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Abstract 

Abstract 

Nanoparticie mediated chemotherapy against leukemia wou ld be more effective as 

compared to the native drug. The present study aimed to synthesize drug-loaded 

mesoporous silica nanoparticies (MSNPs) to investigate hematological response in 

leukemic rat. SEM, XRD, FTIR and UV/VIS spectrophotometric data showed 

characterist ic properties of generic MSNPs. Nano-scaled size (47.94 nm) MSNPs suitable 

drug carriers. Neutrophilia, lymphopenia and decreased monocyte level were observed 

after benzene induction. RM-, TH- and Ba-loaded MSNPs exhibited a capacity to 

minimize the impact of benzene (AML condition) as seen by differential count of WBC, 

relative organ weight analysis, morphological analysis and BM analysis. However, Ba­

loaded MSNPs exhibited significant impact to improve cellular indicators as compared to 

RM- and TH-loaded MSNPs. 
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Chapter 01 Introduction 

Introduction 

1.1 Nanoparticles 

Nanoparticles by definition are so lid particles with a size in range of 10_1000nm. Drug is 

encapsulated, dissolved, entrapped or attached to nanoparticle surface (Mohanraj & Chen, 

2007) . 

1.2 Nanoparticles Types 

Different materials have been used to develop nanoparticles for therapeutic purposes. 

1.2.1 Inorganic Nanoparticles 

Inorganic composites i.e. alumina or silica typically compose ceramic nanoparticles. 

Inorganic nanoparticles may be porous and provide large surface area and entrapment of 

drug, protecting dug from degradation and denaturation . Hollow core silica particles are 

prepared that contain a central reservoir. Mesoporous silica nanoparticles particles are also 

fonnulated that contain "wonn-like" network of channels throughout the central texture. 

Surface of these particles can be easily modified by single functionalities via variety of 

chemical alterations (Faraji & Wipf, 2009). 

1.2.2 Polymeric N anoparticles 

Biodegradable polymeric nanoparticles have engrossed more attention in recent years as 

prospective drug delivery device because of their application in controlled drug release, 

their capability to target specific tissue, to carry peptides, proteins and genes and as a carrier 

of DNA in gene therapy (Soppimath et aI., 2001). Drug-biodegradable polymeric nano­

carrier conjugates used as a drug delivery device are stable in blood, non-toxic, nOI1-

immunogenic, non-pro inflammatory and non-thrombogenic (Wi1czewska et aI., 2012). 
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1.2.3 Carbon Nanomaterials 

Carbon is also used as nanomaterials in the form of carbon nanotubes (CNTs) and Nano 

horns (CNH). CNTs are characterized on the basis of architecture formed by ro lling of 

single (SWNCTs- single walled carbon nanotubes) or multi (MWCNTs - multi walled 

carbon nanotubes) layers of graphite with thermal conductivity and large surface area. In 

vivo studies concerning administration of nanotubes in rats induced changes in lung 

morphology i.e. granuloma formation and interst itial fibrosis (Muller et aI. , 2005). 

1.2.4 Magnetic Nanoparticles 

Magnetic nanoparticles tend to be highly promising carriers of drug due to its wide variety 

of attributes. They can be handled easily by applying external magnetic field. Active and 

passive drug delivery strategies can be used to deliver magnetic nanoparticles. These 

nanoparticles can also be used in diagnostics through MRI. They are also actively up taken 

by tissues resulting in efficient drug delivery and effective treatment at optimal doses 

(Arruebo et aI., 2007). In most cases, these objectives are not achieved because of 

inappropriate magnetic system or lack of understanding regarding features of magnetic 

nanoparticles. Magnetic nanoparticles form aggregates losing the specificity connected to 

their Nano sized dimensions (Neuberger et aI. , 2005). 

1.2.5 Silica Nanoparticles 

Silica particles provided an alternative to organic delivery systems due to their 

biocompatibility and hydrophobicity. They provide excellent protection to internal payload 

that make them perfect candidate for controlled drug delivery application (insert citation 

silica particles: a novel drug delivery system) 

2 



Chapter 01 Introduction 

Silica has attracted great attention because it is cheap, thermally stable, harmless and 

chemically inert (Nandiyanto et al. , 2009). 

Amorphous fumed silica has been proved safer as it showed minimum or no toxicity in 

previous studies (Barnes et aI., 2008) Potential applications of amorphous si lica have 

encompassed areas in Nano biotechnology such as drug delivery, gene transfer, bioanalysis 

and imaging and diagnostics. It is probable that silica nanoparticles may be directed 

through all possible routes i.e. intravenous injection, orally, inhalation and transdermal 

delivery (Chang et aI. , 2007) 

1.3 Surface Characteristics and Nanoparticles Size 

Nanoparticles used in drug delivery system must have capability to stay in blood stream for 

longer duration of time to efficiently deliver drug to targeted tumor tissue without being 

discharged from the body. Nanoparticles that are not modified are mostly trapped by liver 

and spleen dependent on their size and surface characteristics (Moghimi et al., 2001). 

1.3.1 Size 

The greatest advantage ofnanoparticles is that their size can be managed. Two things must 

be considered during size management. 

1) They should be large enough to prevent their outflow into blood capillaries however, 

small enough to escape macrophage engulfment. The size of fenestra of the kuffer cells in 

liver and sinusoid in spleen varies from 150 to 200 nm (Wisse et aI., 1996). 

2) Endothelial cells of dripping tumor vasculature have gap junction and its size may 

fluctuate from 100 to 600 nm. The size of nanoparticles should be up to 100 nm to reach 

target tissues by passing through these two specific vasculatures (Cho et aI. , 2008). 

3 
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1.3.2 Surface Characteristics 

The one important factor, other than size of nanoparticles, is their surface characterization 

that determines the life span and fate in blood circulation relating to their capture by 

macrophages. Ideally, nanoparticles should have hydrophobic surface to escape from 

macrophage capture (Moghimi & Szebeni, 2003) . 

1.3.3 Characterization of Nanoparticles 

Various techniques are used to study size, structure, absorption, porosity and various other 

properties of nanoparticles. These include: 

• X-ray diffraction analysis (XRD) 

• UV visible spectroscopy 

• Scanning electron microscopy (SEM) 

• Fourier transform infra-red spectroscopy (FTIR) 

• Transmission electron microscopy (TEM) 

• Dynamic light scattering (DLS) 

• Atomic force microscopy 

• Zeta potential 

1.3.3.1 Scanning Electron Microscopy (SEM) 

SEM is used to study surface structures, it is relatively simple experiment and minimum 

sample is required. It is used to obtain solid information on surface structures from non­

projected images in three dimensions because the objective lens have long focal depth (Che 

et al., 2003). Scanning electron microscopy (SEM), in which a tightly focused beam of 

electrons is raster-scanned over the specimen while secondary or backscattered electrons 

are detected, is used in biological imaging mostly as a surface visualization tool (Denk & 

4 
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Horstmann, 2004). Process involves passing of x-ray beam through samp le and inter 

particle spacing is measured. 

