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Abstract

Nanoparticles can be modified with polymers and bioactive molecules aiming to achieve full efficiency in therapy
and specific targeting. Polyhedral oligomeric silsesquioxane (POSS) is an organic-inorganic (RSiO1.5)8 hybrid
material that consists of a —Si-O- inorganic core surrounded by tunable organic moieties. POSS is a highly
symmetrical, cage-like structure, possible to add functional groups, both organic and inorganic in precision. POSS
has been synthesized and characterized using FT-IR, *H NMR, EDAX, SEM, and TEM. It has been developed along
with the thiol end group and paves a space for cross-linked nanostructures formationPOSS-SH. Voids and spaces in
the POSS cross-linked nanocarrier give enough space for drug loading up to 50 weight percentages. Here the
therapy is done with the help of drug delivery application in an acidic medium found in the cancer cell site and acts
as an internal trigger for drug releasefrom POSS. T h e Presence of thiol end terminal has a greater affinity for
attachment of gold which in turn provides an add-on application of photo dynamic therapy this combination is gold
POSS- SH-Au. Cell viability studies proved that the POSS nanostructures are biocompatible. Thedeveloped POSS
nanostructures can even be activated at acidic conditions, used for sustained release of drugs at specific targets,
and provide in-vivo stability until they reache the tumor site. ThePOSS-SH-Au resulted an improvement in aqueous
stability as its chains have the tendency to wraparound the siloxane cage and prevent the water from getting close to
the siloxane frameworks.

Keywords: POSS, Crosslinked POSS nanodrug carrier, Cancer drug delivery, Gold nanoparticles, Upconverting
nanoparticles.
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Figure 1. Pictorial representation of work

Introduction

Recently hybrid nanomaterials have gained alot
of attention owing to their notable properties
such as hydrolytic stability, well- ordered
structure, and high functionality active site
frameworks. Hybrid compound of organic—-
inorganic silica-based frameworks have very
high interaction with the polyfunctionalized
materials™®.  The interaction between the
molecules is based on the functionalized silica
nanomaterial synthesized with the structure
directing agent. Multifunctional properties of
hybrid nanomaterials focused on applications
including drug delivery, desalination,
theranostics, optical sensors and light emitting
materials, etc®. Different approaches have been
used to synthesis a novel hybrid nanomaterial.
The functional properties can be tailored
accordingly in drug delivery applications®”.
Tailoring the functionality of hybrid materials
will not affect the characteristics properties of
the nanomaterials and it is the advantageous part
utilized in nanoscience studies.

Cancer  therapeutic  treatments  including
chemotherapy, radiation therapy, photodynamic
therapy, and anticancer drugs etc., causes serious
side effects on healthy non-malignant cells®. A

targeted drug delivery is a prominent area of
research in particularly the nanocarrier plays a
key role in drug delivery. Folic acid has been
used as a targeting ligand used in nanocarrier
because most of the epithelial cancer cells over
express folate receptors compared to the healthy
non-cancerous cells®. Among various materials
like Polymeric nanoparticles,Polymeric micelles,
Liposomes, Dendrimers,Quantum dots, etc., used
for developing drug carriers and the organic-
inorganic nanohybrid polyhedral oligomeric
silsesquioxane (POSS) carrier. POSSemerged as
an efficient strategy in recent years due to its
chemical inertness, biocompatibility and
bioavailability properties. POSS is an organic-
inorganic (RSiO1.5)8 hybrid material which
consists of an —Si-O- inorganic core surrounded
by tunable organic moieties™’. It possesses
attractive properties like high symmetry, smaller
size (1-3 nm), thermal stability due toits rigidity,
three-dimensionality, high mechanical strength,
non-volatile and eco- friendly. It also acts as
nanoscale enhancing agent in optical bioprobes
in which it inhibitsthe aggregation of molecule
thereby diminishing the effect of auto-
quenching™®™.

Even though POSS holds unique physiochemical
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properties, very little research has been carried
out and more studies need to be done to find the
cross- linked networks of POSS materials with
largenumber of active terminal organic groups™.
In the thiol terminated POSS, it is cross- linked
using thiol linkages resulted in improved
aqueous stability that is due to formation of cross
bonds around the siloxanecage that prevents the
water from getting close to the siloxane
frameworks'’. This hybrid POSS material
exhibits low toxicity, longer degradation time,
smaller in size which makes it easily deliverable
to the targetsite through vascular pores and also
has highdrug incorporation stability.

