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INTRODUCTION

In today’s World, cancer become serious problem which
threaten human health. Heteropolyacid has effective role in
the field of antitumor, anticancer likely breast cancer, lung
cancer and so on [1]. The host-guest molecules are promising
composite of hybrid system in last few decades of chemistry
[2].

Polyoxometalate (POM) is a molecular inorganic quasi
semiconductor has electroconductive and electron acceptor
properties which have been reported previously [3]. The hybrid
system like keggin type polyoxometalate has been used for
sensor application [4]. Polyoxometalateis a metal-oxygen
cluster doped organic material has been exhibiting antitumor
and anticancer activity [5], electronic properties, photo-catalytic
activity [6] and energy storage [7]. Polyoxometalate has con-
tained W or Mo atoms in their highest oxidation state which
results in supercapacitive energy storage [8]. The interchange-
able of X central metal atom site like V5+, Mn4+ and Fe3+ has
used for ion battery anodes and conductive properties [9]. This
compounds have used more frequently than unsubstituted
material. For example, the presence of metal M in the bony
structure of [NH4-nPMo12-nO40] to [NH4+nVnPMo12-n] a particular
temperature, pH, assemble into monomeric species [10].
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Cyclodextrin (CD) a bio-polymer is the important com-
pound which is effective in host-guest inclusion complex [11].
Most of the guest molecules are suitable in the cavity of β-CD.
Interlayer hydrophilic and outer layer hydrophobic cavities
toroidal molecules which allow encapsulation of acceptable
guest compound [12]. β-Cyclodextrin has conjugated with
polyoxometalate by replacing conductive polymer with various
applications [13]. β-Cyclodextrin have low water-soluble
among CDs, they have been most applied field is drug delivery
due to its host-guest aptitude. The host-guest complex invol-
ving an α-cyclodextrin and dawson type POM hybrid has been
previously reported in the literature [14]. The formation of
the hybrid system and their properties such as potential has led
to applications into various fields like Anticancer, nanotech-
nology and environmental science [15-18].

Organic-inorganic interactions between POM-β-cyclo-
dextrin composite are effective field in chemistry [19]. Poly-
oxometalate guest molecule which has exchanged interlayer
anion into a positive charge of atomic distribution of metal
cations with cyclodextrin for catalytic application has been
reported in the literature [20]. In the earlier report, organic-
inorganic hybrid system of Dawson type POM conjugated α-
cyclodextrin [21]; we have tried to conjugate Keggin type
POM in β-cyclodextrin outer cavity to study on conductivity



of inclusion composite. The organic-inorganic hybrid system
of β-cyclodextrin conjugated POM exhibits the higher
apoptosis by using direct microscopic observations for drug
treated cell line and IC50 value of 1.93. In this paper, synthesis,
characterization and anticancer activity of transition metal
substituted polyoxometalate-β-cyclodextrin composites has
been discussed.

EXPERIMENTAL

All chemicals reagents like ammonium metavanadate,
ammonium molybdate, disodium hydrogen phosphate, conc.
HNO3 were purchased from Merck and β-cyclodextrin were
purchased from Sigma Aldrich.

Preparation of the polyoxometalate: Polyoxometalate
is prepared by mixing a solution of ammonium metavanadate
(0.5 g) in 10 mL of H2O and ammonium molybdate (2 g) in
10 mL of H2O (white to purple colour) with continues stirring.
To this hot solution, aqueous solution of disodium hydrogen
phosphate (0.5 g) in 10 mL of H2O and few drops conc. HNO3

was added with continuous stirring for next 1 h. The solution
was cooled, filtered and dried at room temperature. (I) calcu-
lated by gravimetric analysis: Mo - 66.46 %, V - 2.94 %. (II) In
EDS results show that the presence of oxygen is O – ± 36.30
%, Mo - 66.27 % and V - 2.90 %.