1.3.3.2 X-ray Diffraction (XRD) 

XRD depicts the characteristic peak of nanoparticles. Particle size can also be measured 

with the help of De bye-Scherrer formula, in X-ray diffraction and crystallography, it relates 

size of compound with the widening of peak in a refraction pattern . 

D=0.9A / ~cos8 ........ ............. (1) 

2dsin8=nA ........................ ..... (2) 

Where 'A' shows wave length of X-Ray, 'P' is FWHM (full width at half maximum), '8' is 

the diffraction angle and 'D' is particle diameter size (John & Florence, 2009). 

1.3.3.3 Fourier Transform Infrared Spectroscopy (FTIR) 

FTIR is a technique used to get information about functional groups present in any 

substance. Spectra is recorded in mid infrared region (400_4000 em-I) on a 

spectrophotometer. FTIR studies also reveals the new chemical entities formation and also 

shows absorption bands of particular functional group that highlight characteristic of 

protein spectra in case of drug loading (Sarmento et aI., 2006). 

1.4 Nano Biotechnology 

Nano biotechnology is an emerging field where Nano sized materials (5-500 nm) are used 

in various biological applications (Mohanraj & Chen, 2007). Nano sized materials are 

usually in the range of proteins and biological macromolecules (Faraji & Wipf, 2009). 

Nanoparticles retain unique physical properties which determine their role in biomedical 

sciences. As the size of particles is scaled down, physical and chemical properties show 

significant improvement. Nanoparticles of different materials are developed and 

5 



Chapter 01 introduction 

characterized for their ro le in biomedical sciences (Moghimi et aI. , 2005). The most 

commonly used nanopartic\es in drug delivery are silicon, iron, nickel, cobalt and si lver. 

Various formulations of these nanoparticles have been considered fo r therapeutic 

app lication (Huang et aI., 2007; Sanvicens & Marco, 2008). 

Drug coated nanopartic\es can be used as therapeutic agents to treat various pathological 

conditions like cancer, allergies and inflammation etc. Encapsulated drug coated 

nanopartic\es would be the choice which help in a sustained drug release over a period of 

time. It provides an intracellular sanctuary to protect therapeutic compounds from efflux or 

degradation (Faraji & Wipf, 2009). 

Many different systems and approaches have been assessed for drug targeting to tumors 

over the years, including the following 

1.4.1 Passive Targeting 

Transport ofNano carriers through leaky vessels of endothelial tissues surrounding tumor 

microenvironment along with the fluids is called passive diffusion. Due to passive targeting 

there are more chances of drugs to reach tumor cells rather than normal ones (Haley & 

Frenkel, 2008) . 

1.4.2 Active Targeting 

Surface of nanocarrier are attached with specific ligands for binding specific receptors 

expressed at target site, this type of targeting is called active targeting. Receptor 

overexpressed in tumor cells is chosen to deliver drug only to tumor tissues (Danhier et aI. , 

2010). 

6 



Chapter 01 Introduction 

1.4.3 Stimuli-Responsive Drug Delivery 

A new technique of targeting consists in development of activable nanocarrier. During 

circulation they carry stealth function, when it arrive at tumor site the tumor 

microenvironment allows drug release from nanocarrier. Drug release may be achieved 

upon interaction to some external stimuli , such as light, heat, magnetic fields (Lammers et 

al. ,201 2). 

1.5 Targeted Drug Delivery 

To deliver a chemo-therapeutic compound selectively at a pathological site is an eminent 

problem in the cure of many diseases. A traditional application of drugs is characterized by 

inadequate bio-distribution, lack of selectivity and limited effectiveness (Wilczewska et al., 

201 2). Controlled drug delivery system (DDS) can overcome these drawbacks and 

limitations. Contro lled DDS can be designed to enhance the properties of conventional 

(free) drugs, their proper distribution and release at the target site (A llen & Cullis, 2004). 

In controlled drug delivery systems (DDS) the pharmacologically active compound is 

transported selectively to the target site thus, its influence on healthy tissues and 

undesirable harm can be minimized (Wilczewska et aI., 2012). 

The important points in formulating appropriate and effective controlled DDS are: 

a. Drug absorption and release 

b. Biocompatibility 

c. Functionality 

d. Stability and shelf-life 

e. Targeting and bio-distribution 

7 
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1.5.1 Therapeutic Index 

Drug coated nanoparticles used as therapeutic agents enhance drug delivery as well as 

uptake by target cells. It helps in reducing effect on non-targeted organs. It conttibutes to 
, , , 

increase therapeutic index [the comparison of therapeutic effectiveness (tumc)r cell death) 

to the amount that cause toxicity to other organ systems] (De Jong & Borm, 2008). 

1.5.2 Targeted Delivery of Nanoparticies 

Ideally, therapeutic drugs should reach at pathogenic site, through penetration of body or 

cell barriers with minimum loss or action in blood circulation. Secondly, after drug has 

reached at its targeted site, it should have the ability to treat selectively the target tissues 

without harming normal cells with controlled release mechanism . These strategies are 

important in survival of patient with quality of life due to intracellular connection of drug 

and reducing dose-limiting toxicities. Nanoparticles seem to satisfy both requirements for 

effective drug delivery system (Cho et aI., 2008). 

1.6 White Blood Cells 

Body's immune response is mediated by diverse group of cells types that are called 

leukocytes or WBCs. Circulation of these cells is through blood and lymphatic system and 

they recruit the infectious site or damaged tissue. They originate from hematopoietic stem 

cells and develop according to distinct differentiated pathways depending upon internal and 

external cues (Porcher et at., 1996). Cells of the immune system are as follows; 

1.6.1 Neutrophils 

Neutrophil components of innate immune system are the first immune cells that arrive at 

the infection site serving as first line of defense in body against pathogens. They release 

cytokines to innate inflammatory response and for induction of immune cells trafficking 

8 
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they re lease chemokines. This allows adaptive immune system enough time for planning 

sterilizing immunity and memory. Neutrophi ls recognize pathogens by specific receptors 

present on them called Toll-like receptors (Hayashi et aI., 2003). 

1.6.2 Monocytes 

They circulate in blood, bone marrow and spleen. They also serve as first line of defense 

along with neutrophils. They have chemokine receptors and receptors for recognition of 

pathogens that mediate movement of monocytes from blood to tissues during infections. 

Monocytes differentiate into macrophages during inflammation. Macrophages are then 

involved in the phagocytosis of pathogens (Geissmann et aI. , 2010). 

