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Abstract

Cancer is one of deadliest diseases in the world so, to assist surgeons during tumour excision, a
fluorescent nanoparticle system with affinity to cancer cells was developed. The system is based in
silica nanoparticles, produced by the Stöber method, incorporating a fluorescent NIR emitting cyanine
dye. The chosen dye, a called FIGS-IST-Dye1, with silane groups in its structure for anchoring into
the silica matrix during synthesis. For targeting the tumours, the NP were surface covered with folate
groups, by two different methods. The two-step method found to yield better surface coverage results,
measured by 1H NMR.A photo-degradation test showed that the dye inside the particles has a better
photo-stability. Cell viability tests with fibroblast showed that the particles obtained are biocompatible
at concentrations below 100 µg/mL. The nanoparticles developed in this work have excellent potential
for use in fluorescence guided surgery using current NIR surgical equipment.
Keywords: Nanoparticle, Indocyanine Green (ICG), Fluorescence-guided surgery (FGS), Selective
targeting, Folic acid

1. Introduction
According to the World Health Organization
(WHO), cancer is the second most common cause of
death, being responsible for about 10 million deaths
per year.[1] It is characterized by an uncontrolled
development of cells that lost the ability to func-
tion in a normal way, due to damage in the DNA. As
the tumour grows the nutrients and oxygen needs
increase, and it signals the body to form new blood
vessels, in a process called angiogenesis. This also
facilitates the spread to other places, through the
bloodstream or lymphatic system, creating metas-
tasis. The earlier it is detected and treated, the
higher the cure rates.[2]

1.1. Fluorescence Guided Surgery
One treatment option is removal surgery, where the
goal is to obtain negative margins, meaning that no
cancer cells are found by the pathologist when ex-
amining the outer edge of the removed tissue. [3]
Nevertheless, if a small number of cells remains,
they can multiply and lead to recurrence. How-
ever, positive margins happens in 50-70% of cura-
tive surgeries, so to help surgeons, real-time imag-
ing techniques, like fluorescent probes and optical
imaging devices can be used to improve the percep-
tion of tumour cells. This technique is called Fluo-
rescence Guided Surgery (FGS). The dye needs to
have a high tissue penetration and minimal light
scattering. In this case, Near Infrared (NIR) is the

best option, being the golden range between 700-
900nm, as it meets the needs previously mentioned.
[4, 5] Table 1 compiles the dyes already in use in
FGS, which are indocyanine green (ICG), methy-
lene blue (MB), fluorescein, and 5-Aminolevulinic
acid (5-ALA). They emit in different wavelengths
and are applied to different organs and systems. In-
docyanine Green is a fluorescent marker and one of
the most used in Near Infrared FGS. It was the
first to be approved by FDA for in vivo use in hu-
mans. [6] It is a water-soluble molecule that binds
to proteins. While remaining in circulation, allows
a lymphatic mapping and liver and biliary evalua-
tion. It is excreted by the hepatic system within
24h, without evidence of toxic effects. [6, 5] Never-
theless, ICG has poor photostability, especially in
aqueous environments, and poor hydrolytic stabil-
ity, which implies time-limited surgeries. It is half
live goes up to half an hour. [7]

IRDye800CW is a marker from the cyanine fam-
ily that is still not US-FDA approved for surgery
but is in clinical trials for pancreatic and colorec-
tal cancer.[5] In PBS, the maximum absorbance
was 774nm, and emission 789nm. In studies with
IRDye800Cw, there were no signs of toxic effects in
the animals tested, being the maximum concentra-
tion evaluated 20 mg/kg. [8]
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Table 1: Structures and properties of fluorescence probes. Reprinted from [6]

