CHAPTER 6

MULTIMODAL APPLICATION OF
MAGNETO-FLUORESCENT HYBRID
NANOSYSTEM



Multimodal Application of Magneto-Fluorescent Hybrid Nanosystem

MULTIMODAL APPLICATION OF MAGNETO-FLUORESCENT
HYBRID NANOSYSTEM

6.1 Introduction

Imaging is the diagnostic technique for detection of abnormalities before the treatment
of the disease. These diagnostic techniques help the medical practitioners to recognize
the infected parts without any surgery. The commonly used techniques to diagnose
cancer cells are X-Rays, CT scans, MRI scans and PET scans. All these imaging
modalities have their advantages as well as disadvantages in terms of sensitivity,
specificity, accuracy, radiation exposure, costs and image acquisition time. X-rays are
used to visualize bones, tumors and other dense matter inside the body. Computer
Tomography (CT) scan is a more sophisticated way of employing X-rays for diagnostic
purpose. However, exposure to X-ray radiation is known to have a chance of cancer
occurring in the future. In some cases, anesthesia is also required and the use of contrast
agents (dye) can cause kidney diseases. PET scan uses radioactive positrons to detect
metabolic and chemical activity in the body [1-6]. A PET imaging is more sensitive
than CT and MRI in terms of scar tissue differentiation, which has very little metabolic
activity. But the major drawback is a PET scan is its accessibility, radiation exposure,
and low spatial resolution. In MRI scans, strong magnetic fields and radio waves are
used to form a detailed 3-D view of the selected organs and tissues in our body.
However, it is relatively difficult to differentiate a scar tissue from the tumor using an
MRI scan. It cannot be used on a person who has some metal implants. Also taking
contrast agent orally for scanning is very unpleasant. Sometimes tissue imaging through
MRI scan is not as clear as that of CT image. Thus, it can be told that every imaging
technique has its own advantages and limitations also. Hence, merging different
imaging modalities like CT/MRI and PET/MRI are conceived to complement the
strengths of both the techniques in a synergistic way [7-10].

Now, the development of combo scans like CT/MRI and PET/MRI are in the conceptual
stage of research and development. In this regard, a magneto-fluorescent hybrid

nanomaterial, which has integration of superparamagnetic or paramagnetic nanosystem
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with a quantum dot, will be useful for dual imaging (magnetic and fluorescent)
application. This integration of fluorescence imaging (FI) with MR imaging (MRI) will
be of great value to humans and the development of innovative treatment strategies. An
attempt has been made in this thesis to bring this novel concept into reality. In the
present thesis, the primary objective was laid down to develop magneto-fluorescent
multimodal hybrid nanosystems for dual imaging applications. In achieving the
aforementioned goal, the pristine magnetic nanosystems and quantum dots were
synthesized and optimized based on their physical properties. Finally, the multimodal
applicability of the prepared hybrid nanosystems has been evaluated as potential MRI

contrast agent as well as fluorescent imaging probe.

6.2 Multimodal Applications

In recent times, nanotechnology has emerged with tremendous potential and
possibilities for its applications in the biomedical field. The new generation biomedical
applications will be based on multimodal or multifunctional nanosystems [11, 12].
These nanosystems were developed by integration of more than one functional
component in a template or through conjugation to make them superior as compared to
the individual system. The multimodal biomedical imaging is conceptualized based on
hybrid probes of magneto-fluorescent, T:-T,, multimetallic etc. [13-15]. As no single
imaging modality can provide all necessary information in an imaging application,
hence the concept of multimodal molecular imaging agents have been conceived.
Considering the unique characteristics of magnetic nanoparticles and quantum dots;
both system have been integrated for development of magneto-fluorescent hybrid
nanomaterials, in the present study. Magnetic nanoparticles can serve as contrast agent
for magnetic resonance imaging (MRI) technique whereas fluorescent nanoparticles are

used in imaging as well as monitoring of disease sites.

6.2.1 Biocompatibility

Toxicity Assay- Resazurin Reduction Assay

To study the potential interference of magneto-fluorescent hybrid nanosystems on live
cells, cytotoxicity study was carried out to know about its biocompatibility [16, 17]. For

quantifying in vitro cell viability with different type of hybrid nanosystems, Resazurin
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Reduction Assay or Alamar Blue (AB) toxicity assay was performed. The detailed

procedure for toxicity characterizations was described in Chapter-3.

