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Abstract  

The discovery of biodegradable and biocompatible polymeric materials has a 

significant step to overcome the problems associated with this field. The polylactic 

co-glycolide (PLGA) copolymer nanoparticles system in a size range of 10 to 500 

nanometers can be used to entrap large number of drugs which have the ability to 

escape from reticuloendothelial system of the body, the polymeric loaded 

nanoparticles can remain within the blood circulation for a prolong time and can 

target the specific site, attached on its surface and release the entrapped therapeutic 

agent in a controlled and predictable manner. The release of the drug at a specific site 

or organ of interest can reduce their adverse effects due to the fact that there will be 

no significant concentration of the drug in blood circulation. Other important features 

of these polymeric systems are reduced dosing frequency and aqueous solubility 

which allows the use of these delivery systems effectively for those therapeutic agents 

which have sever toxic effect as well as having either no or less aqueous solubility.  

The objective of this work was to develop a PLGA based polymeric delivery 

system which could entrap Etoposide and enhance its delivery to the organ of interest 

for a prolonged period of time. The use of etoposide is compromised by its 

intrinsically poor water solubility as it is BCS class II drug 

The etoposide Poly(D,L-lactide-co-glycolide) nanoparticles of about 200 nm 

size were prepared by modified solvent evaporation method while utilizing different 

surfactants / stabilizing agents which include polyvinyl alcohol (PVA) and Poloxamer 

407. The surfactant agents were used in the range of 0.25, 0.5, 1.0 and 1.5 percent 

concentrations. During the process of formulation of nanosuspensions the 

concentration of PLGA was kept constant i.e. 15 mg while that of the drug was kept 
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as 1, 2, 3, 4 and 5 mg during the preparation of the suspensions. The %EE of the 

nanoparticles was in the range of 88 to 96%. The nano formulations were 

characterized in terms of particle size, polydispersibility index (PDI), Zeta potential 

(ZP), drug entrapment, particle morphology and in-vitro drug release. The size, PDI, 

ZP and entrapment efficiency of the selected formulations were in the range of (136-

182 nm) (0.11-0.30) (-10 to -12) and (88% to 96%) respectively.  

The drug excipients compatibility was determined by preparing their samples 

in 1:1 mixture and were kept under stress conditions (45 ± 2 ᴼC and 75 ± 5 % RH) for 

90 days and were then analyzed for physical consistency, drug content and FTIR 

spectra. The compatibility studies show that the drug and excipients used in this study 

were compatible and no effect of stress condition was observed on the samples. UV 

Visible Spectrophotometric and High-Performance Liquid Chromatography (HPLC)-

UV methods were developed and validated for the analysis and determination of 

Etoposide. The UV-visible spectrophotometric method was specific, accurate and 

linear in the range of 10-100 µg/ml, with R
2
 values of 0.998. The RP- HPLC-UV 

method was novel, sensitive, accurate, specific and validated for the determination of 

etoposide in physiological fluids. Its linearity was in the concentration range of 12–

1000 ng/ml. The limit of detection (LOD) and limit of quantification (LOQ) were 5 

and 12 ng/ml respectively. 

In-vitro drug release from the NPs was determined by dialysis technique, the 

NPS were capable to sustained the drug in a predictable manner up to seven (07) days. 

The distribution of Etoposide NPs in different organs (liver, lungs, kidney, spleen, 

heart and brain) using mice as an animal model was determined using HPLC-UV 

method. It was observed that these tissues show the presence of drug for longer 

duration after administration of drug loaded NPs as compare to reference formulation. 
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The comparative tissue distribution after intravenous drug loaded NPs administration 

was in the order of liver > lung > kidney > spleen > heart. 

In conclusion, the results obtained in the present study showed that PLGA 

nanoparticles of about 200 nm can be prepared by solvent evaporation method which 

can encapsulate an anticancer agent etoposide and can release a drug in a sustained 

manner for up to 168 hours leading to reduction in dosing frequency as well as 

distributing the drug to the organ of interest. The pharmacokinetic parameters of the 

nanoformulations are significantly improved as compared to the marketed formulation 

of etoposide.  
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1 INTRODUCTION 

1.1 Nanoparticles (NP) based Drug Delivery 

Norio Taniguchi, at the University of Tokyo Japan first used the word 

nanotechnology in the year 1974 and this term can be applied to all those fields which 

use technology on a nano scale i.e. in the size range of 10-1000 nm. [1-5]. In other 

words, nanotechnology can be simply called as the science of measuring at the nano 

scale. A term pharmaceutical nanotechnology is often used when the nanoscience 

technology is applied in the field of pharmacy i.e, in the areas of drug delivery, 

diagnostic and imaging,etc.[6]. 

In the case of nanoparticles (NP) the drug is either dissolved, loaded, entrapped/ 

encapsulated and sometimes attached to a nanoparticle system. NP can be fabricated 

into nanospheres or nano-capsules depending on the method of preparation to be 

adopted. In the case of nano-capsules the drug is present inside the shell which is 

surrounded by a polymeric membrane but in nanospheres the drug is dispersed 

uniformly throughout the sphere[7]. A drug delivery system composed of 

nanoparticles should have the properties like desired particle size, required surface 

properties and the most important is to deliver a pharmacologically active moiety to a 

specific site with a predetermined rate and therapeutic dose regimen to get the desired 

results[8]. To achieve all these properties liposomes have been investigated 

extensively as a drug delivery system by many researchers and have been proved as a 

good carrier having many other advantages, that includes site specific targeting, 

biocompatible, minimum toxicities, very cost effective and easy to produce. Apart 

from these beneficial effects liposome’s also have some disadvantages to be used as 

drug delivery system and these are large in size, reduced storage stability, leaking of 

lipophilic drugs and minimum entrapment of therapeutic agents. In order to overcome 
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these disadvantages, polymeric nanoparticles are considered to be an ideal system for 

drug delivery than liposomes. Polymeric nanoparticles keep the drug stable for a 

longer period of time and release of drug/s at a desired or predetermined rate can also 

be achieved[8-10].  

1.1.1 Types of nanoparticles 

1. Magnetic nanoparticle  

2. Solid Lipid nanoparticle 

3. Polymeric micelles 

4. Metal and inorganic nanoparticles 

5. Liposomes 

6. Quantum dots 

7. Polymeric Nanoparticles 

 

Figure 1.1: Different types of nanoparticles 

Solid Lipid 

Nanoparticles 
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1.1.1.1 Magnetic nanoparticles (MNP) 

MNP are a type of NP which are commonly used as a targeted drug delivery system 

with the ability to target many drugs to their required site. These are composed of a 

magnetic core and a polymeric coating material. The active substances are attached 

with the MNP with the help of oxidized iron or magnetite (Figure 1.2). The MNPs has 

gained the interest of researchers because of its size which can be easily control at the 

time of their formulation and their ability to target a required tissue precisely and 

accurately. The coating of the outer layer of MNPs plays an important role in keeping 

it in disperse form and avoid them to clump together, keeping it specific to a required 

target, controlling their pharmacokinetic and the release of drug in a required 

environment[11, 12].In near future magnetic NPs may prove to be extremely useful 

for the treatment of various types of carcinomas and will minimize the side effects 

produced by antineoplastic agents. Magnetic nanoparticles can be extensively used in 

days to come in different fields like Magnetic Hyperthermia, Magnetic Resonance 

Imaging, Magnetic Susceptometry (Locating Lymph Nodes).  Tumor and cancerous 

tissues can absorb greater amount of magnetic NPs then the health cells which is due 

to the fact that MNPs has higher porosity. This property of MNPs is beneficial for  

magnetic hyperthermia treatment of cancer[13]. 
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Figure 1.2: Diagrammatic representation of Magnetic nanoparticle 

1.1.1.2 Solid lipid nanoparticles (SLNP) 

The scientists are exploring the possibilities to uses SLNPs as a drug delivery system 

due to several reason which includes their superiority over other colloidal carriers and 

biopolymers. They are made from lipid which remain in solid state at room and body 

temperature. These NPs have the capacity to encapsulate hydrophobic drugs better 

than the bio-polymeric drug delivery system. It also has the ability to bypass the liver 

which further make it suitable for drug that are extensively metabolized by the liver 

microsomal system. The preparation of SLNPs doesn’t required the use of toxic 

substances and crosslinking agents due to which the possibility to use it as drug 

delivery system improves further. Their extensive production and sterilization at 

industrial levels is also easy as compared to other types of NP and their large scale 

application also makes it a preferred candidate from commercial point of view[14, 

15].  

1.1.1.3 Polymeric micelles (PM) 

Polymeric micelles are used as a drug delivery system for delivering many agents 

which includes neoplastic substances and nucleic acid etc., for the treatment and 
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diagnostic purpose in the patients suffering from various types of cancers. They are 

mainly used for the better and enhance delivery of hydrophobic agents. The structure 

of polymeric micelles consists of a hydrophobic core and a hydrophilic shell (Figure 

1.3).PM are considered ideal agents for the passive delivery of therapeutic agents by 

enhanced permeability and retention effect (EPR). They can be fabricated in the size 

range from 10 to 100 nm. The particles available in this size range usually cannot be 

localized in the organs like liver and spleen which have the ability to metabolize the 

drugs and neutralize the foreign particles. The polymeric micelles have the ability to 

cross the physiological barriers and can penetrate and accumulate in solid tumors after 

an intravenous administration. [16-18].  

 
Figure 1.3: Diagrammatic representation of a polymeric micelle 

1.1.1.4 Metal and inorganic nanoparticles 

Formulation of inorganic NPs involves implanting of synthetic polymer on inorganic 

particle. Inorganic nanoparticles can also be prepared by adding modified NP in to 

polymer material (Figure 1.4). Such type of NPs will have desired mechanical as well 

as other properties and can be used to deliver a drug to achieve the best possible 

results. The inorganic NPs which are obtained as a result of these materials have the 
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unique features of both the polymeric material (low weight and easy to produced) as 

well as that of the inorganic substances[19].  

 

Figure 1.4: Diagrammatic representation of crystalline inorganic nanoparticles 

Inorganic NPs have a diverse use in many areas e.g. these pigments are used as 

colorants for various applications such as paints, inks, and cosmetics. 

1.1.1.5 Quantum dots 

Quantum dots (QDs) is anew class of carbon nanomaterial, also called as fluorescent 

carbon NPs or carbon quantum dots (Figure 1.5). Scientists have taken keen interest 

in QDs as these are easily available, highly soluble, inexpensive having unique 

properties like fluorescent emission and optical characteristics. These were discovered 

in 2014 at the time of purification of single wall carbon nanotubes (SWCNT). Their 

optical features are not similar to the larger object because of their extremely small 

size. The interest of the researchers was further increased in carbon quantum dots 

when their properties like low toxicity, best biocompatibility and good biological 

characteristics, as compared to other material were came to known. Due to all such 

unique properties their uses were assessed in bioimaging, biosensing and as a drug 

carrier [20, 21]. 
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Figure 1.5: Typical Structure of a Quantum dot 

1.1.1.6 Liposomes 

Liposome’s are lipids containing vesicles, available in different sizes ranging from 

20nm to few hundreds of nanometers. They are composed of lipid bilayer, which 

encapsulates an aqueous phase in which drugs can be delivered. Liposomes are 

divided into three different categories which includes, 

 Multi-lamellar vesicles (MLV), there are large number of bilayers in MLV and 

its diameter ranges from one hundred to several thousands of nm. Unilamellar 

vesicle can be formed from MLV. 

 Small uni-lamellar vesicles (SUV) having a diameter of less than 100 nm and 

 Large uni-lamellar vesicles (LUV) having a diameter of more than 100 nm. 

[22] 

Liposomes act as a carrier system that is when present in blood are forced into the 

interstitial spaces of inflamed endothelial and reach to its site of action. An additional 

molecule can easily be added to the outer layer of liposome and hence a specific 
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tissue can be targeted through it by passive and active diffusion as well.  The chances 

of opsonization and clearing of liposomes from the body by the mononuclear 

phagocytic system(MPS) can be reduced by PEGylation due to which liposomes can 

remain inside the body for a highertime which leads to increased circulation half-life. 

The opsonization of liposomes was one of the major problems which has limited its 

use as a drug carrier system and this problem has been reported by almost all 

researchers which hasnow been controlled to a greater extent by the process of 

PEGylation of liposomes. PEGylation leads to increase in size and molecular weight 

of the conjugated molecule, improves its pharmacokinetic and pharmacodynamics 

parameters, protect it from degradation by enzymes, reduce its renal and plasma 

clearance, increases its half-life in comparison with non-PEGylated molecules[23, 

24]. 

1.1.1.7 Polymeric nanoparticles (PNP) 

These are one of the most important and extensively used substances as a drug 

delivery system either for targeting of a specific organ or to obtain a sustain release 

effect of a drug. The PNPs can be prepared in a wide range of sizes (20 to 250 nm or 

above) by controlling different parameter at the time of their formulation.  The 

pharmacokinetics i.e. distribution, bioavailability, plasma protein binding, excretion 

and reduce side effects etc of a therapeutic agent can easily be improved by using 

different kinds of PNPs. In addition to these properties they can increased the drug 

solubility, improve thermodynamic stability and targeting a tumor via the enhanced 

permeation and retention (EPR) effect and no or less inactivation of entrapped 

therapeutic drug. The polymer which are used for the preparation of PNPs includes 

poly caprolactone, poly lactic acid, poly lactic co glycolide etc. In order to inculcate 

stealth properties  these polymeric NP are also coated with poly ethylene glycol, 
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polyethylene oxide etc. which makes them resistant to various immunological 

barriers, decrease their uptake by the phagocytic system in the body and prolong their 

residence in the biological system[25, 26]. 

1.2 Advantages of Nanoparticles as a drug delivery System 

Several benefits of using nanoparticles as a drug delivery system have been cited by 

the literature few of which include the following. 

 Both active and passive targeting of different organs can be achieved while 

controlling the size and surface properties of nanoparticles. 

 Increase therapeutic effects and low side effects of pharmacologically active 

substances can be achieved while delivering the same in the form of 

nanoparticles.  

 After targeting of a specific organ and localizing drug there, control and 

sustain release of a drug can easily be achieved with better clearance and 

minimizing its localization in other nonspecific tissues/organs.   

 Controlled release of a drug, at a required rate can easily be achieved as 

compared to any other system.   

 Maximum drug loading without any chemical reaction is possible while 

introducing it to the body as a result of which maximum drug activity is to be 

achieved.  

 Antibody/ ligands can be attached to the surface of nanoparticles in order to 

achieve more specific targeting of the desired organ/s.  

 Nanoparticles based drug delivery system has the ability to improve the water 

solubility of hydrophobic drugs, reducing immunogenic response of body to 

drug, less frequency of drug administration, release drugs in environment 

friendly manner, simultaneously delivery of two or more drug and hence to get 
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a better therapeutic response while producing synergistic effect, overcoming 

resistance to drugs etc. 

 There is no limitation of route of administration and nanoparticles can be 

introduced into the body via different routes that may be oral, parenteral, intra 

peritoneal, intra ocular, nasal, etc.[27, 28] 

Table 1.1: Overview of some applications of Nano-particles in Pharmaceutical 

and Biological Sciences. 

Class Material Application 

Polymer carriers 

Block copolymers 

Polycaprolactone 

Polylactic acid 

Poly (cyano) acrylates 

Polyethyleneimine 

Polyalkylcyanoacrylate 

Drug and gene delivery. 

Quantum dots 
SPIONS 

USPIONS 
Imaging (MRI) 

Fullerenes Carbon based carriers Photodynamics 

Dendrimers Branched polymers Drug delivery 

Natural material and their 

derivatives 

Dextran 

Chitosan 

Starch 

Gelatin 

Alginate 

Liposomes 

Drug and gene delivery 

Various 
Silica nanoparticles 

Mixture of above 
Gene delivery 
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Figure 1.6: Classification of Nanoparticles based drug delivery system 

1.3 Different types of Carriers in Nanoparticles-based delivery systems 

1.3.1 Natural polymers and their derivatives 

1.3.1.1 Starch 

It is a naturally occurring and is mainly used as an excipient in many pharmaceutical 

preparations. It is usually composed of two homopolymers of D-glucose, a linear 

amylase (10 – 20%) and branched amylopectin (80- 90%) depending on its source. It 

is hydrophilic in nature and shows reactivity for alcohols due to the presence of 

hydroxyl gaps in its chain.  It has been extensively used by the researchers and 

scientists due to its low cost, biodegradability, and production from renewable 

Nanoparticles-
based delivery 

systems 

Natural 
polymers 
and their 

derivatives  

Starch  

Chitosan 

Dextrain 

Gelatin 

Legumin 

Gliadin 

Albumin Polymer 
carrier 

Poly 
Ethyleinemine  

Poly lactic acid 
(PLA)  

Block co polymer  

Dendrimers  

Poly 
(amidoamine) 
dendrimers  

Poly (propylene imine) 
dendrimers (PPI)  

Carbon 
Nanotube  

Fullerene 

Buckyball 
cluster  
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resources [29]. Starch can be utilized in the form of nanoparticles, microspheres, 

nanocrystals and nanocolloids as a drug delivery system. Nanoparticles were prepared 

from grafted starch which is then cross-linked with Na-tripolyphosphate for the 

purpose of stabilization. Indomethacin was used as a model drug to study the formed 

nanoparticles of starch. It was found that starch nanoparticles grafted with oleic acid 

(fatty acid) is suitable for controlled oral drug delivery [30]. 

1.3.1.2 Chitosan 

It is a semi crystalline polymer in the solid state. Many of its polymorphs are available 

in the literature. Chitosan is an effective candidate in terms of biodegradability and 

efficiency than synthetic polymers. Chitosan can be easily modified, safe and 

biodegradable. It is obtained naturally, therefore, it is very suitable for biological 

applications[31].   

1.3.1.3 Dextran 

Dextran is a complex polysaccharide made of large number of D- glucose monomers 

which are linked by glycosidic bonds. Its chain consists of varying lengths i.e. 3 to 

2000 kilo Daltons. Dextranmagnetic nanoparticles can be prepared from dextran 

which are safe and very efficacious [32]. Chitosan- dextran nanoparticles have been 

prepared and the effects of the weight ratio of polymers have been studied on particle 

size, surface charge, entrapment efficiency and release behavior. Desired release 

properties can be obtained from this nano polymeric system by using different ratios 

of the monomers in its preparation [33]. Chitosan-dextran sulfate nanoparticles have 

also been developed for amphotericin B. In this preparation zinc sulfate was used as a 

crosslinking and hardening material in this study [34]. Increased insulin association 

and retention in gastric imitated condition has been shown by Dextran sulphate-

chitosan NP [35]. 
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1.3.1.4 Gliadin 

It is a natural plant prion free protein unlike animal protein obtained from wheat and 

other cereals. It is a component of gluten. Gliadins and glutenins are the two major 

component of gluten fraction of the wheat seed. They are hydrophobic and slightly 

polar in nature. It can interact with skin keratin, therefore, can be effectively used in 

topical formulations [36].This protein of plant origin is suitable for the production of 

mucoadhesive nanoparticles. In addition to wheat, it can also be obtained from 

vicillin. It is biodegradable, biocompatible and naturally occurring, therefore can be 

used as nanoparticles in many drug deliveries [37-39]. Gliadin and gliadin-gelatin 

composite nanoparticles have been synthesized for examining the delivery and 

controlled release of anticancer drug cyclophosphamide. It was observed that 

cyclophosphamide was slowly released from gliadin nanoparticles for 48 hours but 

was released from gliadin-gelatin composite NP in a fast manner. It was also observed 

that the breast cancer cell become apototic when cultured with cyclophosphamide 

loaded gliadin nanoparticles for 24 hrs. It is therefore recommended that gliadin based 

nanoparticles could be used as a powerful tool for the delivery and controlled release 

of anticancer drugs [40]. As gliadin is a biopolymer it doesn’t possess the common 

disadvantages of synthetic materials [41]. 

1.3.1.5 Legumin 

It is a protein obtained from plants which include beans, peas, and lentils. Nano drug 

carrier from vegetable proteins has many advantages than the animal proteins. 

Proteins obtained from plant sources are also less expensive. Legumin can go through 

self-assembly to produce nanoparticles after aggregation or chemical cross- linking 

with glutaraldehyde. Its nanoparticles can be produced easily by coacervation method. 

The pH required to get the coacervates is near to neutral and particles in the range of 
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250 to 300 nm can be prepared using the mentioned method at a pH ranges from 4.5 

to 7 [42, 43]. 

1.3.1.6 Gelatin 

Gelatin is obtained from one of the basic components of animal skin, bones and 

connective tissues i.e. collagen. Gelatin nanoparticles is gaining attention of the 

researchers due to its safe nature and its capability to readily carry drug molecules 

through biological membrane. Apart from these advantages it is easily available, 

economical and the presence of large number of functional groups on its surface for 

easy crosslinking and attachment of the desired ligands make these nanoparticles as a 

choice of drug delivery system for many researches[44]. There are also certain 

disadvantages associated with the use of gelatin nanoparticles and the most important 

among them is its low drug loading ability due to its hydrophilic nature.  Gelatin can 

be extensively explored in colloidal drug delivery research due to its numerous 

advantages over other dosage form. There are many recent articles on the utility of 

gelatin nanoparticles-based drug delivery system for anticancer, ocular and statins 

(lipid lowering) drugs [44-47]. 

1.3.1.7 Albumin 

Albumin based nanoparticles are one of the best drug carrier system because it has 

certain advantages like high stability during formulation and storage. Being natural it 

is nontoxic, non-antigenic and can be easily handled during manufacturing process 

then other drug delivery carriers. Albumin is biodegradable and produce innocuous 

degradation products, non-immunogenic, can be easily purify and hydrophilic, can 

easily be delivered by injection. Due to all these properties it is considered to be one 

of the best materials for nanoparticles preparation. Due to the presence of various 

drug binding sites or reactive groups (thiol, amino and carboxylic) in the molecule of 
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albumin large quantity of drug can be incorporated in to its particles. Albumin has the 

capacity to assemble on solid tumors due to which it can be used for the targeted 

supply of anti-tumor drugs. In this regard noscapine (benzylisoquinoline) alkaloid 

obtained from plant source (papaveraceae family) has been targeted to tumor cell to 

determine its potency using human serum albumin (HSA) nanoparticles carrier. The 

size of HSA nanoparticles has been achieved in the range of 150 to 300 nm having a 

drug entrapment efficiency of 58% to 96 % in this study [48, 49].  