1.6.3 Lymphocytes 

Lymphocytes are the cells of immune system that form core of adaptive immunity, and 

specifically recognize and react against foreign antigens. They circulate in blood and lymph 

and lymphoid organs that are lymph nodes, lymphoid tissues associated with gut, thymus 

and spleen. Lymphocytes are distinct in their function and divided into two types T 

lymphocytes, B-lymphocytes and natural killer (NK) cells (Janeway & Medzhitov, 2002). 

1.6.4 Platelets 

Platelets present in human blood are anucleated, they lack DNA but retain mRNA that are 

derived from bone marrow megakaryocytes. They have ability for protein translation from 

cytoplasmic mRNA. Platelets have role in thrombosis, wound repair, vascular remodeling 

and inflammation (Gnatenko et aI., 2003). 

1. 7 Leukemia 

Leukemia is uncontrolled growth of white blood cells (Sahu et aI. , 2006). Uncontrolled cell 

division at bone marrow causes accumulation of these abnormal cells in bone marrow, 

9 
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lymph nodes which interferes with the production of erythrocytes, lymphocytes and 

platelets that lead to bleeding, anemia and inability to fi ght infections 

1. 7.1 Statistics of Leukemia 

Leukemia is mostly diagnosed in adu lts over 20 years of age. The most common type of 

leukemia among adults is chron ic lymphoblastic leukemia CLL, its prevalence is about 

36% and AML is 32%. Males are approximately 33% more effected with leukemia than 

females. Over the past few decades leukemia incidence is increasing. Since 2007 to 2011 , 

an increase of l.6% in males and of 0.6% in females per year was observed (Siegel et aI. , 

2013) 

1.7.2 Classification of Leukemia 

On the basis of cell type and growth rate, leukemia is classified into four main types 

• Acute lymphocytic leukemia (ALL) 

• Chronic lymphocytic leukemia(CLL) 

• Acute myeloid leukemia (AML) 

• Chronic myeloid leukemia (CML) 

1.7.3 Risk Factors Responsible For Leukemia Development 

As several causes are attributed to the origin and progression ofleukemia, which are carried 

out in a multi-step process. Ionic radiation is one of the major risk factors causing leukemia 

except CLL. Family history of patient is a major factor in case of CLL. Cigarette smoke 

and certain chemicals such as formaldehyde and benzene increase the risk of AML. 

10 
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1.7.4 Benzene as an Inducer of AML 

Benzene, an aromatic compound has been associated with human cancers, e.g., leukemia. 

Metabolic conversion of benzene leads to production of several phenolic compounds in the 

body. Principal compounds are phenol, hydroquinone and catechol that are responsible for 

inducing cytogenetic changes and affect cell cycle (Morimoto & Wolff, 1980). 

Benzene and its various metabolites are involved in genetic damage that include structural 

and chromosomal aberrations in blood and bone marrow of animals and humans that are 

exposed to it. Benzene may produce genotoxic effects by the generation of reactive oxygen 

species such as hydrogen peroxide (H202), hydroxyl radicals (HO'), single oxygen (0) in 

bone marrow. Redox reactions may produce active oxygen that damage cellular DNA 

phenol, hydroquinone and catechol results in an increased level of oxidative DNA damage. 

Oxidative DNA damage that results by benzene and its conversion to phenolic compounds 

playa role in benzene-induced leukemia, myelotoxicity and genotoxicity (Kolachana et 

al.,1993). 

Acute myeloid leukemia caused by benzene exposure is most frequent among all types as 

previously reported. Chronic myeloid, lymphoid and hairy cell leukemia was also 

associated with benzene as reported previously (Clavel et aI., 1996) 

1.7.5 Acute Myeloid Leukemia 

Acute myeloid leukemia is characterized as a heritably heterogeneous disease in which 

certain alterations in somatic cells that interrupt cellular growth, proliferation and 

differentiation gather in hematopoietic progenitor cells. In case of AML, myeloid cells 

increase in bone marrow, arrest in their maturing that result in granulocytopenia, 

thrombocytopenia and anemia, either with or without leukocytosis (Lowenberg et aI., 

1999). 

11 
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1.7.5.1 Signs and Symptoms of AML 

Sign and symptom of AML are non-specific and diverse but they are directly linked to 

leukemic intrusion of bone marrow that cause cytopenia. Patients undergo fatigue, 

infections, fever, hemorrhage because there is reduction in red blood cells, white blood 

cells and platelets. Leukemic infiltration like hepatomegaly, splenomegaly, 

lymphadenopathy, bone pain and central nervous system can generate a variety of other 

symptoms (Lowenberg et aI., 1999) . 

1. 7 .5.2 Diagnosis of AML 

Primary diagnosis of AML occur with the identification of leukemic myeloblasts on the 

basis of their morphology seen in peripheral blood and bone marrow stained with Wright­

Giemsa. Cells have different nucleoli , cytoplasm content very low and nucleus round to 

irregular. The presence of over 30% blasts in bone marrow is required for definitive 

diagnosis of AML that distinguish it from other leukemic types. 

On the basis of morphological appearance of blasts, AML is divided into 9 subtypes 

(Bennet et aI., 1976; Bennett et aI. , 1991). Patients with AML have non-random clonal 

chromosomal aberrations that are identified by cytogenic analysis of leukemic blasts 

(Rowley, 1980; Yunis, 1984). Diagnosis of AML is now possible by these genetic, 

immunological and morphological approaches, these approaches not only help to identify 

subtypes but also provide markers by which patient's response to therapy is monitored 

(Coco et aI. , 1992) . 

1.7.5.3 Treatment of Acute Myeloid Leukemia 

Chemotherapy is used to treat many types of leukemia. Evolution of AML classification 

based on morphology to genetic level of diagnosis is of great importance that is shown by 

12 
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1.8.1 Rosemary (Rosmarinus Officina lis. L) 

Rosmarinus ofJicinalis L. commonly known as rosemary is a plant belonging to Labiatae 

(Lamiaceae) family. Rosemary is an evergreen aromatic shrub whose height reaches to 

1.5m (AI Sheyab et aI. , 201 2). Flavonoids such as carnosol, carnosic and rosmarinic acid, 

and vo latile oils are the chemical compounds found in rosemary. Rosemary in extract or 

ground form is shown to have antioxidant properties because of presence of phenolic 

compounds (Terpinc et aI., 2009). 

Rosemary extract has been used on different cancer cell lines including breast, lung, liver, 

leukemia and prostate (Cheung & Tai, 2007; Yesil-Celiktas et aI. , 2010) . Rosemary 

extracts showed inhibition of tumorigenesis in rodent models (Moran et al. , 2005). 

Significant anti-proliferation activity has been shown by flavonoids of rosemary extracts 

against human promyelocytic leukemia HL-60 and B-lineage leukemia cells (Yesil­

Cel iktas et aI. , 2010) . 

