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Abstract The use of fluorescent nanomaterials has gained
great importance in the field of medical imaging. Many
traditional imaging technologies have been reported utiliz-
ing dyes in the past. These methods face drawbacks due to
non-specific accumulation and photobleaching of dyes. We
studied the uptake and internalization of two different sized
(30 nm and 100 nm) FITC labeled silica nanoparticles in
Human umbilical vein endothelial cell line. These nano-
materials show high biocompatability and are highly
photostable inside live cells for increased period of time
in comparison to the dye alone. To our knowledge, we
report for the first time the use of 30 nm fluorescent silica
nanoparticles as efficient endothelial tags along with the
well studied 100 nm particles. We also have emphasized the
good photostability of these materials in live cells.

Keywords Fluorescent silica nanoparticles -
Photobleaching - Photostability - Cell tags - Human umbilical
vein endothelial cell - Endothelial cell imaging

Introduction

Real time imaging of live cells helps in understanding the
basic biological phenomenon of the organism. Many imaging
methodologies use labeled fluorescent dyes or fluorescent
microparticles or nanomaterials for imaging normal and
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pathological pathways of cells or tissues. Traditional systems
of imaging use dyes which face many drawbacks such as
photobleaching, toxicity, improper biodistribution [1] etc.
These drawbacks lead to inefficient live cell imaging due to
non-targeted accumulation of dyes and faster rate of photo-
bleaching within minutes. Advancement of nanotechnology
has drawn great interest in the area of biological imaging and
drug delivery. Nanoscale materials are currently used as
fluorescent probes in vitro and in vivo, drug carriers, contrast
agents etc., thus aiding in pharmaceutical, therapeutic and
diagnostic areas in the medical field [2-6]. Minimized
particle size of nanoscale materials is critical for biological
intracellular delivery as they are easily taken up by cells.
Quantum dots (QDs), dye doped nanoparticles etc., are
currently in use for real time imaging of cells. Though QDs
are efficient and show less photobleaching compared to
fluorescent dyes, most of them are cadmium based and show
cytotoxicity and ecotoxicity due to release of heavy metal
ions [7, 8]. QDs show less quantum yield than the organic
dyes and lead to blinking emission during real time medical
imaging. Due to these limitations, fluorescent moiety loaded
mesoporous silica nanoparticles can be considered as
efficient alternatives for fluorescent dyes and quantum dots.
Dye loaded mesoporous nanomaterials possess many unique
properties like ordered pores, high surface area, large pore
volume and tunable pore size. Due to this tunable pore size
and its cargo carrying ability, silica nanomaterials can be
considered as efficient reservoirs for biomolecules [9-12].
Recently silica nanomaterials have emerged as excellent drug
carriers due to their inertness. They are biocompatible, non-
toxic, possess good physicochemical properties and highly
accessible for surface modifications [12—-14]. Dye doped
silica nanomaterials are highly sensitive and are photostable
because of protective encapsulation of the silica matrix
around the dye molecules [15].
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Silica as fluorescent tags is gaining great importance and
many methodologies are employed to synthesize them.
Reverse microemulsion and template directed synthesis
are usually adopted to synthesize dye doped highly
mesoporous nanosilica of size 100-250 nm. Mesoporous
silica nanoparticles with CdS gates are utilized as
stimuli responsive controlled release agents by Lin et
al. [16]. Gadolinium incorporated nano silica synthesized
by Lin et al. are used as contrast agents in MRI [17].
Trewyn et al. reported the entry of morphologically
different silica nanoparticles into animal cells [18] and
the uptake of particles along with their toxicity profile are
elaborated by them. These fluorescent nanomaterials are
used to track the loaded cargo of drugs in silica nano-
particles in many in vitro and in vivo studies [19-21].
Most of the recent reports emphasize silica nanoparticles
of size 100-150 nm as efficient cell labels [22, 23].
However synthesis and utilization of 20-50 nm sized
nanosilica as fluorescent cell tags is not well established.
Suzuki et al. synthesized 20 nm silica particles which
show aggregation and polydispersive nature limiting its
application in biological science [24]. Here we report the
detailed study regarding the influence of silica particle
size (30 nm and 100 nm) on the uptake and internalization
by HUVEC cell line and their optical photostability inside
live cells. Green color emitting fluorescein dye loaded
nanosilica of size 30 nm and 100 nm are successfully
synthesized by template directed synthesis and oil in water
microemulsion methodology. The cellular uptake efficien-
cy of these two particles is well studied using endothelial
cell line- HUVEC. The imminent advantages of the
methodology adopted in our work include enhanced
biocompatibility and photostability inside live cells of
the FITC loaded silica nanoparticles when compared to

