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copper grid as well as from the cross-sectional staining agents of lead citrate and osmium 

tetroxide, respectively. 

 

 
Figure 6.6. Energy-dispersive X-ray spectroscopy data on (A) Fe2O3 N-Rhomb-
containing microglia cells in a region incorporating Fe2O3 N-Rhomb (B) and in an area 
without Fe2O3 N-Rhomb (C). Supplementary image reproduced from Ref. 1 with 
permission from The Royal Society of Chemistry. 



 230

 

 To visualize the in vitro engulfment of the α-Fe2O3 NRhomb by microglia from 

an optical perspective, α-Fe2O3 NRhomb were labeled with the fluorescent dye RhB for 

easy detection (Figure 6.7A). We describe the chemical modification protocol used to 

conjugate α-Fe2O3 NRhomb with RhB, both in words as well as schematically (Figure 

6.1) in the previous section. Spectroscopic confirmation of the successful attachment and 

binding of the dye onto the iron oxide surface was provided by UV-visible and IR 

spectroscopy data. The expected absorption and bond signatures noted in these results are 

consistent with the generation of RhB-labeled α-Fe2O3 NRhomb (Figure 6.2). 

Additionally, the engulfment behavior of RhB-labeled N-Rhomb by primary microglia 

was compared with that of a bare RhB control (Figure 6.8).  

Primary microglia were obtained from neonatal MacGreen mice, which express 

eGFP under the control of the microglia/macrophage promoter CSF1R in the C57BL6 

background.64 MacGreen microglia were exposed to increasing concentrations of both 

RhB-labeled α-Fe2O3 NRhomb and bare RhB in separate runs for 24 hours. The cells 

were fixed, mounted on slides, and imaged using a confocal microscope. The 

fluorescence intensity, emanating from both the RhB-labeled α-Fe2O3 N-Rhomb and bare 

RhB contained within each cell, was quantified using ImageJ (Figure 6.7A & Figure 6.8).  

Figure 6.7A is consistent with increasing fluorescence intensity correlated with 

increasing concentrations of RhB-labeled α-Fe2O3 NRhomb analyzed. Cells treated with 

100 μg/mL of RhB-labeled α-Fe2O3 NRhomb possessed significantly higher total cell 

fluorescence especially when compared with untreated cells as well as with cells treated 
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with 1 μg/mL and 10 μg/mL of RhB-labeled α-Fe2O3 NRhomb, thereby indicating that 

microglia do successfully internalize these nanostructures (Figure 6.7A).  

Upon comparison, the control RhB samples also substantiated a trend of 

increasing fluorescent intensity with increasing concentration (Figure 6.8). However, 

changes in the microglial morphology from the original resting to a more activated, 

amoeboid form were evident, when imaging cells treated with sample controls at 

concentrations of 10 μg/mL and higher. However, this did not appear to be true in the 

presence of RhB-labeled Fe2O3 NRhomb, as these microglia cells all maintained their 

inactive, ramified (i.e. long branched filaments) morphology.  

 

6.2.5 Microglia engulf Rh-B-labeled α-Fe2O3 NRhomb in a clathrin-dependent manner  

           To investigate the mechanism underlying the internalization of RhB 

functionalized α-Fe2O3 NRhomb, we tested the effect of chlorpromazine (CPZ), a 

specific clathrin-mediated endocytosis inhibitor, on the ability of microglia to internalize 

RhB-labeled α-Fe2O3 NRhomb (Figure 6.7B).65 Cultured MacGreen microglia were pre-

treated with a high concentration (30 μM) of CPZ for 2 hours prior to RhB-labeled α-

Fe2O3 NRhomb exposure, as previously described.65 Approximately 24 hours later, the 

cells were fixed, mounted, and imaged under a confocal microscope. Microglia 

maintained their resting morphology after CPZ treatment, and in effect, we observed that 

the concentration of CPZ induced little if any apparent toxic effects (Figure 6.7B).  

