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Abstract 

Abstract 

Cancer is considered as one of the most lethal diseases despite the advancement in 

therapeutics. Acute myeloid leukemia (AML) occurs when there is massive expansion 

of abnormally differentiated immahlre white blood cells that occasionally spread to 

other body parts. Nanoparticles are being used for therapeutic purpose successfully by 

serving as a vehicle for targeted drug delivery. Doxorubicin is a known anticancer 

drug with cytotoxic side effects thus limiting its clinical applications. We designed a 

study to identify the anticancer potential of cerium oxide (Ce02) nanoparticles 

coupled with doxorubicin. Properties of drug loaded nanoparticles were identified by 

XRD (X-Ray Diffraction) and FTIR (Fourier Transform Infrared Spectroscopy). Rats 

were divided into five experimental groups and leukemia was induced by giving intra

peritoneal injections of benzene. After different treatments for 24 alternate days, rats 

were sacrificed and blood samples were collected along with different organs for 

further analysis. Interestingly, hematological assays showed powerful anti-cancerous 

activity of cerium oxide. The nanoparticles reduced back the size and subsequent 

weight of hypertrophic liver, kidney and heart near to the normal. The number of 

apoptotic cells in each group was characterized by Annexin V assay. The 

nanoparticles treated group showed reduced levels of ALP, AST and ALT. qRT-PCR 

was performed to check the expression of selected genes of TRAIL pathway, NF

kappa B pathway, p53 and STMNI. The expression of p53 was found to be down 

regulated in treated groups. The expression of caspases was found to be up regulated 

in nanopal1icles treated group. To summarize, cerium oxide nanoparticles showed 

good anti-leukemic activity in vivo. Further studies should be carried out to authentic 

the role of cerium oxide and develop it as a potential therapeutic drug. 

Key Words: Acute Myeloid Leukemia, Cerium oxide nanoparticles, Doxorubicin, 

Nanomedicine 
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Introduction 

1. Introduction 

1.1. Cancer 

Being a devastating proliferative disease, cancer is one of the major causes of death, 

irrespective of advancements in the field of prevention, diagnosis and treatment (He et 

at., 2016; Qin et at., 2017; Zhang et at., 2017). One of the major causes of morbidity 

and mortality around the world is cancer and the figure of the cases are frequently 

rising and expected to be 21 million by 2030 (DeSantis et at., 2015; Miller et al., 

2016). Cancer is a maj-o-r issue of the society that is affecting all the human ethnicities. 

Cancer is a diverse syndrome at tissue level and the major issue of cancer is its proper 

diagnosis that is followed by its specific treatment (Meacham et al., 2013; Siegel et 

at., 2013). 

Changes in cell functions occur by a sequence of consecutive mutations in genes 

which results in cancer. Chemical compounds also cause mutations in genes leading 

to cancer (Aizawa et at., 2016). Sometimes, cellular relations are disrupted by cancer 

which results in the dysfunction of essential genes. Abnormal proliferation occurs due 

to a disturbance in the cell processes (Cigudosa et at., 2010; Seto et al., 2010). 

1.2. Cancer Causes 

Multiple factors are involved in inducing cancer and it is not an effect of single 

mutation. To find out the primary cause of cancer occurrence and progression is 

almost impossible. Cancer is usually a consequence of changes in genome of 

transformed cells which generally consist of mutations in DNA of regular cells 

labeled as mutants (Vogelstein and Kinzler, 2004). Different types of carcinogens or 

mutagens that may be environmental factors, chemicals and radiations are responsible 

for causing these mutations (Boyland, 1952).Genotoxic agents cause harm to the 

hereditary material in a cell, which may direct to cancer causing mutation. 

1.3. Cancer Progression Levels 

Degradation of extracellular matrix which is achieved by a variety of proteases 

including the matrix metallo-proteineases is a major step in the way of cancer 

progression and the establishment of metastasis (Moss et al., 2012; Cui et at., 2017) . 

Cancer appears to grow progressively. Typical cell changes its hereditary make up 

that actuates cell to be converted into cancerous cell. Before dysplastic stage the cells 

are hyperplastic, then the nucleus to cytoplasmic ratio gets increased marking their 
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transition from hyperplastic to dysplastic and finally becomes neoplastic. Neoplastic 

cells have the capacity to attack surrounding tissues and become metastatic and 

invade blood vessels and spread all over the body. Figure 1.1 shows the different steps 

of progression of cancer cells. 

..- ',-<" 
" - ~ 

~, Neoplastic .'. 
, .t" 

'?~- "-. ·'-~l~>:· 
~;- Metastatic ~>;·. . . 
~, '- ';~'- ~ 

. . 

,. . 

~ Hyperplastic . Dysplastic 
, 

Figure 1.1: Flow diagram of cancer progression 

1.4. Hallmarks of Cancer 

The hallmarks of cancer comprise of six essential natural abilities created through the 

progression of cancer. The hallmark includes increased resistance to cell death, 

evasion of growth suppressors, gain of replicative immortality, gain of cell survival 

signaling, increased angiogenesis and increased invasive potential of cells. These 

competencies rise because of different mutations in charge of creating genetic 

diversity and genome. There is addition of four further developing hallmarks 

including genome instability, reprogramming of energy metabolism, tumor promoting 

inflammation, and evading immune destruction. These hallmarks can tum out to be a 

pattern to recognize and expand new ways to treat cancer (Hanahan and Weinberg, 

2011). 

2 
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Figure 1.2: Hallmarks of cancer (Hanahan and Weinberg, 2011) 

1.5. Leukemia 

Leukemia word is Oliginated from two Greek words leukos meaning white and haima 

meaning blood. Rudolf Virchow in 1946 first proposed the modem term leukemia. 

The first pathological and anatomical depiction of leukemia is provided by the famous 

French physician Alfred Almand Louis Marie Velpeau (Geary, 2000).Leukemia has 

been characterized into four different types and classification is based upon ce11ular 

origin whether it is lymphoid lineage or myeloid; or by the course of the disease if it 

is acute or chronic. The four types consist of acute myeloid leukemia (AML), chronic 

myeloid leukemia (CML), acute lymphocytic leukemia (ALL) and chronic 

lymphocytic leukemia (CLL). They vary essentia11y in relation to morphological, 

immune-phenotypic and stmctural features of malignant ce11s (Jin et al.,20 16). Acute 

myeloid leukemia (AML) is described by clonal increase of abnOlma11y differentiated 

immature white blood ce11s of myeloid lineage. Accumulation of blasts or immature 

white blood ce11s with impairment of regular haemopoiesis resulting in hemolThage, 

anemia and severe infections which results in the proliferation of immature myeloid 

ce11s (Ganzel et aI. , 2016). 

Immature blood cel1s start accumulating in the bone malTOW; however, in majority of 

cases they rapidly build up in the blood and occasiona11y spread to other regions of 

3 



Introduction 

the body like spleen, lymph nodes, liver, central nervous system and testes (Ferrara 

and Schiffer, 2013). Gilliland in 2001 proposed the two hits model which classified 

the key oncogenic events. The two hits model theorizes that AML is the result of 

cooperation between two wide classes of mutations, class 1 mutations that present 

proliferative and survival advantage and class two mutations that influence the 

procedure of cell isolation and apoptosis . However, parallel sequencing technologies 

have recently identified new group of mutations that do not correspond to any of two 

classes, as a result, they have not been classified although these generally encourage 

epigenetic modifications (Kelly et at., 2002). 

Figure 1.3 Model of cooperation between mutations associated with appearance 

of AML (Kelly et ai., 2012). 

1.5.1 Classification of Acute Myeloid Leukemia 

In 1976, the French- American-British (FAB) classification initially put forward 

classification for the AML which subdivides the AML into eight different subtypes 

according to the reactivity of blasts with histochemical stains and morphological 

appearance of immature white blood cells (Dohner et at., 2015). Table 1.1 shows 

F AB classification of acute myeloid leukemia 
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Table 1.1 FAB Classification of Acute Myeloid Leukemia 

:.\10 A~lL ,vithout differentiation 

:.\Il A~lL '.vith minimal differentiation 

:.\£2 A)"lL with differentiation 

:.\I3 Acute promyelocytic leukemia hypergranular or typical 

:.\I3\' Acute promyelocytic leukemia hypogranula~ 

:,\14 Acute myelomonocytic leukemia 

::'\14v Acute m)'e1omonocytic leukemia with bone marrmv eosinophilia 

:.\15 Acute monocytic leukemia 

:.\I6 Acute erythroid leukemia 

:'\I7 Acute megakaryocytic leukemia 

.. 

1.5.2 Role of Benzene in AML 

Benzene is a broadly used element and is a ubiquitous ecological pollutant (Arnold et 

al., 2013). It is a carcinogenic compound as well and has the ability to cause 

leukemia. It is metabolized into toxic metabolites specifically phenolic compounds 

which comprise of hydroquinone, catechcol and phenol. These compounds change 

normal cell development and at cellular level cause genetic alteration (Morimoto and 

Wolff, 1980). 

Benzene is in charge of causing acute myeloid leukemia besides other hematopoietic 

malignancies. It causes leukemia by generating reactive oxygen species which causes 

genotoxicity of bone marrow cells. Benzene while coming across blood and bone 

marrow cells, results in structural and genomic damage of bone marrow cells. 

Benzene and its metabolites cause redox reactions that modify DNA at cellular level 

(Kolachana et ai., 1993). 
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1.5.3. Diagnosis of Acute Myeloid Leukemia 

There are numerous ways to identify Acute Myeloid Leukemia, but frequently it is 

diagnosed with blood tests . These tests are carried out to check morphology of 

peripheral blood cells, myeloblasts and bone marrow cells as they change in leukemia. 

The morphological changes observed are increased nucleus to cytoplasm ratio, 

reduced cytoplasmic content and distortion in nuclear shape specifically, properties of 

immature blast cells. When 30% or more cells display such morphology of blast cells 

in blood then it is considered as Acute Myeloid Leukemia (AML). Due to 

differentiation in blast cell morphology, AML is subdivided into 9 further types which 

have been described above (Bennett et al., 1976). 