Fig. 1 Schematic representation
of cell tagging by using green
fluorescein loaded silica

FITC which is highly detrimental to cell viability. Also,
we highlight the increased shelf life of the FITC-Silica
nanoparticles, which were found to retain their fluores-
cence property even after being exposed to light for a
period of over one month. Figure 1 provides the schematic
representation of the uptake of mesoporous fluorescent
nanomaterials by cells via endocytosis.

Experimental Section
Preparation of FITC Precursor Solution

0.5 mg fluorescein isothiocyanate (FITC) was stirred with
I ml dimethyl formamide (DMF) and 3-aminopropyl
triethoxy silane (12 mol% of TEOS) for 2 h under dark at
room temperature.

Synthesis of 30 nm FITC Doped Nano Silica

FITC incorporated silica nanoparticles of 30 nm size were
prepared by reverse microemulsion method as described
herewith: A known amount of cyclohexane and igepal CO-
520 were mixed and stirred at room temperature until a clear
microemulsion was formed. To the transparent emulsion, 5 ml
of'tetra ethyl ortho silicate (TEOS) and 1 ml of FITC precursor
solution was added and stirred vigorously for 30 min. Later
aqueous ammonia was added to catalyse the reaction. The
reaction set up was left for stirring at room temperature for
12 h. The resultant product was precipitated with acetone and
centrifuged at 10,000 rpm for 10 min to obtain a solid product.
This product was repeatedly washed and refluxed in meth-
anolic HCI and desiccated to yield a solvent free 30 nm nano
Silica loaded with green fluorescein.

nanoparticles

nanoparticle
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Synthesis of 100 nm FITC Doped Nano Silica

FITC loaded silica nanomaterial of size 100 nm was
prepared as per the following method: Silica nano-
particles loaded with FITC were synthesized via
modified Stober process by using hexadecyl trimethyl
ammonium bromide (CTAB) as template along with
TEOS, ammonium hydroxide, ethanol, double distilled
water (dd.H,0). CTAB was first dissolved in dd.H,O at
75 °C. When the CTAB was completely dissolved, ethanol
and ammonium hydroxide were added dropwise sequen-
tially until the pH reaches 10, followed by addition of 5 ml
TEOS under vigorous stirring at 80 °C. FITC precursor
solution was then added dropwise and the stirring was
continued for 8§ h at 80 °C. The final orange precipitate
was centrifuged at 6,000 rpm for 10 min to obtain the
solid filtrate. This was desiccated to remove the moisture,
followed by refluxing in methanolic HCI at 70 °C for 24 h
to remove the template. The refluxed particles were
repeatedly washed with methanol and water and were
subsequently desiccated under high vacuum to remove the
solvents.

Materials for Biological Studies

Human umbilical endothelial cell lines (HUVEC) were
obtained from Gibco. DAPI, Trypan blue, 0.025% Trypsin
and XTT tox kit were purchased from Sigma-Aldrich.
Alamar blue toxicology kit was purchased from Invitrogen.