 The localization of RhB labeled Fe2O3 NRhomb outside the cellular membrane of 

the microglia cells under confocal microscopy conditions suggested a lack of engulfment 

of the nanostructures (Figure 6.7B). Fluorescence quantification shows that treatment 
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with 30 μM CPZ significantly prevented as much as 96% of the potential uptake of RhB-

labeled α-Fe2O3 NRhomb at all of the concentrations of nanoparticles tested from 1 

μg/mL to 100 μg/mL, thereby supporting the idea that microglia primarily internalize 

these particles through a clathrin-dependent mechanism (Figure 6.7C).  

 

 
Figure 6.7. Primary microglia internalize RhB-labeled α-Fe2O3 N-Rhomb using a 

clathrin-dependent mechanism.  (A). Confocal images of eGFP expressing microglia 
exposed to 1, 10, and 100 μg/mL, respectively, of RhB-labeled α-Fe2O3 N-Rhomb, 
stained with DAPI for nuclear staining. (B). Confocal images of cells exposed to 0, 1, 10, 
and 100 μg/mL, respectively, of RhB-labeled α-Fe2O3 N-Rhomb. Cells were pre-treated 
with 30 μM CPZ, 2 hours prior to nanoparticle exposure. Images were taken 24 hours 
after nanoparticle exposure. (C). Quantification of the RhB fluorescence of microglia 
treated either with or without 30 μM CPZ followed by incubation with RhB-labeled 
Fe2O3 N-Rhomb. Scale bars = 20 μm. Data are shown as mean ± SEM. **** p<0.0001. 
Image reproduced from Ref. 1 with permission from The Royal Society of Chemistry. 
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Figure 6.8. Uptake of bare Rhodamine B in microglia cells. (A). Confocal images of 
microglia exposed to 0 (Untreated), 1, 10, and 100 μg/mL, respectively, of bare RhB. 
DAPI was used to stain cell nuclei. Scale bar = 50µm. (B). Quantification of the RhB 
fluorescence of microglia treated with bare RhB at varying concentrations. Data are 
shown as mean ± SEM. **** p<0.0001. Supplementary image reproduced from Ref. 1 
with permission from The Royal Society of Chemistry. 
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6.2.6 RhB-labeled α-Fe2O3 NRhomb are not toxic to Microglia at therapeutic 

concentrations 

 

      To test the potential cytotoxicity of the RhB functionalized α-Fe2O3 N-Rhomb on 

cultured microglia, a LDH assay was used. LDH is rapidly released when the membranes 

of cells rupture, and hence, the presence of LDH in the supernatant is indicative of cell 

death.66 As such, primary microglia were treated with increasing concentrations of RhB-

labeled α-Fe2O3 N-Rhomb (Figure 6.9A), and the media were collected 24 and 48 hours 

later so as to measure LDH release. As Figure 6.9A shows, both untreated and treated 

microglia exhibited similar levels of LDH release and displayed less than ~4% 

cytotoxicity at 24 hours. After 48 hours, a significant increase of ~30% cytotoxicity was 

noted in microglia treated with the highest concentration of NRhomb (i.e. 100 μg/mL). 

Furthermore, it should be noted that this concentration is approximately 626µM, which 

far exceeds a normal therapeutic dose. All of the other concentrations tested exhibited no 

apparent cytotoxicity over the period of time tested. 

 

6.2.7 RhB-labeled α-Fe2O3 N-Rhomb do not cause in vitro microglial activation 

 Microglia can give rise to at least two different activation states, depending on the 

signals they receive: the pro-inflammatory M1 state and the anti-inflammatory M2 state. 

