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Abstract— Exploration of nanomaterials delivers good synergism between nanoscience and nanotechnology endeavors 

new frontiers in plethora of biomedical applications. Multifunctional nanoparticles are now widely exploited and proven 

their versatility as drug delivery conveyance in cancer therapeutics area. Herein in this proposed work a synthesis of folic 

acid (FA) functionalized rare earth metal oxide has been carried out to as nanotherapeutics in cancer therapy and 

diagnostic field. Functionalization of FA onto cerium oxide (CeO2) enables enhanced cellular uptake in cancer cells 

confirmed from DAPI micrographs. The cytomorphological architecture and cell migration assays of the cancer cells has 

also been monitored using scanning electron and optical micrographs respectively. The findings implying the inhibition of 

cancerous cells migration upon treatment. Further the nanotherapeutic modality of these nanoparticles was evaluated and 

screened in human colorectal carcinoma cells signifying the anticancer efficacy of the nanoparticles. 
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I. INTRODUCTION  

Over the past few years nanostructured cerium oxide has acquired unprecedent ate recognition due to its versatile characteristic 

phenomenon. Remarkable research has been underway to explore the therapeutic efficacy in diverse application area including 

antioxidant therapy, neuroprotection, radioprotection, and ocular protection [1-5].  

Owing to profound antioxidant therapy, inflammatory response and good catalytic ability and reactivity with reactive oxygen 

species (ROS) nanoceria are being cultivated. The facile cyclic oxidation states between trivalent (Ce
3+

) and tetravalent (Ce
4+

) 

promoting them to protect cells against various ROS [6]. Catalase and super oxide dismutase provide the shielding effect upon 

excess release of ROS in intracellular level to some extent. Intracellular ROS production is influenced by oxidase enzymes 

thereby leads to the formation of oxidative stress ultimately results cell and tissues damage [7-9]. Conventional chemotherapeutic 

agents showing drawbacks towards specific targeting of cancer cells. However typical adverse side-effects from chemotherapy 

are well-known. This can be addressed by targeted nanomedicine endeavors a course to deliver cancer therapeutics to tumor site 

of interest without any alteration of healthy one.  Folic acid (FA) known as folate, is actively devoted as a targeting ligand due to 

their high affinity binding towards folate receptors (FR) [10]. FRs are recognized as significant therapeutic tumor markers 

overexpressed on the surface of almost nearly 40% of cancer cells including lung, breast, kidney, ovarian, endometrial and renal 

cancer whereas its expression in healthy cells is highly confined. FA offers versatile characteristics properties including non-

immunogenicity, small molecular size, good stability and cost effective [11]. These modulating features instigate facile cellular 

internalization within cancer cells penetrating through the cell membrane. In this study a good synergistic methodology was 

adopted utilizing nanoceria and folic acid wherein folic acid functionalized nanoceria was synthesized. In-vitro anti-cancer 

efficacy was assessed using cytomorphological study and evaluated by cellular uptake.  

 

II. Materials & Method 

Analytical grade ceric ammonium nitrate and folic acid was procured from Sigma Aldrich. To carry out the synthesis scheme and 

monitor the characterizations other reagents were purchased from Merck & SRL. 

 

Synthesis and Fabrication of FA-CeO2 nanoparticles 

Briefly, Cerium oxide nanoparticles (CeO2) were synthesized by precursor ceric ammonium nitrate (NH₄)₂Ce(NO₃)₆ (99.999 % 

pure) in deionized water followed by hydrolysis using NH4OH in basic medium [12]. Afterwards thorough washing was carried 

out to neutralize the precipate followed by vaccum drying. Surface functionalization upon CeO2 with FA was performed using 

amminopropyl triethoxy silane (APTMS) as a linker agent. Conjugation was achieved using 1-ethyl-3-[3-dimethylaminopropyl] 

carbodiimide hydrochloride (EDC) and N-hydroxysulfosuccinimide coupling chemistry [13]. 

 

Cell culture and In-vitro cellular study:  

The human mammary carcinoma cell line, MDAMB-231 has been procured from National Centre for Cell Science, Pune, India 

and hervested in Dulbecco’s Modified Eagle’s Medium or DMEM containing10% Fetal Bovin was incoporated followed by 

incubation at 37
◦
C with 5%CO2 [14].  

To examine the apoptotic feature DAPI staining were performed, which gets agglomerated and appears round apoptotic bodies 

along with clustered morphology upon treatment. Further cell migration assay was studied to monitor the anti-migratory 

behaviour in ~80-90% confluent cell medium by creating scratch using a sterile tip. Moreover, cytomorphological architecture of 

MDA-MB231 was scrutinized using scanning electron microscopy (SEM) after treatment with synthesized nanoparticles. Further 
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apoptosis assay in human colon cancer (HCT116) cells was evaluated by fluorescent microscopy adopting of acridine orange 

(AO)/EtBr staining protocol. 