The phenomenon of up conversion helps to
excite a hybrid material at a particular
wavelength of the NIR region and get emission
at comparatively lower wavelength®®. Up
converting nanoparticles (UCNP) are a class of
nanoparticles that can get excitation at a longer
wavelength and emission at a relatively shorter
wavelength. The present study deals on the
synthesis of asuitable core nanoparticle for PDT
that has up converting properties which favors
deeper tissue penetration**®. Up converting
nanoparticles, provide the higher potentialfor the
success of PDT in treating deep tissue tumors.
The nanoparticles were coated with POSS-SH-
Au to attain a biocompatible layer”. The
nanoparticles were coated with POSS-SH-Au-
mesoporous silica that can be used as
vehicle/carrier molecule to deliver
photosensitizers directly to the site of action.

To best of our knowledge and vast literature
survey, this is the first-time report on the
synthesis of nanostructured hybrid nanomaterial
using thiol terminated polyhedral oligomeric
silsesquioxane (POSS) crosslinked by thiol
linkages. Synthesized material paves a way for
linkinga functional compound to end of linkages.
Gold nanoparticles introduced to POSS withthiol

terminals. Stronger interaction with thiol traps
gold nanomaterial and that forms POSS
(POSS-SH-Au  NP)**%,

The synthesized organic-inorganic  POSS
nanohybrid  characterized to reveal the
synthesized nanostructure. In addition, the
biocompatible POSS nanostructure coated in up
converting nanoparticles where the anti- cancer
drug (DOX) or any photosensitizer can be loaded
as core material®*?°. The confirmation of
biocompatibility studied with POSS, up
converting nanoparticles and POSS coated up
converting nanoparticles.Cell viability studied on
L929 cell lines and C6C12 cell lines with varied
concentrations of each nanomaterial. The
biocompatibility, encapsulation efficiency and
cell viability were analyzed in vitro®*,
Nanostructured POSS could be useful as a
possible carrier for anti-cancer drug delivery
systems.

Materials and Method

Materials

(3-Mercaptopropyl)  triethoxysilane  (95%,
MPTES) purchased from Alfa Aesar- Thermo
Fisher, India. Toluene (99.0%), Dichloromethane
(99.0%) and Hydrochloric acid (37-38%)
purchased from EMPLURA, Mumbai- India.
Gold (I11) chloride trihydrate (99.0%) were
purchased from HiMedia Laboratories, India.
Ethanol was purchased from Changshu Yangyan
Chemicals, China.

Carbinol (99.0%) was purchased from FINAR
limited, India. Distilled water was used for all
experiments. All the mentioned chemicals were
used without any further purification. Cetyl
timethyl ammonium bromide (98%, CTAB),
purchased from SPECTROCHEM PVT.LTD,
Mumbai.

Sodium borohydride (95%, NaBH4), purchased
from Merck specialities pvt. Ltd, Mumbai.
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Ethanol (99%), Purchased from Changshu
Hongsheng  Fine  chemicals Co.  Ltd.
Aminopropyl triethoxysilane (APTES),
Tetraethyl  orthosilicate (TEOQOS),
Hydrochloric acid (HCL), Erbium (I11) chloride
hexahydrate, Ytterbium (Il1l) nitrate penta-
hydrate and Yttrium (lIl) nitrate hexa- hydrate
were purchased from Sigma Aldrich. Ammonium
fluoride (98%), toluene was purchased from
Avra chemicals. Sodium Nitrate was purchased
from Fischer Scientific. Pluronic-123 and
Polyvinyl pyrrolidone (PVP) were purchased
from Sigma aldrich and Sodium dodecyl
sulphate Deionised was purchased from
Himedia. Distil water was used for all
experiments. Dulbecco’s Phosphate buffer saline
(500ml, PBS) Gibco by Life technologies
corporation, Canada. Trysin-EDTA (IX, 0.05%)
Life technologies corporation, Canada. Penicillin
streptomycin  (100ml)  Gibco by Life
Technologies Corporation, Canada. Cell titer 96
— Agueous one solutionCell proliferation Assay,
PROMEGA, USA. 96 Well culture cluster flat
Bottom, Costar, Corning Incorporated, NY,
USA.