In the M1 state, microglia secrete tumor necrosis factor alpha (TNFα), interleukin-1 beta 

(IL1β), and other pro-inflammatory cytokines, while in the M2 state, microglia produce 

IL-10, IL-4, TGF-β, as well as other anti-inflammatory factors. In several injury models, 

M2 microglia have been deemed to be beneficial for tissue regeneration,67, 68 whereas M1 

microglia are considered to inhibit tissue healing and repair.  Upregulation of TNFα has 
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been found in previous literature to be implicated as a factor in various ailments such as 

Alzheimer’s disease, cancer, major depression, and inflammatory bowel disease.69-73  

To evaluate whether RhB-labeled α-Fe2O3 N-Rhomb result in microglial release 

of pro-inflammatory factors, ELISAs were performed to quantify the levels of the pro-

inflammatory cytokines TNFα and IL1β. Primary microglia were treated with increasing 

concentrations of RhB-labeled α-Fe2O3 N-Rhomb, and the media were collected 

approximately 24 hours later to measure corresponding levels of TNFα and IL1β (Figure 

6.9B & C).   

Exposure to lipopolysaccharide (LPS) was used as a positive control since it is a 

potent inducer of pro-inflammatory cytokines in microglia.74 After 24 hours, there was no 

significant increase in the levels of either TNFα or IL1β produced by microglia that had 

been treated with systematically greater concentrations (i.e. 1, 10, or 100 µg/mL) of RhB-

labeled α-Fe2O3 N-Rhomb, relative to the control. As expected, the levels of TNFα and 

IL1β released by LPS-treated cells were significantly higher than those produced by both 

untreated cells (i.e. control) as well as the cells treated with RhB-labeled α-Fe2O3 N-

Rhomb, thereby confirming that the presence of these nanoparticles does not necessarily 

give rise to the expression of pro-inflammatory agents. 

 

6.2.8 RhB-labeled α-Fe2O3 N-Rhomb do not trigger either nitric oxide or ROS production 

in vitro 

 

 It is well known that nitric oxide (NO) is associated with various key functions 

within the CNS, such as regulation of synaptic plasticity, the sleep-wake cycle, and 

hormone secretion.75, 76 However, when produced in excess, NO can undergo oxidation 

reduction reactions through the formation of reactive oxygen species (ROS), thereby 
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generating reactive nitrogen-containing species that can result in nitrosative stress and 

cellular damage.75, 76 Nitrite production by microglia after engulfment of N-Rhomb 

remained low, suggesting that the presence of varying concentrations of N-Rhomb did 

not result in the production of NO by microglia (Figure 6.9D). All concentrations of 

RhB-labeled N-Rhomb particles tested gave rise to insignificant changes in NO 

production by microglia, relative to untreated, control cells. Moreover, their NO 

production was significantly lower than that of a positive LPS control. Hence, it can be 

concluded that the presence of RhB labeled N-Rhomb alone does not induce noticeable 

NO production in microglia.  

The production of ROS by microglia was also assessed using a DCFDA assay. 

DCFDA is esterified and oxidized by cells in the presence of ROS, giving rise to the 

fluorescent compound, DCF. Microglia treated with LPS served as a positive control for 

the production of ROS and, by extension, the intracellular accumulation of DCF. Cells 

treated with increasing concentrations of N-Rhomb showed no significant elevation in 

DCF accumulation relative to that of control samples, i.e. untreated cells, a finding 

indicative of negligible production of ROS (Figure 6.9E). Thus, it was determined that 

concentrations of NRhomb of up to 100 μg/mL did not induce ROS production in 

microglia in vitro. 
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Figure 6.9. RhB-labeled α -Fe2O3 N-Rhomb are minimally cytotoxic and do not 

result in either the upregulation of pro-inflammatory factors or nitrite production 

within cultured microglia. (A). Conditioned media from primary microglia, treated with 
1, 10, and 100 μg/mL, respectively, of α-Fe2O3 N-Rhomb were collected, and levels of 
LDH were measured at 24 and 48 hours. Untreated cells (Ctrl) served as a negative 
control and lysed cells served as a positive control for LDH release. (B-C). Primary 
microglia were treated with either 0 (Ctrl), 1, 10, or 100 μg/mL, respectively, of α-Fe2O3 
N-Rhomb, or with 100 ng/mL LPS (LPS). Approximately 24 hours after treatment, media 
isolated from the cells were used for the detection of TNFα (B). or IL1β (C). (D). Nitrite 
production by primary microglia after 24 hours of incubation with 0 (Ctrl), 1, 10, or 100 
μg/mL of α-Fe2O3 N-Rhomb, or with 100 ng/mL LPS. (E). Oxidation of DCFDA by 
microglia after a 24 hour incubation with 0 (Ctrl), 1, 10, or 100 μg/mL of α-Fe2O3 N-
Rhomb, or with 100 ng/mL LPS. Data are shown as mean ± SEM. * p<0.05, ** p<0.01, 
**** p<0.0001. Image reproduced from Ref. 1 with permission from The Royal Society 
of Chemistry. 
 