1.8.2 Thymus Vulgaris 

Thymus vulgaris L. commonly known as thyme belong to genus Thymus (Lamiaceae 

family) which is mostly found in the Mediterranean region, Asia, Southern Europe and 

North Africa. Thymus vu lgaris extracts have shown immuno-modulating propel1ies (Ocana 

& Reglero, 201 2) Diverse studies proposed that extracts of Thymus vulgaris may have 

potential anticancer effects. Thymus essential oil showed cytotoxicity against cancer cells 

that may be due to its lipophilic compounds that releases enzymes and metabolites of 

cancerous cells by accumulating in their cell membranes and increasing their permeability. 

Thymus showed cytotoxic effects on genes taking part in cell cycle, cell death and cancer. 

The most significantly regulated pathways by thyme essential oil were interferon signaling 

(cytokines that show potent anti-proliferative, antiviral and immunomodulatory properties), 
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N-glycan biosynthesis (oligosaccharides that plays role in glycoprotein functions e.g. 

epidermal growth factor and transforming growth factor-~ receptors) and extracellular 

signal-regulated kinase 5 (ERK5) signaling (involved in regulation of tumor angiogenesis 

and cell migration and prevents apoptosis (Sertel et aI., 2011). Thyme also showed 

leukocytopoesis and thrombocytopoesis. Thymus vulgaris showed anti-leukemic activity 

in vitro (Von Ardenne & Reitnauer, 1981). It has been shown to have potential selective 

cytostatic activity in vitro. It is the safest herb that showed least adverse effects (Ayesh & 

Abed,2014). 

1.8.3 Ocimum Basilicum 

Basil (family Lamiaceae) is an annual herb used in many kinds of food preparations in 

Mediterranean diets. Basil is one of the major essential oils producing species belonging to 

the genus Ocimum (Grayer et al., 2002). Its extracts are also used in the manufacturing of 

cosmetic and pharmaceutical products. Due to phenolic compounds in basil, it showed 

antitumor, anti-microbial and antioxidant properties Phenolic compounds exhibit redox 

properties which neutralize free radicals and decompose peroxides (Hussain et al., 2008) . 

1.9 Mesoporous Silica Nanoparticles (MSNPs) 

MSNPs like other inorganic nanoparticles have brought new possibilities in biomedical 

research as they have numerous striking features for applications as an innovative drug 

delivery system, such as controllable particle size and shape, large surface areas, tunable 

pore sizes and exterior and interior (dual) functional surfaces. Controllable size and shape 

of MSNPs pores can store pharmaceutical drug and control their pre-mature release and 

degradation before attainment of their destination. Chemotherapeutic agents can be loaded 

in MSNPs rather than dissolving in solvents that may be hazardous for health. Folic acid 

attachment to these particles allow targeting of special type of cells such as cancerous cells. 
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MSNPs are rousing and capable vehicles for various features of biomedical app lications 

(Lu et al., 20 10). 

1.9.1 Toxicity of MSNPs 

Nano toxicology is an emerging discipline in Nano biotechnology. Single and repetit ive 

dose toxicity are two broad things. Repeated dose toxicity is when extended exposure to 

comparatively low dose toxicant causes harmful effects. Dependent on dose and period of 

exposure, a so litary compound may cause both acute as well as chronic effects. Repeated 

dose toxicity studies indicated that mice exposed to MSNPs for 14 days continuously via 

intravenous administration at 20, 40 and 80 mg/kg presented no death (Liu et aI., 20 11). 

Many factors such as particle size, dose (mass and surface area), surface characteristics 

(charge, shape, coating etc.) playa key role in toxicity of nanoparticles. Among these, a 

major role is played by particle size in their contact with biological system (Foster et al., 

2001). The ratio between surface area and volume increases as particle decreases in size 

(Brown et aI., 2001) . 

1.9.2 Tissue Delivery and Excretion of Silica Nanoparticles 

Different sized silica nanoparticles (50nm, 100nm and 200nm) were evaluated previously 

for their toxicity, bio distribution and excretion. It is already reported that 50nm particles 

were cleared from the body through urine and bile. While 100nm and 200nm particles 

remained at low concentration as reported through urine and fecal analysis. Silica particles 

are trapped in liver and spleen by macrophages and remain there until 4 weeks after single 

injection (Cho et aI., 2009). 
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1.9.3 Surface Modifications of Mesoporous Silica Nanoparticies for 

Controlled Drug Release 

MSNPs have high surface area and capability to carry drugs. High density of silanol groups 

are present on silica surface that can be easily modified with a widespread range of organic 

functional groups. It allows for modification of surface with targeting agents such as 

antibodies, folic acid, polymers such as cellulose derivatives, polyethylene glyco l and many 

others so that rapid clearance of nanoparticles would occur. These polymers minimize 

opsonization. Some of the polymers used are described below. 

1.9.3.1 Carboxymethyl Cellulose and Ethyl Cellulose 

Cellulose derived from plant source is used extensively in pharmaceutical industries. 

Derivatives of cellulose like ethyl cellulose, carboxymethyl cellulose, methyl cellulose and 

other are used extensively in oral, topical and injectable formulations. Cellulose is inert and 

excellent biocompatible element in humans. Carboxymethyl cellulose is used as a primary 

component ofseprafilmTM which is applied to surgical sites for prevention of post-surgical 

adhesions . 

Resins rapidly release the drug as it reaches the target site, therefore they are coated with 

ethyl or carboxymethyl cellulose to delay drug elution (Jackson et ai. , 2011). 

Immobilization of ethyl cellulose improves the aqueous stability and photo stability of drug 

(Wilczewska et ai., 2012). 
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1.10 Aims and Objectives 

The present study investigates the hematological response elicited by mesoporous ho llow 

core drug coated silica nanoparticles in leukemic rat model. 

The main objectives of study were: 

)0> To develop nanoscale drug delivery mechanism in which nanoparticles selectively 

delivers drug to tumors 

~ To check the changes in the hematology and morphology ofWBCs in leukemic rats 

after treatment with plant extracts coated MSNP 
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MA TERIALS AND METHODS 

2.1 Reagents 

Experiment performed deal with the synthesis, characterization of MSNPs, extract loading 

on MSNPs and targeted del ivery of drug in leukemic rats. For the synthesis and loading 

following reagents are used 

Table 1: Chemicals used in MSNPs synthesis and coating. 

Name Formula Purchase 

Carboxymethyl cellulose CH2C02H Sigma-Aldrich 

Cetyltrimethylammonium bromide Cl9H42BrN Sigma-Aldrich 

Dimethyl sulfoxide C2H60S Sigma-A ldrich 

Sodium Hydroxide NaOH Sigma-Aldrich 

Starch C6HlOOS Sigma-Aldrich 

Tetraethyl orthosilicate SiC8H2004 Sigma-Aldrich 

2.1.1 Synthesis of Mesoporous Silica Nanoparticles (MSNPs) 

MSNPs were synthesized by a chemical method . A 0.25% (w/v) so lution of 

Cetyltrimethylammonium bromide (CTAB) was prepared at 80°C after mixing for 1 h. 