Cell Culture Maintenance

HUVEC cells were maintained in T25 flasks using
Medium-200 supplemented with Low serum growth
supplement and antibiotics (100 U/ml penicillin and
streptomycin). The cells were sub-cultured every 2 days.
The cells were maintained in glass base dish for
confocal studies and plated in 6 well plates for anti-
proliferative study and in 96 well plates for cytotoxicity
studies.

Particle Characterization Studies

Particle morphology was studied with Field Emission
Transmission Electron Micrograph, TEM (JEM-2200-FS).
The prepared product was analysed under TEM to obtain
fine structure of FITC loaded silica. Multi - BET analysis
(Autosorb Quantachrome assisted with AsiQ win software)
was carried out to analyze the pore diameter and surface
area of the nanomaterials. The UV—vis and PL spectra of
plain and FITC loaded silica nanoparticles (30 nm and
100 nm) were studied. The particles were dissolved in dd.
H,O and the UV spectroscopy was carried out using

Shimadzu UV-2100PC/3100PC UV visible spectrometer.
Photoluminescence spectra were recorded with excitation
wavelength 360 nm using Shimadzu F 4500 spectropho-
tometer. The particle suspension was illuminated using UV
and its fluorescence was captured via Pentax Optio W80
digital camera. Dynamic light scattering (Malvern Zetasizer
Nano-ZS) was employed to analyze the size of these
nanoparticles in dispersion and their dispersive nature was
also studied after they were dissolved in dd.H,O. EDS
(JEOL JED-2300T) and XPS (Kratos Analytical) were
carried out to analyze the elemental composition of dye
doped nano Silica. TGA analysis (Shimadzu DTG-TG 60H
apparatus) was carried out using plain silica nanoparticles
and dye doped Si nanomaterials (100 nm and 30 nm) and
weight loss was plotted against time.

Dye Leaking Studies

The FITC incorporated silica nanoparticles (30 nm and
100 nm) were dissolved in dd.H,O and sonicated for 3 h
and the supernatant was subjected to dye leakage studies
under fluorescence microscopy (Nikon Eclipse TE2000-U
with Nikon Intensilight C-HGFI).

Photobleaching of Particles

The FITC loaded silica nanoparticles (30 nm and 100 nm)
were subjected to continued irradiation using mercury lamp
and their fluorescence loss over 2 h has been studied using
fluorescence microscopy.

Measuring the Cytotoxicity of FITC Doped Silica
in HUVEC

The cytotoxicity of plain silica and FITC loaded 30 nm and
100 nm silica were studied in HUVEC cells using XTT
assay and alamar blue assay on 96 well plates. XTT assay
utilizes mitochondrial dehydrogenase enzymes of viable
cells to reduce the tetrazolium ring of XTT, yielding an
orange derivative, which could be identified by absorbance
at 450 nm. Alamar blue details about the reduction ability
of the cells denoting the active metabolism occurring inside
the cell. This active metabolism reduces when the test
materials show toxicity leading to reduced reduction
capability. The fluorescence intensity of alamar blue assay
was quantified at 580-610 nm. 5,000—7,000 HUVEC cells
were plated per well and grown for 24 h or until visual
confluency was noted. Four different concentrations (1 pg/
ml, 100 pg/ml, 500 pg/ml and 1,000 pg/ml) of plain silica,
30 nm and 100 nm doped silica particles dissolved in media
were added and incubated for 24 h and assayed further. The
experiment was conducted in triplicates and the viability
was assessed using a microplate reader (Multidetection
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Microplate Scanner, Dainippon Sumitomo Pharma) by
measuring the absorbance and fluorescence intensity of
the resultant product.

Anti-Proliferative Test

HUVEC cells were plated onto 6 well plates at a count of
50,000-60,000 cells per well. At the time of plating silica
nanomaterials (30 nm and 100 nm dye doped silica) were
added to the medium and analyzed after 24 h for their anti-
proliferative activity.