 

 

 

 

 



 238

 

6.2.9 Microglia internalize RhB-labeled α-Fe2O3 N-Rhomb in vivo 

To test whether microglia can internalize RhB-labeled α-Fe2O3 N-Rhomb in vivo, 

MacGreen mice were injected with 100 µg/mL of RhB-labeled α-Fe2O3 N-Rhomb 

bilaterally into the dorsal hippocampus. Approximately 24 hours after the injection, the 

mice were transcardially perfused with 4% PFA; the brains were then collected, cryo-

protected, sectioned into 40-µm thick slices, mounted, and imaged under a confocal 

microscope. White arrows in Figure 6.10 point towards microglia that have internalized 

RhB-labeled α-Fe2O3 N-Rhomb. Taken together, these data indicate that microglia can 

engulf α-Fe2O3 nanostructures under both in vitro and in vivo conditions in a clathrin-

dependent manner without causing microglia to release pro-inflammatory factors which 

might have thereby compromised the viability of the cells.  

 

Figure 6.10. Microglia engulf RhB-labeled α -Fe2O3 N-Rhomb in vivo.  Confocal 
images of brain sections from MacGreen mice treated with 100 μg/mL RhB-labeled α-
Fe2O3 N-Rhomb. White arrows point towards microglia that have internalized the RhB-
labeled α-Fe2O3 N-Rhomb. Scale = 20 μm. Image reproduced from Ref. 1 with 
permission from The Royal Society of Chemistry. 
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6.3. Discussion & Conclusions 

We have synthesized RhB labeled α-Fe2O3 N-Rhomb, and tested the ability of 

microglia to internalize them. These cells appear to efficiently engulf the RhB 

functionalized α-Fe2O3 N-Rhomb without any noticeable membrane damage, as 

suggested by electron and confocal microscopy. In terms of addressing potential shape-

dependent toxicity, RhB-labeled α-Fe2O3 N-Rhomb are non-inflammatory and non-

cytotoxic at therapeutic concentrations, suggesting that α-Fe2O3 N-Rhomb have the 

potential to be used as drug carriers. Drugs that either reduce M1 activation or induce M2 

activation such as minocycline, tuftsin (TKPR), or microglia inhibitory factor 

(MIF/TKP)77 could be conjugated onto nanoparticles in order to alter the phenotype of 

microglia. For instance, Papa et al. showed that nanostructures conjugated onto 

minocycline are engulfed by microglia and reduce inflammation in a model of spinal cord 

injury.77   

Our results thus show promise for future studies involving the conjugation of anti-

inflammatory compounds onto nanostructures that can be engulfed by microglia as well 

as for the tracking of cell behavior using imaging techniques such as confocal 

microscopy and MRI, for example. This point has been demonstrated by some of our 

unpublished work (data not shown), in which we have observed that α-Fe2O3 N-Rhomb 

can be detected within a mouse brain by using T2-weighted MRI scans. 

We have been able to demonstrate that microglia can internalize both bare and 

RhB labeled N-Rhomb. Particle aggregation is expected due to the direct mutual 

attraction between nanostructures occurring via either van der Waals forces or chemical 

bonding.78, 79 Sonication of the RhB labeled N-Rhomb prior to exposure to microglia 
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reduced the degree of particle aggregation, although it did not completely prevent 

clustering. Due to the low TNFα, IL-1β, ROS, and nitrite levels in microglia after the 

RhB-labeled N-Rhomb treatment, it is unlikely that microglia themselves became over-

activated, thereby resulting in an engulfment of a large amount of particles. The particle 

clusters observed in Figure 6.4 are more likely the result of aggregation, due to strong 

mutual attraction between these nanostructures. 