Tetraethyl orthosilicate (TEOS) (5 mL), a precursor of silica, was mixed drop-wise with 

0.25% solution of CTAB. After 2 min incubation at room temperature, solution became 

turbid showing hydrolysis of silicate which was maintained at stirring for 2 h. Second 
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solution containing 0.28 % sodium hydroxide (NaOH) was magnetically stirred and heated 

to 80a C. Both solutions were mixed and kept on stirring overnight. Solution was left until 

complete settlement of particles. For calcination, filtrate was dried out in oven at 60·C 

overnight, then temperature was raised to 100 ·C for the next 24 h. After complete drying 

product was collected and made them in fine powder form. 

2.2 Characterization of Nanoparticles 

MSNP were characterized by XRD (Bruker D8 Advance, Germany), SEM (JEOL JSM-

5910) UV-visible spectrophotometer Perklin Elmer UV/VIS-Lambda 25 , FTIR (Bruker, 

Tensor 27) . 

2.2.1 X-ray Diffraction Spectroscopy 

The XRD analysis ofMSNPs was done on X-Ray spectrophotometer (Bruker D8 Advance, 

Germany) using radiation ofCu-Ku, A,=1.54 • A, at 40 KV and 30 rnA. The average particle 

size was determined from full width and half length (FWHL) using Debye Scherrer 

equation, D=0.9A, / fJcosf} 

2.2.2 Scanning Electron Microscopy (SEM) 

The microscopic features of MSNPs was observed with SEM (lEOL JSM-5910). To 

observe genuine pore structures on the external surface, the samples were observed without 

any metal coating for SEM. By using a low accelerating voltage, we can obtain selective 

information from the surface region. 

2.2.3 UV - VIS Spectroscopy 

The optical absorption spectra of uncoated MSNPs, drug loaded MSNPs and polymers 

were measured by UV -VIS spectrophotometer (Perklin Elmer UV!VIS-Lambda 25). 

Absorption spectra were taken in the range of 250-800nm at room temperature . 
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2.2.4 Fourier Transform Infrared Spectrophotometer (FTIR) 

Dried powder of each plant extract was used for FTIR analysis. Powder (10 mg) of the 

dried extract was encapsulated in 100 mg of KBr pellet, in order to prepare translucent 

sample discs. The powdered sample of each plant extract was loaded in FTIR spectroscope 

(Bruker, Tensor 27) with a scan range from 400 to 4000 cm- I with a resolution of 4 cm -I. 

2.3 Collection of Plant Material 

Plant material was collected from clonal repository of National Agriculture Research 

Center (NARC) Islamabad . 

2.4 Drug Loading on Nanoparticles 

After synthesis of MSNPs, methanolic plant extracts (Rosmarinus officinalis, Thymus 

vulgaris and Ocimum basilicum) were loaded on them. Plant extract (0.9 g) was dissolved 

in 5mL ethanol. The solution was sonicated until extract was completely dissolved. MSNPs 

(0.18 g) were mixed with drug solution and incubated overnight. The solution was air dried 

and mashed to get powder form . 

2.5 Polymer Coating on Extract-Loaded Silica Nanoparticies 

2.5.1 Ethyl Cellulose Coating on Thymus Vulgaris Loaded MSNPs 

TH-Ioaded MSNPs were completely dissolved in 4.1 mL dimethyl su lfoxide (DMSO) i.e. 

conjugate solution (MSNPs + extract). Polymer solution was made by dissolving 0.009 g 

ethyl cellu lose in 5mL DMSO. These solutions were mixed and incubated at room 

temperature on magnetic stirrer for 2 h. Product was sealed to avoid contamination. 
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2.5.2 Carboxymethyl Cellulose (CMC) Coating on Ocimum Basilicum­

Loaded MSNPs 

To coat CMC on Ba, 0.009g CMC was dissolved in 5mL DMSO. Another solution was 

made by dissolving 0.008g of drug loaded MSNPs in 4.1 mL DMSO. Both solutions were 

mixed while stirring for 2 h and sealed to avoid contamination. 

2.5.3 Soluble Starch Coating on Rosmarinus Officinalis (RM)-Loaded 

MSNPs 

RM-Ioaded MSNPs were coated by soluble starch. RM-Ioaded MSNPs (0.008 g) were 

dissolved in 4.1 mL DMSO. Soluble starch (0.009 g) was dissolved in 5mL DMSO. Both 

sealed to avoid contamination. 

2.6 In Vivo Studies 

Male rats (6-8 weeks old) of genus Sprague Dawley were purchased from NIH (National 

Institute of Health) laboratories and maintained at animal house facility at Quaid-i-Azam 

University. Rats were fed properly and given filtered water and maintained in a temperature 

controlled room. Animals were housed as lIcage. All the procedures were done as 

recommended by the Ethical Committee of Quaid-i-Azam University to handle animals 

(BEC-FBS-QAU-09). 

2.6.1 Benzene Studies 

Benzene dissolved in isopropanol (IP A) and injection water was used for all studies. 

Benzene, injection water and isopropanol were taken according to a ratio of 1.5: 1.5 :2. Time 

course studies were performed using a dose (0.1 mLiday/rat) of benzene administered to 4 

groups of rats (3 experiments/3 rats/ group). Each group had corresponding simultaneous 
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controls (3/3 rats/group). Dose response studies were conducted using one group of rats 

(3/3 rats/group) and the rest of three groups were used for treatment after admin istrat ion of 

benzene for 3 weeks which were corresponding to 9 doses of benzene. Benzene dose 

(0.1 mL) was administered at alternate days. 

2.6.2 Drug Administration 

Out of 4 groups (3 rats/group) which have been given benzene doses, 3 groups were 

subj ected to treatment. Final form of MSNPs (extracts + polymer coated) were given in 

dose dependent manner (0.1 mLlday/rat). Three different groups were given separate drugs, 

rosemary-loaded MSNPs to group 3, thymus-loaded MSNPs to group 4 and bas il-loaded 

MSNPs to group 5. 

2.7 Blood Profiling of Rats 

A drop of blood from rat's tail was layered onto the slide. A thin smear was made. Blood 

profiling was done as per schedule shown in figure 1. Group I represented normal rats that 

are taken as control. They were left untreated . Group II represented benzene treated rats, 

given benzene intravenously for three weeks. Group III showed RM-Ioaded MSNPs treated 

rats. After benzene injection for 2 weeks treatment was started and 9 doses of RM-Ioaded 

MSNPs were given. In Group IV leukemia was induced by benzene administration and 

then treated with TH- Ioaded MSNPs. Group V showed rats treated with Ba-Ioaded MSNPs 

after leukemia induction by the action of benzene. 
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Figure 1: Schematic representation ofleukemia induction and treatment with extract-

loaded MSNPs in 5 groups of rats. 