Fluorescence Phase Contrast and Confocal Microscopy

To visualize the uptake of nanomaterials by the cells, phase
contrast fluorescence microscopy and confocal microscopy
were employed. Cells were grown on glass base dish for 24 h
with standard medium and the fluorescent nano silica of size
30 nm and 100 nm were added separately at a concentration of
100 pg/ml. After 3 h, the nutrient medium was removed and
the cells were washed with PBS buffer twice and stained with
DAPI and viewed under confocal microscopy (Olympus IX
81 under DU897 mode). The fluorescent intensity loss of nano
silica under continued irradiation with green filter in confocal
microscopy from O h to 1 h was noted. For fluorescence
microscopy, cells were grown on 6 well plates as for anti-
proliferative test and the fluorescent nanomaterials were
added at a concentration of 100 pug/ml on day 2. The cells
were incubated for 6 h at 37 °C and washed before viewing
under inverted phase contrast microscope with green filter for
a period of 1 week.

Flow Cytometry

The cellular uptake of fluorescent nanomaterials has been
studied using flow cytometry (JSAN cell sorter, Bay
Bioscience). The cells were tagged by fluorescent nano
silica and DAPI for nuclear staining. The nano silica was
added to the cells on day 2 and the cells are trypsinized as
per protocol. The trypisinzed cells were stained with DAPI
and subjected to flow cytometry analysis.

Results and Discussion

To prepare green fluorescein doped nano silica, we have
utilized two methods: template directed synthesis of
porous silica, a modified Stober process and reverse
microemulsion technique. As shown in TEM micro-
graphs, the dye doped nano silica showed uniform
shape and size with a spherical particle diameter of
30 nm (Fig. 2a) and 100 nm (Fig. 2b). The images also
imply that the materials are highly monodisperse without
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any sign of particle aggregation. The mesoporous pores
were clearly visible after removal of template and the so
developed structures are well ordered. Nitrogen sorption
analysis was carried out to measure the pore diameter of
both materials. The pore diameter was 2.07 nm and BET
surface area measured was 247.150 m?/g.

Figure 3 shows absorption spectra of plain and dye
loaded silica (FITC-30 nm silica and FITC-100 nm silica)
in comparison with pure FITC dissolved in dd.H,O. Pure
FITC showed broad absorption spectrum whereas the dye
loaded 30 nm and 100 nm silica showed narrow absorption
at around 500 nm. Plain silica showed no absorption. A
slight red shift was noted in case of nano silica loaded with
dye similar to previous reports [15] when compared to the
pure FITC which showed absorption at 480 nm. Figure 4a
shows the PL spectra for pure FITC and dye doped nano
silica. The excitation wavelength was 365 nm and a clear
emission peak was noted around 490-550 nm for all
particles. These emission peaks stand typical for green
fluorescein FITC. Thus the absorption and PL spectrum
complement each other very well depicting successful
loading of FITC into nano silica. Figure 4b shows UV
illumination of dye doped nano silica of size 30 and
100 nm. The typical green fluorescence was maximum and
was captured using digital camera.

Dynamic light scattering (Zetasizer) was utilized to
evaluate the size of the dye doped nanomaterials (Fig. 5).
The single peak obtained suggests uniform size distribution
and monodispersity of the particles. EDS and XPS analysis
was performed on FITC incorporated silica nanoparticles.
Presence of Si and O and absence of C peak reaffirms that
the fluorescein was entrapped inside the silica matrix and
was not adhered on the surface of particles (data not
shown).

Thermogravimetric analysis were carried out (data not
shown). The samples were subjected to 1,000 °C and their
weight loss was recorded. Plain silica nanoparticles could
withstand upto 1,000 °C with minimal weight loss whereas
the FITC doped nanomaterials showed considerable weight
loss due to decomposition of FITC when temperature
reached 100 °C. Nearly 9% loss of plain silica was noted
whereas in 100 nm silica the loss was around 35% and in
case of 30 nm silica the loss was around 20%. When the
temperature reaches 100 °C (in 10 min) the weight loss was
evident in case of loaded nanoparticles which can be
attributed to the decomposition of FITC loaded in silica.