 

III. RESULTS & DISCUSSION 

Synthesis of folic acid functionslized nanoceria (FA-CeO2) 

Synthesis of FA-CeO2 was confirmed using FTIR spectroscopy. As shown in Fig.1 the characteristics peak at 1700 cm
-1

 is 

ascribed to carbonyl stretching vibration of amide and acidic groups. Two distinct peaks were found at 1600cm
-1

 and 1520cm
-1

 

due to stretching vibration and benzoic vibration in the folic acid justifying the formation of FA conjugated nanoceria [15]. The 

size distribution pattern was also corroborated using transmission electron micrographs and dynamic light scattering (DLS). The 

findings showed the particle size of ~10-20 nm whereas DLS spectra exhibited hydrodyanmic size of ~299nm possibly caused by 

the prominent aggregation of agglomerated particles in its hydrated state [16]. 

 

 
 

Figure 1: Physicochemical characterization of synthesized FA-CeO2 nanoparticle using a) FTIR spectra b) DLS 

spectra c) TEM micrograph 

 

Study of anti-cancer efficacy of FA-CeO2 

To understand the behavior of the synthesized nanoparticle in cell culture medium and their toxicity profile can be monitored 

through cellular bio-imaging studies. As evident from Fig 2, after 24 h of exposure to FA-CeO2 the cell blebbing was noted and 

the cells appeared to have round shaped apoptotic morphology. This conveys the nano-formulation seems to trigger nuclear 

morphology by inducing cell membrane association and chromatin marginalization. 
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Figure 2: DAPI staining micrographs of control (a-optical, a’-DAPI stained) and treated MDA-MB-231 cells (b-optical & 

b’-DAPI stained) 

 

Whereas control cells showed cell clumping with confluent cell aggregates wherein no such significant alteration in cellular 

integrity was observed magnifying clustered cellular morphology [17]. 

Further to reinstate the findings we had channelized the study towards cellular morphology analysis by SEM micrographs. FA-

CeO2. As observed upon treatment with nanoparticle a significant membrane blebbing, distinct feature of apoptotic cells as 

compared to the intact cellular architecture of untreated one thereby indicating cellular apoptosis which ultimately induced cell 

death in MDA-MB231 cells [18]. 

 

 
  

Figure 3: SEM micrographs depicting the alteration of cellular morphology a) control b) & c) upon treatment with 

nanoparticles at 12 h and 24 h respectively. 

 

Study of anti-migratory efficiency of cancer cells 

In order to explore the anti-migratory behavior of synthesized FA-CeO2 nanoparticles, primarily bidirectional wound healing 

assay in MDAMB-231, signified that nanoparticle impeded cancer cell migration by inhibiting the extension of lamellipodia in a 

time dependent fashion elucidated in Fig. 3. 

 
 

Figure 4: FA-CeO2 nanoparticle treatment favor in the attenuation of cell migration through depolymerization of actin 

cytoskeleton 

 

In contrast no such significant alteration in cellular morphology was observed in control cells corroborating the anti-migratory 

potency of nanoparticles towards breast cancer cells [19]. 

 

Evaluation of anti-cancer efficacy of nanoparticles 

Further to scrutinize the apoptosis scheme, human colon carcinoma (HCT116) cells was adopted to perform the fluorescent 

micrographs using the standard protocol of acridine orange (AO) staining. 
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Figure 5: Fluorescent micrographs of HCT116 cells stained with AO/EtBr treated with a) control b) 20μg/ml c) 50 μg/ml of Fe-

CeO2 nanoparticles  

 

As shown in Fig. 5, cells were found to be in the late apoptotic phase, whereas the population of dead cells with lost membrane 

integrity and fragmented DNA was enhanced in concentration dependent manner. From the above findings it is clearly visible that 

after treatment with Fe-CeO2 (50 μg/ml) most of the cells, stained orange distinctive feature of apoptotic cells undergoing 

program cell death mechanism. [20] 

 

IV. CONCLUSION 

In summary we have elucidated the facile syntheis of folic acid conjugated nanoceria and fundamentally explored its anti-cancer 

efficacy towards breast cancer cell line. From DAPI micrographs and cell migration assay, it was inferred that loss in cell 

membrane integrity and constriction of cell proliferation eliciting the potent anti-cancer efficacy towards cancer cells. Further the 

cytomorphological micrographs validated the above findings illustrating the inhibition of cellular protrusion aiding disrupt 

cellular morphology. The late apoptosis pathway was also substantiated using AO/EtBr staining method. Henceforth, it is 

imperative that these functionalized nanoceria spectacle promising applications in plethora of therapeutic and diagnosis area. 
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