1.3.2 Polymeric carrier 

Polymeric nanoparticles are nowadays most commonly used to achieve a therapeutic 

value of many hydrophilic/ hydrophobic drugs and bioactive molecules. The 

polymeric nanoparticles have the potential to improve the bioavailability, therapeutic 

concentration, solubility and retention of a drug. These nanoparticles have the ability 

to target a specific organ and reduces it availability in nonspecific tissues. Large 

number of polymeric carriers are available in the market as a drug delivery carrier. 

These are prepared by assembling the drug inside the polymeric material or on its 

outer surface due to which their affinity with the organ/s is increased while the 

cytotoxicity and unwanted effects are decreased [50]. Few of them are discussed 

below.  

 

Figure 1.7: Classical representation of a polymeric nano-particle 
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1.3.2.1 Polyethyleneimine (PEI) 

It contains secondary amines, biodegradable in nature and is extensively used in cell 

culture for the attachment of weakly attach cells. PEI is a polycation and it has the 

ability to condense DNA and to readily mediate gene transfers to large variety of 

cells, in vivo, by a number of routes. It is not soluble in cold water and benzene. Its 

transfection quality, and efficiency depend on high molecular weight PEI as compared 

to low molecular weight as well as the size of the polymer. The problems of 

cytotoxicity associated with it has limited its use. Apart from gene delivery it has also 

been used in the delivery of drugs specially to target the brain. The branched PEIs is 

more toxic then the linear one and also has low efficiency for transfection [51-54].  

1.3.2.2 Poly lactic acid (PLA) 

PLA is a linear, lipophilic and a promising biodegradable polymer. Its monomer, 

Lactic acid is derived from corn starch and sugarcane. It is a member of aliphatic 

polyester family.  It only degradation product is lactic acid following hydrolysis due 

to which it is a suitable candidate for many applications. It is also used to form bio-

absorbable implants for orthopedic surgery, for treatment of facial lipoatrophy and for 

the treatment of scars. Its nanoparticles are mainly used as a drug delivery device for 

lipophilic drugs. Many anticancer drugs are delivered successfully while using this 

polymer. Cucurbitacin has been delivered successfully to oral cancer patients while 

using PLA nanoparticles. It is also used for the plasmid DNA delivery. Its 

cytotoxicity is less as compared to lipofectamine and can  transfer gene to HELA cells 

[55-58].  

1.3.2.3 Block co- polymer 

These block copolymers are made from different polymerized monomers. 

Amphiphilic di or tri- block copolymers used for the production of micelles have been 
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extensively used as a delivery system for hydrophobic drugs. In an aqueous system 

the hydrophobic part of the co-polymer forms the core/base of the micelle and the 

hydrophilic part of the co-polymer form the corona or outer shell. The hydrophobic 

micelle core act as microspace for the inclusion of lipophilic drugs and the corona 

shell act as a stabilizing interface between the hydrophobic core and the external 

medium. Cellular adhesion and protein adsorption are strongly prevented by corona of 

a diblock copolymer micelles made up form poly (ethylene oxide) due to which the 

material of hydrophobic core is adequately secured against hydrolysis and enzymatic 

degradation. Beside this the reticuloendothelial system (RES) is also unable to notice 

the PEO corona and the removal of the micelles from the blood is halted. Due to this 

stealth property of PEO corona causes increased blood circulation time of a drug [59]. 

Amphiphilic linear-dendritic block copolymers (LDBC) have been prepared to use as 

a drug delivery system because of some advantages which include stability, drug 

encapsulation and release kinetics. LDBC in-vitro release kinetics can be contained by 

light which is a potential carrier for drug delivery. Biodegradable amphiphilic 

copolymer can be used as drug delivery system for anti-cancer drugs [60-63]. 

1.3.2.4 Poly (D, L-lactide-co-glycolide) (PLGA) 

Poly (D, L-lactide-co-glycolide) (PLGA) is one of the best FDA and European 

Medicine Agency (EMA) approved biodegradable co polymer, which is used most 

often for sustained, controlled, and targeted drug delivery systems [64]. Many 

polymeric nanoparticles based anticancer drugs are prepared using different grades of 

this copolymer. These includes paclitaxel, doxorubicin, 5 fluorouracil and 

dexamethasone. In the year 1999 PLGA microsphere preparation, Nutropin Depot, 

has been approved by US food and drug administration for once a month use. Before 

its approval the human growth hormone was to be injected on daily basis [65]. The 
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controlled release of the encapsulated drugs can easily be obtained by utilizing this 

copolymer. The release of the drug from PLGA can be varied from hours, days, 

weeks to many months [65-67]. PLGA microspheres has also been utilized to deliver 

etoposide effectively to the lungs. The in-vitro release of etoposide up to 20 days has 

been obtained from these PLGA based microsphere. PLGA is obtained by ring 

opening co-polymerization of two separate monomers, the glycolic acid and lactic 

acid. During this process the monomers are joined with one another in PLGA by an 

ester linkage. Tin (II) 2-ethylhexanoate, tin (II) alkoxides or aluminum isopropoxide 

are used as a catalysts in this process[68]. The ratio of two different monomers 

(glycolic acid and lactic acid) in the preparation of PLGA co-polymer is used to 

differentiate between different kinds of PLGA copolymer. If the composition of 

PLGA is 50:50 then it would be made of 50% lactic acid portion and 50 % glycolic 

acid portion. The hydrophobicity of lactic acid is more than that of glycolic acid. It 

absorbs less water and don’t degrade easily. On the other hand, glycolic acid is 

hydrophilic in nature, absorb water easily and therefore degrade easily. The 

degradation of PLGA copolymer depends upon the ratio of its monomers, more will 

be the hydrophilic portion i.e. glycolic acid more will be its degradation, as a result of 

which drug release will be faster and vice versa. This copolymer has a nominal side 

effects because it is hydrolyzed in the human body into lactic acid and glycolic acid 

which are metabolized via Krebs cycle and eliminated from the blood circulation as 

CO2 and H2O [69].   Apart from the monomeric composition of PLGA co-polymer, its 

in- vitro and in- vivo degradation is also dependent on number of factors which 

includes method of preparation, existing of low M.wt monomers, morphological 

features, size, shape, crystallinity and glass transition (Tg) temperature, physical and 

chemical parameters, site of implantation and mechanism of hydrolysis [70].  
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1.3.3 Fullerene 

It is a molecule of carbon, available in many different forms which include hollow 

sphere (also called as Buckminster fullerenes or Buckyballs), ellipsoid, tube and many 

other shapes. The sphere form resembles the balls used in football (Fig 1.8). A term 

carbon nanotube (bucky tubes) is used for cylindrical fullerenes. 

 

Figure 1.8: Typical structures of (a) Fullerene and (b) Nano tube 

The structure of fullerenes is similar to graphite, which is composed of stacked 

graphene sheets of joined hexagonal rings. Unless they are cylindrical, they must also 

contain pentagonal or some time heptagonal rings.  

1.3.3.1 Bucky Ball cluster 

These clusters are made completely of carbon, have hexagons and pentagons 

which are connected in an organized fashion, and have a hollow base. These can be 

used as an ideal carrier system for drugs and other substance as well [71].   
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1.3.4 Dendrimers 

These are nano sized branched polymers, with nanosize dimensions (1–10 nm), 

rarephysio-chemical properties, having a well-defined structure consisting of tree 

like arms or branches. They were first discovered by Fritz Vogtle in the year 1978 and 

by Donald Tomalia along with co-workers in the early 1980s. These symmetric 

molecules were also discovered by George R. Newkome independently. Dendrimers 

can be used in variety of fields due to their remarkable properties and wide 

acceptability and their unique features made them extremely convenient to be used  in 

the field of anticancer therapies, imaging and a significant nanoscale drug delivery 

vehicle [72, 73]. 

There are several types of dendrimers but the most important one is poly 

(amidoamine) and poly (propylene imine) dendrimers.  

 

Figure 1.9: Classical representation of a Dendritic structure 

1.3.4.1 Poly (amidoamine) dendrimers (PAMAM) 

It is one the most important type of dendrimers which contain diamine in its structure, 

highly branched and spherical. Its core consists of ethylenediamine and terminal 
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amino gp is attached with its branches. It can be synthesized with desired properties 

having a required molecular structure, terminal functional chemistry and low 

polydispersibility. In order to improve the drug entrapment efficiency of PAMAM 

dendrimers its structure can be modified, during synthesis to decreased internal 

branching and high internal volume by controlled heat treatment. PAMAM based has 

been studied for different types of applications which also includes nucleic acid drug 

delivery, oral drug delivery, pulmonary drug delivery, analytical chemistry in the 

separation science, gene delivery etc.[73-76].  

1.3.4.2 Poly (propylene imine) dendrimers (PPI) 

It is one the most investigated and explored dendrimer. It has a regularly branched 

structure and is prominent due to its different physical properties. Different types of 

PPI are available in the market, with different groups attached to its basic structure 

having different characters. It has been evaluated by researchers to be used as a 

targeted drug delivery carrier, antimicrobial agent, as an efficient gene carrier etc. 

How every it has been proved that it cannot be used as an effective gene carrier 

without the surface modification because the transfection efficiency and cytotoxicity 

depend greatly on its molecular weight.  In order to achieve high gene transfection 

efficiency, high molecular weight PPI shall be used but on the other hand it causes 

increased cytotoxicity. Therefore, structure modification of PPI should be done in 

such a way that the desired results can be obtained. An exceptional inhibition 

antibacterial activity has been reported against Staphylococcus aureus, E. coli and 

Bacillus subtilis by amphiphilic poly proplyeneimine dendrimers carrying silver 

nanoparticles [77-80].  



Chapter 1        Introduction 

22 

1.3.5 Carbon Nanotubes (CNTs) 

These are a type of carbon fullerenes which are covalently bounded and have a larger 

inside volume to be used as a drug carrier. These are identified by Sumio Iijima 

CNTs, a Japanese scientist in the year 1991. These are available in a size ranges from 

1 nm to several micrometers, has an extraordinarily high tensile strength, elastic 

modulus and considered to be one of the toughest and durable material to be invented. 

CNTs are available in two main categories called single walled carbon nanotubes 

(SWCNTs) and multiwalled carbon nanotubes (MWCNTs).  SWCNTs ( are more 

twistable and pliable) has a cylindrical structure having a diameter ranges from 0.4 to 

3.0 nm and length ranges from 20 to 1000 nm while  the outer diameter of MWCNTs 

varies from 2 to 100 nm,  the inner diameter is in the range of 1–3 nm, and their length 

is 1 to several micrometers [81]. These CNTs have the ability to take many molecules 

and carry it to the cell which can be easily picked by it. Several different types of 

molecules can be transported with the help of CNTs but they are especially used for 

the delivery of anticancer drugs. They have the ability to kill the cancerous cell and 

can also be used as a biological transporters[82]. Apart from anticancer drugs 

antifungal agents like amphotericin B and erythropoietin can also been delivered by 

CNTs [83, 84].  

Some of its disadvantages has also been reported which includes insolubility, 

clumping together and making aggregation,  have a 6.8 hrs half-life and lungs cancer 

causing ability [84, 85]. In addition to these disadvantages its advantages have also 

been reported in the literature which included non-toxic nature of functionalized 

CNTs and its uses in the form of nanocapsules for IV drug delivery [86].  
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1.4 Importance of Nanosize in Medicine 

1.4.1 Drug delivery 

In drug delivery system reduction in particle size of various materials including drugs, 

binders, disintegrants, polymers,etc have a remarkable impact on properties like 

surface area, solubility, the rate of dissolution, bioavailability, rapid therapeutic 

action, a small amount of dose required, etc. When the size of pharmaceuticals is 

reduced to nanosizei.e. 10
9 

all the above-mentioned properties are remarkably 

changed[87]. 

1.4.2 Particle size and Organ targeting 

Particle size and its distribution are the important features of nanoparticles system. 

These features are important for the determination of in vivo distribution, cellular 

toxicity, fate of the molecule inside the body and targeting of a desired organ/tissue. 

[88].It has been practically proved by the scientists and documented that nanoparticles 

have many advantages over microparticles as a drug delivery carrier. It has been 

demonstrated that NPs in the range of 100 nm has a 2.5 times greater uptake than 1 

um microparticles and 6 times greater uptake  than10 um microparticles in Caco – 2 

cell lines [89].In case of medical imaging nanoparticles provide better images of 

cancerous tissues. Heat, light, drugs, and other related material can be provided to the 

diseased tissue, without damaging the rest of the normal cells/ tissues on properly 

developed nanoparticles [2]. 

Formulation of targeted drug delivery systems are becoming easier with the 

advancements in nanosciences, and several dosage forms are now available in the 

market with the help of which drugs are directly delivered to tumors hence the 

treatment can be done more effectively. This is because drugs having a particle size in 

nano range can easily penetrate the cell membrane [12].Nano-formulated drugs are 
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used in a variety of conditions which include glaucoma, hepatitis, malaria, irritable 

bowel syndrome, etc. Vaccines for malaria and hepatitis have been developed which 

have shown greater immunity than the previously available vaccines produced by 

ordinary means [90-92]. 

1.4.3 Electrical nano devices 

It has also enhanced the conductivity in electrical devices and the best and a common 

example in this regard is the iPod Nano. A microscope nanochip has been used in this 

device which has increased its storage capacity manifold. Odors in shoes and 

refrigerators can easily be removed by using silver nanoparticles. The same can also 

use to remove fungus. Another best example is lotions made from nanoparticles 

which have increased its absorption to a maximum level. Such nanoparticles have 

greater penetration power in organic and non-organic molecules. Burn patients can 

now be treated more effectively by using this technology [93]. Diabetic patients have 

taken a sigh of relief with the introduction of monitoring devices. These devices are 

called MINIATURE BIOCHIPS which have been developed with the help of 

nanotechnology and these have the ability of detect increase in glucose level more 

easily and accurately because it is implanted in patients’ body which works like an 

automatic nanomachine and do its job independently without any extra labor or help 

from the patient. It can also be utilized in a variety of patients suffering from different 

diseases [94]. Its utility has also been tested in epileptic patients where it detects 

seizures and releases medicine before its occurrence [95, 96]. Different body parts are 

now being prepared by utilizing the science of nanotechnology and biomedical 

engineering. Organs like bones and cartilages, artificial skin and lenses, joint knees, 

braces and several other body parts could easily be prepared [97]. Nanotechnology 

has shown different new ways to scientists for the treatment of a various complicated 
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disease which include diabetes and neuro degenerative diseases [98]. Besides these 

uses nanomaterials can play their active role in many areas which includes 

pharmacokinetic studies, use of fluorescent material as biological labels, biological 

detection of pathogens, protein detection, magnetic resonance imaging contrast 

enhancement, DNA structure probing, tissue engineering, using heat (hyperthermia) 

for the destruction of tumors, biological cells and molecules separation and 

purification etc.[99]. 

1.4.4 Reduction in anticancer drugs side effects 

Chemotherapeutic agents are extensively being used for the treatment of variety of 

cancerous conditions and tumors. They have the ability to cause considerable damage 

to the abnormal cells and inhibit their multiplication or promote apoptosis[100]. 

Chemotherapeutic drugs which are extensively in the past several years includes 

doxorubicin, daunorubicin, inhibitors of topoisomerase I and II, methotrexate, Vinca 

alkaloids, chlorambucil etc. These agents have highest level of toxicity and produces 

prominent effects in variety of conditions like leukemias, lymphomas, 

hepatocarcinoma, lungs, colon, breast  and testicular cancer and so on [101].  

The main issues associated with the use of the above-mentioned drugs includes their 

non-selective toxicity and ability to affect the normal cell along with the cancerous 

cells. The agents which are more effective therapeutically can also cause sever type of 

unwanted effect at the same time. Doxorubicin is one of the most potent 

chemotherapeutic agent but it also causes high level of cardiotoxicity due to which its 

use has been compromised in many patients[102]. Similarly, high doses of traditional 

anticancer agents are required for the treatment of lungs cancer, which is one of the 

most important cause of death among the people of both sexes, causes severe side 

effects on the normal organs of the body. Cisplatin and Etoposide are the main drugs 
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used in small cell lungs (SCLC) carcinoma [103]. In addition of other side effect both 

these drugs are associated with bone marrow suppression[104, 105].  Methotrexate 

another anticancer agent used for the treatment of breast cancer along with other 

agents causes. It causes severe side effect which includes mouth ulcer, loss of hair, 

loss of fertility and hepatotoxicity when administer as conventional dosage form 

[106]. 

In order to address the above-mentioned issues, associate with the use of traditional 

anticancer agents some novel dosage forms or delivery systems have to be introduce 

which can either completely eliminate the side effect associate with these drugs or the 

bring it to a minimum possible level. In this regard scientists are working from the 

past several years as a result of which a novel drug delivery in the range of nano 

meter size has been introduced which is known as nanoparticles or more specifically 

nano pharmaceuticals. These nanoparticles have the ability to address large number of 

issues associated with the use of traditional dosage forms. They have produced a great 

impact on the overall treatment of various types of cancer. Due to their small size, 

surface modification, long term stability and zeta potential can target the tumor 

accurately and provide controlled release [12, 107, 108].   

1.4.5 Commercial and economic benefits 

Keeping in view the expanding role and huge commercial and economic benefits of 

this remarkable field in future the President of America has established the National 

Nanotechnology Initiative (NNI) in 2000. The aim of this program was to develop, 

characterize and understand the nanoscale devices. This program has targeted the 

areas of medicine, manufacturing, material sciences, energy, and environment to be 

the beneficial areas. The program had spent $ 464 million and up to $ 1 billion in the 

years 2001 and 2005 respectively. A study conducted by the National Science 
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Foundation says that over the next 15 to 20 years approximately $ 1 trillion will be 

generated from the advances in the field of nanotechnology. Due to its huge impact on 

the economy, as shown in the said document several countries have planned to invest 

substantially in this emerging field. [109] 

1.5 Methods for Preparation of PLGA Nanoparticles (NP) 

There are several methods for the preparation of PLGA nanoparticles. Different kinds 

of NP, in terms of surface characteristic can be obtained depending on the method of 

preparation. [110]. Among different methods of PLGA NP preparation dispersion of 

preformed polymer is the widely used technique. This includes two major steps i.e. to 

prepare an emulsified system (common step in all methods). The second steps vary 

according to the method used. The NP are prepared in this step which mostly gives 

names to the method[69]. 

 

Figure 1.10: Different methods of the preparation of nanoparticles 

The dispersion of preformed polymer techniques includes the following methods; 

1.5.1 Single- or double-emulsion-solvent evaporation method (single emulsion, 

oil in water (o/w) or double emulsion, water in oil in water (w/o) / w) 

The single emulsion method is one the most common method of PLGA NP 

preparation. It includes oil in water (o/w) emulsification. In this method polymer is 
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dissolved in an organic solvent such as acetonitrile (ACN), methanol, chloroform, 

dichloromethane, ethanol etc. The hydrophobic drug is also added and dissolved in 

this mixture. This solution (organic solvent+ polymer+ drug) is then added, drop wise 

to water containing surfactants / stabilizers or emulsifying agents as a result of which 

oil and water (o/w) emulsion is formed. After its formation it is then placed on a 

magnetic stirrer to evaporate the organic solvent by continuous stirring. In order to get 

small size microparticles high speed homogenization / ultrasonication may also be 

employed. The single emulsion technique i.e. o/w method is suitable for the 

encapsulation of hydrophobic drugs[111]. 

In case of double emulsion initially water is dissolved in oil and this solution is again 

dissolved in water to get the w / o / w emulsion. This method is best available method 

for the encapsulation of hydrophilic drugs, peptides, proteins, vaccines etc. [112]. 

These methods are economical, easy and best for the production of NP at laboratory 

scale but not good for the large-scale production of NPs. For large scale production 

other method such as low energy emulsification can be utilized[113]. Studies have 

also confirmed that the size of NPs can be controlled by carefully selecting the stirring 

rate of the magnetic stirrer, type and quantity of surfactant used, concentration of 

organic solvent/s, drug to polymer ratio, volume of dispersing / aqueous medium 

etc.[114].  

1.5.2 Emulsification solvent diffusion (ESD) method 

This method is also called as spontaneous emulsification/solvent diffusion method. It 

has been invented by Quintanar-Guerrero et al[115]. In this method thermodynamic 

equilibrium need to be achieved between the organic solvent and water, before use at 

room temperature. This method includes water miscible solvent along with a small 

quantity of water immiscible organic solvent as an oil phase. The organic solvent 
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which contains the polymer and a drug as a dissolved substance is emulsified in to 

water which usually contains a stabilizer. This emulsification process is carried out in 

the presence of high-speed homogenization process due to which high interfacial 

turbulence is created between two phases. Regular stirring is also required at the time 

of adding water to o/w emulsion, which causes phase transformation and upward 

diffusion of the solvent from the inside phase. Both these high-speed homogenizations 

and stirring causes nanoprecipitation of polymeric material and formation of NPs. 

Finally, the solvent can be eliminated from the formulation by vacuum steam 

distillation or evaporation. This method can be used for the encapsulation of both the 

hydrophilic and hydrophobic drugs in which up to 70% of encapsulation can be 

obtained. Its advantages further include simplicity, narrow size distribution and high 

reproducibility. Using high volume of water, in this method,  which is to be 

eliminated from the system and leaking of hydrophilic drugs in to aqueous external 

phase which leads to decrease encapsulation efficiency is the major disadvantage 

associated with this method [116].  