Dye leakage from nano silica of size 30 nm and 100 nm
(data not shown) was studied by ultrasonicating the nano-
materials in dd.H,O for 3 h. The sonicated particles were
dropped onto glass slides to view dye leakage under
fluorescence microscopy using a green filter. There was
no evidence of dye leakage even after 3 h of ultra-
sonication. The particles alone emitted discrete green
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Fig. 2 TEM micrographs of
dye loaded porous silica nano-
particles. a TEM image of

30 nm dye loaded silica synthe-
sized via microemulsion. b
TEM image of template directed
synthesis of 100 nm dye loaded
silica

signals with complete absence of any green fluorescence in
the adjacent media suggesting absolutely nil dye leakage
from the particles. This shows that FITC gets perfectly
functionalized and was completely trapped and guarded by
silica matrix.

Photostability measurement of the free FITC and two
dye loaded nano silica were noted by fluorescence
microscopy. The particles in dry state, as such were added
onto petriplates and subjected to continued irradiation using
a mercury lamp for 2 h (Parameters used for the study:
Lamp—HG precentered fiber illuminator, Nikon Intensi-
light mercury lamp, with GFP-B filter of excitation 460—
500 nm and barrier 510-560 nm, 20X magnification. The
distance between lamp and lens was 20 cm, lens and
condenser was 8 cm and condenser and sample was 6 cm).
Images were acquired at 60 min intervals. The fluorescence
intensity of the region of interest was measured. We
observed 100% loss of fluorescence in FITC within
30 min (Fig. 6a) and 78% and 92% retention of
fluorescence in 30 nm and 100 nm particles respectively.
However after a period of 2 h, we noted 57% and 70% of
fluorescence intensity retention in 30 nm particles (Fig. 6b)
and 100 nm particles (Fig. 6¢) respectively. This clearly
shows us that encapsulating or efficient loading of dye into
nanomaterials can substantially increase the photostability
of the dye leading to enhanced fluorescence and long time
stability of fluorescence, which can be used for imaging
purpose. The improved photostability of the FITC-silica
nanoparticles was greatly complemented by the fact that
they exhibited considerable fluorescence even after a month
under continued irradiation of normal light, highlighting
their durability and extended shelf life.

Cytotoxicity profile of plain FITC, plain nano silica and
dye doped nano silica of size 30 nm and 100 nm were
studied on HUVEC cells using XTT and Alamar blue assay
grown on 96 well plates. The nanomaterials were added to
the cells. We observed that cell viability decreased as a
function of concentration and time. The densities of viable
cells are reported in Fig. 7a (XTT) and b (Alamar blue
assay) observed under different concentrations after 24 h
incubation with the nanomaterials. The cells showed uptake

of nanomaterials within 3 h of incubation as evidenced
from confocal studies and hence it is concluded that by 24 h
the cytotoxic studies can be carried out. Plain FITC showed
comparatively higher toxicity even at the lowest concen-
tration. It is clear that the cell viability was higher than 91%
even at the highest concentration of 1 mg/ml of FITC
loaded silica nanoparticles highlighting the biocompatibility
of these nanomaterials. Plain nano silica too showed 95%
cell viability at higher concentration denoting complete
removal of solvents/templates from the particles. This
clearly shows that these nanomaterials exert no significant
cytotoxic effects on endothelial cells and thus present
themselves as highly safe labeling probes compared to
FITC.