Briefly, Murine RAW 264.7 macrophage cell line was used for in-vitro toxicity test.
The 100 pl of cell suspension containing 1x10* cells were seeded to each well of 96 well
plates, excluding the first row. After that, the plate was incubated at 37 °C, in an
atmosphere of 5 % CO, and 90 % relative humidity for 1 hour (h). After 1 hour, the test
sample volume i.e., 0.1 mL, 0.075 mL, 0.05 mL and 0.025 mL (table-6.1) were added
to the wells of 96 well plates in triplicate culture. The 96 well plates were then
incubated for 24 hours at 37 °C in an atmosphere of 5 % CO, and 90 % relative

humidity. The experiment was repeated three times.

Table 6.1 Dose dependent concentrations of hybrid nanosystems

Concentration (Stock ) Dose dependent concentration

0.1 mL 0.001545 mg
0.075 mL 0.001158 mg
1 FePt@CdTe 0.01545 mg / mL
0.05 mL 0.000772 mg
0.025 mL 0.000386 mg
0.1 mL 0.001652 mg
0.075 mL 0.001239 mg
2 FePt@CdSe 0.01652 mg / mL
0.05 mL 0.000826 mg
0.025 mL 0.000413 mg
0.1 mL 0.001655 mg
0.075 mL 0.001241 mg
3 FePt@CdS 0.01655 mg / mL
0.05 mL 0.000827 mg
0.025 mL 0.000413 mg

Alamar Blue (AB) reagent (resazurin) was added at the end of the 24 hours incubation,
to 96 well plate having cell growth. The 96 well plates was then incubated for 4 hours
at 37 °C and reaffirmed for color change. The absorbance signal is monitored at 540

nm. Absorbance data was collected in SpectraMax Plus 384 microplate reader
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(Molecular Devices, USA) at 540 nm. After calculation of mean and standard deviation
(SD = o) from the repeated experiments, the cell viability was calculated using

following formula:

(%) = (mean absorbance value of experimental group)
(mean absorbance value of control group)

Cell Viability %100

Concentration of stock solution of FePt@CdTe, FePt@CdSe and FePt@CdS hybrid
nanosystems were 0.01545, 0.01652 and 0.01655 mg/mL in the toxicity experiments.
The details of concentration are expressed in table 6.1. The control contains media and
cells only. The % cell viability of control is taken as reference for calculation of cell

viability with hybrid nanosystems.

120 FePt@CdSe
100 T
80
60

40

Cell viability (%)

| -
= =
v U}
~

S 8
() (=)

0.05 mL

20

Control 0.1X 0.075 X 005X 0.025 X
Concentration (X = 0.01652 mg)

Figure 6.1 Viability of RAW 264.7 macrophage cell line compared to control indicated
by AB assay when the cell was exposed to GSH capped hybrid FePt@CdTe

nanosystem. The error bar was drawn using SD value

Figure 6.1, 6.2 and 6.3 exhibit the viability of RAW macrophage cell line with different
doses of FePt@CdTe, FePt@CdSe and FePt@CdS hybrid nanosystems respectively.
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Figure 6.2 Viability of RAW 264.7 macrophage cell line compared to control indicated
by AB assay when the cell was exposed to GSH capped hybrid FePt@CdSe

nanosystem. The error bar was drawn using SD value
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Figure 6.3 Viability of RAW 264.7 macrophage cell line compared to control indicated
by AB assay when the cell was exposed to GSH capped hybrid FePt@CdS nanosystem.

The error bar was drawn using SD value

In all the three different cases, % cell viability of RAW 264.7 macrophage cell line were

not affected (< 80 %) by hybrid nanosystems even at 0.1 mL. It is also observed that
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when the dose of hybrid nanosystem was decreased i.e. when the volume of test sample
decreases from 0.1 to 0.025 mL, the viability of the cell increases. At the lowest dose,

i.e. in 0.025 mL volume the viability is close to 100 % in all hybrid nanosystems.