Preparation of the complex (II): Complex (II) was pre-
pared by adapting a similar procedure used for the preparation
of polyoxometalate. In this hot solution, (0.009 M) of β-cyclo-
dextrin is added with constant stirring for another 2 h. The
orange colour powder obtained from the solution upon ageing
for next 3 days. The formed powder was filtered, washes with
ethanol and dried at room temperature. (I) calculated by gravi-
metric analysis: Mo – 38.13 % and V – 1.60 %. (II) In EDS
result shows that the presence of oxygen is O – ± 41.05 %,
Mo – 38.39 %, V – 1.69 % and C -19.44 %.

Analytical and physical methods: FT-IR was carried out
using a spectrometer SHIMAZDU FT-IR using the KBr pellets.
The morphological structure of complex was investigated using
SEM (JOEL JSM 6390). X-ray diffraction were collected using
SHIMAZDU XRD-6000, operating in Bragg-Brentano focusing
geometry and using Cu Kα radiation (λ = 1.5418 Å) from a
generator operating at 40 kV and 30 mA. The conductivity
measured by alternating current (AC) impedance analyzer in
the range of 273-298 K, exhibiting a maximum value of 10-7 S
cm–1 at 298 K for organic-inorganic complexes. JEOL Model
JES FA200 instrument is the state of the art electron spin reso-
nance (ESR) spectrometer used for the measurement of species
that contain unpaired electrons (free radicals, transition metal
complexes, odd-electron molecules, rare earth ions etc.) X-Band
frequency: 8.75-9.65 GHz, Sensitivity: 7 × 109 spins/0.1 mT,
Resolution: 2.35 µT or better variable temperature facility (-153
to +25 °C).

RESULTS AND DISCUSSION

Cell culture: A549 (Lung cancer) cell lines were procured
from NCCS, stock cells was cultured in medium supplemented
with 10 % inactivated fetal bovine serum (FBS), penicillin
(100 IU/mL), streptomycin (100 µg/mL) in an humidified
atmosphere of 5 % CO2 at 37 °C until confluent. The cell was

dissociated with TPVG solution (0.2 % trypsin, 0.02 % EDTA,
0.05 % glucose in PBS). The viability of the cells are checked
and centrifuged. Further 50,000 cells/well was seeded in a 96
well plate and incubated for 24 h at 37 °C, 5 % CO2 incubator.

Cytotoxicity studies

MTT assay: The in vitro determinations of toxic effects
of unknown compounds have been performed by counting
viable cells after staining with a vital dye. Alternative methods
used are measurement of radioisotope incorporation as a measure
of DNA synthesis, counting by automated counters and others
which rely on dyes and cellular activity. The MTT system is a
means of measuring the activity of living cells via mitochon-
drial dehydrogenases. The MTT method is simple, accurate
and yields reproducible results. The key component is (3-[4,5-
dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide) or
MTT, is a water soluble tetrazolium salt yielding a yellowish
solution when prepared in media or salt solutions lacking
phenol red. Dissolved MTT is converted to an insoluble purple
formazan by cleavage of the tetrazolium ring by mitochondrial
dehydrogenase enzymes of viable cells. This water insoluble
formazan can be solubilized using DMSO, acidified isopro-
panol or other solvents (pure propanol or ethanol). The resul-
ting purple solution is measured spectrophotometrically. An
increase or decrease in cell number results in a concomitant
change in the amount of formazan formed, indicating the
degree of cytotoxicity caused by the test material.

Procedure: The monolayer cell culture was trypsinized
and the cell count was adjusted to 1.0 × 105 cells/mL using
respective media containing 10 % FBS. To each well of the 96
well microtiter plate, 100 µL of the diluted cell suspension
(50,000 cells/well) was added. After 24 h, when a partial
monolayer was formed, the supernatant was flicked off, washed
the monolayer once with medium and 100 µL of different test
concentrations of test drugs were added on to the partial mono-
layer in microtiter plates. The plates were then incubated at
37 °C for 48 h in 5 % CO2 atmosphere. After incubation the
test solutions in the wells were discarded and 100 µL of MTT
(5 mg/10 mL of MTT in PBS) was added to each well. The
plates were incubated for 4 h at 37 °C in 5 % CO2 atmosphere.
The supernatant was removed and 100 µL of DMSO was added
and the plates were gently shaken to solubilize the formed
formazan. The absorbance was measured using a micro plate
reader at a wavelength of 570 nm. The percentage growth
inhibition was calculated using the following formula and
concentration of test drug needed to inhibit cell growth by
50 % (IC50) values is generated from the dose-response curves
for each cell line.