HUVEC cells are known for their proliferative activity.
They can reach 100% confluency within 48 h after
subculture. Their mitotic index is high and they double
their count within 2-3 days. This proliferative nature of
HUVEC was tested against highest concentration of dye
loaded nano Silica (1,000 pg/ml of 100 nm and 30 nm
particles). The cells were counted and diluted to a
concentration of 2x10° cells/plate. The cells were added
along with nanomaterials and incubated at normal growth
condition. The cells were trypsinized on day 3 and counted

0.9 4
a—Plain silica
0.8 - d b - Plain FITC
¢—30nm silica
0.7 - d-100 nmsilica

Absorbance

400 500 600 700
Wavelength (nm)

Fig. 3 UV-vis absorption spectra of pure FITC, plain silica and
fluorescent nanomaterials
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Fig. 4 Photoluminescence char-

acterization. a Photolumines- 3000
cence spectra of the fluorescent a-—100 nm FITC
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using trypan blue in a Countess automated cell counter,
Invitrogen. The counts showed 5% 10° cells per well, same
as in control plates, which showed that these nanomaterials
do not exhibit any anti-proliferative effect on HUVEC cells
and they are cyto-amiable. Nearly 98% cells are found to be
viable and excluded trypan blue, citing nil toxicity and anti
proliferative effect. These observations thrust the inevitable
fact that these nanomaterials can be effectively used for in
vivo vascular lineage tagging without any side effects
whatsoever.

Cellular uptake and endocytosis of these nanomaterials
were studied by confocal and fluorescence microscopy to
determine the intracellular fate of these nanomaterials. Cells
were treated with as low as 100 pg/ml of nanomaterials and
incubated for 3 h. After 3 h, the cells were viewed under
fluorescence phase contrast microscope excited using
mercury lamp. The fluorescent and phase contrast images
of the cells are shown in Fig. 8a (30 nm) and 8b (100 nm)
which show the time evolution pattern of cells labeled with
dye doped nano Silica. The fluorescence was noted as a
function of time from day 0 to day 6. The images clearly
depict that the fluorescence retained until day 6 but slow
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photobleaching was observed as time progresses in case of
100 nm particles whereas no fluorescence was observed in
30 nm particles at day 5. The decrease in fluorescence

25 - a—30nm silica
b—100nm
20 4 a b silica
% 15 -
>
2
=
@ 10
E
5 4
0 |
0 200 400 600

Diameter (nm)

Fig. 5 Particle size analysis of 30 nm and 100 nm silica by DLS. The
hydrodynamic diameter of 30 nm particles is 200 nm and of 100 nm
particle is 425 nm
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Fig. 6 Time course measure-
ment of photostability. The dry
state nanoparticles are subjected
to continued irradiation and
images are taken every 20 min.
Images shown here are taken at
0 min, 60 min and 120 min. a
Plain FITC. b 30 nm fluorescent
silica particles. ¢ 100 nm fluo-
rescent silica particles

0 min

60 min

120 min

intensity can be attributed to the high mitotic index of
HUVEC cells. Because of the high number of mitotic cells,
they divide at a rapid rate leading to sharing of nano-
materials from parent cell to the daughter cells, resulting in
decreased particle concentration in each cell by 50% on
day3 (HUVEC divides once in 3 days) and 25% on day 6.
This process dilutes the nanomaterials per cell and leads to
reduced fluorescence intensity. Another notable factor for
loss of fluorescence can be attributed to the efficient
exocytosis of these nanomaterials by HUVEC cells.

To confirm the uptake of particles and viability of cells
after nanoparticle entry, confocal microscopy was carried
out and the images are shown in Fig. 9a (30 nm) and b
(100 nm). The cell’s nucleus was stained with DAPI to
clearly depict the cell viability. All the cells studied
presented perfect DAPI staining of nucleus, proving that
they were viable till day 7. The confocal images clearly
provide evidence for the presence of nanomaterials in the
cell’s cytoplasm, crossing the plasma membrane of cells.
The discrete green dots showed the nanomaterials were
effectively internalized, most likely through endocytosis.
The green fluorescence was seen in the cytoplasm,
probably entrapped in the vesicles around the nucleus. This
suggests that there is no nuclear permeability of nano-
materials. The discrete green dots remain as such localized,
reporting no leaching of dye. The time dependent uptake of
nanomaterials is presented in Fig. 10a and b at 4 h and 8 h
respectively, which shows the uptake increases with time.
The fluorescence of these nanomaterials internalized in
cells were also observed after a week (day 7, Fig. 11)
depicting less photobleaching in case of 100 nm particles,
whereas no fluorescence was noted with 30 nm particle on