1.2. Tumour Targeting

Targeting allows a dye that is injected or delivered
to the body, to accumulate at the desired location
and allow its visualization. Selective targeting leads
to an adequate biodistribution, minimizing toxic-
ity and, protecting it from the multiple threats in
the body and therefore increasing the efficiency and
minimizing side effects. [6] Targeting can be passive
or active. Passive targeting makes use of the natural
body reaction towards a macromolecule, by a phe-
nomenon called enhanced permeability and reten-
tion (EPR) effect. This effect is based on the vascu-
larization differences between tumours and healthy
tissue. Surrounding a tumour there is an exces-
sive vascularization and higher permeability, while
in healthy tissue, the molecules have trouble pene-
trating the vessels. This effect combined with the
lack of lymphatic drainage in a tumour leads to
an accumulation of particles. According to some
studies, the range of 30-50nm is the optimum for
cellular uptake. [9] Active targeting uses specific
receptors and endocytosis systems to deliver a par-
ticle at the desired site. Folic Acid is an example of
this. Folic Acid, fig.1 is a hydrosoluble B vitamin
important in the DNA and RNA synthesis and re-
pair as well as protein and haemoglobin formation.
It is known that some cancers have the folate recep-
tor over-expressed, due to the high rate of cellular
proliferation when compared to healthy tissue. The
over expression that can be exploited as an active
targeting form using folic acid to bind to the folate
receptors leading to receptor-mediated endocytosis.
[10, 11]

Figure 1: Structure of Folic Acid. [12]

1.3. Silica Nanoparticles
Nanotechnologies are considered to have been intro-
duced by physics Nobel laureate Richard P Feyn-
man in 1959, but the term was invented by No-
rio Taniguchi, a professor from Tokyo University of
Science, in 1974, and are characterized by parti-
cles with a diameter under 100nm. [13] The more
stable form is spherical. The surface can be modi-
fied physically or chemically for example, by adding
targeting groups or redefining the surface charge to
better fit the pretended goal. [14, 15]

Nanoparticles have gained interest in theranostic
(therapeutic and diagnostic) systems. One group
with great results in biomedical applications are Sil-
ica Nanoparticles (SiNPs), which have been used
as carriers and supports in catalysis, drug deliv-
ery, imaging, etc. The advantages of SiNPs include
the facility to control their diameter and low size
dispersion, biocompatibility and lower aggregation
compared to polymer-based nanoparticles. [11, 15]
One way to produce SiNPs is by the Stöber method,
a sol-gel method, developed in 1968 by Werner
Stöber, Arthur Fink and Ernst Bohn.[16] This pro-
cess involves a colloidal solution to get well-defined
particles, monodispersed spheres and with uniform
composition. The morphology of the particles can
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be easily tuned, by simply adjusting reaction pa-
rameters (temperature, pH, source of silica...) and
can be used in multiple applications such as ceram-
ics, chromatography, catalysis, paints, pharmaceu-
ticals, optical imaging, etc. [16, 17]

1.4. Objectives
During the excision of a tumour, the removal of
all cancerous cells is extremely important to min-
imize the recurrence rates. To help surgeons, flu-
orescent probes are used to better define the tu-
mour margins. The objective of this thesis is to de-
velop tumour targeting fluorescence nanoparticles
for fluorescence-guided surgery. The nanoparticle
can both protect the dye and improve its accumu-
lation on tumorous tissue by functionalization with
target groups.

For developing the system, a easy to produce
perylenediimide derivative was used. Perylenedi-
imides are dyes with a good photochemical and
thermal stability, photophysical properties that can
be tunned, replacing substituents, in the perylene
core positions (Structure represented in fig 2) How-
ever, it is not an approved fluorescent probe for
FGS. The initially incorporated dye into the Sil-
ica Nanoparticles was the bis(propyl)trietoxisilane
perylenediimide, usually known as pigment red 179
(Fig.2). [4]

Figure 2: Structure of bis(propyl)triethoxysilane
perylenediimide.[18]

To improve tumorous affinity, we used folic acid
as an active targeting agent. Since our goal was
to functionalize only the external layer, without
compromising the structure and size dispersion, the
functionalization process chosen was post-grafting,
with the carboxylic acid of the folate reacting
with the amine-functionalized SiNP. [19, 20]In the
two steps route, the particles are activated with
APTES, washed and then the folic acid is added
to the SiNPs and in the one, a mixture of APTES
and Folic Acid is left stirring and then the par-
ticles are added. Both methods were tested and
characterized with and the most reliable chosen,
to begin using the chosen FGS dye, FIGS-IST-
Dye1 (fig.3). This compound is an altered form
from the IRDye800CW family. Its emission is
in the NIR (outside the range of biological auto-
fluorescence), allowing a good differentiation of tu-
mour and healthy tissue. The alkoxide groups
present on its structure allows its incorporation in-

side the silica network during the Stöber process, by
a covalent bond with the reactive organosilicates.
[21]

Figure 3: Structure of FIGS-IST-Dye1.