For morphological studies, numerous staining procedures can be adopted; however, 

most preferable one is Giemsa staining. Similarly, acute myeloid leukemia can also be 

analyzed by genetic analysis of patients, as they acquire non-random chromosomal 

aberrations (Rowley, 1980). On an individual basis, the therapeutic responses can also 

be observed. One of the parameter to diagnose AML is the variation in hepatic (AL T, 

AST & ALP) and renal biomarkers in serum of affected, because of hepatic 

cytotoxicity by benzene (Egeman and Ferda, 2009). Apoptotic genes' expression gets 

suppressed while that of cell proliferation genes gets increased in leukemic cells 

(Shen et at., 1996). 

1.6. Treatment 

There are different conventional therapies for the treatment of cancer comprising of 

radiation therapy, chemotherapy, surgery, immunotherapy and hormonal therapy. For 

treating acute myeloid leukemia, gene and stem cell transplantation is particularly 

used to improve and increase patient survival up to a few years. 

In chemotherapy, numerous anti-cancerous chemotherapeutic agents are utilized to 

slow down the propagation of cancer cells and calTY out the death of cancer cells 

(Partridge et ai., 2001). However, these chemotherapeutic agents are very expensive 

and have several adverse effects on neighboring nonnal cells as they are incapable of 

differentiation between normal and cancer cells (Meisenberg, 2015). In addition to the 

intended therapeutic effect, chemotherapy can induce immunogenic cell death 

(Frohlich et ai. , 2016). Adverse effects of chemotherapy mostly comprise of fatigue, 

hair loss, nausea, vomiting and dialThea (Patridge et ai., 2001). Despite of the 
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mentioned side-effects, chemotherapy is frequently being utilized to treat AML for 

patients of all ages. To increase effectiveness, anticancer drugs are being utilized in 

combination with other drugs to treat AML. 

With increasing age, recurrence free survival becomes less. Targeted therapy is 

required by AML which targets factors involved in deregulating cellular activities and 

retaining leukemic state i-e tyrosine kinase over-expression, drug resistance, and 

enhanced angiogenesis which maintain leukemic state (Schlenk et at., 2008). 

Recurrence of leukemia can also take place after treatment because of persisting 

leukemic cells. This state is called as the minimal residual disease (Su et at. , 2015). 

1.7. Doxorubicin 

Doxorubicin is one of the foremost extensively used drug of the fifty or so 

chemotherapeutical compounds presently in clinical use and has been an important 

antitumor agent since NCL approval in 1974 (Devita et at., 2012). Doxorubicin 

consists of two main components, aglycones and sugar moieties and it is also known 

as anthracycline antibiotic. The non sugar component is comprised of tetracyclic ring 

having quinine-hydro quinone adjacent groups, and sugar component is attached 

through glycosidic bond. The chemical name is 3-amino-2, 3, 4-trideoxy-L-fucosyl 

moiety, according to set rules of Physical and Applied Chemistry (Tacar et al.,2013). 

Its structure is exhibited in figure 1.4 

Figure 1.4: Structure of Doxorubicin (Tagmir and Riahi, 2017) 

1.7.1. Mode of Action 

Doxorubicin binds with high affinity to the DNA by typical intercalation among base 

pairs as it is quickly taken up into nucleus of the cells (Philips et at., 1988).Once it is 
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intercalated with DNA, it disturbs the mechanism of topisomerase II enzyme and it 

disrupts the religation step of the DNA (Larsen et al. ,2003; Sordet et al.,2003 ; 

Wilstermann et al.,2003). 

When anthracyclines or chemotherapeutic drug bind to the DNA, they disrupt its 

functioning and block the activity of enzyme topoisomerase II and as a result, 

stimulate DNA damage response pathways which lead to cell death by interrupting 

cancer growth (Patel and Kaufmann,2012; Sawyer, 2013). Topoisomerase II is an 

important enzyme that plays a crucial role in DNA transcription and replication and 

also in chromosome segregation (Pogorelcnik et al., 2013). 

Doxorubicin reacts with cell constituents in different ways. Its planer aglycone moiety 

can embed itself between adjoining DNA base pairs. Doxorubicin causes breaks in 

single and double stranded DNA. It modifies capacity of nuclear helicases to separate 

double stranded DNA into single stranded DNA. Like other anthracyclines, 

doxorubicin can experience reduction in one or two electrons being members of the 

quinine family and thus produce reactive oxygen species that harm lipid bilayers and 

other macromolecules. Different signaling pathways are engaged in activating 

apoptotic cell death by doxorubicin. The p53 and FaslFas ligand frameworks are 

additional pathways utilized for doxorubicin mediated apoptosis in various cell lines 

(Hande, 2008; Priestman, 2012). 

DOXORlIlU iN 
c:==:::::=---;::. I DOXORUBJC L.'liOL I 

8 

n rr -=_:;::;L..-.- -------= '--____ -1 

.ROS 

Nalllralp""llleI_ 
Dru/: 
~ ... 4illlttxic1411t 

HI'''' (IPPfT'llChrN 

:::;:;- ,-I _____ -' 

Figure 1.5 Mode of action of doxorubicin (lnjac and Strukelj, 2008) 
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Doxombicin and other anthracyclines belong to a group of chemotherapeutic dmgs 

with a wide range of activities that are used alone or in combination and are effective 

against a range of hematological malignancies and solid tumors (Weiss, 1992). The 

key side-effect of doxombicin is cardiotoxicity, which takes place both acutely and 

chronically which limits its clinical application (Cardinale et al. , 2010) . 

The precise mechanism responsible for anthracycline-induced cardiomyopathy and 

pathogenesis of cardiotoxicity has not been entirely elucidated, even though 

anthracyclines have been studied for years (Minotti et al.,2004; Takemura et al., 

2007;Octavia et al., 201 2). From the time when the anthracycline was discovered, the 

primary mechanism capable of its cardiotoxic potential has been credited to the 

excessive reactive oxygen species generation and a number of ROS dependent 

methods have been proposed, such as damage to the DNA, mitochondrial dysfunction, 

intracellular calcium dysregulation and attenuation in protein synthesis (Minotti et al., 

2004; Takemura et al.,2007; Gianni et al 2008). The harmful effects stimulated by 

doxombicin are exhibited in figure 1.6. 

os 
_ oe.Cene, 
OHAdllmag 
apoptotll 
,"IRNA. 

m 

enchym I 
Strom.l een 

~ 
EndothtUaJ doxorubicin 
C.'I~ 

/ 
c.rdil co 
F .. obtest 

/ 
myoftbrobllst 
transition 

_lOnoseonc& 

_ ROS 
sin scence 

Figure1.6 Harmful effects induced by doxorubicin (Cappetta et al., 2018) 
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1.8. Drug Delivery System 

Dmg targeting has come out as one of the latest technologies for the dmg delivery 

(Torchilin, 2000). Dmg delivery system based upon engineered nanoparticles gained 

much importance after numerous decades of technological developments (Amnold et 

aI., 2015). Nanoparticles utilized for dmg delivery can be easily manufactured from 

either hard or soft materials and their sizes can be managed in range from 1-1 00nm 

and their stmctures being devised to carry anticancer dmgs in an array of 

configuration (Lobatto et al., 2001). 

tar{lllOOIJ Ilgaild 

me4a1 partICle 
(4-ij. , ~Illibocty. peptkle, 'Ip'llmer) 

Figure 1.7 N anoparticles as carriers for drug delivery in cancer therapy (Sun et 

ai., 2014) 

1.9. Nanomedicine 

Nanotechnology relies on manipulating chemical and physical properties of the matter 

at the atomic and molecular scales and it has proven to be a quickly developing 

industry (Fulekar et al., 2014). Making engineered nanoparticles is a main focus that 

incorporates utilization of different starting materials like metals, non metals, metal 

oxides, carbon polymers and lipids (Grillo et aI. , 2015). 

1.9.1. Use of Nanomedicine in Therapeutics 

To produce nanomedicine by the use of nanotechnology IS an emergmg field 

universally, where elements of nanometer size, frequently between 1 to 100nm, are 
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utilized in creating nanodrugs with biological applications (Sinha et ai., 2006). Nano 

materials can be utilized with a variety of biological macromolecules and proteins 

(Faraji and Wipf, 2009). The most common applications of nanoparticles consist of 

diagnosis, treatment and disease control involving quantum dots, nanowires, 

liposomes, and carbon nanotubes etc. In the field of medicine and physiology, 

nanomedicine is an emerging trend (Singh et ai. , 2008). Nanoparticles' properties can 

be altered by altering their structure, size and surface area. Compared to other 

particles such as microparticles, they offer high surface to mass ratio (Thomas et ai. , 

2005). Various functional groups can be employed to alter the surface of these 

nanoparticles . Nanoparticles in therapeutics are used as vehicles for communication 

of molecular and cellular components because of size similarities with biomolecules 

(Firaji and Wipf, 2009). The drug can be coupled covalently on the surface of 

nanoparticles to make a working therapeutic solution (Mohanraj et ai. , 2006). 

1.10. Nanomedicine Targeting . 

The two major components of drug targeting are target and carrier. Target is acute or 

chronic group of cells/organs which have to be treated, while carriers are particular 

molecules attached to a drug which alter their configuration at molecular level and 

transfer drug to target specific sites.There are four different types of drug targeting so 

far: 

1. Passive Targeting (Haley and Frenkel, 2008). 

2. Active Targeting (Danhisher et ai., 2010). 

3. Stimuli Responsive Drug Delivery (Lammers et ai., 2012). 

4. Targeted Drug delivery (Wilczewska et ai., 2012). 

1.11. Types of Nanoparticles 

Nanoparticles are of two types: synthetic and naturally occurring. Different types of 

nanoparticles are produced, characterized and utilized in various therapeutic systems 

such as polymeric, magnetic, carbon nanotubes and inorganic nanoparticles 

(Sanvicens and Marco, 2008). 