IC50 value: The half maximal inhibitory concentration
(IC50) is a measure of the effectiveness of a compound in inhi-
biting biological or biochemical function. This quantitative
measure indicates how much of a particular drug or other
substance (inhibitor) is needed to inhibit a given biological
process (or component of a process, i.e. an enzyme, cell, cell
receptor or microorganism) by half.

The IC50 of a drug can be determined by constructing a
dose-response curve and examining the effect of different concen-
trations of antagonist on reversing agonist activity. IC50 values
can be calculated for a given antagonist by determining the
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TABLE-1 
IR SPECTRAL DATA OF POM, β-CD AND β-CD-POM 

Ligand (guest) 
[XMo12O40]

n- (X = VIV) 
Ligand (host) 

β-CD 
Complexes  
β-CD-POM 

Band assignments Reference Changes ∆δ 

1059 – 1074 P-O 1100-1070 [Ref. 25] +15 
1020 – 1029 M-Ob intra 1050-990 [Ref. 25] +9 
938 – 976 M-Ob inter 976-930 [Ref. 25] +38 
820 – 805 M-O-M (M = VIV, MnIV) 800 [Ref. 25] -15 
– 894 897 β-(1,4)-Glycopyranose ring  +3 
– 1030 1029 ν(C-O-C) 1027 [Ref. 26] -1 
– 1160 1174 ν(C-O-C) 1158 [Ref. 26] +14 

1632 1645 1624 ν(HOH) 1650 [Ref. 27] -19 
– 2930 2932 ν(CH2) 2925 [Ref. 26] +2 
– 1400 1477 ν(O-CH], ν(CCH) 1420 [Ref. 27] +77 

3432 3350 3414 ν(OH) symmetric 3389 [Ref. 26] +64 

 

concentration needed to inhibit half of the maximum biological
response of the agonist. IC50 values for cytotoxicity tests were
derived from a nonlinear regression analysis (curve fit) based
on sigmoid dose response curve. The direct microscopic obser-
vations of drug treated images of cell line by inverted biological
microscope was enclosed with the report.

FT-IR: FT-IR spectra show the change in frequency of
functional groups of β-CD-POM than that of the pure POM,
β-cyclodextrin after the formation of the complex (β-CD-
POM). Fig. 1 shows IR spectra of POM, β-CD and β-CD-POM
and their tentative assignments are given in Table-1. The guest
molecule (POM) shows bands at 1059, 1020, 938 and 820 cm–1