1.5.3 Emulsification reverse salting-out method 

In this method polymer and drug are added to water miscible solvent. The most 

common solvent used for this purpose is acetone, which is then emulsified in to an 

aqueous medium. High pressure mechanical stirring should be applied during this 

process. Salting out agents (magnesium acetate, calcium chloride etc.) and colloidal 

stabilizers (Polyvinyl pyrrolidone or hydroxyethlycellulose) should be present in 

aqueous medium. When sufficient amount of water or aqueous solution is added to 

this oil in water emulsion, it leads to the formation of nanoparticles due to increase 

diffusion of water miscible solvent (acetone) in to the aqueous phase. Careful 

selection of salting out agent will be require because it is an important parameter in 
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the encapsulation efficiency of the drugs [111, 117]. The salt available in the nano-

suspension should be eliminated before its use for therapeutic purposes. Different 

techniques can be employed for this purpose which includes cross flow filtration or 

centrifugation  [118].  Protein encapsulation can easily be done while utilizing salting 

out method and it is one of the most important advantage of this method 

[119].Temperature doesn’t rise in the salting out method therefore it is a suitable 

method for heat sensitive substances[120]. The disadvantages associated with this 

method includes excessive washing of NPs,  and its utilization for the lipophilic drugs 

[116].  

1.5.4 Nanoprecipitation method 

It is another top down technique and also called as solvent diffusion or solvent 

displacement method. It is a one step process. NPs are prepared rapidly by this 

method. It is a suitable method for the entrapment of hydrophobic drugs, can also be 

used for hydrophilic drugs but in this case the loading efficacy will be extremely 

low.[69]. To prepare the NPs, by this method the polymer and drug are first dissolved 

in organic solvent which must be water miscible like acetonitrile, ethyl/methyl alcohol 

or acetone. This solution is then added to aqueous solution which must contain a 

suitable stabilizing agent. The organic phase is added drop wise to aqueous phase is a 

highly controlled way. This leads to the precipitation of the NPs immediately due to 

the diffusion of the solvent in to aqueous phase. The purification of the NPs can be 

achieved by eliminating the organic solvent. Many different factor should be kept in 

mind before going to prepare NPs which includes polymer concentration, solvent or 

mixture used, concentration and type of stabilizers etc.[118].  



Chapter 1        Introduction 

31 

1.6 Etoposide as a potent anticancer agent 

Etoposide is a highly potent anti cancer drug which acts as a topoisomerase inhibitor. 

Synthesized in the year 1966 and approved by FDA in the year 1983 by the name of 

VePisid [121]. In literature its oral bioavailability has been reported in the range of 24 

to 74 % which is highly inconsistent. This is considered to be due to inactivation of 

Etoposide in GI fluid. It has a terminal half-life of 1.5 hrs. by I/V route.  

 
Figure 1.11: Structure of Etoposide 

Etoposide when administered parenterally causes disturbance and pain therefore it 

should be administered through intravenous infusion over 24 to 34 hrs. [122-124]. 

The molecular weight of etoposide is 588.56 [125], its insoluble in water but soluble 

in organic solvents like acetonitrile, methanol, ethanol etc. Etoposide vials, if stand 

closed can remain stable up to 2 years. It behaves as a stable compound at the pH 

5[121]. 

1.6.1 Clinical uses of Etoposide 

It can be used in a variety of cancers that include non Hodgkins lymphoma, Hodgkins 

lymphoma, leukemia, small cell lungs carcinoma, non small cell lungs cancer, 
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Kaposis sarcom, testicular cancer, ovarian cancer, gastric, breast cancer, osteosarcoma 

etc. [121, 126, 127].  

1.6.2 Mechanism of action of Etoposide 

Etoposide is an extensively used drug for chemotherapy that induces DNA damage by 

inhibition of topoisomerase II. Etoposide forms a ternary complex with DNA and 

the topoisomerase II enzyme (which aids in DNA unwinding), inhibit re-ligation of 

the DNA strands, and by doing this act so causes DNA strands to break down. 

Cancerous cells depend on these topoisomerases II more than healthy cells since they 

multiply more rapidly. Therefore, this causes damage in DNA synthesis and enhance 

apoptosis of the cancer cell[128]. 

1.6.3 Current formulations of Etoposide 

Several formulations of etoposide are available in the market which includes Vepesid 

(GlaxoSmithKline), Etopophos ( Bristol-Myers Squibb) Toposide (Pharmedic PVT 

LTD,) Lastet (S. Ejazuddin and company) Oncoside (Neo Medix), Etoposid (Bio 

pharma) Etoside (Medinet Pharmaceuticals) etc. The clinical acceptance of etoposide 

formulations is challenging due to its hydrophobic and lipophilic nature. The available 

commercial formulations, therefore,contain various unwanted adjuvants which have 

been reported to produce  side effects [129, 130]. High doses of current formulations 

are required to achieve sustained plasma levels due to its rapid clearance from the 

blood circulations and these high doses induce myelosuppression[131]. Vepesid
®
 the 

original formulation of etoposide contains co-solvents such as PEG, Tween 80 and 

ethyl alcohol [132]. The complications associated with these co-solvents are 

hypotension, metabolic acidosis and cracking of infusion container [121, 133, 134]. 

Beside rapid excretion of etoposide from the body and its insolubility and instability 

in  water are the major problems associated with its use [135] . Precipitation of 

http://en.wikipedia.org/wiki/DNA
http://en.wikipedia.org/wiki/Topoisomerase_II
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etoposide during dilution of etoposide injection is another issue associated with the 

commercial formulation of etoposide. Etoposide has been recognized as the most 

potent anticancer agent for the past few decades. However, its use as an anti-cancer 

drug is compromised by its intrinsically poor water solubility[136, 137]. 

1.6.4 Side effects of Etoposide therapy 

It has many side effect which includes reaction at the site of infusion including pain 

and burning, fall in B.P, loss of hair, suppression of bone marrow which leads to low 

RBCs, WBCs and platelets as a result of which a person becomes more prone to 

infections, constipation or diarrhea, bad foot taste, nausea, vomiting, rash, mouth 

sores, fever (which occurs immediately after injection and is not due to infection), 

allergy, bleeding (when co-administered with warfarin)[105]. At very high doses, 

such as those used with bone marrow transplantation regimens, mucositis liver 

toxicity, fever, and chills may also occur (Fig 1.12. Palmar–plantar eruptions and 

irritation of the anal canal, hypersensitivity reactions, including vasomotor changes in 

the pulmonary and gastrointestinal systems have been associated with etoposide use. 

The most serious adverse event associated with etoposide is the development of acute 

myelogenous leukemia [64]. 
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Figure 1.12: Some common side effects of anticancer drugs on human body 

1.6.5 Novel Etoposide Formulations 

The successful therapy using etoposide as chemotherapeutic agent depends on the 

development of innovative delivery systems which attracted a substantial number of 

studies designed to deliver etoposide by novel formulations. The most important 

objective of formulation development for etoposide is to get rid of the non-aqueous 

vehicle by reformulating etoposide in a well-tolerated vehicle which has the potential 

to improve the efficacy of etoposide-based chemotherapy. Recently, much attention 
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has been paid towards the development of aqueous based formulations for etoposide. 

Some of these efforts to get a safer and better-tolerated formulation are parenteral 

emulsions [138], Tripalmitin Nanoparticles [139], PLGA nanoparticles [140], PLGA 

and PCL nanoparticles [141], pH-sensitive strontium carbonate nanoparticles [142], 

Solid lipid nanoparticles [143], Parenteral Phospholipid-based microemulsion[144], 

Positively charged Liposomes [145], Glyceride Lipids Nanoparticles [146], PLGA-

MPEG and PLGA-Pluronic Block Copolymers Nanoparticles [147], Phospholipids 

complex [148], Cholesterol-modified carboxy methyl konjacglucomannan conjugate 

[149], Erythrocyte ghosts [150], Microemulsion [151], Nanocrystalline suspensions 

[152], Carbon nanotube[153].Of these different solutions, polymeric NP and 

polymeric micelles received great interest and attentiondue to their capability to 

assemble in the inflamed organ. [154, 155].  They also have the ability to show 

improved stability in biological fluids and storage conditions. The previously 

conducted clinical trials showed good results [156, 157] and thus, using NP of 

biodegradable polymeric nature for chemotherapy has been used to get the required 

result of increasing the remedial effect of anticancer drugs while decreasing its side 

effects. NP prepared from biocompatible and biodegradable polymeric material 

augmented the in-vivo properties along with pharmacokinetics and biodistribution and 

therefore the therapeutic effects of NP preparations[158, 159]. Studies obtained from 

several research articles have shown that NP can be assembled in tumors due to 

enhanced permeability and retention (EPR) effect and their ability to avoid the 

mononuclear phagocyte system [160, 161]. Several studies have also shown that NP 

preparation can control the MDR mediated by P-glycoprotein (P-gp) and therefore the 

concentration of the drug is increased in the malignant cells [162-164]. The 

previously developed polymeric nanoformulations still have many problems with 
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regard to drug release. The release of drug from many nano-formulations is not 

persistent and according to the standard practice. Many of these formulations have not 

shown remarkable and promising results at laboratory scale and space for their 

betterment is still present. Loop holes associated with such dosage forms should be 

addressed so that they can be marketed and the people take advantage from it.  

1.7 Method of Analysis of Etoposide 

A first comprehensive review regarding the liquid chromatographic methods for the 

determination of ETP was published in 2001 [165]. Later on, it was also determined 

in physiological fluids on liquid chromatography coupled with different detectors 

such as UV, Fluorescence, ECD, MS and ELISA[165-167]. However the methods 

already developed have used complex extraction procedures[168-170], complicated 

systems gradient systems,[170] and longer analysis time[170, 171] which have made 

them unsuitable for routine analysis. So, an HPLC linked with UV method was 

developed for the analysis of etoposide in biological matrices and pharmaceutical 

dosage forms. The method was found to be, rapid, inexpensive, and accurate as 

compared to other reported methods[165, 172-177]. 

The developed method here is the first method which simultaneously determines the 

ETP and PTX in a very short time in human plasma, injectable dosage form and 

tissues using sorafenib as an internal standard. This method is more accurate, highly 

sensitive, rapid, and very much cost effective for the evaluation of these anticancer 

drugs when checked under various experimental conditions.  This RP-HPLC-UV 

method is validated according to the standard guidelines [178]. The optimized method 

was successfully validated, as all tested parameters met the defined acceptance 

criteria. Selectivity as one of the crucial validation parameters was extensively 

evaluated during optimization and sample analysis. The stability-indicative nature and 
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selectivity of the method were confirmed. Among all tested excipients and active 

ingredients commonly found in commercial preparations, no one can significantly 

interfere with the quantitative analysis and run time. 

1.8 Targeting of Anti-cancer drugs 

In the field of anticancer nano-pharmaceutical research, targeting of drug to a specific 

organ or localization of drug in the organ of interest or cancerous tissue at required 

doses while minimizing their accumulation at undesired sites is a difficult task for the 

scientists. The long-cherished goal of targeting drugs to a required body part has been 

actively pursued by the scientists throughout the world. This problem has been 

addressed to a greater extent by the field of nanotechnology which is revolutionizing 

the approach to circumvent such issues and is enabling better management of various 

malignant conditions. This intentional targeting of nanoparticles to an abnormal body 

part is different from that of the molecular targeting which is based on the principle to 

modulate the function of proteins abnormally present in any disease condition. In 

molecular targeting the drug is also distributed to various healthy body parts 

nonspecifically which lead to adverse effects in these organs [179]. As it is well 

known fact that treatment of various cancerous diseases can effectively be achieved 

by the administration of highly potent cytotoxic drugs, the uses of which are 

associated with nonspecific toxicities and adverse effects on various body organs. 

Apart from these effects the use of anticancer agents is also associated with various 

limitations such as low water solubility, narrow therapeutic index, low bioavailability 

and high volume of distribution (vd) etc. due to which the selection of such agents for 

the purpose of treatment is a difficult task. All these problems have been effectively 

resolved by administering such agents with the help of polymeric nanoparticulate 

drug delivery system especially PLGA (Poly (lactide-co-glycolide) which has the 
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ability to reduce the aforementioned problems to a greater extent and has the ability to 

target the drug to the desired or affected organs specifically while having a minimum 

effect on rest of the organs and tissues [180].  

One of the most important advantages of nanoparticles, over the large sized 

microparticles is their suitability for intravenous administration. It is reported that the 

diameter of the smallest capillary in the human body is 5 to 6 um therefore; in order to 

avoid agglomeration and embolism, including pulmonary embolism, the size of a 

delivery system having a therapeutic ingredient, to be introduced intravenously shall 

be less than 5 um. It has also been reported that NPs larger than 9 nm in size cannot 

enter into a nuclear membrane[181-183] .  

Apart from different types of drugs and therapeutic agents, the nanoparticles can also 

be designed for targeting a desired or effected organ for internalization in tumor cell. 

Several different types of NPs have been designed by the researchers which has the 

ability to cross the blood brain barrier (BBB) [184-186]. In addition to all these 

advantages controlled long term systemic circulation and maintain a required 

therapeutic concentration within the body can also be achieved while using polymeric 

nanoparticulate drug delivery system [187]. Therefore, various types of protocols are 

there for designing nanoparticles to be used for different types of drugs, required route 

of administration and targeting desired organ. Once a protocol is selected then the rest 

of the parameters can be tailored to obtain best possible desired properties for the 

nanoparticles.  

The polymeric nanoparticles can be fabricated in various nanometer size (less than 1 

um) colloidal particles upon which an anticancer drug is either to be adsorbed or it 

can be conjugated or entrapped within the polymeric particle. The targeting of the 
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desired organ by the polymeric nanoparticle having an anticancer drug can be 

achieved either by active or passive targeting.  

1.8.1 Active and passive tumor targeting: 

Active targeting refers to the targeting of the nanoparticle in to the tumor cell through 

a receptor mediated endocytosis. In this case the structure of a carrier system is 

composed of a polymer which acts as a carrier, a ligand (targeting moiety) and a 

therapeutic agent. While in passive targeting the polymeric NPs find their way 

through the defective and leaky vasculature of the tumor tissue and impaired 

lymphatic system and gets entrapped there. This affect is called as enhanced 

permeability and retention effect[108, 188].   

1.8.2 PLGA for tumor targeting and delivery by an EPR effect 

PLGA, a FDA approved polymer is extensively used for encapsulating various types 

of drugs as nanoparticles due to its biocompatibility and sustained release capability. 

It is suitable for the parenteral administration of drugs which also makes it a desired 

material of researchers and scientists throughout the world.  A PLGA based human 

growth hormones microsphere formulation (Nutropin Depot) has also been approved 

by FDA (December 1999) to be used as a once a month alternative to daily injections 

[189]. The targeting of the tumor site by the polymeric NPs is achieved mainly due to 

their prolonged presence in the blood circulation, where they find their way into the 

tumor through its leaky vasculature and release the encapsulated drug in its vicinity. 

The faulty or non-availability of lymphatic drainage system also play a role in the 

retention of NPs in tumor which finally leads to the accumulation of anticancer drug, 

encapsulated in the polymeric material in high concentration within the tumor 

interstitial space (Fig 1.13). This phenomena, called as the enhanced permeability and 
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retention effect (EPR) is the basis for the selective targeting of tumor sites by the 

anticancer drugs encapsulated in nano-particulate drug delivery system [108]. 

Active and passive targeting are the two different mechanisms by which a drug 

(anticancer) loaded nanoparticles can be delivered to a targeted tumor. The anatomical 

and pathophysiological condition of the tumor vasculature play an important in the 

delivery of drug to a tumor. In-depth study of the surrounding environment of tumor 

reveal that large number of vessels along with faulty lymphatic system are present in a 

malignant condition as compared to normal tissues. Due to these two conditions an 

effect is produce which is known as EPR effect. In such conditions the NPs can easily 

penetrate in to the tumor cell due to large number of vessels having diameter greater 

than the vessels of normal cells. In addition to this the NPs are also unable to come 

out of the tumor cells because of the faulty or blocked lymphatic system. Abnormal 

vasculature architecture, impaired lymphatic drainage system and expanded 

angiogenesis leads to the accumulation of drug loaded NPs inside the tumor due to 

which the drug is release from the delivery system locally without affecting other 

tissues and produced less toxic/ adverse effects. The size of the tumor is increasing 

with the passage of time and when it grows to > 2 to 3 mm
3
 it then needs oxygen and 

nutrients in greater quantity. The cancerous organs also have the ability to release 

angiogenic factors to enlarge the vessels with in the tumor to extend its size and grow 

larger and larger. The angiogenic factors and matrix metalloproteinase (MMPs) which 

are produce in equilibrium with in the normal tissues are greatly affected in the 

neoplastic cells and their imbalance leads to extensively disorganized vessels, which 

are dilated, having several pores and extended spaces between endothelial cells. The 

EPR effect is considered to be a gold standard by the scientists in designing of new 

drug against different kind of malignancies. Delivering of drugs to a desired site by 



Chapter 1        Introduction 

41 

EPR effect can greatly improve the bioavailability and efficacy of poorly bioavailable 

and less effective drugs[190, 191]. It is also evident from the literature that majority 

of the solid tumors contains high amount of bradykinin, nitric oxide (NO) and 

peroxynitrite (ONOO-). In addition to these substances vascular permeability factor 

(VPF) similar to vascular endothelial growth factor (VEGF) is said to be formed in 

tumor organ. The creation of these substances increases the permeability of tumor 

tissues in comparison to normal tissues, thereby also contributing to the EPR effect,  

which  provides an opportunity for selective targeting of drug loaded polymeric 

nanoparticles to neoplastic organs[192, 193].   

 

Figure 1.13: Diagrammatic representation of NPs passive targeting of Tumor 

cell by EPR effect. 

1.8.2.1 Size 

Nanoparticles having a size less than 200 nm and having hydrophilic surface can 

show more EPR effect due to more residence time with in the blood 

circulation[65].The size of nanoparticles also play an important role in the bio-
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distribution pattern and prolong circulation time within the body. As it is previously 

reported that permeability of tumor vessel is generally higher than the normal vessel. 

The pores in tumor endothelium are larger in size i.e. 100 nm to 1 um (depending on 

tumor type) than the pores of normal vessels which are in the size range of 5 to 10 

nm, due to which the chances of enhanced permeability of nanoparticles, in the size 

range of 20 to 500 nm in to the interstitium around tumor cell are more easy than the 

normal cells [194-196].  

NPs made of polymeric PLGA material having a size of ~100 nm are considered to 

have less hepatic filtration which is due to the fact of reduced plasma protein 

adsorption on their surface. The in vitro- in vivo behavior  of polymeric NPs is mainly 

dependent on their size and zeta potential (ZP) [197, 198]. It has also been reported 

that the size, surface charge and hydrophobicity of the nanoparticles affects their 

intestinal absorption [199]. Size is also considered to be one of the basic factors which 

affect the uptake of antigen loaded NPs by antigen presenting cells (APC). The 

optimum size for NPs uptake by these cells (APS) is not clear but it make sense that 

APCs can process any antigen which have dimensions that are similar to pathogens i.e 

20 to 100 nm ( viruses to bacteria) and even cells that are present in µm range [200]. 

Lim Y.H., et alhas reported that spherical nanoparticles which are less than 5µm in 

diameter are rapidly cleared from the body through extravasations or renal clearance. 

On the other hand nanoparticles which are larger in size i.e. 15 µm are liable to 

eliminate from the body by mechanical filtration in lungs capillary beds, which may 

also involve the risk of pulmonary embolism [183].  Rafiei, P. etal also reported that 

nanoparticle in the size range of 10 nm are eliminated from the body via renal 

filtration while those having a size of 200 nm are cleared from the body at higher rate 

as compared to lower size nanoparticles [201].  
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1.8.2.2 Zeta Potential (ZP) 

Surface properties of a nanoparticles are important parameter while targeting a drug to 

a desired location. NPs comes into contact with the biological environment through 

their surface. The large surface area of NPs leads them to agglomerate and finally 

adsorbed proteins on their surface after which they are cleared from the circulation by 

the macrophages. The NPs which are not surface modified can easily be opsonized 

and cleared from body by the reticuloendothelial system. Such effect by the body on a 

nanoparticulate drug delivery system can only be reduced by surface modification of 

the NPs, with the help of hydrophilic polymer due to which their prolong stay, desired 

drug release profile for extended period of time and stability can be achieved [202, 

203]. The term Zeta potential (ZP) is used for electro-kinetic potential that exists in a 

colloidal system interfacial double layer at the location of the slipping plane vs a point 

in the bulk which is away from the interface [204] .  

The cellular uptake of nanoparticles takes place in two steps i.e. binding of nano-

particles to cell membrane and then internalization. The binding of NPs with the cell 

membrane is mainly affected by the charge on the surface of the nanoparticle. Once 

the NP is attached to the cell with the help of surface charge then it is internalized in 

to the cell environment [205, 206].  

Some researchers have presented their opinion that the nanoparticles which are 

negatively (-ve) charged are phagocytized less by the body immune system and 

therefore they can exert their therapeutic effects for a prolonged period of time. On 

the other hand, the NPs which are positively (+ve) charged can be easily phagocytized 

due to their interaction with the anionic cell membrane. On the basis of these results it 

can be said that anticancer agents can easily be targeted to the tumors with the help of 

negatively charged nanoparticles [207, 208]. It has also been reported  that NPs with a 
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low positive (+ve) charge are highly suitable for delivering anti-cancer drugs due to 

their prolong action within the body and are unlikely to be cleared from the body by 

the RES system [209, 210].  

With reference to phagocytosis of nanoparticles zeta potential (ZP) is considered to be 

the most critical and important factor. The findings of various researchers in this 

regard are not consistent with one another. It has reported that higher the surface 

charge of the NPs, more will be its binding to the cell membrane and more will be 

their internalization into the cell. The internalization of nanoparticle into the cell takes 

place via different mechanism which include phagocytosis, pinocytosis and receptor 

mediated endocytosis [211, 212]. On the other hand, it is also stated that higher the 

surface charges of the nanoparticles, (whether +ve or – ve) higher will be their uptake 

by macrophages and vice versa [207, 210, 213].  

Such difference of opinion, in their findings may be due to the different types/grades 

of material used during the formulation of NPs, variations in their composition, 

difference in the molecular weight, method of preparations, stability, particle size, 

zeta potential etc. 