the same day. This clearly proves that FITC is still
embedded in silica matrix. However, the discrete dots of
fluorescent intensity disappeared, suggesting the spread of
fluorescence throughout the cytoplasm, which predicts the
escape of nanomaterials from endosomes to cytoplasm.
This escape of nanomaterials from endosomal vesicles to
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90 u 0.1mg/ml
_ 821 0.5mg/ml
#® 01
= | u imgfml
£ 50 | '
250 97
= |
= a0 o
L |
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20 1
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SDnmflworescenl 10D nm fluorescent
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Fig. 7 Cytotoxicity profiling of plain silica nanoparticles, pure FITC,
FITC loaded 30 nm and 100 nm silica particles on HUVEC,
Endothelial cells. a XTT assay and b Alamar blue assay

@ Springer



544

J Fluoresc (2012) 22:537-548

Fluorescent image

Phase contrast image

Day 0

Day 3

Day 5

Fluorescent image Phase contrast image

b

Day 0

Day 3

Day 5

Fig. 8 Phase contrast and fluorescence microscopical images of HUVEC cells tagged with dye doped silica nanoparticles on day0, day3 and

dayS5. a 30 nm particle treated cells. b 100 nm particle endocytosed cells

cytoplasm evidenced by imaging with the help of FITC
loaded silica nanoparticles can stand as an important factor
in regard to drug loaded Silica nanomaterials which is an
essential aspect in therapeutic treatment. Photobleaching of
internalized nanomaterials were studied via continued
irradiation using 488 nm excitation. Images recorded every
20 min with fluorescence bleaching for a period of 1 h
under continued irradiation are shown in Fig. 12a (FITC
alone), 12b (30 nm) and 12c¢ (100 nm). The fluorescence
intensity of region of interest was measured at every 20 min

Fig. 9 Confocal micrographs of
HUVEC cells with endocytosed
100 pg/ml fluorescent silica
nanomaterials. a Cells which
endocytosed 30 nm particles and
b 100 nm particles. The cells are
incubated with the particles and
washed and subjected to confo-
cal microscopy. The green dis-
crete dots shows the
internalization of particles into
cells and blue DAPI staining
proves the viability of HUVEC
cells

Bright field image

[

o
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405 nm excitation to visualize FITC loaded

and fluorescence loss intensity was plotted verses time
which is shown in Fig. 13. In case of plain FITC, the loss
was 100% within 20 min. No fluorescence of FITC was
noted after 20 min continued irradiation denoting the
bleaching of free dye inside live cells. But in the case of
100 nm particles, the fluorescence intensity decreased to
60% under continued irradiation and in case of 30 nm
particles was reduced to 52%. After 1 h, the fluorescence
intensity of 100 nm particle decreased to 30% and 30 nm
particle decreased to 17.2% which shows that fluorescent

488 nm excitation to

Overlaid
micrographs

visualize DAPI nanoparticles
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Fig. 10 Time dependent uptake 488 nm excitation to

of nanomaterials. a 30 nm fluo- . . .
rescent nanoparticle treated for visualize FITC loaded Overlaid
4 h and 8 h. b 100 nm fluores- Bright field image particles micrographs
cent nanoparticle treated for 4 h a

and 8 h. The uptake of nano-

materials are time course de-

pendent and are high at 8 h. The

cells are incubated with 100 pg/

ml particles for given period of 4h

time, washed and then viewed

under confocal microscopy

8h

4h
8 h
488 nm evcitation
405 nm excitation to visualize FITC Overlaid
Bright field image to visualize DAPI loaded micrographs