Synthesis of POSS-SH nanoparticles

In a typical synthesis of thiol terminated POSS
(POSS-SH), 10ml of (3-
Mercaptopropyl) triethoxysilane was taken in
120ml of methanol (Carbinol)*®. About 20ml of
hydrochloric acid was added drop wise andthen
kept under reflux condition with Nitrogen
atmosphere at 70° C for 36Hrs under constant
stirring. The product was washed with
refrigerated methanol for two times and with
Dichloromethane for three times. The solvent
was removed from the medium using vacuum
drying method (rotavac)- 3 hrs. A white color
gelatinous likePOSS-SH was obtained.

Synthesis of POSS-SH-Au Nanoparticles To
obtain the Au terminated POSS, thiolterminated

POSS and organic media with toluene were
taken in the ratio of 1:2, in theseparating funnel.
100mg of Gold source - Gold (III) chloride
trihydrate along with the 0.185g of CTAB a
cationic surfactant acting a bridging compound
for crosslinking POSS-SH with gold™™*. In 50ml
distilled water which is in aqueous phase
contains CTAB and Gold source holding in
100mL separating flask. In order to create a
weakerforce of interaction between crosslink the
media containing flask is shaken well for 1hr.The
mixture was kept under constant stirringin 40°C
for 3hrs. Then 0.01g of NaBH4 addedin the end
of stirring. The moisture wasremoved from the
medium using vacuumdrying method (rotavac)-
5 hrs. A white powdered precipitate like
Au terminatedPOSS-SH was obtained.
Synthesis of up converting nanoparticles
NaYF4 host doped with Er** and Yb** inratios of
1:10, 0.5:10, 0.1:10 where 1, 0.5 and 0.01
denotes the concentration of the dopants(i.e Er**
and Yb*") in the host crystal NaYF4. Surfactant
of 10mg mixed in 5 ml water and NaNO3 was
added to make 1 molar solution.Y(NO3)3.6H20
and Erbium Nitrate in 40 ml of water to make 1
molar solution with dopant concentration of
19%,5% and 10%°**. Then Ammonium Fluoride
(4 moles) in 5ml was added dropwise to sol C at
80°C, stirred for 2h and autoclave for 12 hours
under 180°C and centrifuged and dried to get
product. The concentration quenching is studied
by varying the concentration of the dopant is the
further course of work. For codoping we used
NaYF4: Yb*: Er* in the ratio 78:20:2 for
maximum upconversion efficiency.

Preparation of UCNPs coated with POSS-SH-
Au

To obtain the POSS coated UCNP, organic phase
with toluene POSS-SH, sourced with Au less
than 100nm sized. Prepared UCNPs of 100mg
added in the POSS-SH organic phase mixture'™
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19/0.185g of CTAB a cationic surfactant acting a
bridging compound for crosslinking POSS-SH
with gold. In 50ml distilled water which is in
aqueous phase contains CTAB and Gold source
holding in 100mL separating flask. In order to
create a force of interaction betweencrosslink the
media containing flask is shaken well for 1hr.
The mixture was kept under constant stirring in
40°C for 3hrs. Then0.01g of NaBH4 added in the
end of stirring. The moisture was removed from
the medium using vacuum drying method
(rotavac)- 5 hrs. A white colored powdered
precipitate like UCNPs terminated POSS-SH-Au
obtained.

Characterization techniques

The synthesized POSS-SH was characterized
using Fouriertransform-infrared spectroscopy
(FT-IR, Spectrum 100, Perkin Elmer, USA), The
morphology of the different sized NPs was
measured using Fieldemission scanning electron
microscope, Tescan. transmission electron
microscopy (TEM, JSM2100F, JEOL, Japan),
Proton magnetic resonance spectroscopy (‘H
NMR,Bruker, Germany). The thermal stability of
silica nanoparticles assisted Cal-
xSi04:xEu**phosphors was recorded on a SDT
Q600, TG analyser®,

Cell Culture

L929 and C2C12 cell line was obtained from
CeNTAB Culture Collection. Cells were grown
in RPMI medium with fetal bovine serum (FBS)
10% and incubated at 37 °C, 5% CO2 in a
humidified incubator. The growth of cells seen
in  2x10° cells/ml and subcultured when
confluence reached 60- 70% every 2-3 days.