The dye containing SiNPs are biocompatible but
since our goal is to use it in Flourescence Guided
Surgery (FGS), we need to reassure that there is
no toxicity. So we performed a cell viability test to
access the biocompatibility of the final system.

2. Experimental Procedure
2.1. Reagents and Solvents
Ammonium hydroxide solution (NH3 ba-
sis, 28.0 − 30.0%), Tetraethyl orthosilicate
(TEOS,≥ 99.0%), 3-aminopropyl triethoxysilane
(APTES, 99%), N,N’-Dicyclohexylcarbodiimide
(DCC,99%), Dimethyl Sulfoxide (DMSO, an-
hydrous, ≥ 99.9%) were purchased from
Sigma-Aldrich. Ethanol (≥ 99.8%), N,N-
Dimethylformamide (DMF, HPLC grade, ≥ 99.9%)
and s-Trioxane (1,3,5-trioxane,99+%) from Hon-
eywell Fluka, Fisher Scientific. Dicloromethane
(DCM, HPLC- Isocratic grade- Stabilized with
amylene) from Carlo Erba. Molecular sieves (3A,
2-5mm, Hygroscopic) from Alfa Aesar. Presto-
Blue™ (PB) used from Invitrogen by ThermoFisher
Scientific, Carlsbad, CA, USA. Dulbecco’s Modified
Eagle’s Medium (DMEM) and Fetal Bovine Serum
(FBS) from gibco and penicillin-streptomycin
all bought from Thermo Fisher Scientific. L929
cell line purchased from European Collection of
Authenticated Cell Cultures.

2.2. Synthesis of Stöber Silica Nanoparticles
The dye in use, PDI and then FIGS-Dye-IST1, (5
to 10 mg) was dissolved in a small quantity of ab-
solute ethanol and ultra-sonicated. The solution
was filtered through a 0.2 µm cellulose filter, to re-
move insoluble clusters, and transferred into a 250
mL polypropylene flask. Ethanol, Mili-QWater and
NH3 were added (Table 2) after, TEOS was added
to the mixture and the temperature increased to
40 ºC and left overnight. The nanoparticles were
centrifuged and washed three times with absolute
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ethanol (90 000G, 20 min). The particles were dried
in an oven at 60 ºC overnight. The amount of NP
collected was around 500 mg in each synthesis.

Table 2: Reagents quantities used in the different
synthesis.

Synthesis Absolute Ethanol
(g)

Mili-Q H2O
(g)

NH4OH
(mL)

TEOS
(mL)

Si1 86.656 9.021 1.51 4.46
Si2 64.656 9.021 1.51 4.46

Si3@PDI 86.656 9.928 1.51 4.46
Si4@PDI 86.656 9.526 1.51 4.46
Si5@FIGS 86.656 9.928 1.51 4.46

Si6 866.56 90.21 15.1 44.6

The one litre reaction was performed to evaluate
the possibility of scaling up the process. All the
reagents quantities were multiplied by 10 times. 50
mL from the initial solution (Si6A) were transferred
to a 250 mL PP flask (Si6B) for comparison.

2.3. Surface functionalization of Silica Nanoparti-
cles

To functionalize the SiNPs, two different routes, one
and two steps routes, were followed in order to ob-
tain the more reproducible one. The quantities of
APTES used was tailored to each experiment, to
deliver two molecules per nm2.

2.3.1 Two Steps Route

The following procedure was performed as de-
scribed in [19]. Initially, SiNP(0.250 g) were added
to 4.5 g of toluene, and ultrasonicated. APTES
(0,0191 g) was added and the reaction was left stir-
ring at 120 ºC for 48 h. The SiNP were collected
and washed with absolute ethanol three times (90
000 G, 20 min).