Fig. 11 Confocal micrographs of HUVEC cells showing fluorescence patterns have changed to cytoplasmic fluorescence floods but the
after a week. The particles are added at a concentration of 100 pg/ml fluorescence can be still noted efficiently. This shows enhanced
and the cells are washed next day. This clearly shows that entrapped photostability of these nanomaterials

particles in the cells shows fluorescence after 1 week. The discrete dot
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20 min

0 min

Fig. 12 Confocal micrographs of continued irradiation of cells
leading to photobleaching over a 1 h time scale. a FITC loaded
HUVEC cells. b 30 nm fluorescent silica loaded cells. ¢ 100 nm
fluorescent silica loaded cells. The cells are incubated with 100 pg/ml

10000 a— Plain FITC
9000 b—-30nm FITC
2 8000 loadedsilica
@ ¢—100nm FITC
% 7000 \ loadedsilica
‘o 6000
(& ]
& 5000 C
@
@ 4000
= b
= 3000
[ ¥
2000
1000
d
0 =
Dmin  20min 40min B0 min
Time (min)

Fig. 13 Fluorescence intensity graph of fluorescent silica nano-
particles endocytosed in HUVEC cells under continued irradiation
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40 min 60 min

of nanomaterials for 3 h and are washed and subjected to continued
irradiation for a period of 1 h. Images are taken every 20 min and the
photobleaching of pure FITC and FITC loaded nanomaterials are
studied

silica nanoparticles provide higher photostability than the
dye alone, making them suitable for imaging live cells. This
high photostability can be attributed to the FITC being
entrapped within the silica matrix. Thereby we propose that
the photostability of the dye can be increased by silica
layers and could be efficiently used in cell tagging. It was
noted that even though the 30 nm FITC loaded silica
particles were effectively functional till the 4th day, their
intensity reduced substantially over a period of time. We
hypothesize that this may be due to the less amount of
FITC cargo loaded into the 30 nm particles compared to the
100 nm particles which is evidenced by the mass loss
percentage observed with TGA.

Flow cytometry was carried out to investigate the co-
localization of both DAPI signal and FITC doped nano
silica signal in a single cell with 50 pg of FITC loaded
silica particles. Flow cytometry cannot differentiate
between particles attached to the cells and the internal-
ized ones. So the cells were washed repeatedly and then
stained with trypan blue which can neutralize the
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fluorescence of nanomaterials attached outside the cell.
Cells were viewed under confocal microscope for
localized nanomaterials and then subjected to flow
cytometry, fluorescence intensity graphs were obtained
for DAPI and FITC signal using their appropriate filters
(Fig. 14). Overlap of both the signals confirms the
localization of DAPI and FITC in the same cells. This
also proves the endocytosis of nanomaterials into live
HUVEC cells. The intensity of DAPI staining noted in
intensity plot was greatly appreciated because it directly
correlates to the live cells.

Conclusion

To summarize, we demonstrated that endocytosis of dye
loaded variable sized nanomaterials are possible in

living cells. We have successfully reported the use of
30 nm nanosilica as efficient cell tags. These 30 nm and
100 nm particles show excellent biocompatibility and
perfect endocytosis with the latter possessing higher
efficacy. It was also proved that the nanomaterials
escape the endosomes after a period of time projecting
their potential application in drug delivery too. Com-
pared to the free dye, the FITC loaded nanomaterial’s
photostability is increased, equally supplemented by
reduced photobleaching under continued irradiation with
fluorescence observed upto a week in case of no
irradiation. Thus these fluorescent particles are proposed
as highly efficient cell tags and can be directed for
diagnostic targeting if surface functionalized. This study
may allow us to visualize more accurate therapeutic
delivery and diagnostic imaging based on silica nano-
materials in near future.

Fig. 14 Flow cytometry to
study colocalization of FITC =
and DAPI signals. These two
graphs shows colocalized a
DAPI and b FITC staining. The
cells are grown for 48 h and
then incubated with nanomate-
rials and are trypsinized and
fixed with ethanol after DAPI
staining
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