Toxicity Assays
Both L929 and C2C12 cells were seeded at
10,000 cells/well in a 96-flat plate then

incubated for 18 hours to allow adherence.
Nanoparticles (UCNPs, POSS-SH-Au and
UCNPs+POSS-SH-AuU)?*? were diluted in fresh
medium. After incubation, cells were treated
with five Nanoparticles range between (0.001-
100mg/mL) for 1, 24 and48h. The solution was
removed, and the cellswere washed twice with
phosphate buffered saline (PBS) twice to remove
excess nanoparticle residue.
3-(4,5-Dimethylthiazol-2-yl)-2,5-
Diphenyltetrazolium Bromide (MTT)
Assay Experimental Procedure

The toxicity of POSS-SH-Au, UCNPs and
UCNPs+POSS-SH-Au nanoparticles determined
by MTT assay 2%, 1x10* cells were seeded in
volume of 100 pl into 96-well flat bottom plate.
MTT was added to each well at 0.5 mg/mL, and
then plates wereincubated at 37 °C for 4h, then
80 ul of 20%SDS in 0.02 M HCI was added to
each well. The plates were kept in the dark at
room temperature for overnight. OD was read on
ELISA reader at 570 nm, with 630 nm as
reference wavelength.

Results and Discussions

FT-IR characterization of POSS-SH

The FT-IR spectrum of POSS-SH are shownin
Figure 1. The FT-IR spectra of Thiol terminated
POSS showed bands at1100 cm™ which is
corresponding to —SH bending, respectively.
This confirms the thiol functionalization of
POSS. The propyl group of thiols in the thiol
terminated POSS are revealed by the —CH2-
stretching vibrations located at 2916-2936 cm™.
The band at 1704cm™ represents the presence of
carbonyl groups on the cross-linked POSS
nanostructures. The peak at 1100 cm™ indicates
the presence of Si-O-Si bond thereby confirms
the formation of POSS. Likewise, in the study
conducted by “* there observed approximately
similar spectral peaks shows the presence of the
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typical bands of vinyl-POSS molecule, such as
the band at1604 cm—1 corresponding to the C=C
stretching vibration of the vinyl group. The
bands at 2960 and 3066 cm—1 are attributed to
the unsaturated =C—H symmetric and
asymmetric stretching vibration respectively. In
addition, the bands at 1410 and 1946 cm—1 are
assigned to the scissor bending vibration and
overtones absorption of ethylene end groups. It
was observed that wide band at 1125 cm—1 and
narrow band at 780 cm—1 areassociated with the
Si—O-Si and Si—C stretching vibrations of the
POSS monomer respectively.
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Figure 2 FTIR characterization of POSS-SH

Table 1. FT-IR shows functional groups present in
POSS-SH

Wavenumber Corresponding vibrations
(cm™)

2916-2936 -CH2- stretching
1000 Si-C stretching

1100 -Si-O-Si- stretching
1704 Carboxylic groups

NMR characterization POSS-SH

Figure 2. shows the proton NMR of POSS- SH.
The peak at & 0.71 ppm confirms the proton
attached to the POSS units and the peaks at &
1.70 ppm and § 2.94 ppm confirm the organic
terminal moieties -CH2-CH2- attached with
POSS. The peak at & 3.22-ppm represents the
proton attached to the amine thereby confirms
the thiol terminated POSS formation (POSS-
SH). At 1.61 and 2.2-ppm methylene, proton

signals were observed, indicative of degradation
of the vinyl bond during synthesis. For samples
prepared from mixtures of the precursors,
(VTES/TEOS)signals related to the vinyl proton
at between 5.88 and 6.2 ppm also observed. All
POSS samples synthesized, independent of the
method used, showed a signal at 3.5-3.8 ppm,
suggesting the presence of silanol without
condensation **

B R
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oo ppm
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B el TEC e

Figure 2. '"H NMR characterization of POSS-SH

Morphological studies of POSS-SH
The external morphologies were determined by
using SEM analysis. The SEM images show the
size of thiol terminated POSS which is about 100
nm. SEM images in various magnifications shows
the cage shape of POSS-SH and clear voids in
between each cage are visible.
Db, vyt by 5
< 3 L