6.2.2 Fluorescence imaging (FI) modality

The hydrophilic QDs or magneto-fluorescent hybrid nanosystems having bright
fluorescence property and long-term stability make them suitable candidates for in vivo
targeting and imaging [18-20]. In the previous section, the biocompatibility of hybrid
nanosystems was discussed. The 96 well, which contain 0.05 mL volume of the test
sample, was used for fluorescence imaging in each case. The preparation of slide for Fl
evaluation was done in a laminarflow cabinet. 20 puL sample taken from well contain 0.1
mL test sample onto the fresh slide and was covered by a coverslip. Images was taken
by Leica trinocular inverted research microscope (Leica DMI 6000 B) with 63X oil-
immersion objective lens under bright field and at an excitation wavelength of UV, blue
and green light to examine its morphology and fluorescence property. After imaging,

the cells were discarded using concentrated HNOj3 solution.

Figure 6.4 In vitro bright field and fluorescence images of GSH capped FePt@CdTe
QDs in RAW macrophage cells. Images were taken by fluorescence microscope under

(a) bright field and at an excitation wavelength of (b) UV (c) blue and (d) green light
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(a) 2o

Figure 6.5 In vitro bright field and fluorescence images of GSH capped FePt@CdSe
QDs in RAW 264.7 macrophage cells. Images were taken by fluorescence microscope
under (a) bright field and at an excitation wavelength of (b) UV (c) blue and (d) green
light

Figure 6.6 In vitro bright field and fluorescence images of GSH capped FePt@CdS
QDs in RAW macrophage cells. Images were taken by fluorescence microscope under

(a) bright field and at an excitation wavelength of (b) UV (c) blue and (d) green light
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The fluorescence functionality of GSH capped magneto-fluorescent FePt@CdTe,
FePt@CdSe, FePt@CdS hybrid nanosystems in RAW 264.7 macrophage cells are
shown in figure 6.4, 6.5 and 6.6 respectively. Figure 4.18 has depicted bright field and
fluorescence images of GSH capped CdS QDs. These cells contain fluorescent pink
resorufin dye and produced a fluorescent signal at excitation wavelength 530-560 nm. In
the imaging process, the samples were excited at UV, blue and green lights and their
wavelengths (A) correspond to 360, 450 and 530 nm respectively. The fluorescence
image obtained using UV and blue excitation was exclusively due to quantum dots
fluorescence whereas the green light excited fluorescence images have additional
fluorescent contribution due to the dye. The bio-compatibility of the particles would be
compromised due to UV excitation. The fluorescence property of dye has been
explained in the appendix-B. It is seen that the intensity of fluorescence of
FePt@CdTe and FePt@CdSe is superior to the FePt@CdS system. This can be
correlated to the higher band gap of CdS QDs. Hence, it can be inferred that all the three
hybrid core-shell nanosystems have the capability for targeting and biomedical

fluorescence imaging.

6.2.3 MRI modality

The dipolar coupling among the magnetic moments of MNPs and magnetic moments of
water protons cause effective spin dephasing and T, relaxation leading to decrease in
signal intensity [21]. So, water protons play an important role to produce contrast
difference. It is revealed from the earlier studies that the hydrophilic capping of MNPs
produces more contrast with respect to hydrophobic coating in the same system [22].
The transverse relaxivity (r,) of the MNPs (FePt-A) was discussed in Section-3 (figure
3.15) of chapter-3 [23]. In this chapter, the r, of magneto-fluorescent hybrid
(FePt@CdTe, FePt@CdSe and FePt@CdS) nanosystems are discussed w.r.t. pristine
FePt-A MNPs.

The transverse relaxation time measurement was carried out using a vertical wide bore
(89 mm) 14.1 T magnet, equipped with 60 mm actively shielded gradient, interfaced
with Avance Il Microimager (Bruker Biospin, Germany). The transverse relaxivity (r2)
of the magneto-fluorescent hybrids (FePt@CdTe, FePt@CdSe and FePt@CdS)

nanosystems were evaluated by measuring the transverse relaxation time (T2) of water
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in the presence of different quantity of test samples at 25 °C. The stock concentrations

used for calculation of relaxivity of hybrid nanosystems are depicted in table 6.1.
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Figure 6.7 Transverse relaxivity characterization (a) typical MR images of microfuge
tube containing FePt@CdTe (0.01 mg/ml in 0.5% agarose gel), (b) estimation of

transverse relaxation time (T) of water and (c) transverse relaxivity of FePt@CdTe in