2.8 Giemsa Staining 

Table 2: Reagents used in leukemia induction and blood cells staining 

Name Formula Purchase 

Benzene C6H6 Merck 

Giemsa Sigma 

Methanol CH30H Merck 

Isopropanol C3HsO Merck 
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2.8.1 Blood Smear Formation 

Rats of each group were anesthetized and opened by mid abdominal incision. Blood was 

taken from heart and collected immediately in EDTA tubes and impression smears were 

made on slides . After drying, cells were fixed in absolute methanol for LO min and stained 

with Giemsa dye (MAKE, Country) (lOX dilution of Giemsa in PBS). Slides were 

examined under light microscope (IRMECO) for morphological analysis and differential 

count of rat blood cells. 

2.8.2 Bone Marrow Staining 

After sacrificing rats their bone marrow was collected from femur and tibias by flushing 

shaft with PBS using a syringe with a needle 26G. Gentle pipetting was done to avoid 

disaggregation. Cells were centrifuged at 200g for 10 min and supernatant was discarded. 

The cell pallet was re-suspended in PBS. Bone marrow cells were fixed on slide, stained 

with Giemsa dye and morphological studies were done under light microscope (IRMECO, 

XIOO). 
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Results 

3.1 Characterization of MSNPs 

Characterization of synthesized MSNPs was done by means of XRD, SEM, UV-VIS 

spectroscopy and FTIR spectroscopy. 

3.1.1 Particle Size and Shape Analysis 

XRD analysis ofMSNPs was done on X-ray spectrophotometer (Shimadzo 6000) by using 

radiations ofCu-K<i, A=1.54°A, at current of 30 rnA and voltage of 40K. Fig 2 represents 

the XRD pattern of MSNPs.The observed pattern showed diffraction peak at 28=31.035 . 

Size was determined from Full Width at Half Maximum (FWHM) using Debye Scherrer 

equation, D=0.9IJpcos8 that showed MSNPs are of 47.94nm diameter. 

Table 3: Calculation of MSNPs diameter from Scherrer equation. 

K 0.9 

A 1.54E-I0 

kA 1.4E-I0 

Sample Si02 

pObs 0.03 

20 31.03 

0 15.5 

e (Radian) 0.27 

CosO 0.96 

p.CosO 0.028 

D 4.8E-09 

D(nm) 47.94 
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Figure 2: XRD Pattern of MSNPs. 

3.1.2 Scanning Electron Microscopy (SEM) 

Microscopic features of MSNPs were observed by SEM. To observe genu ine pore 

structures on external surface, MSNPs were observed without any coating for SEM. Figure 

3 shows SEM images taken at different resolutions. This SEM confirms mesoporous nature 

ofMSNPs and size calculated by XRD. 

Figure 3: SEM of MSNPs. 
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3.1.3 Spectrophotometric Analysis 

The optical absorbance spectra ofnanopartic1es were measured by UV/Vis in liquid cuvette 

configuration. Absorption spectra was taken at room temperaturre over range of 200-

800nm. 

3.1.3.1 UV-VIS Spectroscopy Of MSNPs, Crude Extract and Extract 

Loaded MSNPs 

Figure 4(a) show the absorbance spectra ofMSNPs. MSNPs showed no absorbance in 

visib le rgion . The absorbance pattern of RM crude extract (4b) and RM-loaded MSNPs 

exhibited characteristic absorption at 680nm. Figure 4(c) represent absorbance ofTH and 

4(d) TH-loaded MSNPs, both of the samples displayed absorption spectra at 670nm. Ba 

crude extract (figure 4e) and Ba-loaded MSNPs (figure 4f) showed absorbance at 410 and 

670nm showing no other peak. This data confirmed loading of all plant extracts on MSNPs 

as they showed same absorbance pattern observed in crude extracts. 
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" (c) 

" (f) (g) 

Figure 4: Absorbance spectra of MSNPs, crude extracts and extract loaded MSNPs. 

(a), MSNPs; (b) RM crude extract; (c), RM-Ioaded MSNPs; (d) TH crude extract;(e), 

TH-Ioaded MSNPs; (1), Ba crude extract; (g), Ba-Ioaded MSNPs. 

3.1.4 FTIR- Spectroscopy 

3.1.4.1 RM Coated MSNPs Encapsulated by Starch 

Absorbance spectra of MSNPs (a), RM (b), RM coated MSNPs, starch (d) and final form 

of MSNPs loaded with drug and encapsulated in starch (e) is shown. Characteristic peaks 

are shown in ranges of 550-850 cm-' shows presence of alkyl halide. 1000- 650 shows 

alkenes are there. 1000-1320 cm-' that represent alcohols, carboxylic acids, esters, ethers 

are present 1250-1020 cm-' shows aliphatic amines. Peak in range 1470- 1450 cm-' that 

shows alkanes are present. Peak in range 1550-1475 depicts presence of nitro compounds. 

Peak lying in range 1650-1580 shows the presence of primary amines. 2260-2 100 shows 

alkynes. Alkanes are present as peak range is between 3000-2850. Peak lying in 3400-
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3250 that depicts presence of primary, secondary amines, am ides. 31 00-3000 shows 

alkynes are present. 
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Figure 5: FTIR ofRM-loaded MSNPs with soluble starch coating. (a) MSNPsj (b) 

RM crude extractj (c) RM coated MSNPsj (d) soluble starchj (e) final loading 

product MSNPs, RM and soluble starch. 
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3.1.4.2 TH-Ioaded MSNPs coated by EC 

Absorbance spectra of MSNPs shown in figure 6(a), thymus crude extract (figure 6b), TH-

loaded MSNPs (6c), ethyl cellulose (EC) (6d) and final form of MSNPs loaded with TH 

and coated with ethyl cellulose (6e). Characteristic peaks are shown in ranges of 550-850 

cm- I shows presence of alkyl halide. 900-675 cm-I shows aromatics are there. 1000-650 

cm-I shows alkenes are there. 1000-1320 cm-I that represent alcohols, carboxylic acids, 

esters, ethers are present. 1250-1020 cm- I shows aliphatic amines. 1360-1290 shows nitro 

compounds in this group. Peak in range 1550-] 475 depicts presence of nitro compounds . 

1680-1640 cm- I shows presence of alkenes. 2260-2 100 cm- I shows alkynes. Alkanes are 

present as peak range is between 3000-2850. Peak lying in 3400-3250 that depicts 

presence of primary, secondary amines, amides. 3100-3000 shows alkynes are present. 

3500-3200 shows phenols and alcohols are there. 
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Figure 6: FTIR of TH-Ioaded MSNPs with EC coatings. (a) MSNPs; (b) TH crude 

extract ; (c) TH-Ioaded MSNPs; (d) EC; (e) final loading product MSNPs, TH and EC. 