      Microglia are highly phagocytic and can clear away dead cells and debris using a 

variety of endocytic mechanisms, including receptor-mediated endocytosis, pinocytosis, 

and phagocytosis.77 Indeed, microglia play key roles in several neurological diseases and 

can quickly respond to either infection or injury.77 Chemically modified nanostructures 

that can be easily engulfed by microglia represent therefore a potentially viable strategy 

with which to manipulate the functional properties of the microglia themselves.  

 Specifically, we have shown that microglia used a clathrin-dependent endocytic 

pathway to internalize RhB-labeled α-Fe2O3 N-Rhomb, as evidenced by the lack of 

nanoparticle uptake even at varying concentration levels, in the presence of the 

endocytosis inhibitor, CPZ. This observation is in agreement with other studies that have 

successfully demonstrated internalization of other types of nanostructures by microglia.77 

Additionally, we have highlighted that internalization does not cause aberrant activation 

in cultured microglia, i.e. in the presence of RhB labeled-α-Fe2O3 N-Rhomb maintaining 

concentrations of up to 100 µg/mL, and that microglia in the mouse brain are equally 

efficient at internalizing hematite nanostructures, thereby indicating that α-Fe2O3 N-

Rhomb may be suitable for coupling anti-inflammatory agents as a form of drug therapy.  
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6.4 Future Directions 

 
 As previously mentioned, microglia also possess an M2 active state where this 

species can promote neuronal regeneration by releasing anti-inflammatory cytokines such 

as IL-10. Tuftsin, a tetrapeptide (Thr-Lys-Pro-Arg), stimulates such a response within 

microphages and microglia.80 Tuftsin also binds to cell-surface receptors such as 

neuropinil-1 (Nrp1) which mediates axonal guidance and immune responses.81 As a 

result, this tetrapeptide is generally considered for use in immunotherapy.  

As an extension of our work, we propose to use Fe2O3 as a carrier to deliver 

tuftsin to the lesioned and damaged area in order to enhance the anti-inflammatory 

mechanistic response of the cells and to ultimately and favorably redress problems at the 

site of injury. Initially, in order to conjugate tuftsin onto the iron oxide surface, a similar 

carbodiimide chemistry protocol would be employed. However, steric hindrance could 

prevent conjugation at the carbonyl carbon. As a result, other crosslinking methods, 

particularly amine-reactive crosslinkers (i.e. NHS-ester species), may be utilized to 

activate the amine groups of the tuftsin compound.  

Subsequently, the Fe2O3 can easily be functionalized with a carboxyl group for 

amide formation between the two entities (i.e. Tuftsin-Fe2O3). These microglia will be 

introduced to the Tuftsin-Fe2O3 NRhomb and tested to determine whether these remain in 

a ‘resting’ state. Changes in the level of activity will be observed over time by 

immunostaining F-actin and vimentin filament networks as markers to detect alterations 

in the microglia morphology.82 The levels of pro-inflammatory cytokines (i.e. TNFα, IL-

1β, and etc.) will be quantified, using their respective assays, to confirm M1 activation; to 
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complement this work, the appearance of IL10 secretions would serve as indicators for 

M2 activation.  
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Chapter 7- Conclusions 

7.1. Conclusions 

 The experiments described within this thesis, represents a straightforward and 

cost effective approach for synthesizing various nanomaterials. In addition to controlling 

the size, morphology, and chemical composition, various parameters were employed to 

optimize their photocatalytic, magnetic, charge transfer as well as cytotoxic properties. 

These nanomaterials were all produced using reasonably mild synthetic conditions 

without either the use of toxic precursors or the creation of toxic by-products within the 

chemical reactions, thereby minimizing the overall environmental impacts while 

maintaining high crystallinity and purity.  