1.11.1. Magnetic Nanoparticles 

Magnetic nanoparticles frequently have Fe2
+ and Fe3

+ as central metal atom, 

sUlTounded by PEG or dextran. Their size ranges from 10 to 20 nrn and are spherical 
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In shape. They have enonnous invitro and invivo applications such as bioassays 

(Sanvicens and Marco, 2008). They are activated by the magnetic field and are 

dynamically taken up by desired tissue. They may follow passive or active targeting 

in case of drug targeting. They could not be used in drug delivery system because of 

loss ofnano-sized feature due to aggregation (Arruebo et al. , 2007). 

1.11.2. Polymeric Nanoparticies 

The size of polymeric nanopartic1es ranges from 10 to 1000nm with solid structures. 

They have gained much importance because they are easily degradable in living 

systems. They can be utilized in drug delivery specifically as they have the features of 

controlled drug release and can carry biomolecules (Soppimath et al., 200 I). Glycolic 

acid and lactic acid are released when they are degraded. The degradation of 

polymeric nanopartic1es does not cause any damage such as toxicity, immunogenicity, 

thrombogenicity or inflammation to living system (Wilczewska et al., 2012). 

1.11.3. Inorganic Nanoparticies 

Inorganic nanopartic1es have ceramic composites like silica or alumina etc. They may 

be arranged in mesoporous or hollow fOlm and provide large surface area. They 

could be porous facilitating drug take-up and giving protection to drug from 

denaturation or degradation (Faraji and Wipf, 2009). 

1.12. Characterization of N anoparticies 

For the characterization of nanoparticies, usually following techniques are used: 

• Fourier transfonn infrared spectroscopy 

• X-ray diffraction analysis 

• Zeta potential 

• UV visible spectroscopy 

• Scanning electron microscopy 

1.12.1. X-ray Diffraction Analysis (XRD) 

X-ray powder diffraction (XRD) isa technique, utilized for the quantitative and 

qualitative analysis of crystalline compound. It identifies material type, size, purity of 

the sample, orientation and explains the structure of the crystal such as geometry and 

lattice constants etc (Hassellov et al., 2008). In this process, monochromatic x-ray 

beam is passed through the sample which results in diffraction of x-rays to precise 
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angles at diverse positions with specific intensities. Bragg's equation IS used to 

measure inter-particle spacing (Tiwary et al., 2013). 

Bragg's equation:2dsin =nA 

Where, d is the inter-planer spacing, n represent order of reflection and A represents 

wavelength of incident radiation. 

1.12.2. Ultraviolet Visible Spectroscopy (UV/VIS) 

UV/Vis spectroscopy is utilized for the quantitative determination of non metals and 

metals. It is a basic technique for verification of nanoparticles synthesis by 

characteristic peaks that arise because of specific Surface Plasmon Resonance of 

nanoparticles. Different factors such as temperature, pH, dielectric constant and size 

of nanoparticles influence the absorption peaks (Ramamurthy et al., 2013). It is also 

helpful for determination of concentration and stability of nanoparticles (Haiss et al., 

2007). 

1.12.3. Fourier Transform Infrared Spectroscopy (FTIR) 

FTIR tells us different types of functional groups involved in the production and 

stabilization ofnanoparticles. Spectra are recorded at mid infrared regions such as 400 

to 4000cm-'on spectrophotometer. Development of new entity by drug loading is 

ensured by FTIR and shows absorption bands of particular functional groups which 

tell characteristics of protein spectra (Sarmento et al., 2006). 

1.12.4. Zeta Potential 

Zeta potential can be" utilized to derive information concerning the molecule's surface 

charge.It is the potential generated between the charged groups at the surface of the 

particle and the suspension medium (Butt et al., 2004). 

1.13. Cerium Oxide Nanoparticles 

Cerium is placed in the lanthanide series of the periodic table with 4f electrons. It has 

attracted a lot of attention from researchers in chemistry, physics, biology and 

material sciences. Ehen combined with oxygen, Cerium Oxide takes on fluorite 

crystalline structure in a nanoparticle formulation and appears as a fascinating 

material (Cones a, 1995). Cerium nanoparticles have been employed effectively in a 

variety of biological and engineering applications for-example catalytic materials, 

solid oxide fuel cells, solar cells, high temperature oxidation protection materials and 
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potential pharmacological agents (Kaspar et ai. , 1999; Patel et ai. , 2002; Ceraldo et 

ai., 2011). Cerium Oxide nanoparticles can vary reversibly from Ce3
+ to Ce4

+ thus 

creating oxygen vacancies , which show redox potential (Perez et ai., 2008; Wang et 

ai. , 2013). 

Ce02 nanoparticles have turned out as a fascinating material in genetics field and used 

in dmg delivery, biomedicine, bioanalysis and bioscaffolding (Ceraldo et ai., 2011; 

Lin et ai., 2012; Xu et ai., 2013). Cerium oxide demonstrates active changing from 

Ce4
+ to Ce3+ in an acidic environment, though the higher oxidation state increasingly 

becomes stable in basic environment. On account of its capacity to change between 

varied oxidation states, Cerium Oxide nanoparticles have excellent antioxidant 

properties (Jimmy et a/., 2003; Micheal and Hochella, 2008). 

Cerium Oxide nanoparticles demonstrate a pH dependent impact on ROS production 

(Alili et at. , 201l).Cerium Oxide nanoparticles act as a scavenger of H20 2 in neutral 

tissues; however, in an acidic environment they act as a producer of H20 2 (Wason et 

at., 2013). Numerous factors such as particle size, shape, surface chemistry and 

surface additives or ligand that can take part in redox reactions have an influence on 

the pro and anti oxidant properties of the Cerium Oxide nanoparticles (Dowding et 

at., 2013; Kumae et al. , 2014). 

1.14. Cerium Oxide Nanoparticles and Cancer 

A major cause of changes in cell and hereditary alterations including cancer is 

reactive oxygen species (ROS). The accumulation of reactive oxygen species in cells 

is usually related to undesired consequences. ROS production, which also consists of 

reactive Nitrogen species give rise to neurodegenerative diseases, diabetes, aging and 

cancer.ROS can generate the expansion and progression through remarkable variation 

to oxidative pressure and deregulation of antioxidant enzyme configuration in cancer 

(Waris and Ahsan, 2006). Specifically, Cerium nanoparticles exhibit strong anti 

oxidant action, averting oxidative stress, damage to the cell and death by apoptosis 

(Ceraldo et ai. , 2011; Caputo et al., 2015). Cerium nanoparticles cause a decline in 

the elevated levels of H20 2 (Pirmohamed et al., 2010; Dowding et al., 2013). Figure 

1.10 shows the dual properties of Cerium Oxide nanoparticles. 
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Figure 1.8 Scavenging properties of Cerium Oxide nanoparticles (Das et al., 

2013) 

1.15. Therapeutic Index 

Nano-formulation in medicine is spreading swiftly to increase drug uptake and 

delivery to specific sites. In this case nanoparticies are utilized because they have the 

potential to lessen toxicities caused to healthy cells because of increased therapeutic 

index. Therapeutic index is the comparative analysis of the efficacy of drug on 

pathological tissues to the cytotoxicity it causes to other normal tissues (De Jong and 

Borm, 2008). 

1.16. Annexin V Binding Assay 

Annexin V, a technique to detect apoptotic cells, was first reported by Koopman et ai, 

in 1994 (Koopman et at., 1994). Succeeding studies showed that Annexin V staining 

procedure could be utilized to identify apoptotic cells, in various settings regardless of 

the stimulus used to activate apoptosis or the heredity of the cells under examination 

(Martin et at., 1994; Fadok et at., 1998).Annexin V, belongs to phospholipid-binding 

Annexin family. It binds in a reversible and Ca2
+ dependent manner to 

phosphotidylserine and to a lesser extent to sphingomyelin and phosphotidylcholine 

(Gerke, 2001 ; Gerke, 2002). 

Numerous studies have demonstrated that phosphatidylserine (PS), a phospholipid 

usually maintained in the inner leaflet of the plasma film, plays an important role for 
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phagocytes in the recognition of the apoptotic cells. Ordinarily, PS is effectively 

sequestered in the inner layer of plasma membrane through the activity of calcium 

dependent scramblase and an amino phospholipid translocase (Fadok et al., 1998). PS 

is transported from the internal to external surface of the plasma membrane, upon 

receiving pro apoptotic signals and it acts as early signal of the apoptosis (Fadok et 

al., 1992; Martin et aI., 1995). 

1.17. qPCR Relative Expression Analysis 

To determine the effectiveness of a drug on genetic basis the qPCR is usually 

performed. Before and after the drug administration changes in target gene expression 

can be identified. We selected some of the target genes to determine that whether or 

not Cerium Oxide nanoparticles show apoptotic effects at genetic level in leukemic 

rats. 

1.17.1. NF-kappa B Pathway 

NF-kappa B is a transcription factor and it exhibits a major role in a wide variety of 

physiological processes. NF-kappa B plays a central function in the homeostasis, 

development and stimulation of the immune system and it is also regulator of the 

epithelial homeostasis (Ghosh and Hayden, 2012). NF-kappa B is a group of 

interrelated transcription factors, ReI A/p65 , ReI B, c-Rel, p50 and p52 and by homo 

or hetero dimerisation they form 12 distinctive identified dimers . A conserved ReI 

homology domain that encourages dimerisation and DNA binding is contained by all 

NF-kappa B subunits. The ReI A, ReI Band c-Rel subunits also have a transactivation 

domain which carries the transcriptional activity of dimers including these subunits 

(Hoffmann et aI., 2006). Several cancer cell types contain elevated levels of NF

kappa B transcription factors such as Rel A, c-Rel and ReI B (Karin et aI., 2002). 

Numerous kinds of tumor cells have been repOlied to show constitutively active NF

kappa B such as leukemia, lymphoma, melanoma, colon, breast, prostate, myeloma, 

pancreas, head and neck and squamous cell carcinoma cell lines (Mor et al., 1999; 

Mukhopadhyay et al. ,2001). 
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Figure 1.9. Structure of the NF-kappa B protein dimers binding with DNA chain 

(Oeckinghous and Ghosh, 2009). 