3.1.4.3 FTIR of Ba-loaded MSNPs with CMC Coatings 

IR spectra is represented in figure 7, MSNPs (7a), basil crude extract (7b), Ba-loaded 

MSNPs (7c), starch (7d) and Ba-loaded MSNPs encapsulated with CMC (e). Peaks 

observed in all these loading are between ranges of 550-850 cm'! shows presence of alkyl 

halide. 650-1000 cm'! that shows alkenes. 1000-1320 cm-! that represent alcohols, 

carboxylic acids, esters, ethers are present. 1250-1020 cm-! shows aliphatic amines are 

found in this compound. 1500- 1400 that shows aromatic groups are present.l475-1550 

shows presence of nitro compounds. 1710-1665 that shows alpha, beta- unsaturated 

aldehydes, ketones are present. 2260-2100 shows alkynes. 3000-2850 that shows alkanes 

are present. 3200-3500 that shows alcohols and phenols are there in this compound. 
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Figure 7: FTIR of Ba-Ioaded MSNPs with CMC coatings. (a) MSNPs; (b) Ba crude 

extract; (c) Ba-Ioaded MSNPs; (d) CMC ; (e) final loading product MSNPs, basil and 

CMC. 
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3.2 Relative Organ Weight of Control, Leukemic and Treated Groups of 

Rats 

Body weight of rats were measured initially, after benzene treatment and finally at the time 

of dissection after treatment with nanomedicines. Average body and organ weights ofrats 

from all groups was calculated and shown in figure. Control represents group T rats that 

were normal without any treatment and taken as a reference to compare other groups. 

Leukemic rats represent group II that were induced leukemia by benzene dosing. RM shows 

group III that was Rosmarinus officinalis coated MSNPs treated group. TH represents 

group IV that is thymus vulgaris coated MSNPs treated group. Ba represents group V that 

is treated by basil coated MSNPs. Examining the relative body weight of organs from all 

groups showed significant decrease in liver weight of TH group . No significant change in 

the relative body weights of other organs was observed. 
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Figure 8: Comparison of relative organs weight of control, leukemic and treated 

groups of rats. 
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3.3 Hematological Profile of Normal, Leukemic and Treated Rats 

3.3.1 Comparison of WBCs Differential Count of Control Vs Leukemic 

Group 

To see the differential count of rats, blood smears were made on microscopic glass slides 

and stained with giemsa dye. Average white blood ce ll count of group I rats showed 6% 

neutrophils, 67% lymphocytes, 8% monocytes, 0.8% eosinoph ils, and 2.9% basophils. 

Group II rats were administered benzene intravenously and blood profiling was done after 

1, 2 and 3 weeks of injection. pI week of benzene injection showed 14% neutrophils, 57% 

lymphocytes, 8% monocytes, 1 % eosinophils. 2nd week of benzene showed increase of 

neutrophils up to 40%. Lymphocytes decreased to about 38%, monocytes 4%. Significant 

increase was found in neutrophils and significant decrease in lymphocytes. Significant (*) 

increase was seen in W2 neutrophil count and significant decrease shown in lymphocytes 

of W2. 3rd week data is not shown here as most of the cells were burst and damaged by 

benzene action. 
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Figure 9: Differential count of WBCs in rats induced with benzene. Control; (WI) 

week I and (W2) after benzene administration. 
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3.2.2 Comparison of WBCs Differential Count of Leukemic Vs Treated 

Groups 

A verage count of WBCs stained with giemsa in leukemic rat (W2) after two weeks of 

benzene administration showed neutrophils 40%, lymphocytes 38%, and monocytes 4%. 

Group III (treated with RM-Ioaded MSNPs) showed 16% neutrophi ls, 23% lymphocytes, 

4% monocytes, 1 % eosinophi ls, and 3% basophils. Group IV (treated by thymus-loaded 

MSNPs) showed 36% neutrophils, 10% lymphocytes, 14% monocytes, 0.5% eosinoph ils 

and 0.7% basophils. Group V (basil loaded MSNPs treated) rats showed average neutrophil 

count of 9%, 35% lymphocytes, 4% monocytes, eosinophils 2% and 2.5% basophils.W2 I 

RM exhibited significant decrease in neutrophil count. W 2/TH showed significant decrease 

in lymphocytes and significant increase in monocyte count. W2/Ba shows significant 

decrease in neutrophil count. 

Figure 10: Differential count of WBCs in rats after benzene administration and 

treatment with extract-loaded MSNPs. W2 shows (week 2 of benzene); RM, 

(Rosmarinus officinalis loaded MSNPs); TH, (thymus vulgaris loaded MSNPs) and Ba 

(Ocimum basilicum loaded MSNPs). 
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3.3 Microscopic Examination of Blood Cells 

Blood smear were made on glass slides and after methanol fixation stained with Wright­

Giemsa Dye and studied under microscope. Following images shows morphology of blood 

cells and BM. 

3.3.1 Bone Marrow 

Bone marrow analysis under microscope 100X objective stained with giemsa showed 

distinction between control, leukemic and treated groups. BM of normal rat (Ila) showed 

erythrocytes (Er), myeloid cells (M), non-segmented neutrophils (NSN), segmented 

neutrophils (SN) and pro-myelocytes (P) and myeloblasts (MB). Leukemia treated rats 

(figure 11 b) showed myeloblasts (MB), pro-myelocyte (P), late myelocytes (M), non­

segmented neutrophil (NSN), segmented neutrophils (SN) and erythroid precursors (Er) . 

Large number of blast cells and mature lymphocytes were seen in leukemic rat. Figure 

II(c) showed BM of RM-loaded MSNPs treated group. Red blood cell precursors were 

more prominent and granulated cell's precursors were also seen. TH-Ioaded MSNPs 

showed BM with fat bodies prominent and less blast cells were found as shown in fi gure 

II(d). BM analysis showed more neutrophil precursors in this group. Figure 11 (e) 

represent BM of Ba-Ioaded MSNPs treated group. WBCs precursors were seen along with 

erythrocyte precursors with less no of blast cells. 
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Figure 11: Bone Marrow of normal, leukemic and treated rats. (a), control BM; (b) 

benzene treated; (c), RM-loaded MSNPs; (d), TB-loaded MSNPs; (e), Ba-loaded 

MSNPs treated. Where MB indicates myeloblasts; P, pro-myelocyte; M, late 

myelocyte; NSN, non-segmented neutrophil (band); SN, segmented neutrophil; Er, 

erythroid precursor. 
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3.3.2 Erythrophagocytosis Shown by Leukemic Rats 

Microscopic examination of giemsa stained blood smear of leukemic rats showed 

erythrophagocytosis. Figure 12 represent this phenomenon where WBCs engulfed 

erythroc ytes. 

Figure 12: Erythrophagocytosis shown by leukemic rat. 