The second steps starts by degassing with argon a
50mL round bottom flask, FA (0.0148 g) and DCC
(0.1370 g). After, dry DMF (3 mL), DMSO (1 mL)
and the amino functionalized particles dispersed in
DMF were added and the mixture was left stirring
overnight at room temperature. The particles were
washed with DCM and absolute ethanol three times
(90 000 G, 20 min).

2.3.2 One step Route

The following procedure was performed as de-
scribed in [20]. DMSO (2.0509 g), FA (0.0607
g), DCC (0.0327 g) and APTES (0.0387 g) where
mixed in a 50 mL round bottom flask and left stir-
ring, under argon atmosphere, for 6 h at room tem-
perature. After, 126 mg of SiNP were dispersed in
12 mL of toluene and added to the reaction mixture.
The reaction was left stirring for 72 h, at room tem-
perature. Thereafter, the NPs were washed three
times with absolute ethanol and dried in the oven.

2.4. Cell Viability
The toxicity effect of the NP was evaluated by
resazurin based assay using PrestoBlue™ reagent.
Briefly, L929 cell line were seeded in 96-well tissue
cultured plates at an initial density of 1x104 cells
per well and left overnight in CO2 incubator (5%)
at 37 °C. Then, cell medium (DMEM supplemented
with 10 % FBS and 1 % penicillin-streptomycin)
was discarded and replaced with a solution of dif-
ferent NP doses previously prepared in a complete
cell culture medium. L929 cells were incubated
for additional 24 h. Finally, the PB viability as-
say was performed accordingly with PrestoBlue TM
reagent kit protocol. The resazurin conversion into
resorufin was monitored by measuring fluorescence
intensity (excitation 530 nm, emission 590 nm) in
a microplate reader (BMG Labtech, Polar Star Op-
tima) at 37 ºC. The test were performed by Adriana
Bastos Cruz.

3. Results and Discussion
3.1. Synthesis of Silica Nanoparticles
As previously described, the SiNP were synthesized
using the Stöber method. Initially, two syntheses
(Si1 and Si2) were performed without any modifi-
cation just to learn the process. In the next particle
synthesis, a dye was incorporated into the reaction
mixture. In reactions 3 and 4 we incorporated PDI
and in reaction 5 FIGS-IST-Dye1. The quantities
were presented in table 2.

After each synthesis, the diameteres of the parti-
cles were measured using Dynamic Light Scattering
(DLS) and TEM. The diameters were obtained at
room temperature and the results are shown in Ta-
ble 3. DLS values by number were obtained from
the average of 5 measurements and the TEM diam-
eters were obtained from 70 particles, using image
software ImageJ.

Table 3: Diameter of the SiNP measured by DLS
and TEM.

Particles
DLS

Average diameter
(nm)

TEM
Average diameter

(nm)

Si1 40 ± 3 39 ± 3
Si2 80 ± 3 80 ± 3

Si3@PDI 24 ± 1 24 ± 3
Si4@PDI 32 ± 1 32 ± 3
Si5@FIGS 37 ± 2 33 ± 3

Si6A 65 ± 2 65 ± 5
Si6B 66 ± 3 69 ± 7

Looking at 2 and 3, we can confirm that when in-
creasing the water quantities, consequently smaller
concentrations of ammonium hydroxide and lower
pH, leads to smaller particles due to a decreased
rate in the condensation phase. [21]

TEM measurements are similar to the number
average diameter obtained by DLS. [22] From the
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correlograms and diameters standard deviation (the
higher value is 12,5%), we can ensure that all the
particles were fully dispersed and with uniform
sizes. [23]

TEM imaging allows direct visualization of the
particles and confirms if their morphology and di-
mensions are under the target values (the opti-
mal range for particle uptake is 30-50nm). [9]
In fig.4, SiNP reveal spherical morphology and
uniform size distribution, as previously expected
(Table.3). Some aggregation is present that can be
justified by sample preparation protocol.

After centrifuging Si5@FIGS, a pink solution was
obtained, instead of the normal transparent or
greenish, like the dye (fig.5). After the first centrifu-
gation, all the other washes solutions were trans-
parent. From the TEM images, no structural differ-
ences appears to be present, so more tests need to
be performed to clarify the cause of such colour.