1.17.2 TRAIL Pathway 

The major anti-cancer treatment approach in tumor cells is to induce apoptosis 

(Johnstone et ai., 2002). Two of the major molecular signaling pathways that are 

responsible for apoptotic cell death are intrinsic pathway and extrinsic pathway. The 

intrinsic pathway is stimulated by the signals from the members of the B- cell 

leukemia/lymphoma within the cell and from downstream mitochondrial signals. The 

extrinsic pathway is stimulated by proapoptotic ligands from outer surface of the cell 

and act together with particular cell surface death receptors (Ashkenazi, 2002). 

TRAIL is a part of the TNF-superfamily of ligands and it is a type II transmembrane 

protein (Lawrence et ai., 2001). Crosstalk between the extrinsic and intrinsic 

apoptotic signaling pathways take place at several points forming a complex and 

intricately balanced system (Spencer and Sorger,2011). 
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Figure 1.10 TRAIL pathway and apoptosis overview (Stuckey and Shah, 2013) 

1.18. Aims and Objective 

The purpose of the study was to find out the efficacy of cerium oxide nanoparticles 

against leukemia and to check the effects of the complex of cerium oxide 

nanoparticles and doxorubicin in the form of nanomedicine. The main objectives of 

this study were as follows: 

• To synthesize and characterize Cerium Oxide nanoparticles and develop 

encapsulated drug. 

• To induce leukemia in rats by benzene injections and study the effects of 

nanomedicine on blood parameters of leukemic rats. 

• To measure rate of apoptosis in leukemic and treated rats. 

• To measure hepatic enzymes activities in leukemic and treated rats. 

• To measure anti-oxidant enzymes activities in leukemic and treated rats . 

• To determine changes in relative gene expression of proliferative and tumor 

suppressor genes after nanomedicine administration. 
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2. Materials and Methods 

All molecular assays in-vitro and in-vivo were carried out under standard conditions, 

with optimized protocols. Institutional Review Board (IRB) , of Quaid-i-Azam 

University, Islamabad approved this study. 

2.1. Cerium Oxide (Ce02)Nanoparticies Synthesis 

Materials 

Cerium chloride (CeCl3), Ammonium Hydroxide (NH40H)(from Sigma Aldrich). 

Procedure 

Cerium oxide nanoparticles can be synthesized by different ways. But here we used 

chemical method for the synthesis of cerium oxide nanoparticles. By means of a 

simple chemical precipitation technique Ce02 nanoparticles were produced. 3.7 

grams of Cerium chloride (CeCh) were dissolved in lOami distilled water and 

stirred moderately at 70°C. When the temperate reached to 70°(, 50 ml of 

Ammonium hydroxide solution (lOi.) was poured drop wise into the solution. After 

complete addition, the mixture was fmther stined at the same temperahlre for almost 

5 hours. The solution was then allowed to cool until room temperature was attained. 

The solution was then centrifuged for 10 minutes at 10,000 rpm. The precipitate 

obtained was further washed five times by distilled water via centrifugation followed 

by oven drying at 80°C. The dried, pale yellow precipitate was carefully ground in 

mortar and pestle to obtain fine powder. Finally, the obtained powder was ca1cinated 

at 4000
( for 2 hours. 
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Figure 2.1 Steps involved in the synthesis of Cerium Oxide Nanoparticles 

2.2 Characterization of Nanoparticles 

The yellowish powder obtained after calcinations was then examined to confirm the 

synthesis of Cerium Oxide nanopatiicles. For this purpose, cerium oxide 

nanoparticles were characterized by XRD (Bucker D8 Advance, Germany), 

UV NIS spectroscopy (Perklin Elmer UV Nis- Lambda 25), FTIR, Zeta potential 

(Malvern Instmments Worcestershire, UK). 

2.2.1. X-ray Diffraction Spectroscopy 

XRD analysis of synthesized Ce02 nanoparticles was performed on X-ray 

spectrophotometer (Bucker D8 Advance) equipped with Cu-Ka radiation 

(a=1.54nm) in the 28 range 10°_80°' To obtain the average crystalline size Scherrer 

equation was used using the most intense peak of the diffractogram using the 

following equation 

Ka/B Cos 8 

Here k is a dimensionless form factor, r denotes mean crystallite SIze, A is 

describing wavelength of the coming X-rays and P is the width at the mean peak 

height and finally 8 which shows the diffraction angle. 
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2.2.2. Size Distribution and Zeta Potential 

Size distribution and Zeta Potential of the prepared samples was obtained by using 

a Zetasizer Nano-ZS (Malven Instruments, Worcestershire, UK). To measure the 

approximate size of Ce-nanoparticles and of doxorubicin-Ce nanoparticles complex 

and to determine the surface charge property, in ultra-pure water a tenfold dilution 

of the samples were prepared and ImL of the prepared solution at 25°C was 

subjected to a particle size analyzer. The calculation was based on the property of 

particles of electrophoretic mobility which was changed to zeta potential by using 

inbuilt software based on the Helmholtz-Smoluchowski equation (Morais et al., 

2013). 

2.2.3. UVNis Spectroscopy 

UV/Vis spectrophotometer (Perklin Elmer UV/Vis- Lambda 25) was used to get 

optical absorption spectrum of cerium nanoparticles alone, drug alone and drug 

loaded nanoparticles in Biochemistry Department, Quaid-i-Azam University, 

Islamabad. Absorption spectra were recorded in the range of 250-800nm at 25°C. 

2.2.4. Fourier Transform Infrared Spectroscopy (FTIR) 

FTIR analysis was carried out to determine the functional groups of the 

nanoparticles and nanomedicine. Liquefied sample (400) was loaded in FTIR 

spectroscope (Bruker, Tensor 27) with a scanning range of 400 to 4000 cm-1 and a 

resolving power of 4 cm-1. 

2.3. Synthesis of N anomedicine 

Nanomedicine was synthesized by doxorubicin coating upon Cerium Oxide 

nanoparticles for increase biocompatibility and bioavailability. 

2.3.1. Drug Loading on Nanoparticles 

After synthesizing Cerium Oxide nanoparticles by chemical method, powdered 

doxorubicin was loaded on them. This was done by first adding 80 mg of Cerium 

Oxide nanoparticles in 9 ml of injection water. The solution was set on sonication for 

4hours to obtain a miscible solution. After this, 18.7mg of doxorubicin was added to 

the nanoparticles and were kept on overnight stirring to obtain nanomedicine. 
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2.3.2. Loading Efficiency of Drug 

Some of the doxombicin used for loading on nanoparticles remains unattached, so 

it is necessary to find the amount of unloaded dmg. Percentage of dmg loading and 

entrapment was calculated according to procedure followed by Jiao et at., 2012 

with minor modifications. 1ml of prepared nanomedicine was centrifuged at 5000g 

for 20minutes. UV Nis spectmm at 200nm length is noted. 

Dmg loading = Wl/W2 x 100 

Encapsulation Efficiency = W2- W31 W2 xl 00 

Where WI is the weight of the doxombicin in nanomedicine, W2 IS the 

nanomedicine and W3 is the amount of dmg that remained in supernatant. 

2.4. Brine Shrimp Assay (Cytotoxicity Assay) 

By using brine shrimp eggs, we performed an assay to determine the optimum 

dosage of dmg and nanomedicine (requirements are given in table 2.1). 

Table 2.1: Requirements for Brine Shrimp Assay 

No. Materials Quantity Company name 

1. Brine shrimp eggs As required Ocean star international, Inc 

2. Sea salt 17g -

3. Distilled water 500mL -

Brine shrimp eggs were added to the sea salt and allowed to incubate under 

fluorescent light and hatch at 37oCfor 24 to 36hours in sea salt solution. 17g of sea 

salt was added in 500mL of distilled water to prepare sea salt solution. Following 

dilutions were prepared in triplets to determine cytotoxicity at various 

concentrations. 
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Table 2.2 Dosage Regime for Brine Shrimp Assay 

Drug Cone. 1 Cone. 2 Cone. 3 Cone. 4 

Ce02 Smg/ 2.Smg/ 1.2Smg/ 0.62S 
Nps 

Doxo 4.2mgl 2.1mg/ 1.0S 0.S25 

Ce02+Do 2.Smg/ 1.2Smg/ 0.62Smg/ 0.312Smg/ 
xo SOOul SOOul SOOul SOOul 

+ + + + 

2.1mg/ 1.0Smg/ 0.S2Smg/ 0.62Smg/SOO 
SOOul SOOul SOOul ul 

The serial dilutions were prepared in 96 well microplate and dried overnight at room 

temperature. Next day, 10 brine shrimp eggs were counted with the help of 

magnifying glass and placed in each well for 24 hours. The number of alive and 

deadeggs were calculated under the microscope to calculate the lethal concentration 

(LC SO value) of dilutions. 

Incubation & 
hatching of brine 

shrimp eggs 

Counting the 
number of alive & 

dead eggs 

Fig. 2.2 Steps involved in Brine Shrimp Assay 

Serial dilutions of 
CeONps& 
doxdrubicin 

Eggs, we~ counted 
& placed in each 

vial for 24 hrs 
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Figure 2.3 Visual representation of Brine Shrimp Assay 

2.5. Experimental Strategy 

Materials and M ethods 

For in vivo studies, National Institute of Health (NIH), Islamabad was approached 

for purchasing 15 Sprague Dawley rats, which were then kept under standard 

conditions in Primate Facility, Quaid-i-Azam University. The 15 rats were then 

classified into five different groups, each group having 3 rats and labeled 

correspondingly. The rats were handled according to guidelines directed by Ethical 

Committee of Quaid-i-Azam University (BEC-FBS- QAU-09). 
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Table 2.3 Mode of Administration of drugs 

Groups No of Dosing Mode of 
Rats Administratio 

n 

1. Normal 3 Normal saline Intraperitoneal 

2. Leukemic 3 0.2 mL benzene alternatively Intraperitoneal 
for 3 weeks 

3. Ce02 Nps 3 0.3 mL alternatively for 3 Intraperitoneal 
weeks after benzene treatment 

4. Doxo 3 0.3 mL alternatively for 3 Intraperitoneal 
weeks after benzene treatment 

5. Ce02Nps 3 0.3mL alternatively for 3 Intraperitoneal 
+ Doxo weeks after benzene treatment 

2.5.2. Administration of Benzene 

Benzene dosage were prepared by using injection water, benzene and isopropanol 

in the ratio (1.5:2: 1.5) and 0.6ml of injection water was mixed with 0.8ml of 

benzene and 0.6ml of isopropanol. 0.2ml of the dose was injected 

intraperitoneally to each rat of groups 2, 3, 4 and 5. The injections were given at 

alternate days for three consecutive weeks under optimized and standard 

conditions. Group 1 was given normal saline and was considered as negative 

control. 