is corresponding to the stretching frequency of P-O, M-Ob inter,
M-Ob (intra) and M-O-M (M = VIV), respectively. The stretching
vibrations at 1632 and 3432 cm–1 is assigned to ν(OH) symmetric
or H-bonded in a different way. The band at 894 cm–1 shows the
presence of β-(1,4)-glucopyranose ring of β-CD is an important
tentative assignment. This band frequency shows the presence
of the conjugated complex. The two bands at 1030 and 1160
cm–1 indicates the ν(C-O-C) stretching vibrations. One at 1400
cm–1 is assigned to ν(O-CH) and ν(C-H) bonds. A one at 2930
cm–1 is corresponding to the ν(CH2) stretching vibration. The
stretching vibration at (1645→1624) cm–1 and (3350 →3414)
cm–1 in the IR spectra is assigned to δ(HOH) of two different
types of water molecule existing in the cavities of β-CD-POM.
In pure β-CD band at 3350 cm–1 shows broad water molecules
group whereas the inclusion complex found to be narrowed in
the FT-IR spectrum (3414 cm–1) which is a good indication of
the formation of inclusion complex as previously reported [22].
The upward shift at (1059→1074), (938→976) cm–1 indicates
the tentative assignments of P-O, M-Ob inter. One at 1020
cm–1 in POM is absence in β-CD-POM is may be due to the
interaction of host-guest complex. The quenching or downward
shift at 805 cm–1 indicates the M-O-M (M = VIV, MnIV) stret-
ching vibration. The band at 897 cm–1 with a minor increase
in the frequencies is due to the β-(1,4)-glucopyranose ring of
β-CD inclusion with POM. One at 1029 and 1174 cm–1 is
corresponding to the stretching frequency of ν(C-O-C) bonds.
The upward shift of ν(CH2) bond is observed at 2932 and 1477
cm–1 indicates the presence of ν(O-CH) and ν(CH) stretching.
Table-1 shows some increase and decreases in the intensity
changes (∆δ). The band frequencies increase may be due to the
oxo-metal group into the electron-rich outer cavity of β-CD
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Fig. 1. IR spectra of POM, β-CD and β-CD-POM as KBr disks

which enhances the density of electron cloud in the inclusion
complex [23]. The formation of hydrogen bonding and van
der Waals forces interacts to form an inclusion complex. This
lead to a decrease in the frequency between the inclusion
complex and its guest molecule (POM) is due to the changes
in the microenvironment [24].

X-ray diffraction: XRD spectra of the complex β-CD-
POM along with the pure β-CD and POM are shown in Fig. 2.
The grain size, crystallinity and spectral data are given in Table-
2. The POM exhibits peaks at 7.9, 9.1, 21, 27.5 and 35.4 are
corresponding to the (JCPDS Card No. 87-0546). The peak at
21 and 27 is assigned to the presence of the vanadium in the
prepared POM (JCPDS 41-1426). The pure β-CD shows peak
at 9, 12.5, 18.1 and 47 observed to the (JCPDS Card No. 32-
1626 and 27). The bands at 7.8, 9.8, 18.67 and 22.86 were
corresponding to the β-CD-POM inclusion complex. There is
no much amphorous site in the complex β-CD-POM. Due to
the host-guest interactions, whereas the host molecule (β-CD)
interacts with a guest molecule (POM) causes an increase in
the grain size of the complex compared to POM and β-CD.
Presence of the reflection of POM and β-CD in XRD patterns
of β-CD-POM complex attests the successful formation of a
complex structure of this compound.

[Ref. 25]

[Ref. 26]
[Ref. 26]
[Ref. 27]
[Ref. 26]
[Ref. 27]
[Ref. 26]

[Ref. 25]
[Ref. 25]

[Ref. 25]
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Fig. 2. XRD pattern of POM, β-CD and β-CD-POM

TABLE-2 
XRD SPECTRAL DATA OF POM, β-CD AND β-CD-POM 

Samples 2θ value Grain size (nm) 

7.9 26 
9.1 35 
21.0 29 
27.5 25 

POM 

35.4 27 
9.0 30 
12.5 28 
18.1 27 

β-Cyclodextrin 

47.0 34 
9.80 48 
12.90 37 
18.67 35 

β-CD-POM 

22.86 23 

 

Morphology study: Fig. 3a shows the SEM image of
POM, where nanoparticle exhibits like microflower form
and smaller size than β-CD-POM inclusion complex. The SEM
images display the particles are agglomerated and unevenly
distributed to form a flower-like shape. The average particle
size of the POM sample is 5 µm. The structure of the complex
β-CD-POM is shown in Fig. 3b. The images obtained for the
complex β-CD-POM sample presents the existence of like
rectangular shape block, opaque structure. The nanoparticles
of POM covered on its surface with grains of size similar that
are evenly self-assembled. The geometry of oxo-metal groups
β-CD-POM complex form into a self-assembled structure with
size 630 nm.