0.5% agarose gel
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Figure 6.8 Transverse relaxivity characterization (a) typical MR images of microfuge
tube containing FePt@CdSe (0.01 mg/ml in 0.5% agarose gel), (b) estimation of
transverse relaxation time (T) of water and (c) transverse relaxivity of FePt@CdSe in

0.5% agarose gel
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The effect of MNPs and magneto-fluorescent hybrid nanosystems on the spin-spin or
transverse relaxation times (T;) of water was studied. The transverse relaxivity
measurement was carried out in 0.5% agarose solution. The axial magnetic resonance
images (MRI) of microfuge tube containing MNPs and magneto-fluorescent hybrid
nanosystems in Agarose Gel (0.5%) were obtained with varying echo times using multi-
slice multi-echo (MSME) protocol depicted in figure (a) of 6.7, 6.8 and 6.9. The water
signal intensity was found to decrease with increasing echo time, analyzed using

following mono-exponential function equation to derive T».

Ste = Ste (e_TE/TZ )

Where, Ste-o is the signal of 0.5% agarose solution, TE is the echo time and T, is the
transverse relaxation time. T, measurements of water were carried out with varying
concentration of MNPs and magneto-fluorescent hybrid nanosystems depicted in the
figure (b) of 6.7, 6.8 and 6.9. The transverse relaxivity (r.) measures the change in the
spin—spin relaxation rate per unit concentration of test samples. The r, of MNPs and
magneto-fluorescent hybrid nanosystems were estimated from the slope of relaxation

rate (R, = 1/T,) versus concentration graph.
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Figure 6.9 Transverse relaxivity characterization (a) typical MR images of microfuge
tube containing FePt@CdS (0.01 mg/ml in 0.5% agarose gel), (b) estimation of
transverse relaxation time (T;) of water and (c) transverse relaxivity of FePt@CdS in

0.5% agarose gel
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Figure 6.10 Comparative transverse relaxivity rate of pristine and hybrid nanosystems

The relaxivity (r2), measure of the change in the spin-spin relaxation rate per unit
concentration, is found to be 566.0, 390.1 and 538.1 s* mg'l ml for the FePt@CdTe,
FePt@CdSe and FePt@CdS hybrid nanosystems. The relaxivity (r) of the pristine FePt
is 599.6 s mg’ ml which is shown in figure 3.15(c) in chapter 3. A comparative
picture of transverse relaxivity rates of pristine and hybrid nanosystems are presented in
figure 6.10. It is observed that there is a decrease in relaxivity of hybrid nanosystems as
compared to the pristine FePt which is due to the nonmagnetic coating. Among all the
hybrid nanosystems, FePt@CdSe has showed the lowest value of relaxivity which may
be due to the thicker nonmagnetic shell growth as revealed in HRTEM images. It is also
observed that the transverse relaxivity of FePt and hybrid nanosystems are superior to
that of functionalized iron oxide nanoparticles [22, 24]. It is worthwhile to mention that

iron oxide nanoparticles are already in use as contrast probe in clinical practice.

6.3 Conclusion

The magneto-fluorescent hybrid nanosystems open up a new approach to multimodal
biomedical applications because of their integrated functionality. The in vitro

cytotoxicity of the GSH capped magneto-fluorescent hybrid nanosystems were carried
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out using RAW 264.7 macrophage cell line confirming its high biocompatibility. The
magnetic (MRI contrast) and fluorescent imaging property of all hybrids depicts it is
suitable contain both the functionality. Unlike other reported hybrid systems, the
transverse relaxivity and the fluorescence efficiency are not compromised as compared
to the pristine magnetic nanosystems and QDs. The slightly decrease transverse
relaxivity observed in hybrid nanosystems as compared to the pristine magnetic system
is due to the nonmagnetic shell of hybrid nanosystem. On the other hand, the enhanced
fluorescence efficiency of hybrid nanosystem can be due more passivation effect of CdS
than that in pristine QD system. Overall, all the developed magneto-fluorescent hybrid

nanosystems are suitable for both Fl and MR imaging.
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