2.5.3. Cerium Nanoparticles 

After confirmation of leukemia by hematological studies, group 3 was gIven 

chemically synthesized cerium nanoparticles. Stock solution of cerium 

nanoparticles was prepared by mixing 48.6 mg of Ce02 in 5400lli of injection 

water. The cerium nanoparticles were sonicated for 15 minutes before in vivo 

administration.Ce02 were injected intraperitoneally twice weekly for 3 weeks. 

2.6. Animal Dissections 

All rats were dissected after completion of doses, according to rules of 

Institutional Animal Care and Use committee (IACUC). ChlorofOlm was used to 

anesthetize the rats and surgical tools were used to cut the abdominal cavity to 

collect various organs such as heart, liver and kidneys for further processing. All 
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the organs were weighed by the help of weighing balance and the recorded data 

were used for measuring relative organ weight. The organs were stored at -80DC 

for relative expression studies. 

2.6.1. Blood Collection and Storage 

The blood was taken directly from the heart by using heparinized syringes and 

placed in commercially available Ethylene Diamine Tetra Acetate (EDTA) tubes 

and serum tubes immediately. EDTA hlbes were stored at _4°C. To separate the 

serum, serum tubes were centrifuged at 3000rpm for ISminutes and stored at -

40°C to prevent hemolysis . 

2.7. Blood Profiling 

Blood smears were prepared on glass slides by usmg fresh blood for 

morphological analysis. Blood drop was placed 1-3cm from top and then sliding 

cover slip upon blood dot at 4So angle; first sliding backward and then forward till 

the end of the slide. The smears were then air dried. For fixation of the cells, the 

slides were dipped in chilled absolute methanol for 10 minutes . The slides were 

again air dried and then Giemsa dye was poured drop wise on the slides and left 

for 10 minutes . The stained slides after washing with tap water were air dried. To 

study the morphology of the cells the slides were observed under the light 

microscope at 100X. 

2.8. Complete Blood Picture 

Blood CP was calculated to obtain total blood cell count by using automated 

blood analyzer that detelmines a variety of blood parameters. For this reason, 

100!J.l of blood was stored in EDT A tubes and trans felTed to Islamabad 

Diagnostic Centre for Blood CPo The complete blood picture comprised of WBC, 

RBC, PLT, HGA and other blood parameters. 

2.9. Flow Cytometry 

First of all cells were washed twice with cold BioLegends Cell Staining Buffer. 

After that Annexin V Binding Buffer was used to resuspend the cells at a 

concentration of 0.2S-1 x 107 cells/ml. In a Sml test tube, we transferred IOO!J.I of 

cell suspension.S~ll of FITC Annexin V was added to it. Then lO!J.I of propidium 

iodide solution was added to it. The cells were vortexed gently and then at 

2S0C,they were incubated for ISminutes in dark conditions. Then in each tube 
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400lli of Almexin V Binding Buffer was added and analyzed on the flow 

cytometer. 

2.10. Enzymes Activity (Hepatic and Renal) 

Micro Lab 300 auto analyzer (Merk) was utilized to execute biochemical assays 

for the evaluation of enzymes activity. The parameters examined were Alanine 

Aminotransferase (AL T), Alkaline Phosphatase (ALP), Aspartate 

aminotransferase (AST) and Renal Function Test by using biochemical analysis 

kits (AMP diagnostic kits). 

2.10.1 Alkaline Phosphatase (ALP) 

Standard protocols provided by AMP diagnostic kits were used to estimate the 

quantity of Alkaline Phosphatase. About 1 mL of Reagent A was added in an 

Eppendorf tube following the addition of 20~lL of serum. At 37°C the solution 

was incubated for 1 minute, then 2S0~lL of Reagent B was added to the solution. 

Absorbance was taken with the help of Micro Lab 300 auto analyzer (Merk) at 

420nm for I minute. Reagents mixture without sample was taken as blank. 3 

readings were taken consecutively. 

Afmin x 2757= ALP activity U/L 

2.10.2 Alanine Aminotransferase (AL T) 

LTA diagnostic kit was used to perform ALT assay. We utilized 1000~1l of 

Reagent 1 (Tris buffer 100mM at pH 7 .IS, preservatives and stabilizers) and 

250111 of Reagent 2 ( L-alanine SOOmM, alpha-keto glutarate 12mM, NADH 

0.18mM, LDH > 1700 U /I) in an eppendorf. In Reagent 1, 12S~ll of serum sample 

was mixed by vortexing and left for Sminutes at room temperature. After adding 

Reagent 2, the mixture was added to the auto analyzer by its sipper and initial 

absorbance reading was recorded. To detennine difference between absorbance 

values three readings were taken after every 1 minute. 

Afmin x 1746= ALT/GPT activity U/L 

2.10.3 Aspartate Transferase (AST) 

Working reagent was prepared according to instructions given by LT A diagnostic 

kit to assess the enzymatic action of AST. At 340lUn, spectrophotometer was 

zeroed with distilled water. 1 mL working reagent was added to the cuvette, to 

the control and to each sample, and for 3 minutes heated at 37°C. Then 100uL 
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serum was added to each tube and mixed gently. By means of spectrophotometer, 

absorbance was recorded at 1 minute. The sample was incubated at 370e and 

again absorbance was taken at 2 and 3 minutes. The average absorbance per 

minute was multiplied with factor 1746 for results in U/L. 

U/L = A/Min x 1746 

2.11. Relative Expression Analysis 

2.11.1. Total RNA Extraction 

Quantitative Real Time peR was performed to study the relative expression at 

RNA level. RNA was extracted by the TRIZOL method. The liquid nitrogen 

preserved tissues were utilized to extract RNA by the use of optimized extraction 

protocols. 100mg frozen tissue was weighed and added in Iml TRIZOL and the 

tissue was homogenized by means of electric homogenizer. As a result of 

homogenization a dust like liquid was observed, and was shifted to an eppendorf. 

200~ll chilled chloroform was added to it after incubation for 5minutes at room 

temperature. The mixture was shaken vigorously to obtain baby pink color. The 

eppendorfwas centrifuged at 12000rpm for 15 minutes at 40e after incubation for 

2 minutes at room temperature. After centrifugation, 200~1 of the supernatant was 

transfened to new chilled eppendorf and pellet was discarded. 200~tl chilled 

isopropanol was added to it. After shaking the solution the eppendorf was 

incubated on ice for 10 minutes. After incubation on ice the solution was 

centrifuged at 12000rpm for 10 minutes at 4oe . Then the supernatant was 

discarded and Iml 75% chilled ethanol was added to it to wash the pellet. Then it 

was cenh'ifuged at 7,500 rpm for 5minutes at 4oe. Supernatant was discarded and 

pellet was washed once again with 75% ethanol. After drying the pellet for 

15minutes at room temperature the pellet was then dissolved in 20~1 of RNase 

free water. The extracted RNA was then quantified by Nano Drop and it was run 

on 1 % Agarose gel for quality assurance. The RNA from liver was extracted by 

using the above protocol. 
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Table 2.4 Reagents required for RNA extraction 

No. Chemical Name Quantity 

1. TRIZOL lml/sample 

2. Isopropanol 2OOIll/sample 

3. Chloroform 200~ll/sample 

4. 75% Ethanol 2mllsample 

5. RNase Free Water 20~d 

2.11.2. cDNA Synthesis 

The extracted RNA from the above process was then processed for cDNA synthesis 

by using VIVANTIS kit (cDSKOI-050). For this purpose, all extracted RNA 

concentrations were leveled at 3000ng or 3~lg. RNA purification was can"ied out in an 

RNase-free environment. Two mixtures were prepared i.e. RNA primer mixture and 

cDNA synthesis mixture to synthesize cDNA from the extracted RNA. RNA primer 

mixture was prepared by mixing calculated amount of RNA, llli of random hexamer 

and I III of IOrnM dNTPs and keeping the total volume up to 1O1l1 by adding nuclease 

free water. The mixture was then incubated at 65 0Cfor 5 minutes and then chilled on 

ice for 2 minutes . The mixture was then spun down for short time. 

Table 2.5 Reagents for RNA Synthesis Mixture 

S.No Component Name Amount/Volume 

1 Template- Total RNA 1-IOllg 

2 Random hexamers 1 ~ll 

3 IOmM dNTPs mix I 

4 Nuclease-free water Top up to IOIlI 

cDNA synthesis mixture was prepared by taking 2 ~d of lOX Buffer M-MuLV, O.5~ll 

reverse transcriptase, and nuclease free water upto a final volume of IOIlI. I O~ll of 
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the cDNA synthesis mixture was added to each RNA primer mixture. The mixture 

was briefly spun and after centrifugation, it was incubated for 60 minutes at 42°C. 

The reaction was completed by incubating the tubes for Sminutes at 8S°C. The tubes 

were chilled on ice and centrifuged briefly. Synthesized cDNA was stored at -

200 Cuntil further use. 

Table 2.6 Reagents for cDNA Synthesis Mixture 

S.No Chemical Name AmountN olume 

1. lOX Buffer M-MuL V 2!!1 

2. M-MuLV Reverse Transcriptase O.S~ll 

3. Nuclease-free water Top up to 1O~1 

2.11.3. PCR Amplification 

Conventional PCR was perfonned to confinn cDNA synthesis. This was carried out 

to assess the annealing temperature of designed primers along with cDNA 

confinnation. By using integrated DNA Technologies tool, primers were designed. 