In fig.6, we can see the particles synthesized in
large quantities (Si6A). Some solution was trans-
ferred to a smaller flask (Si6B) giving us room for
comparison. We can confirm that both solutions
reached a spherical and uniform morphology, hav-
ing the smaller solution (Si6B) resulting in slightly
bigger particles. This difference can be a result of
differences in the reaction stirring in each flask. The
quantities used for this reaction were the same used
in the first test synthesis (Si1) but resulted in big-
ger particles, which can be easily explained by the
absence of temperature. Si1 was performed at 40
ºC while Si6A and B were at room temperature.
Higher temperatures lead to higher hydrolysis rates
and therefore an outburst of nucleation points that
creates smaller particles. [17]

3.2. Silica NP Functionalization
To promote the selective targeting of cancer cells,
the particles were externally modified with Folic
Acid (FA). To evaluate the incorporation, two pro-
cedures were tested. After functionalization, the
Zeta potentials were measured to, confirm the mod-
ification. When functionalizing there is a substitu-
tion of the alcohol groups by amines. Since alcohols
are more negatively charged, when replacing them
we can see an increase in the zeta potential value.
The results are presented in Table 4.

Table 4: Zeta Potential in multiple functionaliza-
tions.

Reaction Original
(mV)

Two Steps
(mV)

One Step
(mV)

Si3@PDI (−36.1± 0.4) (−24.9± 0.5) (−1.4± 0.3)
Si5@FIGS (−27.2± 0.1) (−3.1± 0.7) -

The one step functionalization process was not
reproduced in the Si5@FIGS nanoparticles for lack

of reliability as we will explain further ahead.
To quantify the amount of folic acid incorporated

we used Nuclear Magnetic Resonance (NMR), us-
ing trioxane as the reference, deuterium oxide as
solvent and NaOH to dissolve the silica network.
For comparison purposes, a spectrum of non func-
tionalized particles were obtained (Fig 7). We can
identify at 4.79ppm the D2O peak that works as a
reference to correct spectrum shifts. At 5.18 ppm
we have trioxane and, at 3.55 and 1.07 ppm we ob-
serve the ethoxy groups (respectively from the CH2

and CH3), corresponding to residual ethanol from
washing the particles, that remains entrapped in
the matrix even after drying. [24]

Figure 7: 1H NMR of non functionalized Si3.

This method allows the quantification of each
functional group added to the SiNPs, due to the
presence of trioxane. The reference is added in
a known concentration so that we can use its
peak to extrapolate the concentration of the other
molecules. In spectra 8 of Si3 functionalized by the
2-step method, we see the peak assignment for the
carbon chain and amine left from APTES, and for
the folic acid. The other obtained spectrum are
presented in appendix. In Table 5, we have the ob-
tained results for peak integration.

Table 5: Quantification of SiNPs functional groups
(mM of APTES/Folic acid by gram of SiNP,
molecules per nm2 of SiNP surface and molecules
per SiNP).

Reaction mMol/g molecules/nm2 molecules/particle

Two Step (Si3) APTES 0.41 1.56 2830
Folic Acid 0.15 0.59 1067

One Step (Si3) APTES 2.9 11.26 20379
Folic Acid 0.77 2.99 5420

One Step (Si4) APTES 2.18 11.19 35992
Folic Acid 1.32 6.80 21872

Two Step (Si5) APTES 0.55 2.89 9902
Folic Acid 0.12 0.64 2182

When functionalizing the SiNPs, the amount of
APTES used was calculated to have a surface cov-
erage of 2 molecules/nm2 to ensure a good func-
tionalization without overlapping of APTES in one
area. Some variations are expected, so the val-
ues obtained by the Two step method are reliable.
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Figure 4: TEM images from reactions: Si3@PDI (a), Si4@PDI (b), Si5@FIGS (c).

Figure 5: Reactional mixture of Si5@FIGS after
first wash (left) and second (right).

Figure 6: TEM images from reaction: Si6A (a),
Si6B (b).