 Specifically, in Chapter 3, the synthesis and characterization of elemental Cu and 

Ni nanowires were investigated for their enhanced photocatalytic activity. These 

elemental nanowires were prepared using a facile, ambient, and surfactantless U-tube 

double diffusion method upholding at least 3 principles concerning green chemistry. 

Moreover when the Cu and Ni nanowires were coupled with TiO2, enhanced 

photocatalytic activity with rate constants of ~ 3.6 x 10-2 min-1 and 7.7 x 10-3 min-1, 

respectively were observed. Moreover, these Cu and Ni-based heterostructures displayed 

faster kinetics as compared with both bulk and commercial TiO2 counterparts in the 

presence of two distinctive dyes such as Methyl Orange and Methylene Blue, 

respectively.   

 In Chapter 4, a different synthetic technique was employed for the synthesis of 

metal ferrite nanoparticles and nanowires. Specifically, the hydrothermal method was 

utilized under slightly basic conditions. These nanomaterials were investigated for any 
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correlations between chemical composition and their superparamagnetic behavior via 

XRD, PDF, and SQUID analyses. Through a thorough time-dependent and temperature 

dependent study coupled with control experiments, it was found that the morphology was 

indeed controlled not only with APTES functioning as both a surfactant and templating 

agent but also NaOH in stabilizing the APTES. As for the chemical composition, it was 

confirmed through XPS and PDF to be metal ferrite impregnated with metal silicates 

(MFe2O4@MSiO4). In addition, it is clear that the composition rather than the 

morphology drives the superparamagnetic behavior.  

 In Chapter 5, both hydrothermal and molten salt methods were used to synthesize 

rare earth ion doped calcium titanate (RE-CaTiO3) microspheres measuring ~200 to 350 

nm in overall diameter. Both synthetic protocols utilized non-toxic solvents as well as 

reduced the production of toxic by-products. PL measurements showed ~3x greater 

emission for the molten salt-prepared sample by comparison with the hydrothermally 

prepared perovskite, possibly due to the reduced surface area prohibiting unfavorable PL 

quenching. Moreover, optical properties of various perovskite materials such as BaTiO3, 

SrTiO3, and CaTiO3 were compared with that of Eu-CaTiO3 microsphere. The Eu-

CaTiO3 displaying the highest red emission intensity with respect to its doped perovskite 

counterparts due to favorable synergistic interaction between Eu with the surrounding 

CaTiO3 matrix. The molten salt samples (i.e. Pr-doped CaTiO3 & Eu-doped CaTiO3) 

were subsequently coupled with CdSe QDs and displayed efficient charge transfer 

properties via PL measurements.  

 In Chapter 6, hematite (α-Fe2O3) nanorhombohedra (NRhomb) of various sizes, 

~75 and 47 nm, were synthesized using a CTAB-assisted hydrothermal method. These 
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nanorhombohedra were subsequently conjugated to the Rhodamine B (RhB) and were 

observed within microglia cells. We were able to confirm that microglia used a clathrin-

dependent endocytic pathway to internalize RhB-labled Fe2O3 NRhomb, maintaining 

concentrations up to 100 µg/mL. Upon internalization, microglia cells preserved their 

resting state as well as conserved their healthy status, due to the lack of tangible evidence 

for any inflammatory response, reactive oxygen species, and nitric oxide release.  

 

7.2 Future Directions 

 Throughout the thesis, we have demonstrated our ability to utilize green, cost 

effective methodologies to control the size, morphology, and composition but to also 

acquire the basic understanding of their photocatalytic, magnetic, energy transfer, and 

non-toxic properties. These methodologies uphold at least two of the 12 principles of 

green chemistry. Moreover, these as-synthesized nanomaterials show promise as 

potential catalysts for fuel cells, solar water splitting as well as drug carriers for 

biomedical applications.  