3.3.3 Blood Cells Morphology 

Blood was taken from rats and smear was made and stained with giemsa. Microscopic 

examination with XIOO showed morphology changes of red blood cells as well as white 

blood cells depending on the type of treatment. Fig (a) represents normal group of rats in 

which RBCs as well as WBCs are intact with their regular shape. (b) Is representing blood 

cells morphology of leukemic rat, WBCs seemed to be burst with different shapes as 

compared to normal cells. (c) Represents RM treated group, RBCs were of regular shape 

and WBCs with real morphology was seen in blood stream. (d) Characterizes thymus 

coated MSNPs treated rat blood, both RBCs and WBCs with intact shape were seen. (d) 

Signify basil coated MSNPs treated blood, RBCs regained their form and WBCs were also 

seen in definite morphology. 
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(f) 

,., 

Figure 13: Blood cells morphology. (a) , Normal; (b), benzene treated; (c) RM-loaded 

MSNPs; (d), TH-loaded MSNPs ; (e), Ba-loaded MSNPs treated rats. 
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Discussion 

Nano-medicine has opened new avenues for improving therapeutical and pharmacological 

effects of conventional drugs . Nanoparticles due to their small size and large surface area 

proved to be beneficial in targeted drug delivery. Nanoparticles reach cellular level and can 

cross blood brain barrier due to their small dimensions. Site specific targeting allows less 

damage to normal tissues as it delivers drug to pathological site. 

MSNPs have high capacity of drug loading, better in vitro and in vivo biocompatibility and 

can be excreted safely from the body. MSNPs characterized through XRD, UVIVIS 

spectroscopy, SEM and FTIR confirmed the final formulation of MSNPs. It is already 

established that anti-tumor drug loaded nanoparticles of less than SO nm size show target 

specificity (Zhang et aI. , 2014). XRD and SEM analysis of MSNPs confirmed size of 47.9 

nm which corresponds to the prev iously published data. FTIR data (1076 cm-I and 3162 

cm- I
) confirmed the presence of Si-O and silanol O-H stretching which are the 

characteristic bonds of MSNPs and corresponds to the data published elsewhere (Mondal 

& Mishra, 2014) . 

Three different plant crude extracts (rosemary, thymus and basil) were loaded on MSNPs. 

The quantity of extract loaded on MSNPs was set as I S0mg/kg body weight of rat (un­

published data). MSNPs were taken according to 20mg/kg of body weight of rats. It is 

already reported that dosage (SOmg/kg body weight) of MSNPs is adequate for in vivo or 

in vitro application in cancer therapy (Lu et al. , 2010). 

Silicon nanoparticles are decomposed to soluble ortho-silicic acid and purged through renal 

system of the body within four weeks. When intravenously administered, these particles 

accumulate in liver, kidneys and spleen. Authors demonstrated that silica nanoparticles are 

safely excreted through renal route even if they are not delivered to the target site (Slowing 
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et aI. , 2008). MSNPs showed no considerable toxicity (data not shown) to organs and their 

growth was same as that of control. 

Extract loading on MSNPs was confirmed by UV/Vis spectrophotometric data analysis and 

FTIR spectra. Characteristic peaks of Si02 and loaded extracts were seen on final 

formulation of MSNPs. Th is confirmed quality of loading on MSNPs. Extract-loaded 

MSNPs were coated with different polymers which made them sustained-release 

formulation. FTIR data also confirmed the presence of polymers on the surface ofMSNPs. 

Starch has been reported to be used as a stabilizer or suspending aid of inso luble particles 

in aqueous media (Bozanic et aI. , 2007). The coated polymers were biocompatible. These 

polymers delay the abrupt release of drug from the MSNPs. The sustained release strategy 

was applied so that maximum drug should reach target cells causing least damage to normal 

cells. 

Extract-loaded MSNPs were evaluated for their potential for symptomatic improvement of 

AML. Benzene, a potent inducer of AML, administration for two weeks showed increased 

leukocyte count in the blood smear. Neutrophilia, lymphopen ia and decreased level of 

monocytes were observed in addition to presence of blast cells in blood smear that 

confirmed AML. Lymphopenia during AML might be due to the elevated leve l of plasma 

arginase-II which halts T-cell proliferation. Blast cells in BM polarize surrounding 

monocytes to an immunosuppressive M-2 like phenotype that is also dependent on arginase 

(Mussai et aI. , 2013). This also results in low count of monocytes. BM analys is showed 

higher number of blast cells in leukemic rats as compared to the control BM. 

After three weeks of benzene administration, leukocytes were disrupted or distorted and 

BM had higher number of blast cells. Treatment after three weeks of AML induction 

showed no significant improvement that might be due to severity of disease. Hence, 
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treatment was started after second week of AML induction that showed improvement in 

AML condition. 

RM-loaded MSNPs showed decrease in neutrophils and lymphocytes counts as compared 

to diseased blood profile of same rat group. Relative weight of different organs in rats 

treated with RM-loaded MSNPs was almost same as compared to control with slight 

deviations. 

TH-loaded MSNPs treatment did not show significant decrease in neutrophil count. 

However, significant decrease in lymphocytes count was observed as a reaction of this 

treatment. Monocyte count was significantly increased by the action of Thymus vulgaris. 

Relative weight of different organs was normal except the liver which showed significant 

decrease after treatment relative to control and benzene treated . TH-loaded MSNPs did not 

show considerable improvement in morphology of hematology AML rats. 

Differential count after treatment with Ba-loaded MSNPs showed signi ficant decrease in 

neutrophil count which improved up to normal level. Lymphocytes count was in normal 

range and monocytes count was decreased . Among three formulations of MSNPs, Ba­

loaded MSNPs showed significant improvements in AML condition. Our data corresponds 

to the previous finding where Ocimum basilicum exhibits significant activity against 

benzene-induced hematoxicity in mice (Saha et aI. , 201 2). 

The BM of benzene treated rats showed higher number of blast cells as compared to the 

BM of control and extract-loaded MSNPs treated rats. However, information of types of 

niches in the BM which coordinate in hematopoiesis and what are effects of benzene on 

them is still lacking (Snyder, 2012). 

It is concluded that generic MSNPs showed characteristic physical properties which are 

suited to their usage as drug carriers. Rosemary, Thymus and Basil loaded MSNPs 
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exhibited a capacity to minimize the impact of benzene (AML condition) as seen by 

differential count ofWBC, relative organ weight analysis, morphological analysis and BM 

analysis . However, Ba-loaded MSNPs exhibited significant impact to improve cellu lar 

indicators as compared to RM- and TH-loaded MSNPs. 

FUTURE PERSPECTIVE 

The data warrants further investigation to assess the mechanistic pathway of AML 

induction. Moreover, impact of prescribed plants extracts as nano-medicine might be 

investigated through expression of arginase-II, TNF-a and relevant pro-inflammatory 

cytokines as these markers are elevated during AML. 
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