Figure 3. SEM images of POSS-SH.
Morphological studies of POSS-SH-Au

The internal morphology of POSS-SH-Au is
examining using TEM images. The size after
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crosslinking the POSS units into POSS-SH- Au
nanostructures were found to be 200nm which is
observed from transmission electron microscopic
images. TEM image provided the result of gold
present in the terminals of each POSS-SH. This
confirmation ensures the gold nanoparticles
surrounded POSS-SH with the strong force of
attraction between them. Moreover, in a similar
fashion on another study morphology of the
micrographs of the POSS synthesized with
VTES via dielectric heating, where the formation
of irregular cubic clusters of submicron order,
with an average size of around 0.88 pm,
observed. This morphology been observed in
studies related to polymer nanocomposites using
VTES as the precursor. *

Figure 5. EDAX for POSS-SH-Au

Chemical composition analysis is further
confirmed by (EDAX) Energy dispersive X-Ray
spectroscopy. Figure 5 shows the uncoated
POSS-SH-Au provides the presence of carbon,

oxygen, silica, Sulphur, and gold in various
proportionalities. An uncoated sample shows the
presence of Au content in the compositional
result. Each POSS units have less than 10% gold
in its surface.

FTIR characterization for POSS-SH-Au

The FT-IR spectrum of POSS-SH-Au areshown
in Figure 6. The FT-IR spectra of Au terminated
POSS-SH showed bands at 1100cm™ which are
corresponding to —SH bending, respectively.
This confirms the thiol functionalization of
POSS. The propyl group of thiols in the thiol
terminated POSS are revealed by the —CH2-
stretching vibrations located at 2922-2937 cm™.
The band at 1725 cm™ represents the presence
of carbonyl groups on the cross-linked POSS
nanostructures.
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The peak at 1000 cm™
Figure 6. FTIR characterization of POSS-
SH-Au

Table 2. FTIR- POSS-SH-Au

Wave number | Corresponding
(cm™) vibrations

2922 - 2937 -CH2- stretching
1100 -SH stretching
1000 -Si-O-Si- stretching
1725 Carboxylic groups

NMR Characterization of POSS-SH-Au

In Figure 7. shows the proton NMR of POSS- SH-
Au. The peak at 6 061 ppm confirms the proton
attached to the POSS units and the peaks at 6 1.52
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ppm and & 2.554 ppm confirmthe organic terminal
moieties -CH2-CH2- attached with POSS.

Figure 7 Proton NMR for POSS-SH-Au dried
sample

The peak at 6 1.32 ppm represents the proton
attached to the amine thereby confirms the thiol
terminated POSS formation (POSS-SH-Au).
Thermal  stability analysis -  Thermo
Gravimetric analysis study

Thermo-gravimetry analysis of POSS-SH sample
has been done to understand the thermal stability of
synthesized POSS-SHmolecule. Figure 8 shows the
thermos-gravimetric pattern of POSS-SH. The
experiment was performed from room temperature
to 900°C with the rate of 10°C/min. The result
shows change in weight of POSS-SH at four
different temperatures. The temperature at about
100-200°C, there isa loss of 14% recorded which
may be due to the evaporation of moisture from the
sample.

Nano composites were lower than neat polyimide.
This may be due to the low molecular weight of the
PI1-POSS, which wascaused by the unequal amounts
of diamine and dianhydride added in these systems.
Theresidual char yields after the incorporation of0,
5, 10 and 15 wt.% POSS cube into the PI were
43.4, 47.6, 48.8 and 50.4% respectively,at 900 C and
this indicated that these hybrid materials were
thermally stable.