X-Band EPR studies: The electrons are negatively charged
particle which acquires orbital angular momentum and esti-
mates around the core (nuclei). The EPR spectra (Fig. 4) give
resonances typical VIV. The sharp peak indicates at (magnetic
field 3400 mT and frequency 9.45 MHz) vanadium(IV) in
POM .

The X-band EPR spectroscopic studies for POM and
β-CD-POM reveals hyperfine structure show (V+) in the 8
hyperfine lines of EPR spectral signals. The calculated EPR
spectral g value of POM and β-CD-POM is 1.90 and 1.98
given in Table-3. Due to the charge (electron) transfer causes
the activation of M-O-M bonding. Initially, MoV/MoIV moderate
process give vanadium doped POM. Its unsubstituted linearly
depends on their total charge of the electron and bond valance.
The imitative from the bond length indicates the formation of
the oxygen is bonded to a heteroatom. These show that a nucleus
is the close vicinity of the reduced VIV atom attached along
with POM and identified as hyperfine couplings. Structural
electron polarizability from the quenching of the guest molecules
occurs due to the interaction with the frozen localized electron
density of the polar carbon host molecule [28].

Fig. 3. SEM images of POM (a) and β-CD-POM (b)
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TABLE-3 
EPR SPECTRA DATA OF POM AND β-CD-POM 

Samples g value Reference 

POM 
1.90 
1.94 

This work 
[Ref. 28] 

β-CD-POM 
1.98 
1.94 

This work 
[Ref. 28] 

 
Anticancer activity

Cytotoxicity assay: The effectiveness of MTT assay, at
various concentrations of (3.12-100 µL/mL) was tested for its
viability on cancer cell lines. The inducing apoptosis in A549
cells for the β-CD-POM was observed using direct microscopic
observations of drug-treated images of cell lines by an inverted
biological microscope. The cytotoxicity assay of apoptosis of
cancer cell death increases as the concentrations of the cell
lines increases (3.12-100 µL/mL). The untreated cell lines show
no obvious signs of cell death whereas, at 3.12 µL/mL the per-
cent of apoptosis (45.37 %) caused by β-CD-POM was slight
than that caused by blank treatment. In 6.25, 12.5, 25, 50 and
100 µL/mL which shows increases the apoptosis of cell death
41.49, 35.43, 34.19. 32. 93 and 16.30 % in the cell lines MTT
assay of A549 (lung cancer) (Table-4). The IC50 value of the
A549 (lung cancer) cell lines is 1.933. This result shows the
encapsulation of the drug delivery through the prepared sample

β-CD-POM has high apoptosis toward the cancer cell rather
from the normal cell.

Conclusion

In summary, β-CD-POM complex are synthesized and
characterized using spectral techniques like IR, EPR and
Impendence analyzer. The spectral data of hybrid system shows
an enhancing and quenching of sharp peak is may be due to
the interaction of host-guest complex. A SEM image shows a
unique self-assembled morphology of flower shaped and rect-
angular block with size of micro meter. The X-band EPR spectral
data shows the 8 lines of hyperfine structure of the presence of
V+ ions in the POM and β-CD-POM complex. The anticancer
activity studies show the promising viability of the β-CD-POM
against the cancer cell line of A549 (lung cancer).
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TABLE-4 
ANTICANCER ACTIVITY OF β-CD-POM 

MTT Assay (A549 cell line): Concentration (µg) 
Sample 

Blank Untreated 3.12 6.12 12.5 25 50 100 
Reading 1 0.018 1.17 0.547 0.5 0.421 0.408 0.376 0.173 
Reading 2 0.018 1.11 0.526 0.502 0.416 0.402 0.399 0.217 
Reading 3 0.015 1.169 0.52 0.459 0.418 0.403 0.395 0.215 

Mean 0.017 1.149 0.531 0.487 0.418 0.404 0.39 0.201 
S.D.  0.0343 0.01417 0.02426 0.00251 0.0032 0.0122 0.0248 

Viability (%)  100 45.379 41.494 35.432 34.196 32.93 16.303 
IC50 value = 1.933 

 

[Ref. 28]

[Ref. 28]
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