 1385, 1383, 1340
1122

1025

867
776,746
597

519

Functionality
O-H stretching vibration2?

Out-of-plane asymmetric vibration of
-CH, group?®

Symmetric stretching of -CH, group®
C-O stretching vibration of CO, group may
get adsorbed from the atmosphere?7-29
0-H bending vibration2>

C-H bending vibration2®

Alcoholic C-O stretching vibration28

Ring vibrations of cyclohexane ring of
BCD molecule?®

C-H bending vibration3°
Stretching vibration of Al-O bond3':32

Out-of-plane bending vibration of O-H
bond%®

In-plane bending vibration of O-C-O
group3?
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the BMMA material is amorphous in nature and no major
diffractions were obtained from its PXRD pattern (Fig. 5).
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Fig. 5. PXRD patterns of MA and BMMA.

Cell viability test:

Cell viability test has been done by MTT assay with the
provided two materials, MA and BMMA. From the findings of
this experiment, itis clear that both MA and BMMA decreases
the proliferation of HCT 116 cells and increases cell death. It
has been observed that MA (ICg: 15.61 ng/mL) has greater
effect than BMMA (ICs,: 23.39 ng/mL) (Fig. 6). HEK 293 (Nor-
mal Human Epithelial Kidney) cells were also treated with
MA and BMMA with same doses as for HCT 116 cells. Death
percentage of HEK 293 cells at highest doses (for MA 35.68
ng/mL and for BMMA 56 ng/mL) were found to be 11.83%
and 32.7% respectively (Fig. 7), whereas death percentage
of HCT 116 cells were 88.24% for MA and 89.18% for BMMA.
For confirmation of apoptosis, Annexin-V binding study was
performed in presence or absence of MA for 24 h. 60.8%
cells were apoptotic in 24 h (Fig. 8Aand 8B). A table is made
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Fig. 6. HCT 116 cells (1x10° cells/mL) were treated with different con-
centrations of MA and BMMA for 24 h and viability were mea-
sured by MTT assay.
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Fig. 7. HEK 293 cells (1x108 cells/mL) were treated with different con-
centrations of MA and BMMA for 24 h and viability were mea-
sured by MTT assay.

in order to compare the ICs, values of anticancer drugs to
that of our work to have a quick idea (Table 2).
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Fig. 8. HCT 116 cells were treated with IC5q (1 x108 cells/mL) of MA for 24 h and apoptotic cells were measured by Annexin V-FITC/PI binding
assay via FACS (8A and 8B). Results presented here are one of the three representative experiments (+S.D.).

Table 2. IC5, values of some reported colonic anticancer drug
Anticancer drug  Colon cancer cell line IG5y (ng/mL) References

5-Fluorouracil HCT 116 cells 25860 34
Guttiferone K HT-29 cells 3290 35
Flavopiridol HCT 116 cells 16.87 36
Argentatin B HCT-15 10950 37

PC-3 15520 37
Cisplatin HCT-15 and PC-3 4200 37
Sorafenib HCT 116 cells 1390 38
MA HCT 116 cells 15.61 This work
BMMA 23.39

Cancer cell death is desired through apoptosis. Phos-
phatidyl serine (PS) present in the inner membrane of living
cell is exposed to the outer membrane during cellular
apoptosis. Annexin V can bind to this PS. When FITC (green
fluorescence) conjugated Annexin V is added to apoptotic
cells, it binds with PS and intensity of green fluorescence
reflects % apoptotic cells. After passing through early- and
late-apoptotic phases, cells become necrotic when mem-
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brane integrity is lost and sub-cellular organelles like DNAs
are exposed in the system. Propidium iodide (Pl) can bind
with these exposed DNA and give red fluorescence whose
intensity directly correlates with % of necrotic cells. FITC and
Pl negative cells are live cells. Thus adding mixture of FITC
bound Annexin V and Pl in cells, % of live cells, % early-
apoptotic cells, % of late-apoptotic cells and % of necrotic
cells are obtained through FACS analysis.

In our study, HCT 116 cells treated with or without of MA
(ICgq - 15.61 ng/mL) for 24 h, showed 7% live cells (Q3), 0%
early-apoptotic cells (Q4), 60.7% late-apoptotic cells (Q2),
and 32.2% necrotic cells in contrast to 98% live cells in MA
untreated cells (control) (Fig. 8A).

Possible mechanism:

It has been observed that ~52% of cell death in colon
cancer cells occurs in presence of ~8.9 ng/mL of MA which
is much higher as compared to BMMA, 7.1 ng/mL of which
can cause ~11% cell death in a similar case. This observa-
tion of higher cytotoxity of MA towards colon cancer cells
may be attributed to several reasons. The toxicity of metal
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oxide especially aluminium oxide has already been proven
by earlier researchers'1=13 which resulted in an electrostatic
attraction between the metal oxide NPs and the surface of
the cells. The metal oxide NPs can bind with the surface of
the cells and dissociate into its ionic form and oxygen radi-
cals. The interaction between the NPs and biomolecules
present in the cells facilitate the dissociation of the NPs. For
normal cells, the metal incorporation into the cell line by pas-
sive fransport can support the cell development by ion supple-
ment approach. The oxygen radical can be removed by the
super oxide dismutase (SOD) and catalase enzymes. There-
fore, the oxidative stress can be controlled. But for cancer
cells, such enzymes may be insufficient or may not function
properly and therefore the oxidative stress will increase with
the NPs concentration. The enhanced metal ion concentra-
tions inhibit the growth of the cancer cells by binding with
essential biomolecules present in the cell'03%-41_|n case of
BMMA, the release of A3* in the cellular medium becomes
hindered due to the presence of BCD molecules in the envi-
ronment resulting in lesser production of oxygen free radi-
cals also. Therefore the resultant toxicity of BMMA towards
colon cancer cells becomes less as compared to the MA.

The result of cytoxicity of the materials towards the cell
line of normal kidney cells is just the reverse. 8.92 ng/mL of
MA can cause ~5% cell death in HEK 293 cells while 7.1 ng/
mL of BMMA can cause 12.47% cell death. The higher toxic-
ity of BMMA towards HEK 293 cell line compared to MA can
be explained on the basis of the special interactions of BCD
with kidney cells. The smaller size and amorphous nature of
the BMMA material helps the NPs to penetrate the cell mem-
brane more easily and interact with the cellular components
to cause cellular damage'?. BCD is reported to cause in-
crease in apical vacuolation and formation of giant lysos-
omes in kidney cells followed by disruption in mitochondria
and other cell organelles to cause cellular damage®*2. These
features dominate the protection of BCD towards breakdown
of alumina in causing toxicity and become more toxic par-
ticularly towards normal kidney cells.

Conclusion

In the present work we have reported the preparation of
pristine and modified mesoporous alumina in an acidic envi-
ronment taking pluronic F-68 as a surfactant and aluminium

isopropoxide as a source of alumina. Both of the materials
were then thoroughly characterized using different analyti-
cal tools. Finally, we tried to study the toxicity of such mate-
rials towards cancer (HCT 116) and normal (HEK 293) cell
lines. The results were quite interesting and agreeable with
the literature reports. We also estimated the percentage
amount of live, early, late-apoptosis and necrosis cells if the
HCT 116 cells were treated with IC, amount of MA. Overall
the cell toxicity of both MA and BMMA is higher towards can-
cer cells (~89%) with 36 and 56 ng/mL concentrations re-
spectively than that of normal cells (~12% and 32% respec-
tively) with same concentrations of the materials. The devel-
oped materials therefore have good potential to be used for
disruption of cancer cells.
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