The smaller quantities of Folic Acid when compared
with APTES are explained by the larger size of the
folic acid molecule (occupies more volume). When
we look at the values obtained in Si3 by one step
procedure, we can presume to be wrong because it
is not physically possible. The same procedure was
repeated for Si4, to ensure if it wasn’t an exper-
imental error, and once again given values highly
contestable. These high values can be a result of
folic acid condensation, leaving aggregates. There-
fore, when recreating the procedure with FIGS-IST-
Dye1, we only used the method with feasible results,
the 2-step method.

4. Fluorescence Studies
The main goal of the work is to allow a better identi-
fication of tumour tissue during fluorescence-guided
surgery. So we have to ensure that the fluorescence
properties of the dyes are preserved during synthe-
sis. The fluorescence spectrum of PDI, in toluene
without any modifications peaks at 537, 559 and
628 nm [25]. After incorporating in the silica ma-

trix and functionalization, we obtained the follow-
ing spectra (fig.9). As we can see, the spectrum of
the particles is similar to the specific of the free dye.
The integrity of the dye was not compromised and
the presence of the folate groups does not interfere
with the fluorescence. The spectra presents a mir-
ror image and a small stokes shift between emission
and excitation.

The same study was performed for the Si5@FIGS
particles (Fig.10). The spectra presents a shift from
the free dye to the particle caused by the use of dif-
ferent solvents in each measurement (methanol to
water). In this range, we can see there were no
changes in the fluorescence of the dye when incor-
porated into a nanoparticle. But if the excitation
is further away from the main peak (790 nm), we
can see a new peak, at 613 nm, that was not ex-
pected (fig.11). That new peak can be associated
with the presence of colour in the reaction mixture
after centrifuging. A spectra of the reaction mixture
was taken (fig.12), showing that the component left
has the same emission wavelength has the new peak
at Si5@FIGS. A possible explanation is that some
of the dye was degraded due to the synthesis pH.

Figure 11: Emission spectrum of Si5@FIGS with
excitation at 550 nm.

6



Figure 8: 1H NMR of Si3-PDI functionalized by the Two Step method, with peaks assignment.

Figure 12: Spectra of the solution obtained after
centrifuging the reaction mixture obtained. In red,
we have excitation curves (em= 650 nm) and at
black emission (ex= 450 nm).

5. Stability test

Excision surgeries are long and can take hours. So
when using fluorescence-guided surgery, the dye will
be irradiated for a long time and it cannot de-
grade and lose fluorescence properties. To prove our
model, we performed a time-based measurement of
fluorescence with the free dye and Si5@FIGS. The
fluorescence intensity was recorded at 800 nm for
5.6 hours as a proof of concept for the better stabil-
ity of the dye inside a particle, fig.13. The intensity
values are not relevant since the values are propor-
tional to concentration, and we the incorporation
of dye inside the particles were not measured so
we cannot know the concentration of fluorescence
molecules inside the particles for comparison. [26]

Figure 13: Fluorescence intensity at 800 nm with
680 nm excitation for free dye (a) and Si5@FIGS
(b) for 5.6h. Red lines are a guide to the eye.

As we can see, there is a 17 % reduction of the
free dye fluorescence intensity during the 5.6 h irra-
diation. In the particles, almost no reduction is ob-
served. This validates the photo-degradation pro-
tection from the silica matrix, due to the oxygen
shielding effect. The presence of oxygen promotes
the development of free radicals, mostly in the pres-
ence of UV or visible light. That interferes with the
structure, attacking especially the double covalent
bonds and aromatic moieties, leading to a loss of flu-
orescence. [27] We demonstrated that for at least
5.6 h we can have the nanoparticles irradiated with-
out a significant loss of fluorescence intensity, being
a great indicator for use in FGS.

6. Cell Viability
If the nanoparticles are going to be used in Floures-
cence Guided Surgery (FGS) they cannot be toxic
to human cells. To evaluate their toxicity, a cell via-
bility test was performed. This determines the per-
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Figure 9: Normalized fluorescence spectrum of (a)
Si3@PDI, functionalized via One Step method in
H2O and (b) Si4@PDI functionalized via Two Step
method in H2O. In dashed red, we have excitation
curves (em= 580 nm) and at solid black, emission
curves (ex= 490 nm). In blue we have the spectra
of PDI before synthesis, in toluene.

centage of viable cells comparing to control (CTR,
cells incubated with complete medium). The con-
centrations were measures sequentially from 1.5 to
200 µg of particles per mL of water in a cell plate
(fig.14).