The reagents used in the 2Sul reaction mixture are enlisted in table 2.8. 
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Table 2.7 Reagents for peR 

~o R lC'a gen ts Ql1 an tity 

1. l OX Taq Buffer \vilh ()i1L)~SO.:. 2.5~ll 

2. ::vlgCl2 25m.\I 1. 5~l 

3. d.~TP s (1 Om.\:O O .5~Ll 

ct. Taq D)JA polymerase O.2~t1 

5. F on ..-ar d Primer l ~t.i 

6. Reverse Primer 1 ~ l l 

7. cD)JA samp' e 1 ~ll 

8 DNase free disti'ied ~.v ater 17 . 3 ~Ll 

Total Reaction Vo tUne 25~l l 

After brief vortexing of tubes, they were spun at 8000rpm for 30 seconds after the 

preparation of reaction mixture. The tubes were then positioned in Thermocycler 

(Biometra, Germany) and the reaction conditions for the amplification reaction were 

set as follows . 
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Table 2.8 Steps involved in Conventional Polymerase Chain reaction 

S.~o · Stl'llS Tl'mperatul'e Du rafion Cydl'5 

I. Initlal denaturation 9:. 3C 10 minutes 

, 
2. Denaturation 95 :1C 1 minute l ~~cl~ 3. A.rlllea1ing 60)C 1 minute 

". Extension 72 )C 45 seconds j 
5. Final extension 72 3C 10 minutes 

6. Ho d 4°C 

The amplified product after the peR completion was run on 2%Agarose gel. A 

standard marker was also run in order to confirm the size of the amplified peR 

product. 

2.11.4. Agarose Gel Electrophoresis 

Agarose gel electrophoresis was carried outto visualize peR products. The peR 

product was run on 2%Agarose gel. The gel was prepared by addition of Igm of 

powered Agarose in 50ml of IX TBE buffer. The Agarose was added to the TBE 

buffer in a conical flask and was heated in a microwave oven for 2-3 minutes. 

When the Agarose melted completely, then 6ul of 1 % Ethidium bromide was 

added as a tracking dye. The comb was placed in gel as it was allowed to cool 

and solidify for 20 minutes. The comb was removed without distorting the wells 

after solidification. The gel tank (Biometra, Germany) was filled with IX TBE 

running buffer and gel was moved to the gel tank. The peR products were spun 

briefly and 4~1 samples were then loaded with 3~1 of Bromophenol blue dye. The 

voltage was set as 110 Y, the Ampere was 120 and gel was run for 45 to 50 

minutes. The bands were visualized in Gel Doc and results were recorded using 

Gene-Snap Software. 
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2.11.5. Primer Designing 

Integrated DNA Technologies were used to design PCR primers for qPCR. The 

NM numbers of candidate genes from gene data base (NCBI) were selected. By 

using IDT (https ://eu.idtdna.com/scitools/Aplication/RealTimePCRI) tool primers 

were designed. In-Silico PCR (https://genome.ucsc.edu/cgi-binlhgPCR) tool was 

used to check the specificity of the primers. Primers giving specific product and 

single hit were selected for purchase and further processing. The lyophilized 

primers were suspended in ultrapure nuclease free water. 

2.12. Quantitative Real Time peR 

For quantification of amplified cDNA and relative expreSSIOn analysis, MIC 

qPCR by Bio Molecular Sciences was used. The steps involved in the 

quantitative Real Time PCR were as follows. 

2.12.2. Reagents for Real Time peR 

The reagents that were used in the real time polymerase chain reaction were: 

1. cDNA for each of the sample 

2. Forward and reverse primers for each gene 

3. Eva green master mixture 

4. Nuclease free water 

Table 2.9 Reagents required for Real Time peR 

Sr. No Reagents Quantity 

1 eDNA 5~l.i 

2 F on';ard Primer 1 ~l 

3 Reverse Primer 1 ~l l 

~ EYa green Master mix 1 ~l l 

5 ::\ue~ease free ,vater 2~l i 

Iota Reaction volume 1 O~L 

2.13. Data Analysis 

2.13.1. PFAFL Method (Rest tool) 

We utilized PF AFL method to analyze the fold changes in gene expression of the 

samples. Relative Expression Software tool- 384 = Rest- 384- version 2 was utilized 
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which is a relative real time PCR expresslOn calculation software. Following 

formula was used in pair wise fixed reallocation Randomization test. 

R= 
(E )t.CPtarget (MEAN control - MEAN sample) 

target 

(E )t.CP ref (MEAN co ntrol - MEAN sample) 
ref 

2.13.2. Statistical Analysis 

The consequences of different treatments given to rats were evaluated in case of in 

vivo studies. By using graph pad prism software descriptive statistics were figured 

out. Results were described as mean + standard deviation (SD). Comparison between 

treatment groups was undertaken by using ANOVA with Duncan 's post hoc test to 

further separate the means . P values <0.05 was later taken as statistically significant. 
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3. RESULTS 

3.1 Analysis of Cerium Oxide Nanoparticles 

Various techniques such as XRD, UV-VIS spectroscopy and zeta potential were done 

for the analysis of the synthesized cerium oxide nanoparticles to confinn the synthesis 

and loading of the nanoparticles. 

3.2 X-Ray Diffraction Analysis 

The powdered X-ray diffraction analysis was carried out on the X-ray 

spectrophotometer (Bucker D8 Advance) to find out shape and size of the cerium 

oxide nanoparticles. Debye scherrer fonnula was used to find the average crystalline 

size. 

Crystalline Size Dp = KalB Cos 8 

Dp represents the average crystalline size of the nanoparticles, whereas k is a Scherrer 

constant which varies from 0.68 to 2.08 k= 0.94 for spherical crystallites with cubic 

symmetry, X ray wavelength for Mini Xrd Cu ka average = 1.54178A, B-FWHM of 

XRD peak is the full width at half maximum, 8 is the XRD peak position at one half 

of2. 

The crystallite size of the nanoparticles (dp)obtained from the calculations was 14.7 

nm. 

~ 
"'a unOol. 200 -m-r-_______ ---.:'----L-____________ ..:..-..;;.l ___ -!... __ ....., 

10 

Figure 3.1 XRD Pattern of Ce02 
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3.2 Zeta Potential 

Zeta potential was done to calculate the charge on the nanopartic1es at 2SoC. The zeta 

potential showed that nanopartic1es had slightly negative charge on them. 

Zeta Poten DistributIOn 
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Figure 3.2 shows the zeta potential distribution of nanoparticles 

3.3 Loading of the Drug on Nanoparticles 

The dmg was loaded on the nanopartic1es by simple electrostatic interaction. The 

color of doxombicin was changed from red to pink through the loading process which 

indicates that the doxombicin have formed complexes with Cerium oxide 

nanopartic1es. Panel (A) of figure 3.1.3 represents doxombicin solution, (B) 

represents Cerium Oxide nanopartic1es solution and (C) represents the nanomedicine. 

After loading the color of the dmg was changed from red and white to pink. 
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Figure 3.3 Loading of doxorubicin on Ce02 nanoparticles 

3.4 Fourier Transform Infrared (FTIR) Spectroscopy 

Absorbance spectra of (a) Ce02 (b) doxorubicin and (c) nanomedicine was found out 

by using FTIR spectroscopy. It showed characteristic peaks in the range of 515-3500 

cm-I . The peaks in the range of 515-690 cm-I exhibited alkyl halide functional group, 

675-900cm-1 showed aromatic groups and 1000-1320cm-1 represented alcohols, 

carboxylic acids and ethers. 
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Figure 3.4 FTIR analysis of a (a) Ce02 (b) doxorubicin (c) Nanomedicine 

3.5 UV-VJS Spectroscopy 

Optical absorbance was taken in the range of 250 to 800nrn. UV -Vis spectroscopy of 

the Ce02, doxorubicin and nanomedicine is shown in figure 3.1.5 
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Figure 3.5 Absorbance spectra of (a) Ce02 (b) Doxorubicin (c) Nanomedicine 

3.6 Cytotoxicity Assay 

Brine shrimps were utilized for the cytotoxicity assay. Various dilutions of Ce02 

nanoparticles, doxombicin and combined treatments were checked. Table 3.2 shows 

the toxicity and lethal concentrations of these compounds. The value of LCso is 

inversely proportional to the toxicity of compound. (Non toxic> lOOOIlg/ml, Weak 

toxic ~ 500Ilg/ml, toxic < 5001lg/ml). 
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Figure 3.7 Relative liver organ weights in different experimental groups 
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Figure 3.9Relative organ weights of heart in different treated groups 

3.10 Complete Blood Count 

To examine the effects of different drug and nanopartic1e combinations upon blood 

cells count, complete blood count was obtained. 

3.11 White Blood Cells 

White blood cells were counted and analyzed by complete blood picture. It was 

obserVed that the total WBCs count was significantly increased in group 2 which is a 

sign of myeloid leukemia. The abnormal increase was restored in Ce02 nanopartic1es 

doxorubicin and nanomedicine .These groups have significantly decreased WBCs 

count just like those as in control group as infen-ed from statistics (p<O.05). 
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Figure 3.11 Comparison of total WBCs count in different treated groups 

3.12 Red Blood Cells 

It was observed that the total red blood cells count was significantly decreased after 

the treatment with benzene (P<O.05). Upon treatment with nanoparticles i.e. group 3 

red blood cells was not significantly increased. Doxorubicin and nanomedicine treated 

groups also did not cause a significant increase in red blood cells. 