1.8.2.3 Surface functionalization 

As discussed earlier targeting of nanoparticles towards the tumor cell can be achieved 

in two different ways i.e. active and passive targeting. The passive targeting is 

achieved by EPR effect where as in case of active targeting of tumor functionalization 

of the nanoparticles will be required. This can be achieved by conjugating the NPs 

with ligands such as monoclonal antibodies, cell specific peptides or aptamers which 

have the ability to deliver the drug specifically to the cell or desired region of the 
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body as well as increase the residence time of the nanoparticles within the tumor 

which prohibits further multiplication and growth of the malignant cell [108, 214].   

Modification of polymeric NPs surface with PEG and its analogue i.e poloxamer and 

poloxamine series is one of the most important method to extend their circulation 

time,  to avoid their uptake by the RES and their subsequent elimination from the 

body and improve their accumulation in tumor cells by enhance permeability and 

retention effect [147, 215]. PEGylation of polymeric NPs reduces their uptake both 

in-vitro (by cultured cells) and well as in vivo due to which their circulation time 

increased within the body [216-220]. Coating the surface of NPs or PEGylation is one 

of the most effectively method used for increasing their residence time in the body by 

inhibiting the effect of opsonins on their surface, which can also be used to 

functionalized the NPs. Such coating of NPs will make them invisible to the body 

defense mechanism, rendered them low charge and increase their hydrophilicity 

which protects them to be recognized by the liver macrophages and to be cleared by 

spleen [221, 222].  

1.9 Hypothesis 

1. By loading etoposide in PLGA nanoparticles, the drug will sustain in the 

blood leading to its increased bioavailability and decreased dosing. 

2. Drug can be effectively distributed to the different organs of the body in the 

form of nanoparticles.  

1.10 Aims and Objectives of this research work 

The basic aim of this study was to prepare stable Etoposide loaded PLGA 

nanoparticles by using various stabilizers / emulsifying agents to obtain the 

nanoparticles having optimum size, PDI and zeta potential (ZP), to study the organ 
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distribution of the prepare nanoparticles and to maintain the concentration of drug in 

the blood for longer duration. 

1.11 Plan of work 

 

Figure 1.14: A schematic diagram of different phases of plan of work. 

Phase I. Preparation and evaluation of Etoposide polymeric nanoparticles 

Stable nanoparticles of Etoposide were prepared using poly lactic co glycolic acid 

(PLGA) as a polymer and two different stabilizers / emulsifying agents including 

PVA and poloxamer 407. 

Phase II: HPLC/UV method development and its validation 

A validated HPLC/UV method was to develop for the analysis of Etoposide. This 

method was to use for the quantification of this drug in formulation, plasma and tissue 

/ organs samples. 

Phase III: Pharmacokinetic studies 

The Pharmacokinetics studies were performed in an animal model (mice). The drug 

formulations and the reference formulation (commercially available) were 
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administered intravenously. The blood samples were collected periodically and 

analyzed using HPLC.  The data was subjected for the analysis of various PK 

parameters like Cmax, Tmax, AUC, and t1/2. 

Phase IV: Distribution of selected nanoformulations to various organs 

Distribution of selected nano-formulations were carried out in different organs of 

mice. The organs selected for this purpose includes liver, lungs, kidney, spleen, heart, 

and brain. Balb/C albino mice, weighing 25 – 30 g were used for this purpose. 

Animals were being kept under controlled environment. Excess amount of food and 

water were provided to them. 

Phase V: Stability studies and data evaluation 

The suspensions were sterilized and physical / chemical stability of the 

nanofomulation were evaluated under accelerated conditions. Data interpretation was 

performed after analyzing the blood samples and organs collected from animals using 

different statistical tools, which includes student t-test and ANOVA at 95% 

confidence interval, PK solution and MS Excel. 
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2 MATERIAL AND METHODS 

2.1 Chemicals and Reagents. 

2.1.1 Research Chemicals 

HPLC and analytical grade research chemicals and materials were procured from 

different sources as mentioned below. 

Etoposide and Paclitaxel were procured from Sigma USA and Sorafenib was procured 

from Meilun Biology Technology (Dalin, China). Each of these compounds has ≥ 

99.9 % purity, Sod. Bi carbonate (99.96% purity, Merck USA), Diethyl ether, ( > 99.6 

% P, Fisher), Ethanol (Sigma Aldrich, Germany), Methanol (Sigma Aldrich), 

Acetonitrile (ACN) (≥ 99.9 % purity), DMSO (Sigma-Aldrich), Dialysis tubing 30 

MMWCO 12000 to 14000 Dalton (Sigma), Di sodium hydrogen Phosphate 

(Na2HPO4), PLGA (75:25) Mol. Wt 66,000-107,000 (Sigma Aldrich USA), Trifloro 

acetic acid (TFA), Mannitol,  Pluronic (F 127), Poly vinyl alcohol (Mol. Wt 30, 000-

170,000), PotassiumDihydrogen Phosphate (KH2PO4),  Poloxamer 407, Sod chloride 

(NaCl), Potassium Chloride (KCl), Glucose.  

Sample analyzed by HPLC were prepared in HPLC grade solvents. These solvents 

were procured from Sigma – Aldrich, UK. Miliporeultra-pure water system (USA) 

was used to prepared distal and deionized water. 

2.1.2 Reagents 

2.1.2.1 Sodium. Bicarbonate solution 

The required concentration (1% w/v) of sod. Bi- carbonate was obtained by adding 10 

gm in 01 liter ofdist. H2O.  
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2.1.2.2 Phosphate Buffer Saline (PBS) 

PBS (0.5 lit) was prepared by dissolving NaCl (4 gm) potassium chloride 0.1 gm, Di 

Sod hydrogen Phosphate 0.7 gm and Potassium Di hydrogen Phosphate 0.12 gm in 

400 ml of distilled water. Hydrochloric acid was used to adjust the pH of PBS to 7.4 

and then the remaining amount of water is added to make the volume upto 500 ml. 

The solution was sterilized by autoclaving for 25 min at 15 psi and then stored at 

room temp. 

2.1.2.3 Tri Fluroacetic acid (TFA) solution 

In order to prepare 0.025 % TFA, 200 µl TFA was added to 800 ml of distilled water 

and mixed vigorously.  

2.1.2.4 Poloxamer – 407 solution 

Poloxamer 407 solutions having different w/v concentrations of 0.25, 0.5, 1, and 1.5 

% were prepared by dissolving respective quantities in distilled water. 

2.1.2.5 Poly vinyl alcohol (PVA) solutions 

PVA solutions having different w/v concentrations of 0.25, 0.5, 1, 1.5 and 2% were 

prepared by dissolving the required amounts in distilled water. 

2.1.3 Animals 

Experimental animals; White New Zealand rabbits and Balb C mice were purchased 

from Animal house and Bioassay laboratory, Department of Pharmacy, University of 

Peshawar.  
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2.2 Instrumentation 

2.2.1 UV- Visible Spectrophotometer 

Lambda max of etoposide was determined with the help of UV visible 

spectrophotometer (made by Perkin Elmer, series 200, Lambda 25 with a UV probe 

2.2 version).  

2.2.2 High Performance Liquid Chromatography 

Analysis of Etoposide, Paclitaxel and Sorafenib were made by HPLC system 

(Norwalk USA). This system was comprised with a pump, column oven, degasser, 

auto sampler and a detector (UV-Visible). All the parts of HPLC belonged to series 

200.  Total chrome work station soft - ware provided by Perkin Elmer, linked with 

chromatographic system through an NCI (900) was used to compile the study.  

2.2.2.1 Columns 

Different columns like Discovery HS C 18 column (250 mm × 4.6 mm, 5 um) made 

by Sigma, Germany, Hibar® 250-4.6, Purospher® STAR, RP- C 18 (5um), Merck 

KGaA, Darmstadt, Germany and Phenomenex, Kromasil 5 OSD (C-18) 250 mm × 

3.20 mm, 5 microns, USA. The final selected column for the study was Hibar® 250-

4.6, Purospher® STAR, RP- C 18 (5um), Merck KGaA, Darmstadt, Germany 

2.2.2.2 Guard columns 

To protect the column from blockage, due to chemical impurities in an analyte, pre-

column, Brownlee New Guard Cartridge Column, Cyano, AquaporeCyano, particle 

size 7 um, spherical, PerkinElmer, USA was used in this study. 

2.2.3 Filters and Vacuum filtration assembly 

Filters made of by Sartorius, Germany having a pore size of 0.45 micrometer were 

used in a filtration assembly used for the purpose of filtration of mobile phase for 
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HPLC. One (1) lit flask and stopper (#8) were also attached to the vacuum filtration 

assembly. 

2.2.4 Analytical Balance 

Shimadzu electronic balance was used to weight different chemicals used in this 

study. The balance was calibrated by the company periodically.  

2.2.5 pH Meter 

pH of different solvents and solutions was measured by a pH meter made by Jenway 

UK, model 3505.   

2.2.6 Centrifuge 

Temperature controlled Centurion scientific, UK, model K280R was used to perform 

centrifugation of samples. 

2.2.7 Shaking water bath 

In-vitro release studies were performed in Lab Companion BS-11 shacking water 

Bath, Made in Korea 

2.2.8 Vortex mixer 

Vortex mixer made by Biotek, UK (Model MX-S) was used for the continuous and 

effective shaking of samples.   

2.2.9 Freeze dryer 

Nanoparticles formulations prepared and evaluated in this study were lyophilized with 

the help of Telstar Cryodos- 50, USA, freeze dryer.    

2.2.10 Magnetic stirrer 

Continuous and intense stirring of different samples were performed with the help of 

Benchmark, USA, magnetic stirrer.   
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2.2.11 Probe Sonicator 

Various etoposide loaded PLGA formulations were prepared in Dist H2O containing 

stabilizers by probe sonication (Soniprep, Sanyo, UK).  

2.2.12 Autoclave 

Autoclave made by (Hansuin Medical Co. Ltd) made in Korea, modelHS-60 was used 

for the autoclaving of various formulations at 121 ᴼC at 15 psi for 20 min. 

 

2.2.13 Zeta Sizer 

The apparatus, made by Malvern Zetasizer ZS 90, Marvern instrument, UK was used 

to determine size, zeta potential and poly dispensability index (PDI) of Etoposide 

loaded PLGA nano-formulations.  

2.2.14 Scanning electron Microscope (SEM) 

The nanoparticles shapes, structure and form weredetermined by Scanning Electron 

Microscope (JSM-5910, Jeol Japan). 

2.2.15 Fourier Transform Infra-Red (FTIR) analysis 

In order to determine the compatibility of drug (Etoposide) with various excipients 

and PLGA, FTIR spectroscopy study was performed (Shimadzu, Japan). 

2.3 Study Design 

The study was performed in three phases.  

Phase I: This phase included Pre-formulation studies which was comprised of  

 Selection of suitable excipients or stabilizers 

Before going to start the research work, selection of suitable excipients and related 

chemicals/items were of prime importance. All the related chemicals/excipients/ 
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stabilizers were chosen on the basis of their compatibilities with one another and with 

the drug and polymer.  

 Method development 

For the analysis and determination of the drug used in this study a suitable “RP-

HPLC/UV” analytical method was first developed then optimized and validated. 

Phase II: This phase included Formulation development. 

 Different nano-formulations were developed while utilizing two different 

excipients/stabilizers which includes poly vinyl alcohol and poloxamer 407. 

 The stabilizers mentioned above were used in different concentrations (0.25% to 

1.5%) so as to get the best possible results in terms of size, PDI, zeta potential, 

entrapment, drug loading, surface characteristics and to achieve the perfect in-

vitro and in-vivo release of drug from the prepared nano-formulations. 

Phase III: This phase comprised of in-vitro & in-vivo evaluation of the prepared 

nano-formulations. 

 In-vitro analysis 

The in-vitro analysis/evaluation of the prepared nano-formulations were 

performed in terms of particle size, poly-dispersibility index, drug loading, zeta 

potential, encapsulation/entrapment efficiency, in-vitro drug release, stability 

study and morphology of particle size was determined by Scanning electron 

microscopy (SEM), and interaction among the drug and various excipients was 

determined with the help of  Fourier Transform Infrared spectroscopy (FTIR).  
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 In-vivo evaluation 

The in-vivo evaluation of the prepared nano-formulations was carried out to determine 

the pharmacokinetic parameters and tissue distribution (heart, liver, lungs, spleen, 

kidney, brain). 

The nano-formulations which were best in terms of size, zeta potential and 

polydispesibility index and entrapment efficiency were evaluated in mice and the PK 

parameters were compared with the marketed formulation.  

2.4 Pre-formulation studies 

It involves the following  

2.4.1 Samples preparation 

Samples were prepared according to the scheme given in Table 2-1. XRD and FTIR 

characterization were also based on these samples. All these samples were stored at 

accelerated conditions (40 °C ± 2 °C and 75% ± 5% RH) for three months [223]. 

2.4.2 Determination of Drug - Excipients compatibility 

In order to achieve  suitable stability of a final pharmaceutical product, determination 

of drug - excipients compatibility is a one of the important parameter in pre-

formulation studies FTIR spectra has an important role in the early detection of 

incompatibilities between active pharmaceuticals and excipients and thus prevents the 

wastage of expensive materials and time while preparing a suitable formulation [224]. 

Table 2.1: Samples composition for drug excipients compatibility testing/studies. 

Samples Composition of samples 

R 1 Pure PLGA 

R 2 Pure Poloxamer 

R 3 Pure Poly Vinyl Alcohol (PVA) 

R 4 Pure Drug (Etoposide) 

R 5 PLGA + Etoposide + Poloxamer 

R 6 PLGA + Etoposide + Poly Vinyl Alcohol 
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2.4.2.1 The Fourier -Transform Infra-Red Spectroscopy (FTIR) Analysis 

All the samples were analyzed via FTIR spectrophotometer (Shimatzu, Japan). 

Samples preparation for FTIR analysis was done by potassium bromide (KBr) pellet 

technique. In this technique about 2 mg of sample was blended with KBr which was 

then placed on sample holder and converted into relatively hard mass. The of FTIR 

spectra were obtained in the range of 400-4000 cm
-1

 having a resolution of 8 cm
-1

.  

2.4.3 UV-Visible spectrophotometric method development for the analysis of 

Etoposide 

A validated method of analysis for Etoposide by UV visible spectrophotometer was 

developed as per the guidelines laid down by the ICH [225, 226].  

2.4.3.1 Preparation of stock solution 

1 mg of Etoposide was dissolved in 10 mL of acetonitrile (ACN) in a volumetric 

flask, to obtain 100 µg/mL etoposide stock solution. This solution was stored at -20 

ºC for the preparation of further dilutions. 

2.4.3.2 Determination of Lambda max for etoposide 

Different dilutions in range of 10-100 µg/ml were prepared from the stock solutions 

which were then scanned by UV- spectrophotometer in the range of 200 to 400 nm to 

determine the lambda max.  

2.4.3.3 UV - Visible method validation 

This method for etoposide was validated according to the guidelines laid down by the 

ICH [225, 226] which are : 

2.4.3.3.1 Selectivity and Specificity 

The selectivity/ specificity of the method was determined by percent recovery 

technique. For this purpose, two solution of Etoposide were prepared, solution A 
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containing only drug (20 ug / ml) while solution B contained the drug (etoposide) and 

the excipients (PVA and poloxamer). Then their absorbance was determined at 

desired wavelength and % recovery was calculated using the following eq no 2.   

% recovery = 
                        

                        
    ……………….Eq02 

2.4.3.3.2 Precision 

Precision of the method was determined by performing the analysis as per the desired 

procedure. Repeatability of UV method was ascertained by calculating the absorbance 

of the etoposide (10 µg/mL) solution. The analysis was performed for six times in 

triplicate and their mean absorbance was calculated. In case of determining intra-day 

precision the absorbance of etoposide solution was taken after every six hours in 

triplicate for 24 hrs., the solution was refrigerated after every analysis and finally the 

mean absorbance was determined. In case of determining inter-day precision solution 

of etoposide in a concentration of 10 µg / mL was analyzed once a day for three days. 

2.4.3.3.3 Linearity 

Linearity of the method was determined by preparing Etoposide dilutions in different 

concentration range i.e.10-100 µg/ml. The responses of these solutions were obtained 

3 times and then mean and standard deviation (SD) were calculated.  

2.4.3.3.4 Stability 

Etoposide solution was kept for 96 hrs. at room temp to determine its stability [137]. 

Absorbance was determined in triplicate at different time intervals (5, 10, 15, 20, 25, 

45, 65, 85, 96 hrs.) and then compared with absorbance of fresh samples.  
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2.5 HPLC method development and validation 

2.5.1 Preparation of standard solutions 

Stock solutions (1 mg/mL) of etoposide, paclitaxel and sorafenib (IS) were prepared 

in acetonitrile & kept at -20ºC. Paclitaxel stock solutions were diluted with mobile 

phase to prepare working solutions at concentrations of 14-500 ng/mL. Similarly, 

stock solution of etoposide was used to prepare the working solution up to 

concentrations of 12-1000 ng/mL. The internal standard (I.S) sorafenib (1mg/10 ml) 

was prepared and fixed amount (400 ng/mL) was added to each studied plasma 

sample. The samples were kept for three months at -20ºC. 

2.5.2 Preparation of Analytical samples 

a. Spiked Plasma Samples 

Blood samples were collected in Heparin tubes. Their centrifugation was performed at 

8000 rpm for five (5) min. The plasma was separated and stored at -20ºC until 

analyzed by HPLC. For analysis samples were prepared, the stored plasma was first 

thawed at room temperature and then spiked with paclitaxel and etoposide to obtain 

different dilutions at concentration of 14 – 500 ng and 12- 1000 ng/ml respectively. 

Protein precipitation method was used for the preparation of samples, acetonitrile 

(ACN) was used as a protein precipitant. Precipitation design of the drugs from the 

samples is shown in figure 2.1. Samples were extracted and then 10-50 µl of the 

reconstituted sample was injected, with the help of an auto-sampler into the HPLC 

system fitted with ultra-violet detector.  
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b. Mice Plasma Samples 

Blood samples were collected from mice in Heparinized glass tubes at predetermined 

time and similar procedure was performed for extraction of drugs from plasma 

samples of mice as the spiked human plasma samples. 

c. Extraction Procedure 

For extraction of drug from plasma liquid-liquid extraction method was used. 

Etoposide, paclitaxel and sorafenib (I.S) were extracted from plasma using various 

organic solvents including diethyl ether (DEE), acetonitrile (ACN) ethyl acetate (EA), 

dichloromethane (DCM) and a mixture of dichloromethane and diethyl ether (1:1, 

V/V). The selection of appropriate solvent for the purpose was based on the ground of 

maximum recoveries of etoposide, paclitaxel and sorafenib from the sample. 

Spiking of the plasma was performed by adding the standard solution of analytes i.e 

PTX and ETP in concentration of 0.5 µg/ml and 1.0 µg/ml respectively. Similarly, the 

fixed amount of I.S (1 µg/mL) was also added to the plasma. The samples were 

vortexed for two (02) minutes which were then extracted three (03) times with equal 

(600ul) volume of acetonitrile. The samples were again vortexed for two minutes in 

order to achieve uniform mixing. Finally, the samples were centrifuged at 8000 rpm 

for five minutes.  The clear supernatant was then collected, the volume was making 

up to 1 ml with the mobile phase. The percent recoveries of analytes were determined 

at three different concentration levels. 

The real plasma samples (200 µl) of mice were extracted via same procedure as for 

spiked human plasma.  
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Figure 2.1: Scheme for extraction of analytes from plasma 

d. Tissues samples 

Tissues samples were collected periodically after intravenous administration of 

formulations in the tail vein of the mice. The mice were sacrificed by cervical 

dislocation at specified time point and the tissues of interest (heart, liver, lungs, 

kidney, spleen and brain) were isolated. After collection, the tissues were washed with 

normal saline, dried with the help of absorbent paper, 0.2 g of each tissue was 

weighed and were kept in Eppendorf tubes and stored at -20 °C for analysis by HPLC 

system.  

Plasma (200 µl) + 50 µl analyte and internal standard 

Add 3 parts (600 µl) of acetonitrile 

Vortex for 5 minutes vigorously (to precipitate proteins) 

Centrifuge at 800 rpm at 0ᴼC for 5 minutes 

Transfer the clear layer to separate eppendorf tube 

Make up the volume with mobile phase solvent up to 1 ml 
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e. Extraction with Acetonitrile 

The extraction of etoposide from the organ/tissues of mice involves the same steps as 

that from human plasma but with some slight modification. In this case double 

centrifugation was performed in order to remove the impurities completely from the 

samples. The isolated tissues of mice were thawed and homogenized with the help of 

a probe sonicator after adding 1 ml of ACN to it and were then centrifuged at 8000 

rpm for 5 minutes. The supernatant was collected, and IS (50ul) was added to it and 

vigorously vortexed for 5 minutes. Centrifugation was again performed at 8000 rpm 

for 5 minutes so as to achieve complete extraction and deproteination to remove any 

impurities left in the sample after 1
st
 centrifugation. The supernatant was collected, 

dried with nitrogen gas and the volume was made up to 1 ml with the TFA (0.025%) 

and ACN in the ratio of (40:60, V/V) for analysis by HPLC.  