Figure 14: 96-Well Cell Culture Plate.

The colour changes from purple-blue to red and
these changes can be measured using fluorescence

Figure 10: Normalized fluorescence spectrum of
Si5@FiGS (red) in H2O and free FIGS-IST-Dye1
(black) in methanol. Excitation (dashed curves) of
the NP measured at 840 nm, and of the free dye at
825 nm. Emission (solid curve) of the NP measured
at 680nm, and of the free dye at 710 nm.

or absorbance measurements. [28] The pinker the
colour and therefore higher counts, the more cells
are viable and reducing the solution. In Table 6,
the results were measured one hour after the intro-
duction of the particles and PrestoBlue™. In Table
7, the particles were added to the cells, and incu-
bation was procced for 48 h. PrestoBlue™ was then
added, and the results measured one hour later.

Due to experimental errors, we have values higher
than 100 %, that are easily explained by small dif-
ferences in the number of cells added, and/or small
variations in the volume of PrestoBlue™ added to
each well. In the concentration of 200 µg/mL, some
precipitation was noticed, so it is clear to assume
that this concentration was too high to be further
used. Now looking at the cell viability, we can see
that 100 and 200 µg/mL present some degree of tox-
icity to the cells, being the last one very significant.
For the other values, we can say that the particles
are biocompatible.

7. Conclusions
In this work, silica nanoparticles were synthesize
with an incorporated dye and functionalized with
folic acid for better targeting. The synthesis it-
self presented no challenges being the sizes easily
tailorable and resulting in monodispersed spherical
particles.

The incorporation of the dye was proved by the
fluorescence spectra, nevertheless the presence of
unexpected peaks lead us to think that some degra-
dation happened and a by product was included in
the matrix, since it remained in the particles even
after washing. This sub-product is thought to be
one of the constituent groups of the FIGS-IST-Dye1
obtained through degradation due to pH, but needs
further investigation to elucidate the origin.
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Table 6: Cell viability after 1 h of PrestoBlue™ introduction.
(µg/mL) 0 1.5 3 6 12.5 25 50 100 200

Counts 23535 - 20882 20065 23143 20446 17950 19453 10647
Cell Viability (%) 100 - 88 84 98 86 74 82 42

Table 7: Cell viability after 48 h incubation.
(µg/mL) 0 1.5 3 6 12.5 25 50 100 200

Counts 8224 8760 11379 12835 13553 12690 12660 7171 6666
Cell Viability (%) 100 108 146 168 178 166 165 85 77

For the functionalization with folic acid, two pro-
cesses were tested and quantified through NMR.
The one step method resulted in unrealistic sur-
face coverage values. The two step was then chosen
for further syntheses, seeing that the surface cov-
erage obtained is consisted with the quantification
selected. The folic acid remained intact during the
functionalization process and was successfully con-
nected to the particles.

As a proof of concept for the particle oxygen
shielding effect, a kinetics fluorescence study was
performed. The particles and the free FIGS-IST-
Dye1 were irradiated at 680 nm for 5.6 h, and the
emission measured at the 800nm. Over time,it was
verified that the dye on its own had a reduction
of intensity more significant than inside the parti-
cle. That reduction is associated with the photo-
degradation of the structure, so the SiNP were
proven to protect FIGS-IST-Dye1.

Finally, to ensure the biocompatibility, a cell vi-
ability test was performed. In general, the particles
present no toxicity to the cells. At concentrations
superior to 100 µg/mL that is no longer true. At
200 µg/mL, we can also verify some precipitation
in the well.

In conclusion, the goal of the thesis was success-
fully achieved. We were able to produce functional
nanoparticles that are fluorescence under NIR light
and with targeting groups for cancer cells. Further
tests need to be done, first to confirm what was
the sub product obtained during the synthesis of
SiNP with FIGS-IST-Dye1 and second, to prove the
higher affinity and accumulation of the nanoparti-
cles in the tumorous tissue.
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