RBCs 

10 
G b I) b 

Figure 3.12Comparison of total RBCs count in different experimental groups 
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3.13 Monocytes 

From the complete blood count it was observed that the monocytes were significantly 

increased upon benzene treatment. A significant decreased was observed after treating 

with nanoparticies and nanomedicine as group 3 and 5 recovered the monocytes to 

normal. But in doxorubicin treated group there was no significant decrease in 

monocytes count. 
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Figure 3.13 Comparison of totalmonocytes count in different groups 

3.14 Eosinophils 

A significant increase In eosinophils count was observed in benzene treated rats. 

However no significant difference was observed after treatment with the 

nanoparticies. But treatment with doxorubicin and combination of nanoparticies and 

doxorubicin showed a significant decrease in eosinophils count (p<O.05). 

44 



Results 

Eosinophils 

8 

b 

Figure 3.14 Comparison of eosinophils count in different experimental groups 

3.15 Neutrophils 

From the complete blood picture it was found that neutrophils count increased in 

benzene treated rats. Treatment with nanoparticles significantly reduced the 

neutrophils count in group 3 treated rats. Treatment with doxorubicin also reduced the 

levels of neutrophils count. However, the co-administration of doxorubicin and 

nanopat1icles did not cause a significant reduction in neutrophils count. 

45 



Results 

Neutrophjl 

40 ~ . b b - c -,....... . . . . ~~ . _.a._ .. ':.; --- ::; .. :.:- c I , Q 30- 8 ;::;:-:::1 ! a 0 ..... --- ~,'.' . 
Q;) :~:[~~1:: 

..... :.~. I~--

0) ;-: :.:.; 
m ,. .. ~.; .. 

. .. '-~ 
20 ·~t~ij~~~~: . 

• • a --e 
, /~ ..... ... ...... = .•... ' .. 

Il> ........ -- - ~;.:,~ 
u ~~~~~wt· :::::::: -.- ';0 0 
t... W'% Cl) 

1 0 ~' 
.. ~ ....... 

a... ~rm~r : ~.:.:.:-: ---- ~ '$/' · ... .. . .. 
~ ~1::1fu111:~ , 

· . . .. ~ . .. ... 
II :-:,,;.: .. : .~---'-

0 
.·.·.:.:t - . 

I , 

Figure 3.15 Comparison of neutrophils count in different experimental groups 

3.16 Lymphocytes 

It was observed that the absolute lymphocytes count increased in benzene treated rats . 

Nanoparticies exhibited much reduced levels of lymphocytes count. Such effect was 

also observed in doxorubicin and nanomedicine treated groups . Groups 3, 4 and 5 had 

significantly decreased levels of lymphocytes count as compared to leukemic group 

(p<O.05). 
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Figure 3.16Comparison of lymphocytes count in different experimental groups 

3.17 Haemoglobin 

The haemoglobin levels decreased slightly in benzene treated group. There was a 

significant difference between leukemic and nanoparticies and doxorubicin treated 

groups. The groups 3, 4 and 5 had significantly increased levels of haemoglobin as 

compared to group 2 i.e. leukemic group (p<O.05). 
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Figure 3.17 Comparison of haemoglobin levels in different experimental groups 

3.18 Annexin V Binding Assay 

Annexin V binding assay was performed for the detection of apoptotic cells. In this 

quadrant graph, on x-axis we have Annexin V fluorescence and on y-axis propidium 

iodide fluorescence. On the right hand side the cells are positive for Annexin V and it 

indicates the early and late apoptosis. On the left hand side the cells indicate the live 

and dead cells. Healthy cells are negative for propidium iodide and Annexin V. 

In case of nOlmal group 1 (graph a) rats the total gated events were 1090 of which the 

live cells were 976, dead cells were 71 , no early apoptotic cells were found and 43 

late apoptotic cells. In case of leukemic group 2 (graph b) the total gated events were 

995 of which the live cells were 190, 32 dead cells, 77 early apoptotic cells and 656 

are late apoptotic cells. The group 3 nanoparticles (graph c) treated group total gated 

events were 826 of which 214 live cells, 99 dead cells, 86 early and 427 were late 

apoptotic cells. In doxorubicin treated group (graph d) the total gated events were 951 

of which 300 were live cells, 87 dead, 187 early apoptotic and 446 late apoptotic cells. 

The total gated events in nanomedicine treated group (graph e)were 1420, live 

cellswere 494, early apoptotic cells 183, late apoptotic cells 647 and dead cells were 

96. The details are shown in Table 3.3. 
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Table 3.3 Annexin V Flow Cytometry Results 

Sr. 
Total 

Dead 
Early Late Total 

No 
Sample Gated Live Cells 

Cells 
Apoptotic apoptotic 

Events cells cells 

1 Normal 1090 976 71 0 43 43 

2 Leukemic 955 190 32 77 656 733 

3 CeOz 826 214 99 86 427 513 

4 Doxorubicin 951 300 87 118 446 564 

7 CeOz+doxo 1420 494 96 183 647 830 

or'm f 1 b) euk mlc eer umoxlde 

-a. 

AM xinY FITC 

d) Ooxorub n e) CO .... Oo 0 

Figure 3.18 Graphs showing apoptosis in (a) Normal (b) Leukemic (c) Ce02 (d) 

Doxorubicin (e) Ce02+doxorubicin groups 
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3.19 Microscopic Examination of Blood Cells 

Slides were stained with Giemsa dye after fixing with chilled methanol. Figure 3.6(a) 

represents normal blood cells with well defined morphology and (b) shows leukemic 

cells having large number immature white blood cells or blast cells. 

Figure 3.19 Microscopic examination of blood cells of (a) Normal (b) Leukemic 

3.20 Biochemical Assessment 

3.21 Estimation of Hepatic Biomarkers 

Biochemical evaluation of hepatic biomarkers revealed following results. 

A) Alkaline Phosphatase (ALP) 

A significant decrease was seen in ALP levels in case of benzene treated rats as 

compared to normal rats. Treatment with nanoparticies showed recovery in serum 

ALP levels in case of group 3 (p<O.05) . Doxorubicin and the doxorubicin In 

conjugation exhibited more enhanced serum ALP levels as compared to normal. 
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Figure 3.23 Comparison of serum ALP levels in different experimental groups 

b) Alanine Transferase (AL T) 

It was observed that the ALT levels increased significantly in leukemic group as 

compared to the control. However this increase was significantly reduced by 

treatment with nanoparticies. Treatment with doxorubicin or nanomedicine did not 

cause a significant decrease in AL T levels . 

ALT 
40- b 

Figure 3.24 Comparison of serum ALT levels in different experimental groups 
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c) Aspartate Transferase (AST) 

Control and leukemic groups represented normal and benzene treated rats, 

respectively. A significant increase in serum AST levels in benzene treated rats was 

observed as compared to normal group. However these enhanced expression levels 

were reduced in nanoparticles treated group (p<O.05). But in case of group 4 and 5 the 

AST levels were very high. 
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Figure 3.25 Comparison of Serum AST levels in different experimental groups 

3.26Estimation of Renal Biomarkers 

3.2.1 Urea 

By measuring urea levels, it was observed that the benzene treated rats have 

significantly increased levels of urea as compared to normal. Group 3 which was 

treated with the Ce02 nanoparticles had significantly increased urea levels as 

compared to leukemic group. Doxorubicin showed no significant results as compared 

to leukemic group. The nanomedicine showed similar results to those of nanoparticles 

i-e significantly increased levels of urea. 
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Figure 3.26Serum urea levels of different experimental groups 

3.27 Blood Urea NitrogenTest 

Blood Urea Nitrogen (BUN) test was performed to evaluate kidney function . It was 

perfOlmed to find out urea nitrogen levels in the blood. The group 2 leukemic group 

had significantly increased BUN levels as compared to nOlmal group. There was no 

statistical decrease in BUN levels in group 3, 4 and 5. 

53 



25 

20 

- '15 
'0 
~ 
E 10 

) 

a --

Figure 3.27 Estimation of BUN levels in different experimental groups 

3.28 Creatinine C 

Results 

By using renal biomarkers against creatinine C levels, it was observed that the 

creatinine levels were significantly increased in group 2 i.e. benzene administered 

rats. Nanoparticles treated group i.e. group 3 had significantly reduced creatinine 

levels near to normal values. But in case of doxombicin no decrease in creatinine 

levels was observed. The nanomedicine treated group had significantly decreased 

levels of creatinine as compared to leukemic group (p<O.05). 
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Figure 3.28 Estimation of creatinine levels in different experimental groups 

3.29 Real Time peR 

For relative gene expression analysis quantitative Real Time PCR was performed. 

3.30 Relative Expression Analysis 

a) p53 

By using qPCR relative expressIOn analysis teclmique, it was observed that the 

expression of the p53was significantly decreased in benzene treated rats i.e. leukemic 

group. The expression of p53 remained low by treatment with nanoparticles and 

nanomedicine.Treatment with doxorubicin showed some increase in p53 levels but it 

was not significant (p<O.05). 
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Figure 3.30 Relative expression analysis of p53 in different experimental groups 

b) ReI A 

RT peR revealed a significant decrease in the expreSSIOn analysis of Rel A in 

benzene treated ratsi.e. group 2. However a significant increase was seen in ReI A 

expression in group 3 which was nanoparticies treated group. Alow expression of ReI 

A was observed in group 4 and group 5 rats . 
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Figure 3.31Relative expression analysis of ReI A in different experimental groups 

c) ReI B 

RT analysis showed increased levels of ReI B in benzene treated rats i.e. group 2. But 

upon h·eatment· with nanoparticies, doxorubicin and nanomedicine,the ReI B was 

decreased. 
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Figure 3.32 Relative expression analysis of Rei B in different experimental 

groups 

d) STMN 1 

Stathmin 1 plays a significant role in the cell motility, survival and cell progression. 

The STMN 1 was not up regulated in leukemic group. The expression of STMN 1 

was not significantly increased in any of the groups and it remained down regulated in 

all groups. 