In the field of fuel cells, it is commonly known that Pt is the most efficient metal 

for most fuel cells reactions but also expensive. As a result in utilizing an ambient, 

surfactantless U-tube technique to produce Cu/Ni nanowires, the amount of expensive Pt 

metal can ultimately be reduced. The goal herein, is to utilize the U-tube method to 

synthesize M (M=Cu, Ni, Co, and Fe) NWs, and subsequently deposit Pt NPs to create 

heterostructured motifs and tested for their applications as catalysts for the ORR fuel cell 

reaction for PEMFCs and HOR fuel cells reactions for AFCs.1 The goal here would be to 

investigate whether either a core shell configuration or an alloyed composition would 
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generate the highest activity. Once the activities are observed, the aim would be to 

understand the underlying mechanistic interactions that are responsible for enhancing the 

activity.   

Additionally, these elemental nanowires, particularly Cu NWs, may be used as 

surface-enhanced Raman spectroscopic (SERS) substrates to detect biomolecules such as 

DNA, for instance. This is possible, since Cu NWs display optical properties with small 

imaginary dielectric constants over a wide range of wavelengths in order to ultimately 

facilitate surface plasmon resonance (SPR) upon visible light irradiation.2 In an effort to 

manipulate these properties, in future studies, template-derived Cu NWs will be used to 

facilitate the signal amplification of not only organic dyes but also DNA molecules. 

Specifically, these molecules would be absorbed onto the surfaces of our as-prepared Cu 

NWs and subsequently excited at 532 nm. As a result, we would expect enhancements in 

the overall peak intensitities, corresponding to either R6G or DNA molecules.3 

Consequently, this Cu metal nanowire substrate may serve as a potential substitute for the 

more expensive and less abundant Ag SER substrate.  

As for the solar water splitting applications, due to the efficient charge transfer 

effects of CdSe QDs-RE-CaTiO3 microspheres, these heterostructures will be utilized as 

catalysts. Specifically, relationships between synthetic morphology, ligand effect, and 

their corresponding efficiency will be systematically explored. Concerning the ligand 

effect, ligands such as MPA and MHA will act as linkers between the host (CaTiO3) and 

the sensitizer (QDs) and observe the effect of electrostatic interactions with the overall 

conversion efficiency. Moreover, the overall efficiency of heterostructures in the absence 

of linkers will be used as a control. From a structural perspective, PDF analysis will be 
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used to observe the overall spatial distributions of the rare earth ions (i.e. Pr and Eu) 

within the perovskite structure. Moreover, creation of vacancies as well as replacement of 

the rare earth ions will also be accounted for via PDF analysis.  

As for nanomaterials for biomedical applications, in this thesis we were able to 

confirm the biocompatibility of Fe2O3 NRhombs within microglia cells. As a result, 

Fe2O3 will be functionalized with an immunotherapeutic drug, for example, i.e. a 

tetrapeptide commonly known as Tuftsin, and will be subsequently tested to determine 

whether the microglia remains in either its resting or active state. The adsorption of this 

peptide onto the surface of nanoparticles can lead to conformational changes as well as a 

modification in the biological activity of the protein, which can subsequently affect both 

in vitro and in vivo responses. Hence, we intend to initiate an investigation with respect to 

protein interaction with nanoparticles and how conjugation onto the nanoparticle surface 

improves upon nanoscale iron oxide’s delivery within microglia cells. Specifically, 

Tuftsin’s binding strength onto the surfaces of iron oxide nanorhombohedra as well as 

induced conformational changes will be explored using isothermal titration calorimetry 

(ITC) and molecular dynamic (MD) simulations, respectively.4, 5 Additionally, in an 

effort to gain an understanding of the physicochemical structure of dye-labeled-Fe2O3, 

characteristic features such as the core shell composition as well as the hydrodynamic 

size will be observed using both XPS and dynamic light scattering (DLS).  

The introduction to Tuftsin within the microglia cells, both in vivo and in vitro, 

should enhance M2 activation, and thus levels of pro-inflammatory cytokines such as 

interleukin-10 (IL10) will be quantified in future assay studies. After tuftsin treatment, 

this cytokine will be further probed for indications of mRNA changes using the 
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polymerase chain reaction (PCR), as M2 activation is an important element in mitigating 

against neurodegenerative diseases, such as Parkinson’s and Alzheimer’s.6  
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