SEM and TEM analysis of UCNPs

The scanning electron microscope image shown in
Figure 9. (a) depicts the UCNPs coated with
mesoporous-silica with amonodisperse size range of
100nm.Thus the obtained size range is in the

optimal size of the UCNP needed for biological
application. The transmission electron microscope
image shown in figure 9. (b) depicts the UCNPs
coated with mesoporous-silica in the desired core-
shell structure

Figure 8. TGA for POSS-SH-Au dried sample

Above 200°C of temperature, there are three
different steps found such as the loss of 13%at 300-
400°C, loss of 17% at 500-600°C and a loss of 9-
10% at high temperature above 600°C. These are
corresponding to the loss of thermally unstable
organic molecules present along with POSS
molecule. Finally, 46% of the sample is left as
residue which indicates the formation of SiO2 at
high temperature. Overall, the loss of only 5% until
200°C shows the good thermal stability of
synthesized POSS-SH nanoparticles. In a similar
study™® POSS-PI (POSS-Polyimide)
nanocomposites was prepared and was subjected to
TGA analysis. In that thermogram, the initial
degradation temperatures for the POSS- PI

AT

|b)

Figure 9. (a) SEM image showing outer
morphology of UCNPs, (b) TEM image showing
core-shell ~ structure of UCNP coated with
mesoporous silica.
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In vitro cell viability studies

The cytotoxicity of POSS-SH-Au assessed by MTS
assay. Along with-it cytotoxicity of prepared
UCNPs and POSS-SH-Au coated on UCNP
assessed by MTS assay. Cell viabilities were carried
out using mouse fibroblast cell line (L929) and
mouse myoblast cell line (C2C12). The cells were
counted using a heamocytometer and 1000 cells
were seeded in each well of the 96 well plate and
was let to adhere for 12h. After 12h, the dose of the
3 materials (UCNP, POSS, UCNP+POSS) was
added to bathes containing 5 wells each and the
concentrations added being 5, 10, 25, 50, 100 and
200 microgram/microlitre each and incubated at
37°C for 24h. After 24h of incubation the 96 were
removed from the incubator, the used-up media
from the wells were removed and the wells were
washed with 200 microlitres of PBS at a pH of 7.4
and then 200 microlitres of serum free media was
added along with 50 microlitres of MTS solution.
The unreacted MTS was removed and the optical
density at various concentrations of POSS-SH-Au
was measured using microplate reader which keptin
incubator for 2 hours. Absorbance is calculated at
490nm using well plate reader. Thus, we can
conclude that higher the absorbance value the more
the number of viable cells in the well. Figure 10
shows the cell-viability studies of POSS-SH-Au,
UCNPs and POSS-SH-Au coated on UCNP. The
result shows the 86% viability of cells at higher
concentration of 200 [1g/ml. So, itproves that the
POSS based molecules are highly bio-compatible
which can help to use it as therapeutic tool. Also
shows compatibility at higher rates in POSS-SH-Au
coated on UCNP. In a similar study happened on
POSS & Au of the 8 NPs examined for potential
interference with the components ofthe MTT assay,
the presence of trisilanolphenyl POSS and trisilanol
isooctyl POSS resulted in a significant alteration in
MTT standard curve. There were decrease in ODs
for > 10,000 cells/well when the particles were

added with either the MTT or the SDS. These
changes were significant (P 0.05). As observed,
there were smaller no significant changes for
ethanol and trisilanol cyclopentylPOSS when added
with SDS in MTT. *

Cell viability (%) = (Average optical density of
POSS-SH-Au groups/Average optical density of
control groups) * 100

Call ability(%)

Centrol 50 100 200 300

Concentration {(pg/mL}

Figure 10. Cell-viability studies—MTS Assay.
Shows 78% biocompatibility of POSS-SH-Au
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Figure 11. Cell viability studies in L929 cell line —
MTS assay for different concentrations
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Figure 12. Cell viability studies in C2C12 cell line
— MTS assay for different concentrations.
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From figure 15 shows that when the mouse
myoblast cells were made to interact with UCNP,
till the concentration of 200 pg/ul, noevident toxicity
was not observed in the cells. This has been
ascertained by the graph in figure 12 which depicts
the MTS assay. The cells do not tend to move
towards corners ofthe well to avoid contact with the
material and they can be seen freely interacting with
the material at all concentrations. No major
difference in the morphology is seen in the cells.

Figure 13. Cell viability teting ”(97 Weﬁ piéfe)
Cell seeding procedure in biosafety cabinet.

From figure 14 shows that when the mouse
myoblast cells were made to interact with POSS, till
the concentration of 200 pg/ul, evident toxicity was
not observed in the cells was observed when the
concentration of POSS was observed above 300
pug/ul. This has been ascertained by the graph in
figure 12 which depicts the MTS assay. The cells
tend to move towards corners of the well as they
tend to avoid contact with the material.