2.5.3 Optimization of Chromatographic Parameters 

2.5.3.1 HPLC system 

Perkin Elmer High Performance Liquid Chromatographic system (Norwalk, USA) 

having an auto-sampler, pump, column oven, vacuum degasser and ultra violet visible 

detector was used in this research work. The separation of ETP and PTX was carried 

out using Pruospher® STAR RP- 18e (250mm × 4.6mm, 5µm) column at a 

wavelength of 235 nm. with pre-column guard cartridge protected by a Perkin Elmer 

C18 (30 mm × 4.6 mm, 10µm; Norwalk, USA) pre-column guard cartridge. The 

analysis was performed at column oven temperatures of 25ºC using TFA (0.025%) 

and ACN in the ratio of (40:60, V/V), in isocratic mode, pumped at a flow rate of 1.0 

ml/min. Sorafenib was used as an internal standard for the determination of etoposide 

and paclitaxel. The sample was injected into the HPLC system fitted with UV detector 

with the help of an auto-sampler. 
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2.5.3.2 Selection of stationary Phase 

Different columns such as Pruospher® STAR RP- 18e (250mm × 4.6mm, 5µm), 

Discovery HS C18 column (250 mm x 4.6 mm, 5 µm), ACE 5 C18 (150 mm x 4.6 

mm, 5 µm), CNW Athena C18-WP (100 mm x 4.6 mm, 5 µm), Symmetry C8 column 

(150 mm × 3.9 mm, 5 µm) and Symmetry C8 (250 mm × 4.6 mm, 5 µm) were tried 

with pre-column guard cartridge RP18 (30 × 4.6 mm, 10 µm; Norwalk, USA) in order 

to separate etoposide and paclitaxel. 

2.5.3.3 Mobile Phase Selection 

The composition of the mobile phase significantly alters the response and retention 

times of the studied analytes. The ion pairing agent TFA was used as a mobile phase. 

The effect of various ratios of TFA was studied in terms of retention time and peak 

response. Similarly, ACN and methanol are the most commonly used organic solvents 

for the quantification of anticancer drugs. Differentorganic solvents such as, ACN, 

methanol tetrahydrofuran (THF, 0.05% and 0.1%) and various buffers including 

phosphate buffer (KH2PO4) in the range of 10–100 mM and 50 mM NaH2PO4 in 

various compositions were studied for both isocratic and gradient mode analysis of 

studied analytes. The mobile phase selection was based on shorter run time with 

greater sensitivity and peak resolution.  

2.5.3.4 Flow rate 

The flow rate of mobile phase was studied in the range of 0.8-1.5 mL/min, and its 

effect on resolution and peak characteristics were evaluated. The selection of 

optimum flow rate was based on higher analytes sensitivity and better resolution.  
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2.5.3.5 Column Oven Temperature 

The effect of the temp of HPLC column oven was, studied in the range of 25 - 45 ºC, 

on the chromatogram of etoposide, paclitaxel and internal standard. 

2.5.3.6 Detection Wavelength 

Wavelength (λmax) was applied in the range of 235 to 255 nm during the analysis of 

analytes by HPLC and the λmax that resulted in best peak resolution and sensitivity 

was selected for further studies.  

2.5.3.7 Selection of internal standard 

Various drugs, like sorafenib, Tenofovir, Atenolol and piroxicam were analyzed to be 

used as an IS. The one showing better recovery and instrumental response was 

selected as IS. 

2.5.4 Method Validation 

The method was validated for its accuracy, sensitivity, specificity,  precision, 

recovery, robustness, linearity,  sensitivity (limit of detection (LOD) and limit of 

quantification (LOQ), and sample’s stability according to standard guidelines 

[178].USP and ICH guidelines were followed for method validation
[178]

. 

2.5.4.1 Specificity 

The specificity of analytical method was assessed by analyzing the analytes 

(etoposide, paclitaxel and sorafenib) in blank plasma and 1;1 mixture (having 1µg/mL 

of analytes& IS) and spiked plasma with ETP, PTX and IS (1µg/ml). 

2.5.4.2 Accuracy 

Percent (%) recovery technique was used to assess the accuracy of the method. The 

percent recovery of the analytes was determined at three concentrations levels (0.1, 
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0.2, 0.4 ug/mL) by spiking the plasma (200µl) with appropriate concentration of each 

ETP, PTX and IS. Percent recovery was determined as per the following equation 1: 

         
( )

( ) ( )
     ---------------------------------------- (1) 

Where 

X = response ratio of the analyte with reference to IS in the spiked plasma samples,  

Y = response ratio of analyte with reference to IS in the mobile phase control plasma;  

Z = response ratio of the analyte with reference to IS in control plasma (1:1 mixture). 

2.5.4.3 Precision 

It was, determined on the basis of analysis and injection repeatability and, 

intermediate precision (inter-day and intra-day) studies. Plasma samples (n=6) were 

repeatedly injected into HPLC system to determine the repeatability of the method 

and results were calculated.  

 The intra-day study was performed by analyzing plasma samples for 24 hrs at an 

interval of 8 hrs. Inter-day study was carried out by analysis of the analytical samples 

on daily basis (at 24 hrs interval) for seven days. At each sampling point, analysis was 

performed in triplicate and mean ±SD was taken. The recovered concentrations were 

calculated using the equation 2. 

  
[ ]

[ ]
 
[ ]

[ ]
               ---------------------------------------- (2) 

The peak areas of the ETO and PTX are given by X and Y in spiked plasma and 1:1 

standard sample, respectively; while the peak area of the internal standard is given by 

A and B; CS is the concentration, of the drug to be determined and the dilution, factor 

is CD. 
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2.5.4.4 Robustness 

The robustness of this analytical method was determined by applying minute changes 

in the composition of mobile phase, HPLC column oven temp and flow rate. The 

changes made in these mentioned conditions were small and intentional and their 

effects on the condition of peaks were determined. 

2.5.4.5 Sensitivity 

It was assessed by limit of detection (LOD) and limit of quantification (LOQ) for 

etoposide and paclitaxel. The limit of detection (LOD) of a compound was that 

concentration at which signal-to-noise, ratio (S=N) is 03 and limit of quantification 

(LOQ) was that concentration of compound at which response was equal to at least 10 

times the value of signal-to-noise ratio (S=N). Various dilutions of both the analytes 

were prepared and their instrumental response was evaluated. 

2.5.4.6 Stability 

Stability studies of samples were carried out at room temperature (18–23
o
C), 4 ºC and 

freezing temp (20
o
C) for 07 days. Samples were analyzed on daily basis in triplicate 

and % stability was determined by the following equation 3: 

            
  

  
        ----------------------------------------(3) 

Where Qt is stability of analyte at time t, and Q0 is stability at initial time.[227] 

2.5.4.7 Linearity 

The method linearity was determined by plotting calibration curves at seven (07) 

concentration level of each drug in the standard and spiked plasma samples. The 

response ratio and concentration of each analytes were plotted against each other to 

construct calibration curve. The Slope, intercept, and correlation coefficient were 

obtained from the straight-line equation using Microsoft (MS) Excel 2013. 
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2.5.4.8 Statistical interpretation and correlation of Data 

Mean (x), standard deviation (±SD) and relative standard deviation (% RSD) are 

different statistical tools which are used for the quantification of analytes.  

2.6 Formulation of Etoposide loaded PLGA Nanoparticles 

Various formulations of Etoposide loaded polymeric (PLGA) nanoparticles were 

prepared by oil in water single emulsion solvent evaporation method using high 

pressure sonication (Soniprep -150 UK). During the process of formulation, different 

stabilizers/emulsifying agents, in varying concentrations (0.25, 0.5, 1, and 1.5% ) 

were used which includes poloxamer 407, polyvinyl alcohol (PVA), Initially various 

concentrations of drug, polymer and stabilizers along with different volumes of 

organic and aqueous phase were taken to determine the best possible ratio of all these 

ingredients/parameters to select optimum formulations in terms of size, zeta potential,  

polydispersiblity index (PDI) and entrapment efficiency. 

PLGA and drug were dissolved in 3 ml of acetonitrile (ACN). The concentration of 

PLGA for every formulation was kept constant i.e. 15 mg and the concentration of 

drug was kept 1, 2,3,4,5 mg each for 5 different formulations. Similarly, stabilizers 

were dissolved in distilled water to make their respective solutions in terms of 

percentage (0.25 %, 0.5%, 1%, 1.5%). Complete dissolution of stabilizers in distilled 

water was achieved with slight agitation and continuous stirring. After the preparation 

of these solutions, the drug and polymer organic solution was added to stabilizer 

solution drop wise with the help of a syringe with continuous stirring. When the 

addition of organic phase to aqueous phase was completed it was then sonicated with 

the help of probe sonicator for 2 minutes. During this process the sonicator was set at 

a level of 99% of power 15 W. After sonication was then placed on a magnetic stirrer 
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for the complete evaporation of organic phase in about 6 to 8 hours. The formed nano-

particles (NP) were then collected with the help of a centrifuge, which was operated at 

14000 rpm for 25 minutes at 5 ºC and finally the NPs were wash thrice with double 

distilled water and lyophilized for further investigations.  

 
Figure 2.2: Schematic representation of Nano-formulation preparation.  
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Table 2.2: Etoposide Nano- Formulations with 0.25% Poloxamer- 407 and 

PLGA. 

S.No Code 

DRUG. 

(Etoposide) 

concentration 

PLGA. 

STABILIZER 

(Poloxamer. 

407) 

0.25% 

Temp. 
Speed. of 

sonicator 

1 EP 11 1 mg 15 mg 0.25% 25 ºC 99 % 

2 EP 12 2 mg 15 mg 0.25% 25 ºC 99 % 

3 EP 13 3 mg 15 mg 0.25% 25 ºC 99 % 

4 EP 14 4 mg 15 mg 0.25% 25 ºC 99 % 

5 EP 15 5 mg 15 mg 0.25% 25 ºC 99 % 
 

Table 2.3: Etoposide Nano-Formulations with 0.5% Poloxamer- 407 and 

PLGA. 

S.No Code. 

DRUG. 

(Etoposide) 

concentration 

PLGA. 

STABILIZER 

(Poloxamer.407) 

0.5%. 

Temp. 
Speed of 

sonicator 

1 EP 16 1 mg 15 mg 0.5% 25 ºC 99 % 

2 EP 17 2 mg 15 mg 0.5% 25 ºC 99 % 

3 EP 18 3 mg 15 mg 0.5% 25 ºC 99 % 

4 EP 19 4 mg 15 mg 0.5% 25 ºC 99 % 

5 EP 20 5 mg 15 mg 0.5%  25 ºC 99 % 

 

Table 2.4: Etoposide Nano-Formulations with 01 % Poloxamer- 407 and 

PLGA. 

S.No Code 

DRUG 

(Etoposide) 

concentration 

PLGA 

STABILIZER 

(Poloxamer 

407) 

01 % 

Temp 
Speed of 

sonicator 

1 EP 21 1 mg 15 mg 1% 25 ºC 99 % 

2 EP 22 2 mg 15 mg 1% 25 ºC 99 % 

3 EP 23 3 mg 15 mg 1% 25 ºC 99 % 

4 EP 24 4 mg 15 mg 1% 25 ºC 99 % 

5 EP 25 5 mg 15 mg 1% 25 ºC 99 % 
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Table 2.5: Etoposide Nano-Formulations with 1.5 % Poloxamer- 407 and 

PLGA. 

S.No Code 

DRUG 

(Etoposide) 

concentration 

PLGA 

STABILIZER 

 (Poloxamer-

407) 

1.5 % 

Temp 
Speed of 

sonicator 

1 EP 26 1 mg 15 mg 1.5% 25 ºC 99 % 

2 EP 27 2 mg 15 mg 1.5% 25 ºC 99 % 

3 EP 28 3 mg 15 mg 1.5% 25 ºC 99 % 

4 EP 29 4 mg 15 mg 1.5% 25 ºC 99 % 

5 EP 30 5 mg 15 mg 1.5% 25 ºC 99 % 

 

Table 2.6: Etoposide Nano-Formulations with 0.25% Poly Vinyl Alcohol 

(PVA) and PLGA. 

S.No Code DRUG 

(Etoposide) 

concentration 

PLGA STABILIZER 

 (PVA) 

0.25 % 

Temperature Speed of 

sonicator 

1 EP 26 1 mg 15 mg 0.25% 25 ºC 99 % 

2 EP 27 2 mg 15 mg 0.25% 25 ºC 99 % 

3 EP 28 3 mg 15 mg 0.25% 25 ºC 99 % 

4 EP 29 4 mg 15 mg 0.25% 25 ºC 99 % 

5 EP 30 5 mg 15 mg 0.25% 25 ºC 99 % 

 

Table 2.7: Etoposide Nano-Formulations with 0.5% Poly Vinyl Alcohol 

(PVA) and PLGA. 

S.No Code. 

DRUG. 

(Etoposide) 

concentration 

PLGA. 

STABILIZER 

 (PVA). 

0.5 % 

Temperature 
Speed of 

sonicator 

1 EP 31 1 mg 15 mg 0.5% 25 ºC 99 % 

2 EP 32 2 mg 15 mg 0.5% 25 ºC 99 % 

3 EP 33 3 mg 15 mg 0.5% 25 ºC 99 % 

4 EP 34 4 mg 15 mg 0.5% 25 ºC 99 % 

5 EP 35 5 mg 15 mg 0.5%  25 ºC 99 % 
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Table 2.8: Etoposide Nano-Formulations with 01% Poly Vinyl Alcohol (PVA) 

and PLGA 

S.No Code 

DRUG 

(Etoposide) 

concentration 

PLGA 

STABILIZER 

 (PVA) 

01 % 

Temperature 
Speed of 

sonicator 

1 EP 36 1 mg 15 mg 1% 25 ºC 99 % 

2 EP 37 2 mg 15 mg 1% 25 ºC 99 % 

3 EP 38 3 mg 15 mg 1% 25 ºC 99 % 

4 EP 39 4 mg 15 mg 1% 25 ºC 99 % 

5 EP 40 5 mg 15 mg 1% 25 ºC 99 % 

 

 

Table 2.9: Etoposide Nano-Formulations with 1.5 % Poly Vinyl Alcohol 

(PVA) and PLGA 

S.No Code 

DRUG 

(Etoposide) 

concentration 

PLGA 

STABILIZER 

 (PVA) 

1.5 % 

Temperature 
Speed of 

sonicator 

1 EP 41 1 mg 15 mg 1.5% 25 ºC 99 % 

2 EP 42 2 mg 15 mg 1.5% 25 ºC 99 % 

3 EP 43 3 mg 15 mg 1.5% 25 ºC 99 % 

4 EP 44 4 mg 15 mg 1.5% 25 ºC 99 % 

5 EP 45 5 mg 15 mg 1.5% 25 ºC 99 % 

 

2.7 Characterization and Evaluation of Nano-Formulation. 

2.7.1 Drug Loading / Entrapment efficiency 

The entrapment of drug in nanoparticles is the ratio of the quantity of entrapped drug 

to that of the total drug used for the preparation of nanoparticles. For this purpose, the 

nano formulations were subjected to high speed (14000 rpm) centrifugation for 25 

minutes and the supernatant was collected which consists of free drug. The sediment 

obtained as a result of that centrifugation composed of nanoparticles which have 

entrapped drug. This sediment was dissolved in ACN and after its dissolution the 
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concentration of etoposide was determined. The amount of free / non-entrapped drug 

in the supernatant and the amount of entrapped drug, in nanoparticles, in the sediment 

was measured by UV-visible spectrophotometer at 246 nm. The percent entrapment 

efficiency (EE) and percent drug loading (DL) was determined as per the following 

two equations [228, 229].  

      
               (   )               

                       (   )      
     -------------------(4) 

      
               (   )               

                    
      -------------------------(5) 

2.7.2 particles size, Poly-dispersibility index and Zeta potential 

Polydispersibility index (PDI) is the assessment of heterogeneity of sizes in a given 

sample. It is also called as heterogeneity index.  The size of nano-particles and poly-

dispersibility index (PDI) was analyzed by Zeta sizer ZS-90, Malvern, UK. Both size 

and PDI were determined by dynamic light scattering technique. DIP cell technology 

of Zetasizer (Nano ZS-90) was used to determine zeta potential of nano-formulations.  

2.7.3 Scanning Electron Microscopy. (SEM) 

SEM was performed to determine the surface morphology of Etoposide loaded PLGA 

nanoparticles. Before the analysis the freeze-dried nanoparticles were dried in oven at 

37 ºC for 24 hrs. To remove traces of moisture, a stub, made of Brass, was used for 

the preparation of sample for SEM studies. The NPs were attached on a double-sided 

carbon tape. The double tape was placed on the stub and the extra amount of dried 

powder was removed from the upper portion of tape. Gold was used for the purpose 

of coating of the sample, under argon atmosphere.  
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2.7.4 X-Ray diffraction (XRD) 

Crystalline and Amorphous nature of various samples were determined by using 

XRD. X-ray diffractometer (JDX 3532, Japan) was used for this purpose. The 

samples which were analyzed included; etoposide, PVA, poloxamer-407, ETO+PVA, 

ETO + Poloxamer and ETO nanoparticles. The equipment was operated from 3º to 

40º. 

2.7.5 In-vitro Drug Release 

The in-vitro release study of drug from the Etoposide loaded PLGA nanoparticles was 

determined by dialysis bag diffusion method. The freeze-dried nanoparticles (coating 

app 1 mg of drug) were re-dispersed in 2 mL phosphate buffer saline having pH of 7.4 

and sealed in dialysis membrane (MW cut off: 12000-14000 D). The cellulose 

membrane was tightly sealed with the help of a wire at both ends and was then placed 

in 100 mL release medium (PBS, pH 7.4) in a beaker. The whole assembly was then 

placed in a shaking water bath at 100 rpm maintaining the temperature at 37 ºC. At 

selected time intervals samples were withdrawn from the beaker and the same amount 

of PBS was then added to the beaker to maintain the total volume of the release 

medium. The amount of drug release in the medium was then determined with the 

help of UV- spectrophotometer at 246 nm. Percent release was determined all the 

samples were taken in triplicate. 

2.7.6 Drug Release Kinetics studies 

In- vitro data was used to determine the release behavior of drug from the polymeric 

nanoparticles. different kinetic models such as zero order, first order, Korsmeyer 

Peppa’s, Higuchi models and Hixon Crowell Model were fitted to the data to 

determine the release kinetics of the NPs.  
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2.7.6.1 Zero order kinetic model 

In this model the release of drug from the dosage form is not dependent on its 

concentration and drug release rate remains constant over a period of time. Drug 

dissolution from dosage forms that do not disaggregate and release the drug slowly 

can be represented by the equation 

              ----------------------------------------(6) 

This equation can also be written as  

            ----------------------------------------(7) 

Where: 

   is the drug conc at time (t). 

   is the initial quantity of drug in preparation. 

    is the zero order. release constant.  

To analyze the drug release kinetics, data which was obtained from in- vitro drug 

release studies were plotted as percent cumulative amount of drug released versus 

time. 

2.7.6.2 First order kinetic model 

As per this kinetic model the release of drug from a dosage form mainly depends on 

its concentration. This model is used to express the absorption and or removal / 

eradication of therapeutic agent’s inspite of the fact that it is not easy to deliberate this 

system on theoretical grounds. The drug release kinetics will be considered is of first 

order when a linear graph is obtained as a result of plotting drug release verses time. 

The following equation is used for drug release which follow first order kinetics 

model.  
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 ---------------------------------------- (8) 

Where: 

Kt      = first order release constant. 

      = quantity of drug dissolved in time t. 

      = initial. concentration of drug.  

2.7.6.3 Korsmeyer Peppas Model 

This model was presented by Korsmeyer et al. in the year 1983. As per this model a 

relationship was adopted which illustrate the release of a drug from a polymeric 

dosage form. The equation of this model is given below.  

    ⁄        ---------------------------------------- (9) 

Where: 

    ⁄      is the amount of drug release? 

t      = time  

k = release constant 

n      = release exponent. 

 

2.7.6.4 Higuchi Model 

This equation is presented by Higuchi in 1961 and is commonly used in the field of 

drug delivery with the aim to illustrate the release of a drug from a matrix structure. 

Higuchi kinetics expresses the rate of release of a drug (solute), from a polymer 

(matrix) where the loading of solute exceeds its solubility, in the matrix into a 

surrounding medium. This system expresses cumulative drug release vs square root of 

time (√ )as per the following equation.  
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½

………………………………………………. (10) 

Where: 

   is Higuchi dissolution constant. 

2.7.6.5 Hixon –Crowell Model 

In 1931 this model was presented by Hixon Crowell. These two scientists presented 

that the particle regular area is proportional to the cubic root of its volume. They used 

the following equation which can be expressed as; 

  

 

     

 

        ----------------------------------------(11) 

Where: 

   = Initial quantity. of drug in dosage form. 

  = quantity. of drug left in dosage form at time t. 

   = constant incorporating. surface volume.  

Etoposide loaded PLGA nanoparticles and blank PLGA NPs were freeze dried with 

glucose (2%, 4% and 8 %, w/v) as a cryoprotectant (CP). NPs were also freeze dried 

without using any CP which was used as a control. Freeze drying was performed in 

glass vials fitted with a rubber stopper. The nano-formulations were poured into glass 

vials along with the cryoprotectant and the samples were frozen at -20 °C for 20 

minutes. The glass vials containing the frozen samples were then fitted into freeze 

drying chamber which was operated at -45 °C for 12 hours. The drying process was 

observed carefully and if moisture was observed in the sample it was again fitted in 

the chamber for further drying up to 24 hours. After completion of the process the 
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freeze-dried samples were then reconstituted with sufficient amount (2ml) of distilled 

water for further analysis.   

Nano-formulations were freeze dried with or without CP. Different cryoprotectants 

were also used which included glucose, mannitol and trehalose in different 

concentrations (2%, 4% and 8 %, w/v) to determined their effects on the freeze-drying 

properties of PLGA NPs. 

2.7.7 Long term storage and stability studies 

This study of etoposide loaded PLGA nano-suspension was determined by storing the 

nano formulation at two different temps: i.e. 25 °C and 4 °C for a period of 6 months. 

Analysis of samples were performed in triplicate for each storage condition after 1, 3 

and at 6 months of storage.  

The samples, during the storage period were kept in tight sealed glass vials to protect 

them from any type of contamination. During analysis of the nano-formulations the 

properties like particle size, PDI, drug loading. and encapsulation efficiency of the 

initially prepared nano suspensions were compared with that obtained after keeping 

the same samples for 6 months at a temp of 25 °C and 4 °C. 

The stability studies of prepared nanoformulations were performed according to the 

WHO guidelines on stability. 