1.5 STMN1 

a 

Cd) 

Figure 3.33 Expression of STMN 1 in different groups 

e) Cytochrome C 

RT PCR revealed a significant decrease in the expression analysis of the Cytochrome 

c in group 2 i.e. benzene treated rats. However,the expression was almost restored 

upon treatment with doxorubicin. Nanoparticles and nanomedicine did not show 

much ability to restore Cytochrome c levels in leukemic rats. 
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Figure 3.34 Relative expression analysis of Cytochrome c in different 

experimental groups 

f) Caspase 3 

The RT expression analysis showed the decreased expression of caspase 3 in group 2 

i.e. benzene treated group. In group 3 i.e. nanopartic1es treated group, there was a 

significant increase in caspase 3 expression. The expression of caspase 3 was found to 

be down regulated in group 4 and group 5 (p<O.05). 
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Figure 3.35 Relative expression analysis of caspase 3 in different experimental 

groups 

g) Caspase 9 

RT analysis showed increased expreSSIOn of Caspase 9 in benzene treated group. 

There was a further up regulation of caspase 9 in nanoparticies treated group. Caspase 

9 was also upregulated in group 4. But it was restored to normal in the nanomedicine 

treated group 5. 
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Figure 3.36 Relative expression analysis of Caspase 9 in different experimental 

groups 

h) Bax 

RT analysis of bax showed decreased expression of bax in benzene treated rats i.e. 

group 2. Upon treatment with nanopartic1es and doxorubicin the expression of bax 

was improved as compared to leukemic group. The expression of the bax in 

nanomedicine treated group was similar to normal group (p<O.05). 
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Figure 3.37Relative expression analysis of bax in different experimental groups 

i) Caspase 8 

RT analysis of caspase 8 showed that caspase 8 was slightly down regulated in groups 

2, 3 and 4. But in nanomedicine treated group the expression of caspase 8 was 

exponantially up regulated as compred to all the experimental groups. 
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Figure 3.38 Relative expression of caspase 8 in different experimental groups 
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4. Discussion 

Doxombicin belongs to anthracyclines and is one of the broadly used 

chemotherapeutic dmgs utilized for the treatment of several malignancies such as 

leukemia, lymphoma and sarcoma. Hepatic, cardiac and renal toxicity are the 

systemic side effects of doxombicin which restricts the usage of thismedication 

(Wang et al., 2015). Nanotechnology is largely used to improve therapeutic approach 

against cancer and nanoparticles have been reported to have such pharmacokinetic 

and phannacodynamic properties that increase their efficiency with less toxicity 

(Wiski et ai., 2015). 

Nanoparticles can cross cell membrane and can cross blood-brain-barriers to 

overcome the main hindrance of site specific delivery, which significantly lessens off

target side effects. Cerium Oxide belongs to rare earth metal oxides and possesses 

exclusive property to switch between Ce3
+ and Ce4

+ according to the environment 

(Estevez and Erlichman, 2014). Keeping in view the above mentioned points, we have 

developed a cerium oxide based dmg delivery system for treating leukemic rats. 

Before using the nanoparticles for our study, we confinned its size and other 

properties. The XRD pattern confilmed the particle size of the nanoparticles was 14.7 

nm (figure 3.1). The particle size is an essential factor in determining the cellular 

interaction, rate of activity and sub cellular distribution (Xu and Qu, 2014). So, a 

particle size less than 30nm was recommend to utilize to enhance the percentage of 

Ce +3 valence states (Nelson et aI., 2016). After confirming the size, the charge on the 

nanoparticles was found by zeta potential and nanoparticles were found to be slightly 

negative (figure 3.2). The cationic anticancer dmg was loaded on the Ce02 

nanoparticles by simple electrostatic interaction for in vivo dmg delivery to leukemic 

rats (Das et al., 2017). The adsorption of the doxombicin on the surface of the Cerium 

Oxide nanopaliicles was established by UV -Vis and FTIR analysis. The change of the 

color of doxombicin from red to pink confinns the loading of drug on nanoparticles. 

The FTIR analysis showed the multiple characteristics peaks, the broad peak at 3260 

cm- I showed the C-H stretch and aromatics showed C-H stretch. The peaks at 1635 

cm- I are due to banding band ofN-H groups (Chen et al., 2015). The stretching of the 

peaks showed the loading of the dmg (figure 3.1.3). 
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In the present study, as benzene is a potent inducer of AML so benzene was 

administered intraperitoneally on every alternate day for three weeks, resulting in 

Acute Myeloid Leukemia. 

After 14 days of benzene treatment, hematological profiling of rats, which could be 

due to the severity of the disease, deteriorated as confirmed by already published data 

(d' Azevedo et aI., 1996). The AML was confirmed by examining blood cells 

morphology and count. It was observed that in benzene treated rats the number of the 

blast cells or immature white blood cells was increased and red blood cells shape was 

also ruptured. Complete blood count revealed that the total WBCs count increased 

significantly due to the presence of the blast cells or immature leukocytes in blood. 

Treatment of the rats with nanoparticies, doxorubicin and nanomedicine significantly 

reduced the total WBCs count showing the anti-leukemic potential of Cerium Oxide 

nanoparticies which has not been reported before. Likewise the levels of absolute 

monocytes, lymphocytes, eosinophils was increased in leukemic rats indicating the 

induction of AML .The increase in lymphocytes in benzene treated rats is an indicator 

of AML. The treated groups had significantly reduced levels of lymphocytes in 

groups 3,4 and 5. The alteration in the blood cells count confirms AML, also reported 

in already published data (D Andrea and Reddy, 2014). During the diagnosis of acute 

myeloid leukemia the increased number of lymphocytes is associated with a shorter 

remission (Mussai et al., 2013) . 

Next we investigated the relative weights of liver, heart and kidney and found them to 

be significantly increased in group 2 i.e. leukemic group indicating hypertrophy of the 

organs. In case of the liver, benzene is known to cause hypertrophy (Roy, 2016).The 

treatment with nanoparticies and nanomedicine decreased the weight near to normal. 

The doxorubicin did not cause decrease in organs weight as 40% of the patients taking 

doxorubicin have affected liver function as reported in already published data 

(Damodar et aI., 2014). Oxidative stress, apoptosis and interference with the electron 

transport chain could be the cause of the hepatic toxicity from doxorubicin (lung et 

aI., 2014). In case of kidney weight, the nanoparticies showed decrease in weight but 

nanomedicine did not show decrease in weight. In case of heart the nanoparticies and 

nanomedicine significantly reduced the weight but doxorubicin did not show any 

significant decrease in weight. The results are in line with already published data 
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which showed a significant increase in relative liver and kidney weight of the rodents 

treated with doxombicin as compared to the normal group (Herman et ai. , 2000). 

In this research work, cerium oxide came out with promising anti cancerous activity. 

To check that whether the nanoparticles and nanomedicine cause apoptosis, Annexin 

V assay was performed. The leukemic group had large number of apoptotic cells. 

These results are in line with already published data where a large number of evidence 

has shown that benzene and its metabolites cause apoptosis in multiple cell types 

(Chow et aI., 2015; Huang et ai., 2015; Xu et ai., 2017). Nuclear localization of p
catenin and LEF -1 are inhibited by hydroquinone treatment and that's why 

downstream transcriptional responsive genes such as Survivan and Cyclin D 1 are 

inhibited which otherwise promote cell cycle and cell proliferation (Li et at., 2018). 

The above data suggest possible potential of Ce02 in treatment of leukemia. These 

findings were confirmed further by biochemical assessment of hepatic biomarkers 

(AL T, AST and ALP) in semm of rats. Results showed significant increase in levels 

of AST and ALT while significant decrease in ALP levels in response to benzene 

administration which corresponded to already published data (d' Azevedo et ai., 1996; 

Dere and Ari, 2009). The reduced levels of ALP enzymatic activity in benzene treated 

rats is because of lack of the detectable LAP (Leukocyte Alkaline Phosphatase) 

mRNA in AML, whereas elevation in AL T levels is due to abnormal proliferation of 

liver cells leading to increased Alanine transaminases in leukemic rats. 

Interestingly, qPCR expression analysis showed the down regulated expression of p53 

in leukemic group. p53 a hlmor suppressor protein is either by mutation or 

dysregulation is inactivated in a large number of cancers, by disturbing the nucleo

cytoplasmic shuttling of p53 or by means of induction of the p53 inhibitor MDM2. In 

AML the dysregulation of p53 function come out as frequent event (Columbo et ai., 

2002). p53 is found to be down regulated in acute myeloid leukemia, leukemic cell 

lines and myeloproliferative diseases (Prokocimer et al.,1986).Detectable levels of 

p53 mRNA are not expressed by numerous myeloid leukemias and by a large number 

of breast cancer cell lines (Durland and Reisman, 2002). 

To figure out NF-kappa B signaling pathway the relative expression of ReI A was 

checked and was found to be significantly lower in benzene treated rats. This is 

probably one of the mechanisms through which benzene causes cell death i.e. by 
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interfering in the cell survival mechanism mediated through NF-kappa B. But it was 

high in nanoparticles treated group. The expression of ReI B which belongs to non

canonical pathway, was up regulated in leukemic group potentially linked to increased 

survival and proliferation of transformed cells. The already reported data showed that 

cell survival and apoptosis two of the important processes are regulated by NF -kappa 

B pathway (DeGraffenried et al. , 2004). 

The qPCR expression of caspase 3 and caspase 9 showed immense up regulation in 

response to nanoparticles. Both these genes are responsible for execution of apoptosis 

and these results point towards the absolute potential of Cerium Oxide nanoparticles 

towards apoptosis.In addition, our nanoparticles show a significant role in 

Cytochrome c production which is another apoptosis inducer. These results were 

according to the already reported data that claimed Ce02 totrigger apoptosis of the 

cancer cells by releasing Cytochrome c and activating Caspase 3 and 9 and thereby, 

initiating mitochondrial signaling pathway (Wang et aI., 2013) 

Conclusion 

It is concluded that cenum oxide nanoparticles alone or in combination with 

doxombicin showed substantial therapeutic potential against AML in rat model. It has 

the ability to minimize the effects of benzene induced leukemia as proven by 

differential leukocyte counts, relative organ weight analysis, estimation of hepatic 

biomarkers and relative gene expression. 
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