Figure15. MTS Assay in C2C12 cell line with
UCNPs (a) Control (b)50 pg/ml (c)100 pg/mi
(d)200 pg/ml (€)300 pg/ml ()400 pg/ml

From figure 16 shows that when the mouse
myoblast cells were made to interact with POSS +
UCNP, till the concentration of 25 pg/ul, evident
toxicity was not observed in the cells was observed
when theconcentration of the material was observed
above 50 pg/ul, this has been ascertained by the
graph in figure 12 which depicts the MTSassay. The
cells tend to move towards cornersof the well as they
tend to avoid contact withthe material. The cells do
PEE A R L S0 not show any change in morphology.
Figure 14. MTS Assay in C2C12 cell line with
POSS-SH-Au nanocarrier (a) Control (b)50 pg/ml
(©)100 pg/ml (d)200 pg/ml (€)300 pg/ml (f)400
pg/mi
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Figure 16. MTS Assay in C2C12 cell line with
POSS-SH-Au coated with UCNP nanocarrier (a)
Control (b)5 pg/ml (c)10 pg/ml (d)25 pg/ml (e)50
pg/ml (f)100 pg/mi

From figure 17 shows that when the mouse
fibroblast cells were made to interact with POSS,
till the concentration of 200 ug/ul, evident toxicity
was not observed in the cellswas observed when the
concentration of POSS was observed above 300
ug/ul, this has been ascertained by the graph in
figure 11 which depicts the MTS assay. The cells
tend to move towards corners of the well as they
tend to avoid contact with the material.

Figure 17. MTS Assay in L929 cell line with
POSS-SH-Au (a) Control (b)50 pg/ml(c)100 pg/mi
(d)200 pg/ml (e)300 pg/ml (f)400 pg/ml

From figure 18 we can find that when the mouse
fibroblast cells were made to interact with UCNP,
till the concentration of 200 pg/ul, no evident
toxicity was not observed inthe cells. This has been
ascertained by the graph in figure 11 which depicts
the MTS assay. The cells do not tend to move
towardscorners of the well to avoid contact with the
material and they can be seen freely interacting with
the material at all concentrations. No major
difference in the morphology is seen in the cells.

Figure 1. MTS Assay in L929 cell line with
UCNPs (a) Control (b)50 pg/ml (c)100 pg/mi
(d)200 pg/ml (€)300 pg/ml ()400 pg/ml

From figure 19 we can find that when the mouse
fibroblast cells were made to interact with POSS +
UCNP, till the concentration of 25 pg/ul, evident
toxicity was not observed inthe cells was observed
when theconcentration of the material was observed
above 50 pg/ul, this has been ascertained by the
graph in figure 11 which depicts the MTSassay. The
cells tend to move towards cornersof the well as they
tend to avoid contact withthe material. The cells do
not show any change in morphology.
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Figure 19. MTS Assay in L929 cell line with
UCNP coated POSS-SH-Au (a) Control (b)5 pg/mi
()10 pg/ml (d)25 pg/ml ()50 pg/ml (£)100 pg/ml

Conclusions and Future Prospects

In this work, thiol terminated POSS has been
synthesized successfully which is then modified
using gold nanoparticles to crosslink the POSS
molecules by thiol linkage. The materials were
characterized using various techniques. The carrier
of drugis examined for its biocompatibility in two
cell lines (C2C12 and L929). In order toimprove the
biocompatibility of the carrier the POSS-SH-Au
attached with up converting nanoparticles also
showed biocompatibility in MTS assay test. The
POSS-SH-Au carrier of smaller dimension can be
used as a drug delivery vehicle for cancer therapy
which provides excellent biocompatibility and also
site-specific targeting to the malignant cells.
Targeted drug release can be achieved by using
folic acid receptors as it is over expressed in the
cancer cells. This can even be activated at acidic
conditions as the rigid frameworks of the POSS
provide In vivo stability. As the size of the POSS
nanocarriers is small, it possesses efficient uptake,
and it will be degraded into non-toxic small
molecules such as diacids, silica which can be
easilyexcreted from the body.
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