2.7.8 In vivo Evaluation 

It includes pharmacokinetic evaluation. Distribution of optimum formulations NPs 

and detection of ETO in various organs of Balb (C) mice was determined with the 

help of HPLC-UV method, developed specifically for this purpose. 
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2.7.8.1 Animal handling 

Pharmacokinetic evaluation of selected NPs formulations was carried out in Balb/C 

albino mice, of either sex weighing 25 to 30 g. Animals were purchased from the 

pharmacology section of the department. of Pharmacy, University of Peshawar. and 

were kept in cages at room temperature (22 ± 2°C) and humidity under 12 hrs. Light 

and dark cycle and were provided standard laboratory food and water ad libitum. The 

mice were fasted for 12 hrs. Before the start of experiments prior approval was taken 

from the Ethical committee of the department of pharmacy (vide letter no 569/pharm, 

applicant No 03/EC-17/Pharm), University of Peshawar and all the experiments were 

performed as per the international guidelines for the care of laboratory animals. Those 

animals which were not fit for experiments were not included in the study and were 

removed by killing them either by cervical dislocation or with the help of chloroform.  

2.7.8.2 Intravenous (I/V) Drug administration 

The Drug loaded nanoparticles were injected into the tail vein of healthy mice at 10 

mg per kg body weight. For each injected preparation, three mice were used per time 

point. The mice were sacrificed at specified time post drug injection. Before 

sacrificing mice were anesthetized with excess amount of chloroform. 

2.7.8.3 Collection of blood samples and organs/tissues 

Blood samples and organs were collected at predetermined time points (0, 0.5 

minutes, 1, 2, 3, 4, 6, 8, 12, 24, 36, 48, 72, 96, 120, 144, and 168 hours) and (5, 

minutes, 1, 2, 3, 4, 6, 8, 12, and 24 hrs) respectively after sacrificing the animals in 

heparin tubes and pre weighed plastic tubes respectively. The blood was then 

centrifuged at 15000 rpm for 10 minutes and the plasma was collected in 2 ml 

Eppendorf tubes. The plasma and tissues samples (Eppendorf tubes) were kept in 

refrigerator at -20 °C for further HPLC - UV analysis. 
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2.7.8.4 Analysis of plasma and tissue/organs samples for the determination of 

etoposide 

HPLC-UV was used for the determination of etoposide conc in plasma and various 

organs of the mice. The separation of Etoposide was achieved on Pruospher ® Star 

RP- 18e (250mm × 4.6mm, 5µm) column using Acetonitrile and TFA (0.025%) in 

the ratio of (60:40V/V) as the mobile phase in isocratic mode at a flow rate of 1 

ml/min. The column was protected by a guard cartridge column. Eto peak was 

detected at a wavelength of 235 nm. The column oven temperature was kept 25ºC. 

2.7.8.5 Determination of Pharmacokinetic parameters and statistical analysis 

The Etoposide concentration in blood and organs was determined at various time 

intervals after intravenous (I/V) administration of the optimized nano-formulations. 

Various PK parameter like Cmax, Tmax, Area under curve (AUC), Half-life (t1/2) were 

assessed while applying the data to PK summit software(2.0, Summit Research Services, 

USA). The elimination rate constant (Kel) was determined by the least-square 

regression of plasma concentration-time data points in the terminal log-linear region 

of the curves. Measurement of half-life was performed as 0.693 divided by kel. The 

clearance (Cl) was calculated by dividing dose byAUC0- ∞. Vss and MRT were 

determined by taking in to consideration the following non-compartmental 

calculations.  

  
      ⁄

     
   ⁄   ----------------------------------------(12) 

Vss = Dose × AUMC. / (AUC0-∞)
 2 

--------------------(13) 

     ∫    
 

 
  ----------------------------------------(14) 

     
    

    
  ----------------------------------------(15) 

Or 
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             ----------------------------------------(16) 

      ∫     
 

 
 ----------------------------------------(17) 

     
 
   ⁄   ----------------------------------------(18) 

MRT = AUMC. / AUC0-∞ -------------------------------(19) 

The data was tested by student t test for determination of significance of difference 

(P≤0.05) between means of treatments. 
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3 RESULTS AND DISCUSSION 

The objective of this research work was to prepare sustained release polymeric nano-

formulations loaded with anticancer drugs. The polymer, poly lactic-co-glycolic acid 

(PLGA), which has the ability to target the desired organ and to maintain its 

concentration in blood for several days, was selected for this purpose. Etoposide an 

anti-cancer drug, which is topoisomerase II inhibitor, was selected for this purpose. 

Etoposide loaded PLGA nano-formulations were prepared by different techniques and 

the solvent evaporation method was selected for further formulation because it had 

produced best results in term of getting best possible particles size. The poloxamer 

(PXR) 407 and poly vinyl alcohol (PVA), in different concentrations, were used as 

stabilizers/emulsifiers for the preparation of Eto-PLGA nano-formulations. Total 40 

nano-formulations were prepared among these04 formulations were selected on the 

basis of required particle size, zeta potential, percent entrapment efficiency, drug 

loading, freeze drying with different cryoprotectants and long-term stability. The 

distribution of the selected / optimum formulations to various organs of mice and their 

pharmacokinetic parameters were also determined with the help of HPLC. 

3.1 Pre-formulation tests / stability studies 

3.1.1 Drug Excipients compatibility studies 

It was performed by preparing mixtures of drug and the excipients, used in the 

preparation of nanoformulations and were stored under stress conditions (45 ± 2 °C, 

75 ± 5% humidity) for 30 days and finally their drug content, physical consistency 

and FTIR were performed.  
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3.1.2 Drug content analysis and estimation studies 

Deterioration of APIs in a dosage form may occur due to temperature, humidity and 

incompatibilities with the excipients. The temperature and humidity act as a stimulant 

for the initiation of physical and chemical changes in a dosage form.  The excipients 

used in this study are also moisture and heat sensitive therefore the stability of the 

formulations was evaluated under accelerated storage conditions (45 °C ± 2 °C & 75 

% ± 5% RH) for 90 days. 

Table 3.1: Table showing percent drug contents and compatibility studies of 

drug and excipients at different time intervals 

Analysis Time Characteristics 
Sample 

R 5 

Sample 

R 6 

Day 1 

Physical 

consistency 
Complies Complies 

Drug 

content 
99.87 99.17 

Day 30 

Physical 

consistency 
Complies Complies 

Drug 

content 
99.74 98.63 

Day 60 

Physical 

consistency 
Complies Complies 

Drug 

content 
98.89 99.33 

Day 90 

Physical 

consistency 
Complies Complies 

Drug 

content 
99.73 99.11 

 

The results obtained during the process of determining compatibility studies are 

presented in the table 3.1. The concentration of drug in the formulations was 

measured 3 times at each sampling point and the data is shown as a Mean ± SD. It 

was observed that no significant (p> 0.032) changes occurs when stored under 

accelerated conditions and evaluated periodically (results are shown in Table 3.1). 
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3.1.3 Determination of physical consistency 

The samples were evaluated physically and no physical change including color and 

consistency were observed under the naked eyes. 

3.1.4 FTIR spectra for the determination of drug –excipients incompatibilities 

The IR spectra of Etoposide shows characteristic absorption peak at 3380 cm−1, 2900 

cm-1, 1760 cm−1, 1600 cm−1, 1465 cm−1and 1060 cm−1,can be seen which are 

attributed to OH end group, C-H stretch, C=O stretch of ester bond, C=O stretch of 

carboxyl methyl,C=C at the backbone of aromatic phenyl ring, and C-O-C stretch 

respectively. The IR spectrum of poloxamer 407 show peaks at 2891 cm -1, 1343 cm–

1, and 1111 cm–1 which are attributed to (C-H stretch), O-H bend and (C-O stretch) 

respectively. The peaks observe in the IR spectrum of PLGA polymer at 1762 cm–1, 

1450 cm–1, 2993 cm-1 and 3506 cm–1 are due to C=O stretches, C-H bends, C-H 

stretches, and OH end group respectively. Similarly, the IR spectrum of PVA showed 

peaks at 2850 cm-1, 1700 cm
−1

 and 1120 cm
−1

 which are attributed to C-H stretching, 

C=O stretch and C-O-C stretch respectively (Fig 3.1 and 3.2).  

The IR spectrum of the physical mixture of Poloxamer 407, PVA, Etoposide, and 

PLGA shows a super-impossible pattern thus showing the absence of any interaction 

or incompatibility between the drug and excipients used in the study. 
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Figure 3.1: FTIR analysis of (A) Etoposide, (B) PLGA (C) Poloxamer and (D) Physical mixture  

A B 

C 

D 
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Figure 3.2: FTIR analysis of (A) Etoposide, (B) PLGA (E) PVA and (F) Physical mixture

A B 

E F 
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3.1.5 Development and validation of UV Visible Spectrophotometric method of 

analysis of Etoposide 

The spectrophotometric method of etoposide analysis was developed and validated for 

etoposide. A suitable extraction solvent & lambda max was determined and validated. 

The said extraction procedure and lambda max were then used for the determination 

of etoposide in nano-formulations and conventional/marketed dosage form. 

3.1.5.1 Preparation of solutions 

3.1.5.1.1 Preparation of stock solution and different dilutions 

Etoposide stock solution in concentration of 10 mg /ml (equivalent to 100 µg / ml) 

was prepared by using analytical grade acetonitrile (ACN) as a solvent. Which was 

further diluted to determine different analytical parameters. Further dilutions were 

made when required. The stock solution was kept in a closed container at -20 °C in a 

refrigerator to avoid contamination and chemical changes. The dilutions were used to 

be prepared on daily basis. 

3.1.5.2 Selection of Lambda max 

Scanning of etoposide solution having concentration of 100 µg/ml was performed in 

the range of 190 to 350 nm scanning range. Acetonitrile was used as a blank. The 

λmaxfor etoposide in ACN was 246 nm which was also used for the determination of 

drug in nano-formulation and a conventional dosage form. 
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Figure 3.3: UV absorbance of Etoposide solution in ACN (10 to 120 µg/ml ) 

3.1.5.3 Validation of UV visible spectrophotometric method for Etoposide 

analysis. 

UV visible spectroscopic method of analysis of etoposide (ETO) was validated 

according to FDA/ICH guidelines [230, 231]. Different validation parameters are 

shown in table 3.2.  

3.1.5.3.1 Linearity 

The linearity was determined from the calibration curves of standard solution, plotted 

at 10 different concentration levels in the range of 10 to 100ug / ml (Figure 3.4). The 

instrument response was linear in the mentioned range. The regression equation and 

correlation co-efficient are shown in the Table 3.2. 
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Figure 3.4: Calibration curve of Etoposide by visible UV spectroscopy 

Table 3.2: Validity parameters of UV visible spectrophotometric method of 

analysis of Etoposide. 

Parameters Results 

Linearity 

Calibration Range 10 to 120 µg / ml 

Wavelength 246 nm 

Regression equation Y =0.024 x + 0.049 

Correlation coefficient (R
2
) 0.998 

Accuracy (% recovery) Mean ± SD, % RSD 

Sample without excipient 99.59 ± 0.10, 0.10 

Samples with excipients 99.25 ± 0.20, 0.20 

Stability (amount recovered) Mean ± SD, % RSD 

Day 1 19.42 ± 0.07, 0.55 

Day 2 19.37 ± 0.09, 0.47 

Day 3 19.34 ± 0.06, 0.31. 

 

3.1.5.3.2 Stability 

The etoposide samples were kept both at room temp 25 °C as well as at freezing temp 

(-20 °C) for 96 hours and it was found that the samples were stable under the above-

mentioned conditions.   

3.1.5.3.3 Specificity and selectivity 

A standard solution in the concentration of 10 µg / ml was used, to know about the 

specificity of the developed method, by % recovery. This was done both in the 

presence and absence of excipients [232, 233] and it was found that the availability of 
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the excipients doesn’t have any effect on the parameter of % recovery as shown in the 

table 3.3. 

3.1.5.3.4 Precision of the method 

The precision of method was determined through analysis repeatability and interday 

and intraday studies. Etoposide solution in concentration of 10 ug / ml was used to 

measure the precision study and average amount recovered (n = 3) was calculated as 

shown in the table 3.3. 

Table 3.3: Intraday and Inter day studies of UV visible spectrophotometric 

method of analysis of Etoposide 

Sample time Concentrations 
Concentration 

recovered 
% RSD 

0 h 

10 µg /  ml 

10.02 ± 0.15 1.52 

6 hrs 10.79 ± 0.30 2.81 

12 hrs 10.82 ± 0.28 2.65 

18 hrs 10.30 ± 0.35 3.41 

24 hrs 9.81 ± 0.17 1.74 

2
nd

 day 10.02 ± 0.14 1.40 

3
rd

 day 10.01 ± 0.18 1.83 

Results are presented as mean ± SD 

% RSD: % Relative standard deviation 

3.1.6 Development and validation of HPLC – UV method for the analysis of 

Etoposide. 

The developed RP- HPLC UV, under discussion is the first method which 

simultaneously determines the ETP and PTX in a very short time (13 minutes) in 

human and mice plasma, nano- pharmaceutical (injectable / nano suspension dosage 

form) and tissues using sorafenib as an internal standard. This method is more 

accurate, sensitive, fast, and economical for the evaluation of these anticancer drugs 

when checked under different experimental conditions.  This RP-HPLC-UV method 

is validated as per the standard guidelines [178]. 
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3.1.6.1 Preparation of stock solution 

Stock solution and samples were prepared while using varietyof organic solvents 

(ACN, methanol, ethanol). Best solubility was achieved with acetonitrile, which was 

selected for the preparation of stock solution of analytes and also for working dilution. 

Extraction of analytes from the spiked human and animal plasma (mice and rabbits) 

samples were performed with acetonitrile, dichloro methane and ethyl acetate. Among 

all these solvents, acetonitrile was chosen for the deproteination and extraction of 

plasma (spiked) samples and the extraction of analytes from animal samples. The 

primary stock solutions of all the analytes were prepared in a concentration of 1 mg / 

ml and stored at -20 ºC. Further working dilutions of etoposide and paclitaxel were 

prepared at concentration of 12-1000 ng and 14-500 ng respectively. The internal 

standard (IS) sorafenib was added to each plasma sample in a concentration of 400 ng 

/ ml. 

3.1.6.2 Selection of the extraction solvent 

As stated earlier that ethyl acetate (EA), dichloromethane (DCM), and acetonitrile 

(ACN) was evaluated for the extraction of analytes from the plasma samples. It was 

found that the drug recovery (% w/w) was maximum with ACN as compared to other 

organic solvent; the results are shown in the table 3.4. 

Table 3.4: Percent recovery of Etoposide and Paclitaxel from human plasma 

with different extraction solvents. 

Extraction solvent 
Etoposide 

(% amount recovered) 

Paclitaxel 

(% amount recovered) 

Acetonitrile (ACN) 97.79 ± 1.11 97.59 ± 1.10 

Dichloromethane (DCM) 84.68 ± 1.06 82.70 ± 1.83 

Ethyl acetate (EA) 83.41 ± 1.65 80.37 ± 2.88 
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3.1.6.3 Optimization of Experimental conditions 

Various experimental parameters were optimized in the required ranges to select the 

optimum mobile phase, stationary phase, flow rate, column oven temp, internal 

standard (IS) and lambda max (λmax).  

3.1.6.4 Selection of Stationary Phase 

Peaks having good shape and resolution were achieved with Hibar® 250-4.6, 

Purospher® STAR, RP- C 18 (5um), Merck KGaA, Darmstadt, Germany among the 

various columns used for analysis, which includes Discovery HS C 18 column (250 

mm × 4.6 mm, 5 um) made by Sigma, Germany and Phenomenex, Kromasil 5 OSD 

(C-18) 250 mm × 3.20 mm, 5 microns, USA. The phenomena of peaks broadening 

and peak overlapping were seen for the etoposide, paclitaxel and also for the internal 

standard sorafenib.  with all the columns except Hibar® 250-4.6, Purospher® STAR, 

RP- C 18 (5um), Merck KGaA, Darmstadt, Germany (Figure 3.5).  

 
Figure 3.5: Standard chromatogram of etoposide, paciltaxel and sorefenib 

3.1.6.5 Selection of Mobile Phase 

Various combinations of organic solvents and TFA such as Methanol: Water (50:50, 

v/v), Methanol: Water (60:40, v/v), ACN: Water (60:40, v/v), ACN: Phosphate Buffer 

(pH 3) (45:55), ACN: Water (pH 3, adjusted with phosphoric acid) (35:65), ACN: 
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TFA (0.05%) (50:50, V/V), ACN: TFA (0.025%), (65:35, V/V) were used to obtain 

the best possible mobile phase combination. It was found during the study that best 

results (in terms of peak shape and area) can be achieved with ACN: TFA (0.025%), 

(65:35, V/V) combination. The retention time of the analytes was decreased whenever 

the ratio of acetonitrile was increased, in the mobile phase which subsequently led to 

shorter analysis time as shown in Figure 3.6. A decrease in peak area of analytes was 

observed as the ratio of TFA in the mobile phase was increased. In addition to this, an 

increase in tailing factors of the analytes has also been seen with an increase in the 

ratio of TFA. Best results were obtained at 35:65 V/V ratios of TFA and ACN, 

respectively (Figure 3.6). This mobile phase combination was applied for further 

analysis during the study. 

 
Figure 3.6: Effect of mobile phase (ACN: TFA 0.025%) combination on peak 

shapes and retention times A=50:50, B=55:45, C=60:40, D=65:35 

and E=70:30 v/v. 

3.1.6.6 Flow rate 

Flow rate plays an important role in peak resolution and characteristics (retention 

time, peak shape and peak area). It was evaluated in the range of 0.8-1.5 mL/min with 

the observation that an increase in the flow rate of the mobile phase leads to the 
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reduced retention and analysis (run) time (Figure 3.7). Better peak resolution was 

achieved with increasing the flow rate but the sensitivity of the method was 

significantly decreased. At a flow rate of 1.0 ml/min, high-quality results were 

obtained and this optimized flow rate was considered for further study. 

 
Figure 3.7: Effect of flow rate on retention times and peak shape, Where 

A=0.5 ml/min, B=0.8 ml/min, C=1 ml/min, D=1.2 ml/min, E=1.5 

ml/min. 

3.1.6.7 Selection of internal standard 

Different compounds like Doxorubicin, Tenofovir, Naproxen Sodium, Diclofenac 

sodium, moxifloxacin and sorafenib were tried as an internal standard. Among them, 

sorafenib showed the best recovery and peak separation. Therefore, it was selected as 

internal standard (IS). 

3.1.6.8 Selection of Wave Length (λmax) 

Different dilutions of ETP and PTX were prepared and were scanned with the help of 

UV spectrophotometer and their lambda max was determined at 286 nm and 227 nm, 

respectively. Both the spectras were compared and a working wavelength was 
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determined at 235 nm for the simultaneous determination of both ETO and PTX 

(Figure 3.8). 

 
Figure 3.8: Effect of detector wavelength on peak shape and peak height 1; 

235 nm, 2; 240 nm, 3; 245 nm, 4; 250 nm, 5; 255nm. 

3.1.6.9 Selection of Column Oven Temperature 

The effect of the temp of HPLC column oven was, evaluated in the range of 25 - 45 

ºC, on the chromatogram of analytes. Better sensitivity was achieved at low 

temperature (25
o
C) and vice versa. Sensitivity was high at lower temperature (25

o
C) 

and reduced by increasing temperature gradually. Better peak shape, resolution, 

height was obtained at low temperature(25
o
C) (Figure 3. 9). 
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Figure 3.9: Effect of column oven temperature on peak shape, and peak area 

and at 1;25ºC, 2;30ºC, 3;35ºC, 4;40ºC, 5;45ºC. 

3.1.7 Validation of HPLC method 

The method was validated for its accuracy, sensitivity, specificity, precision, linearity, 

robustness, recovery, sensitivity limit of detection (LOD) and limit of quantification 

(LOQ), and sample’s stability. ICH guidelines were followed for the validation of the 

present method [178].   

3.1.7.1 Specificity and selectivity 

These parameters of the analytical method were assessed by analyzing the analytes 

(etoposide, paclitaxel and sorafenib) in standard solution, blank plasma and 1;1 

mixture (having 1µg/mL of analytes& IS) and spiked plasma with ETP, PTX and IS 

(1µg/ml) (Figure 3.10).  

3.1.7.2 Linearity of the method 

Linearity of the method was determined from calibration curve of the standard 

mixtures and spiked plasma samples. Calibration curves were constructed at seven 

concentration levels in the range of 12–1000 ng/ml and 14–500 ng/ml for etoposide 

and Paclitaxel, respectively, for standard mixture and spiked plasma. Within the 
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mentioned concentration range, the method was linear (Figure 3.10). The regression 

equation and correlation co-efficient values are presented in Table 3.5.  

3.1.7.3 Accuracy 

Percent (%) recovery technique was used to assess the accuracy of the method. The 

percent recovery of the analytes was determined at three concentrations levels (0.1, 

0.2, 0.4 ug/mL) by spiking the plasma (200µl) with appropriate concentration of each 

ETP, PTX as shown in Table 3.6.  

3.1.7.4 Precision 

It was, determined on the basis of repeatability and, intermediate precision (inter-day 

and intra-day) studies. Plasma samples (n=6) were repeatedly injected into HPLC 

system to determine the repeatability of the method and results were calculated and 

are presented in Table 3.6. There is complete harmony among repeated injections, 

repeated analysis, inter day and intraday study. 
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Figure 3.10: Calibration curves for standard and spiked (A) Etoposide and (B) 

Paclitaxel 

 

Table 3.5: Calibration Range, Linearity, and Sensitivity of the Method 

Parameters 
Analytes 

Etoposide Paclitaxel 

Calibration range (ng/ml) 12- 1000 14-500 

Linearity 
  

Standard mixture 
  

Regression equation y = 0.010x+ 1.342 y = 0.019x+0.544 

Correlation co efficient 0.999 0.998 

Spiked plasma samples 
  

Regression equation y = 0.018x+0.592 y = 0.013x+0.517 

Correlation co efficient 0.999 0.998 

Sensitivity 
  

Limit of detection (LOD) ng/ml 5 6 

Lower limit of quantification (LLOQ) ng/ml 12 14 

y = 0.0109x + 1.3423 
R² = 0.9996 

y = 0.0081x + 0.8962 
R² = 0.9989 
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3.1.7.5 Stability 

Stability study was conducted at room temperature (18–23
o
C), 4 ºC and freezing 

temperature (-20
o
C) for one week. All the samples were stable at 4ºC and –20

o
C for 

six months. At room temperature etoposide and paclitaxel degraded to a significant 

level. To avoid stability problems and to obtain excellent results the samples should 

be stored at 4ºC [234, 235]. 

3.1.7.6 Robustness 

The robustness/ruggedness of the reported   method   was assessed by bringing small 

deliberate changes in the various chromatographic conditions, like mobile phase 

composition (±2%), column oven temperature (± 5ºC), and flow rate of mobile phase 

(0.2 ml/min).  

3.1.7.7 Sensitivity 

Limit of detection (LOD) and limit of quantification (LOQ) of the two analytes are 

presented in Table 3.7.  Sensitivity of the method was assessed by LOD and LOQ for 

etoposide and paclitaxel. The LOD of a compound was that concentration at which 

signal-to-noise, ratio (S=N) is 03 and LOQ at which the signal to noise (S=N) ratio is 

Values of LOD and LOQ proved that the method under discussion was more sensitive 

than the previously published methods. Respective chromatograms of LOD and LOQ 

of both analytes are given in Figure 3.11. 
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Figure 3.11: Limit of detection (LOD)and (B) limit of quantification (LOQ) of 

Paclitaxel and Etoposide 
 

Table 3.6: Recovery and Precision of the method 

Parameter 
Analytes 

Paclitaxel Mean; %RSD Etoposide Mean; %RSD 
%Recovery 

Spiked Conc. (0.4 µg/ml) (97.59); 1.151 (97.79); 0.552 

Spiked Conc. (0.2 µg/ml) (98.04); 0.916 (98.17) ; 0.560 

Spiked Conc. (0.1 µg/ml) 

(n = 5) 
(97.23); 1.208 (98.12); 0.352 

Precision 
  

Injection repeatability 
  

Spiked Conc. (0.20 µg/ml) 2621 (Peak area); 0.916 2130 (Peak area); 0.560 

Spiked Conc. (0.40 µg/ml) 

(n = 5) 

7.67 (Retention time); 

1.044 

3.18(Retention time); 

0.790 

Analysis repeatability 
  

Spiked conc. (0.4 µg/ml) 

(n = 5) 

0.385 (Quantity 

recovered); 0.189 

0.384(Quantity 

recovered);0.335 

Intermediate precision 
  

   Intraday reproducibility 
  

Spiked Conc. (0.1 µg/ml) 
0.092Quantity recovered); 

0.137 

0.094 (Quantity 

recovered); 0.914 

Spiked Conc. (0.2 µg/ml) 
0.196 (Quantity 

recovered); 0.295 

0.196 (Quantity 

recovered); 0.898 

Spiked Conc. (0.4 µg/ml) 

(n = 5) 

0.384 (Quantity 

recovered); 0.189 

0.385(Quantity recovered); 

0.304 

Inter day reproducibility 
  

Spiked Conc. (0.1 µg/ml) 
0.095 (Quantity 

recovered); 0.450 

0.094 (Quantity 

recovered); 1.01 

Spiked Conc. (0.2 µg/ml) 
0.189 (Quantity 

recovered); 0.367 

0.191 (Quantity 

recovered); 0.956 

Spiked Conc. (0.4 µg/ml) 

(n = 5) 

0.388 (Quantity 

recovered); 0.251 

0.383 (Quantity 

recovered); 0.870 
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Table 3.7: Calibration Range, Linearity, and Sensitivity of the Method 

Parameters 
Analytes 

Etoposide Paclitaxel 

Calibration range (ng/ml) 12- 1000 14-500 

Linearity 
  

Standard mixture 
  

Regression equation y = 0.001x+0.005 y = 0.002x+0.013 

Correlation co efficient 0.999 0.999 

Spiked plasma samples 
  

Regression equation y = 0.002x+0.006 y = 0.001x+0.003 

Correlation co efficient 0.998 0.998 

Sensitivity 
  

Limit of detection (LOD) ng/ml 5 6 

Lower limit of quantification (LLOQ) ng/ml 12 14 

 

3.2 In vitro characterization of Nanoparticles with different concentration of 

Poly Vinyl Alcohol (PVA) 

Poly lacticco-glycolide (PLGA) nanoparticles (NPs) are the most commonly used 

among polymeric nanoparticles for the targeted delivery of drugs to the desired organs 

and can also be used to achieve a sustained release of drug from dosage form. The 

preparation of NPs from PLGA can be achieved by using a variety of emulsifiers or 

stabilizers among these PVA is most commonly used due to several reasons which 

includes formation of NPs having a small size and uniform size distribution [236, 

237]. During the process of preparation of NPs a small amount of PVA become 

attached with the surface of NPs which cannot be removed even after washing it for 

several times due to the reason of forming a strong interconnected network by PVA 

with the PLGA at the interface. Such attachment affects the physical properties and 

interaction of nanoparticles with different organs, tissues and molecules within a 

biological environment including that of the cell membrane and their uptake by the 

different cells of the body[238, 239]. In addition to polydispersibility index (PDI), 

shape and stability the size and zeta potential are the two most important 

characteristics of nanoparticles by which it can be targeted towards a desired organ/s, 
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and maintain the required therapeutic concentration for a prolonged time and to 

achieve the desired therapeutic results [182]. It has also been reported that in case of 

parenteral administration of NPs the size should be kept below 200 nm in order to 

avoid the activation of complement system and the removal of particles from the 

biological system by the Kupffer cells. The clearance of nanoparticles from the body 

is greatly reduced when the size of NPs are below 200 nm therefore their circulation 

time is increased manifold due to which prolonged effect can also be achieved [240]. 

In case of high clearance of NPs from the biological environment it is also not 

possible to direct these particles in required concentration towards the desired organ/s. 

This process may be explained due to the reason that small surface of relatively small 

nanoparticles having a small radius of curvature are less prone to binding with the 

opsonins. Nanocarriers below 200 nm in diameter also have the ability to target the 

cancerous cells specifically and delivery of therapeutic substances in the area of 

interest (tumors) due to the fact that in this size range the nanoparticles have a unique 

interaction with the biological system at molecular level [65, 88]. 

In the formulation of nanoparticles, Poly (vinyl alcohol) (PVA) is generally used as a 

stabilizer due to its properties of forming the particles in a small size and achieving 

the uniform size distribution in a nano-suspension. There are various grades of PVA 

in the market all of that are soluble in water. It is synthetic longest non-ionic 

biocompatible polymer. Due to its extremely favourable and ideal chemical and 

physical properties it is extensively used in different areas which include 

biotechnological, pharmaceutical and biomedical fields, food packaging (as an 

oxygen resistant adhesive), paper, as an evaporation membrane, can be combined with 

other polymeric materials to form film. It can be processed easily and have a low 

degree of cytotoxicity. PVA is a suitable material for biomedical application like 
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control release of drugs due to its affection with human body. As a hydrogel PVA has 

the ability to be used for application in the fields of tissue engineering and 

regenerative medicine, as matrices for tissue repairing and regeneration. As stated 

earlier the attachment of PVA on the outer surface of nanoparticles occurs when the 

organic solvent is evaporated from the nanosuspension in which both the PVA and 

PLGA penetrates into one another [241-243].  

The stabilization of emulsion between the polymer and drug solution (organic phase) 

with water can effectively be achieved by PVA. In case of using PLGA as a polymer, 

PVA stabilizes the emulsion between the polymer (PLGA) and drug with water. An 

unstable emulsion is formed when the organic phase is mixed with water in the 

presence of high-speed rotation due to which it is appeared in one phase to avoid the 

problems during the formation of emulsion PVA is added to the system as an 

emulsifying agent. The –OH and vinyl gp of this emulsifier interact with the water 

phase and organic phase (acetonitrile in this case)  respectively and a stable resultant 

emulsion will be obtained [244].  

In the present study etoposide loaded PLGA nanoformulations were prepared while 

using various concentrations of PVA and Poloxamer 407 (0.25, 0.5, 1 and 1.5%). 

After compilation of the data it was observed that all the important properties (size, 

ZP, PDI, drug loading and entrapment efficiency) related to the nanoparticles are 

greatly affected by using different concentrations of PVA which are clearly indicated 

in the below-mentioned in Tables 3.8, 3.9, 3.10 and 3.11.  
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Table 3.8: Etoposide Nano-formulations with PLGA and PVA (0.25%) 

Drug to 

polymer 

ratio 

Amount 

encapsulated 

(mg/ml) 

Encapsulation 

efficiency (%) 

(%) 

Drug 

loading 

 

Zeta 

potential 

NP 

size 

(nm) 

PDI 

1:15 0.65 65 4.33 -3 ± 0 
175 ± 

10 

0.06 ± 

0.04 

2:15 1.92 96 12.8 
-10 ± 

1.15 

181 ± 

8 

0.17 ± 

0.02 

3:15 2.49 83 16.6 -5 ± 0.04 
192 ± 

13 

0.10 ± 

0.04 

4:15 2.28 57 15.2 -2 ± 0.57 
221 

±11 

0.39 ± 

0.05 

5:15 2.60 52 17.33 -5 ± 0.47 
262 

±16 

0.198 ± 

0.11 

 

Table 3.9: Etoposide Nano-formulations with PLGA and PVA (0.5%) 

Drug to 

polymer 

ratio 

Amount 

encapsulated 

(mg/ml) 

Encapsulation 

efficiency (%) 

(%) 

Drug 

loading 

 

Zeta 

potential 

NP 

size 

(nm) 

PDI 

1:15 0.79 79 5.26 -5 ±0.57 
209 ± 

12 

0.11 ± 

0.02 

2:15 1.80 90 12.00 
-12 ± 

1.52 

182 ± 

15 

0.11± 

0.009 

3:15 2.82 94 18.80 -5 ± 1.52 
178 ± 

16 

0.21 ± 

0.01 

4:15 2.00 50 13.33 -4 ± 0.38 
295 ± 

21 

0.49 ± 

0.08 

5:15 2.40 48 16.00 -3 ± 0.10 
327 ± 

29 

0.57 ± 

0.05 
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Table 3.10: Etoposide Nano-formulations with PLGA and PVA (1%) 

Drug to 

polymer 

ratio 

Amount 

encapsulated 

(mg/ml) 

Encapsulation 

efficiency (%) 

(%) 

Drug 

loading 

 

Zeta 

potential 

NP 

size 

(nm) 

PDI 

1:15 0.64 64 4.26 -2 ± 0.5 
374 ± 

15 

0.12 ± 

0.10 

2:15 1.16 58 7.73 -5 ± 1.15 
418 ± 

19 

0.10 ± 

0.01 

3:15 1.56 52 10.40 -4 ± 0.57 
439 ± 

24 

0.10 ± 

0.05 

4:15 1.84 46 12.26 -3 ± 0.48 
399 ± 

18 

0.08 ± 

0.03 

5:15 2.25 45 15.00 -7 ± 0.51 
468 ± 

21 

0.09± 

0.05 

 

Table 3.11: Etoposide Nano-formulations with PLGA and PVA (1.5%) 

Drug to 

polymer 

ratio 

Amount 

encapsulated 

(mg/ml) 

Encapsulation 

efficiency (%) 

(%) 

Drug 

loading 

 

Zeta 

potential 

NP 

size 

(nm) 

PDI 

1:15 0.50 50 3.33 -3 ± 0.57 
352 ± 

14 

0.31 ± 

0.09 

2:15 0.94 47 6.26 
-4.6 ± 

0.57 

501 ± 

26 

0.58 ± 

0.25 

3:15 1.29 43 8.6 -5 ± 0.32 
654 ± 

32 

0.56 ± 

0.38 

4:15 1.76 44 11.73 -4 ± 0.57 
839 ± 

52 

0.83 ± 

0.11 

5:15 1.9 38 12.66 -6 ± 1.15 
1237 ± 

64 

0.70 ± 

0.39 
 

3.3 Effect of Drug concentration on the size of NP 

The size of the nanoparticles increased gradually as the concentration of the drug was 

increased, while keeping the amount of polymer constant, results are show in the 

Tables 3.8, 3.9, 3.10, 3.11 and Figure 3.12, 3.13, 3.14, 3.15. PLGA nanoparticles are 

formed due to the shrinkage of the emulsion droplet thus the size of the resultant NPs 

correlates with the size of the nanodroplets.  In case of decreasing the viscosity of 

organic phase (containing the drug and polymer) or in other words reducing the 



Chapter 3       Results and Discussion 

104 

amount of drug and polymer in the organic phase will decrease the viscous forces 

which will lead to increase in a shear stress in organic phase which result in reduction 

of nano-droplet size [245]. The larger nano- particle size is obtained in the final nano-

suspension due to the presence of larger amount of drug in emulsion nano-droplets. 

This effect can further be elucidated that only a specified amount of drug can be 

entrapped by the constant quantity of polymer and increasing the concentration of 

drug in the dispersion medium would have positive impact on the size of the particle, 

which will increase due to the reason that the viscosity of the organic phase will 

increase. The findings of this research is in agreement with the previously published 

data where increase in particle size has been observed when the concentration of drug 

was increased from 0.2 – 1.0 percent [246].  

 
 

Figure 3.12: Effect of Drug Concentration on the size of Nanoparticles at 0.25 
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Figure 3.13: Effect of Drug Concentration on the size of Nanoparticles at 0.5 % 

PVA 
 

 

 
Figure 3.14: Effect of Drug Concentration on the size of Nanoparticles at 1 % 

PVA 
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Figure 3.15: Effect of Drug Concentration on the size of Nanoparticles at 1.5 % 

PVA 
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unstable nano droplets that will compromise the stability of the nanoformulation after 

few hours. There in order to get a stable nanosuspension the concentration of PVA 

shall be kept in between a low and high concentration [247].   

 
Figure 3.16: Effect of different PVA concentrations on NPs size while keeping 

the drug to polymer ratio 1:15 

 
Figure 3.17: Effect of different PVA concentrations on NPs size while keeping 
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Figure 3.18: Effect of different PVA concentrations on NPs size while keeping 

the drug to polymer ratio 3:15 
 

 
 

Figure 3.19: Effect of different PVA concentrations on NPs size while keeping 

the drug to polymer ratio 4:15 
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Figure 3.20: Effect of different PVA concentrations on NPs size while keeping 

the drug to polymer ratio 5:15 
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result in the aggregation of NPs may take place. Another reason could also be the 

gelatinization of PVA. As there are strong H- bonds exists via –OH gp inter/intra 

PVA molecules, gelatinization at oil and aqueous junction may takes place at the time 

of creation of NP. Due to this effect larger particle size will be obtained having  less 

encapsulation capacity with increasing PVA concentration [248, 249].  

 
 

Figure 3.21: Effect of different PVA concentrations on the % Encapsulation 
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Figure 3.22: Effect of different PVA concentrations on the % Encapsulation 

efficiency of NP at drug to polymer ratio of 2:15 
 

 
Figure 3.23: Effect of different PVA concentrations on the % Encapsulation 
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Figure 3.24: Effect of different PVA concentrations on the % Encapsulation 

efficiency of NP at drug to polymer ratio of 4:15 

 
Figure 3.25: Effect of different PVA concentrations on the % Encapsulation 

efficiency of NP at drug to polymer ratio of 5:15 
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(EO) and propylene oxides (PO). These two polymers are grouped together and form 

a triblock structure in the following manners EOX-POY-EOX. The PO part in 

poloxamer is hydrophobic while the EO part is hydrophilic in nature. The 

hydrophobic portion of poloxamer, PO is attached to the surface of the NP while that 

of the water loving portion, EO is toward the aqueous phase due to which a 

hydrophobic covering is formed around the NP. The surface coating of NP with the 

poloxamer leads to decreased uptake by the phagocytic cells of the immune system by 

more effective steric stabilization. These copolymers have amphiphilic properties 

which are characterized by their values hydrophilic – lipophilic balance (HBL). Due 

to the non-toxic nature of Poloxamer 407 for parenteral formulations it can be safely 

used without removing it from the final product [250]. According to Food and Drug 

Administration it can be used in large number of pharmaceutical products such as 

oral, IV, ophthalmic, and suspensions as anon-active agent [251-253].  

As a surface-active agent poloxamer have the ability to increase the transport of 

therapeutic substances across the biological membranes by inhibiting P- glycoprotein 

drug efflux and therefore accumulation of drug within the tumor can be achieved. In 

addition to this poloxamer also have the ability to enhance the drug trans-bilayer 

movement [254]. Poloxamer 407 in combination with other excipients or 

mucoadhesive polymers are also known for their bio-adhesive properties. AUC of a 

therapeutic agent can be increased by increasing the mucoadhesive force due to which 

the migration distance will be decreased. Moreover, poloxamer 407 has the ability the 

protect the drug from enzyme mediated metabolism, can lead to extended half-life of 

dosage form, used for the solubilization of poorly soluble drugs, for producing small 

sized NP and for the optimization/stabilization of nanoparticles formulations [255-

257]. 
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It is evident from the literature that the treatment of various complex diseases is now 

possible with the help of polymeric nanoparticles but their use is restricted due to 

safety reason and especially when it comes to the delivery of drug to lung region [258, 

259]. Polymeric NP when penetrated deep in to the lung it may interact with the lining 

layer (lung surfactant) present in that region. The lung surfactants are made up of 

phospholipids and surface associated proteins and its main function is to prevent the 

collapse of respiratory region by covering the alveolar interface where it reduces the 

surface tension. It is reported that the polymeric NP can cause the biophysical 

dysfunction of lungs surfactant, by removing of surface associate proteins which may 

lead to severe problems and can also lead to death in some cases. Such severe and 

devastating effect of polymeric NPs can be overcome by surface modification with 

the relevant coating material like poloxamers 407, which form a poly (ethylene 

glycol) brush like corona around the particle which prevent the attachment of 

unnecessary protein on the surface of NP [260]. In another study it was suggested that 

NP can be fully stabilized with steric barriers by coating them with poloxamer 407 

due to which the adsorption of proteins on their surface will be minimum which will 

lead to increase in the circulation half-life with less deposition in the organs especially 

the Liver. This may be due to the covering of the surface of NP with a layer of PEO 

chain having a required thickness and density.  It has also been reported that coated 

polymeric NP having a size less than 10 nm can be penetrated to pulmonary surfactant 

film without causing any disturbance [260-264]. 

The hypothesis was to prepare PLGA nanoparticles with different concentrations of 

poloxamer 407 having a size not more than 200 nm which cannot be engulfed by the 

organs of reticuloendothelial system i.e. macrophages of the liver and Kupffer cells of 

the spleen.   
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In the present study, in addition to PVA, etoposide loaded PLGA nanoformulations 

were also prepared while using various concentrations of Poloxamer 407 (0.25, 0.5, 1 

and 1.5%). The results of these formulations are mentioned below in the Tables 3.12 

to 3.15. 

Table 3.12: Etoposide Nano-formulations with PLGA and Poloxamer 407 

(0.25%) 

Drug to 

polymer 

ratio 

Amount 

encapsulated 

(mg/ml) 

Encapsulation 

efficiency (%) 

(%) 

Drug 

loading 

 

Zeta 

potential 

NP 

size 

(nm) 

PDI 

1:15 0.82 82 5.46 -11 ± 3 
121 ± 

9 

0.16 ± 

0.02 

2:15 1.10 55 7.33 -10 ± 2 
134 ± 

11 

0.14 ± 

0.03 

3:15 2.88 96 19.20 -10 ± 3 
177 ± 

16 
0.3 ± 0.02 

4:15 1.24 31 8.26 -6 ± 2 
178 ± 

16 

0.10 ± 

0.05 

5:15 1.9 38 12.66 -3± 2 
212 ± 

22 
0.09±0.02 

 

Table 3.13: Etoposide Nano-formulations with PLGA and Poloxamer 407 (0.5%) 

Drug to 

polyme

r ratio 

Amount 

encapsulate

d 

(mg/ml) 

Encapsulatio

n efficiency 

(%) 

(%) 

Drug 

loadin

g 

 

Zeta 

potentia

l 

NP 

size 

(nm) 

PDI 

1:15 0.45 45 3.00 -12± 3 
182±1

5 

0.08 ± 

0.03 

2:15 1.76 88 11.73 -11± 3 
136±1

0 

0.22±0.0

9 

3:15 1.59 53 10.60 -9± 2 
162 ± 

11 

0.11 ± 

0.02 

4:15 1.32 33 8.80 -6 ± 2 
160 ± 

11 

0.33 ± 

0.42 

5:15 2.05 41 13.66 -4 ± 2 
197 ± 

14 

0.10 ± 

0.04 
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Table 3.14: Etoposide Nano-formulations with PLGA and Poloxamer 407 ( 1%) 

Drug to 

polymer 

ratio 

Amount 

encapsulated 

(mg/ml) 

Encapsulation 

efficiency (%) 

(%) 

Drug 

loading 

 

Zeta 

potential 

NP 

size 

(nm) 

PDI 

1:15 0.35 35 2.33 -14 ± 3 
208 ± 

9 

0.08 ± 

0.02 

2:15 1.10 55 7.33 -11 ± 2 
240 ± 

14 

0.09 ± 

0.34 

3:15 1.20 40 8.00 -10± 2 
230 ± 

12 

0.05 ± 

0.02 

4:15 1.84 46 12.26 - 10 ± 3 
283 ± 

15 

0.06 ± 

0.08 

5:15 1.90 38 12.66 -7 ± 2 
322 ± 

18 

0.13 ± 

0.01 

 

Table 3.15: Etoposide Nano-formulations with PLGA and Poloxamer 407 (1.5%) 

Drug to 

polymer 

ratio 

Amount 

encapsulated 

(mg/ml) 

Encapsulation 

efficiency (%) (%) 

Drug 

loading 

 

Zeta 

potential 

NP size 

(nm) 

PDI 

1:15 0.43 43 2.86 -16± 4 
426 ± 

20 

0.45 

±0.03 

2:15 0.74 37 4.93 -13± 4 411± 17 
0.28 ± 

0.06 

3:15 0.78 26 5.20 -12± 3 
524 ± 

22 

0.58 ± 

0.30 

4:15 2.08 52 13.86 - 12± 3 
649 ± 

27 

0.30 ± 

0.01 

5:15 2.00 40 13.33 - 9± 2 714± 30 
0.58 ± 

0.05 

 

3.7 Effect of Poloxamer concentration on the size of NP 

Etoposide loaded PLGA NPs were prepared by using four different concentrations i.e 

0.25, 0.5, 1 and 1.5 % of poloxamer 407 as a stabilizer. It was observed during this 

study that increasing the concentration of  poloxamer 407 from 0.25 to 1.5 %, the size 

of NPs also increased as shown in the Tables 3.12 to 3.15 and Figures 3.26, to 3.29. 

At 0.25 % poloxamer 407 concentration and the drug to polymer ratio of 1:15, 2:15, 
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3:15, 4:15 and 5:15 the size of nanoparticles was 121, 134, 177, 178 and 212 

nanometers respectively. It has also been reported that the concentration of Poloxamer 

in the formulation of a nanosuspension is of paramount importance due to the fact that 

the final size of drug carrier increases with the increase in the concentration of 

poloxamer [265]. It has also been reported earlier that poloxamer 407 is evaluated for 

topical administration of anticancer agents and for the sustain delivery of drugs after 

extravascular parenteral injection and it was found that poloxamer formulations 

increases the drug residence time which leads to improve efficacy and bioavailability 

[266]. PLGA, an FDA approved co polymer when coated with poloxamer can show 

increased resident time in blood circulation which resulted in an extended circulation 

half-life of the drug[255]. Whenever the adsorption of poloxamer on hydrophobic 

drug delivery system occurs it leads to the increase in the size of Nanoparticles. 

Attachment of large number of poloxamer on the surface of NPs will lead to the 

formation of thick layer which contributes to the increase in the particle size of NP. 

The clearance of Poloxamer coated drug delivery system form the blood circulation is 

reduced to greater extent due to inhibition of adsorption of opsonins on the surface of 

NP. In addition to this poloxamer has also the ability to distribute the therapeutic 

active substances, present is a dosage form to various organs of the human body 

which is one of the important parameter in case of targeted/ site specific and sustain 

release drug delivery system [265, 267]. 
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Figure 3.26: Effect of 0.25 % Poloxamer 407 concentrations on the size of 

nanoparticles 
 

 
Figure 3.27: Effect of 0.5 % Poloxamer 407 concentrations on the size of 

nanoparticles  
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Figure 3.28: Effect of 1 % Poloxamer 407 concentrations on the size of 

nanoparticles 
 

 
 

Figure 3.29: Effect of 1.5 % Poloxamer 407 concentrations on the size of 

nanoparticles 
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particle. It is denoted by a Greek symbol ζ. The unit of ZP is millivolt (MV). The 

electric layer formed in-between a solid particle and a stabilizer/electrolyte medium is 

generally used to determine the electrokinetic properties i.e. charge. The conclusion 

about the distribution, adsorption and ionization of any colloidal system can be drawn 

while effectively analyzing the data of ZP [204, 268, 269].The stability of any 

pharmaceutical product is importance from manufacturer and scientific point of view 

and therefore much attention has been attributed to this issue by the scientist. The 

stability of a nanosuspension is directly attributed to the ZP. In addition to these 

issues the in-vivo movement of a nano-particles containing pharmaceutical dosage 

form and their phagocytic uptake by the body defense mechanism is greatly affected 

by the values of ZP [270, 271]. The Poloxamer 407 and PLGA have the ability to 

create a negative zeta potential on nanoparticles which may be due to the presence of 

uncapped carboxyl gp of the polymer at the particle surface. It has also been reported 

that the NPs having a negative zeta potential can accumulate more affectively in 

tumor sites and have a prolonged resident time in the body [52, 255].The presence of 

a high –ve potential in a nano-suspension or a pharmaceutical preparation will 

produce high electrostatic forces as a result of which aggregation of nanoparticles in 

nano-suspension will not happen and vice versa.  The zeta potential values obtained as 

a result of formulation with poloxamer 407, during this research work are mentioned 

in Tables 3.12 to 3.15 and the effect of different concentrations of poloxamer on the 

zeta potential values are summarized in Figure 3.30 to 3.33. An increase in the Zeta 

potential values have been observed as the concentration of poloxamer is increased 

from 0.25% to 1.5 % but a decrease in the zeta potential values were observed from -

11 to – 3, -9 to -4, -14 to – 7 and -16 to -9 in each group prepared with 0.25, 0.5, 1 

and 1.5% poloxamer concentration, respectively. This decrease in the values of ZP 
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might be attributed to the increase in the concentration of drug to polymer ratio in the 

organic phase. 

 
Figure 3.30: Effect of 0.25 % Poloxamer 407 concentrations on Zeta potential 

 
Figure 3.31: Effect of 0.5 % Poloxamer 407 concentrations on Zeta potential  
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Figure 3.32: Effect of 1 % Poloxamer 407 concentrations on Zeta potential 

 

 
Figure 3.33: Effect of 1.5 % Poloxamer 407 concentrations on Zeta potential  
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Figure 3.34: Graphs showing size distribution of optimized Etoposide loaded 

PLGA nano-formulation with 0.25 %Poloxamer 407  
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Figure 3.35: Graphs showing size distribution of optimized Etoposide loaded 

PLGA nano-formulation with 0.5 % Poloxamer 407  
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Figure 3.36: Graphs showing Zeta Potential of optimized Etoposide loaded 

PLGA nano-formulation with 0.25 %Poloxamer 407  
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Figure 3.37: Graphs showing Zeta Potential of optimized Etoposide loaded 

PLGA nano-formulation with 0.5 %Poloxamer 407  
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3.9 X-Ray Diffractometry (XRD) 

The XRD patterns were measured by JDX-3533, JEOL, (Japan) X- Ray 

Diffractometer. The instrument was operated at 2θfrom 10° to 80° range. 

Four (4) different characteristics peaks of pure etoposide  were observed at 16ᴼ, 18ᴼ, 

19ᴼ and 22ᴼ, which are similar to already published data [124] . The XRD 

characteristic peaks for PVA is shown at 20ᴼ (2 Theta) while peak for poloxamer was 

determined at 18ᴼ and 24ᴼ (2 Theta). There was no peak for PLGA which means that 

it exists in amorphous state. The XRD of pure drug etoposide, PLGA, PVA, 

poloxamer and nano-formulation are shown in figures 3.38 and 3.39. This shows that 

the pure drug exists in a crystalline form. In case of ETP-PLGA nanoformulations 

with PVA and poloxamer these peaks were not (except a single minor peak) observed 

which showed that in polymeric nanoformulation the drug is present in amorphous 

state rather than a crystalline state. 
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Figure 3.38: XRD pattern of A; Etoposide, B; PLGA; C: PVA, D;Nano-formulation  
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Figure 3.39: XRD pattern of A: Etoposide, B: PLGA, C: Poloxamer, D: Nano-formulation
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3.10 Scanning Electron Microscopy (SEM) 

Shape of the nano-particles plays an important role in targeting to various organs, 

circulation time with in the blood and cellular uptake. 

Nanoparticles prepared with different stabilizers (poloxamer and PVA), as show in 

the figures 3.40 and 3.41 are spherical in shape with smooth surfaces. 

 

 
Figure 3.40: SEM images of Etoposide loaded NPs with Poloxamer  
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Figure 3.41: SEM images of Etoposide loaded NPs with PVA 

3.11 Freeze drying and stability of Nano-formulations 

There are many factors which affects the physical and chemical stability of a 

nanosuspension. The physical stability includes the formation of agglomerates or 

flocculates in a nanoformulation. The colloidal nature, smaller size and increase 

surface area of nanoparticles makes them liable to agglomerate and limit their ability 

to be used an affective therapeutic agent. The chemical stability of a polymeric 

colloidal nanosuspension refers to the hydrolysis of polymeric material / leakage of 

the entrapped drug from the polymeric system. The chemical stability depends on the 
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long term storage conditions of a nano-polymeric carrier system, therefore the 

stability study of the selected nano suspension will have to be performed in order to 

determine the final quality of the formulation [272] 

In order to avoid these problems the freeze drying of commercial nanoformulationsis 

the most scalable approach to obtain a finally stable and dry nano pharmaceutical 

products[273] but it must be performed after selecting a suitable cryoprotectant for 

this purpose. Therefore in the present study the selected PLGA- ETO 

nanoformulations were freeze dried in the absence as well as in the presence of 

glucose and mannitol (2%, 4% and 8% each) as cryoprotectant agents in order to 

investigate the influence and type of cryoprotectant agents on the size of nanoparticles 

after freeze drying process. The samples were frozen, for this process at -20 ᴼC for 20 

min and were then shifted quickly to the freeze-drying apparatus. The process of 

drying was performed from 12 to 24 hours and when it was found that the sample was 

completely dried, after careful analysis, it was then reconstituted with the help of 

required volume (2ml) of double distal water and analyzed by Zeta sizer in order to 

determine the size, PDI and entrapment of NPs formulations.  

The difference in the particle size of the freshly formed nano-formulations to those 

obtained after freeze drying were compared to check the validity of the process and 

stability of the nano-formulations. The results are presented in the table 3.16. It was 

found that 2 % glucose as a cryoprotectant agent has a negligible effect on the size of 

nanofromulation after freeze drying process as compared to the other concentrations 

of glucose and mannitol. 

Stability studies of the selected Eto-PLGA nanoformulation were performed to 

determine the effect of various temperatures i.e 25 ᴼC and 4 ᴼC on the fate of NPs in 
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terms of size, PDI and encapsulation efficiency (EE). The results of the stability study 

are summarized in Table 3.17 which shows that there is almost a negligible effect 

(statistically insignificant) on the size PDI and EE on NP when stored at 4 ᴼC for six 

months. This may due to the fact that at low temp the kinetic energy of the suspension 

is also low due to which the collision of the particles is prevented which lead to 

decrease in aggregation of the particles. On the other hand, when these selected 

formulations were stored at 25 ᴼC, remarkable changes in their size, PDI, and 

entrapment efficiency have been observed which are indicated in the table no 3.17. 

From the mentioned results it is obvious that the nano-formulations should be kept at 

low temperature i.e 4 ᴼC to maintain their maximum therapeutic efficiency.  

In case of injectable nano-pharmaceuticals the freeze-drying process is mainly 

involved in order to achieve physical and chemical stability and long-term storage 

ability of the product. Effective application of nano-medicine for the treatment of 

various types of disease can only be possible if they are maintaining their original 

state even after a long-term storage because aggregations and fusion of particles in 

these colloidal systems are common after long term storage conditions. Apart from 

long term stability and storage properties the freeze drying, it also has the ability to 

prevent the premature drug release from nano-pharmaceuticals [274-276]. The drying 

of nano-formulations are performed with or without the use of cryoprotectants. In 

literature several different types of cryoprotectants have been used for the purpose of 

freeze drying of NPs which includes, glucose, mannitol, trehalose, lactose, dextran, 

gelatin, sorbitol etc. These are used in 2 to 30 % concentration range [277, 278]. It is a 

well-known fact, which has also been reported in previously that, in some cases the 

process of lyophilization can lead to the aggregation of nanoparticles due to which the 

size of the final product increased. This increase in particle size causes decreased in 
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the therapeutic outcome of the product and sometimes also causes embolism[279]. In 

order to avoid such problems, optimization of the process of freeze drying, for a nano-

formulation is of very importance. The aim of the use of cryoprotectants is to 

minimize the effect of the freeze-drying process on the stability of NPs, to prevent 

their aggregation and protecting them from the mechanical stress of ice crystals and to 

obtain better chemical stability. Therefore, in this study the process of freeze drying is 

also considered one of the important parameters for the selection of optimum 

formulations.
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Table 3.16: Freeze drying of optimized Etoposide loaded PLGA nanoformulations with different cryoprotectant agents 

Drug to 

polymer 

ratio 

Zeta 

Potential 

(ZP) 

 

Size 

(nm) 
PDI 

(% EE) 

Encapsu-

lation 

Efficiency 

Size after 

FD* 

without 

CP** 

Size after 

FD* with 2 

% Glucose 

Size after 

FD* with 

4 % 

Glucose 

Size after 

FD* with 

8 % 

Glucose 

Size after 

FD* with 2 

% 

Mannitol 

Size after 

FD* with 

4 % 

Mannitol 

Size after 

FD* with 

8 % 

Mannitol 

3:15 (13) 

-10 

± 

0.30 

177 

± 

1.5 

0.3 

± 0.02 
96 

796 

± 

27.04 

197 

± 

4.35 

276 

± 

8.02 

314 

± 

10.69 

334 

± 

8.18 

426 

± 

19.08 

350 

± 

9.6 

2:15 (17) 

-11 

± 

1.46 

136 

± 

1.52 

0.22 ± 

0.09 
88 

419 

± 

6.24 

192 

± 

1.52 

250 

± 

6.08 

419 

± 

38.5 

398 

± 

10.14 

397 

± 

0.57 

315 

± 

10.53 

2:15 (27) 

-10 

± 

1.15 

181 ± 

0.5 

0.17 ± 

0.02 
96 

502 

± 

25.79 

173 

± 

0.57 

181 

± 

1.15 

182 

± 

2.51 

197 

± 

2.30 

194 

± 

5.13 

260 

± 

8.58 

2:15 (32) 

-12 

± 

1.52 

182 ± 

1.52 

0.11± 

0.009 
90 

253 

± 

2.3 

175 

± 

3.7 

184 

± 

0.5 

191 

± 

0.5 

180 

± 

3.5 

183 

± 

2.8 

194 

± 

3.2 
(* Freeze drying, ** Cryoprotectant)  
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Table 3.17: Stability studies of optimized Etoposide nanoformulations at 4 ᴼC and 25 ᴼC 

Time Stored at 4 ᴼC Stored at 25 ᴼ C 

D
a
y
 1

 

F.Code Size (nm) PDI % EE F.Code Size (nm) PDI % EE 

13 177 0.3 96 13 177 0.3 96 

17 136 0.22 88 17 
136 

 
0.22 88 

27 181 0.17 96 27 190 0.17 96 

32 182 0.11 90 32 185 0.11 90 

4
th

 w
ee

k
 13 177 0.3 96 13 180 0.12 90 

17 136 0.22 88 17 140 0.17 83 

27 181 0.17 96 27 183 0.22 87 

32 182 0.11 90 32 185 0.19 85 

1
6

th
 

w
ee

k
 13 178 0.32 96 13 198 0.15 75 

17 136 0.22 88 17 186 0.12 59 

27 181 0.17 96 27 194 0.19 64 

32 182 0.11 90 32 201 0.21 68 

2
0

th
 

w
ee

k
 13 177 0.3 96 13 199 0.12 61 

17 134 0.21 88 17 185 0.25 42 

27 181 0.17 96 27 203 0.13 70 

32 182 0.11 90 32 211 0.09 63 

2
4

th
 

W
ee

k
 13 177 0.3 96 13 213 0.15 69 

17 135 0.20 88 17 196 0.16 47 

27 181 0.17 96 27 204 0.21 64 

32 182 0.11 90 32 217 0.14 52 
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Figure 3.42: Graph showing particle size distribution of Etoposide loaded 

PLGA, NP with poloxamer 0.25% 
 

 

Figure 3.43: Graph showing particle size distribution of Etoposide loaded 

PLGA, NP with poloxamer 0.5%  
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Figure 3. 3.44: Graph showing particle size distribution of Etoposide 

loaded PLGA, NP with PVA 0.25% 
 

 
Figure 3.45: Graph showing particle size distribution of Etoposide loaded 

PLGA, NP with PVA 0.5%  
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Figure 3.46: Graph showing Zeta Potential value of Etoposide loaded PLGA, 

NP with Poloxamer 0.25% 
 

 
Figure 3.47: Graph showing Zeta Potential value of Etoposide loaded PLGA, 

NP with Poloxamer 0.5%  
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Figure 3.48: Graph showing Zeta Potential value of Etoposide loaded PLGA, 

NP with PVA 0.25% 
 

 
Figure 3.49: Graph showing Zeta Potential value of Etoposide loaded PLGA, 

NP with PVA 0.5%  
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3.12 In-vitro release evaluation of optimal formulations 

Etoposide loaded PLGA formulations were prepared by using different percentages 

(0.25, 0.5, 1.0 and 1.5%) of polyvinyl alcohol (PVA) and poloxamer 407 as 

stabilizers. A dialysis bag diffusion techniquewas used to determine the release of 

drug (etoposide) that is one of the most popular method for determining the release 

from nano-sized formulations. This method allows physical separation of a dosage 

form by using dialysis membrane due to which it is easy to do sampling at pre-

determine time intervals. The release studies were performed at 37±2°C (Figures 3.50, 

3.51 and 3.52). Aqueous nano-formulation (1 ml)along with 1 ml of phosphate buffer 

solution (pH 7.4) was added to dialysis bag and both ofthe open ends of the bag were 

tied with the help of a wire in order to prevent the leakage. The dialysis bag was then 

suspended in a container having 100 ml of phosphate buffer saline (pH 7.4) and 

placed in the shaking water bath which was set at a speed of 100 rpm [64]. The 

samples from the containers were obtained at predetermined time intervals and 

replaced with the same amount of fresh medium. Analysis of the samples were 

performed with the help of UV- visible spectrophotometer (Perkin Elmer, series 200, 

Lambda 25). Each analysis was performed three times and results were presented as a 

mean value. 
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Figure 3.50: In-vitro release of Etoposide from nano-formulations with 

different concentrations of Poloxamer 407 
 

 
Figure 3.51: In-vitro release of Etoposide from nano-formulations with 

different concentrations of PVA  
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Figure 3.52: In-vitro release of Etoposide from nano-formulations with 

different concentrations ofPoloxamer 407 and PVA 
 

Release of Etoposide from the PLGA nanoformulation in the first day was about 29 to 

31 % with 0.25 and 0.5 % poloxamer 407, respectively and 40 to 43% with 0.25 and 

0.5% PVA, respectively of total etoposide (Table 3.18). It has been shown that the 

release of Etoposide from  PLGA nano-formulation increased slowly with an initial 

burst release which is characteristic of PLGA 75:25 and has also been observed 

previously[280]. In 168 hrs, 90.22 and 87.99 % of drug was releases from the NPs 
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Table 3.18: % In-vitro release of drug from the etoposide loaded PLGA nano-formulations. 

Time 

(Hours) 

Formulation (13) 

% release 

SD 

± 

Formulation (17) 

% release 

SD 

± 

Formulation (27) 

% release 

SD 

± 

Formulation (32) 

% release 

SD 

± 

0.5 3.09 0.82 5.42 0.37 4.39 0.68 7.39 0.86 

1 5.19 0.65 7.39 0.75 6.27 0.21 8.33 0.35 

2 8.11 0.98 11.42 0.49 9.36 0.71 12.17 0.47 

3 13.66 0.21 13.01 0.87 13.10 0.18 15.91 0.92 

4 17.22 0.53 16.66 0.26 19.65 0.77 22.46 0.81 

6 19.32 0.46 18.72 0.34 27.14 0.13 26.21 0.54 

8 22.78 0.25 23.40 0.18 32.76 0.27 29.02 0.32 

12 25.51 0.66 29.02 0.57 36.51 0.84 35.57 0.64 

24 29.16 0.19 31.82 0.88 40.25 0.61 43.06 0.22 

36 36.45 0.24 37.46 0.36 43.99 0.55 46.80 0.82 

48 42.83 0.87 46.74 0.74 48.38 0.79 55.23 0.37 

72 55.59 0.51 55.23 0.51 59.91 0.11 57.10 0.46 

96 63.79 0.32 63.65 0.33 65.53 0.57 68.33 0.51 

120 78.85 0.24 72.08 0.99 73.95 0.92 77.70 0.31 

144 85.66 0.64 81.44 0.59 81.44 0.32 85.19 0.27 

168 90.22 0.81 87.99 0.91 92.67 0.67 90.80 0.61 
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3.12.1 In-Vitro release kinetics 

The release kinetics of Etoposide loaded PLGA NP was determined by applying 

different kinetic models such as Zero order, first order, Higuchi, Korsmeyer and 

Pappas and Hixson-Crowell to the data obtained after invitro release/ dissolution 

studies so as to determine the kinetics and the mechanism by which the drug is 

released. The regression coefficient values obtained from these models are shown in 

the Table 3.19.  

Table 3.19: In-vitro release kinetics of Etoposide loaded PLGA nano-

formulations 

Formulations 
Zero 

order 

First 

order 
Highuchi 

Hixon 

Crowell 

Korsmeyer 

Pappas 

 R
2
 R

2
 R

2
 R

2
 R

2
 n* 

13 0.961 0.668 0.988 0.959 0.972 0.41 

17 0.953 0.721 0.994 0.988 0.992 0.46 

27 0.899 0.592 0.970 0.956 0.950 0.48 

32 0.908 0.659 0.983 0.973 0.979 0.42 

 

The R
2
 values given in the Table 3.19; shows that the release data of all the 

formulation best fit to the Higuchi model indicating that the drug from all the 

formulations is released through diffusion i.e the release medium diffuses into the 

polymer matrix, dissolved the drug, that makes it way out following diffusion.  

The release exponent “n”obtained after fitting the data to Korsmeyer-Peppas model 

indicated that the drug release from all formulations followed Fickian diffusion. The n 

values ranged from 0.41 to 0.48 (Table3.19)  
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Table 3.20: Interpretation of diffusional release mechanisms from polymeric NP 

Release exponent (n) Drug transport mechanism 
Rate as a function of 

time 

0.5 Fickian diffusion t 
-0.5

 

0.45<n = 0.89 Non -Fickian transport t 
n-1

 

0.89 Case II transport Zero order release 

Higher than 0.89 Super case II transport t 
n-1

 

 

Two different mechanisms were involved in case of in-vitro drug release i.e.diffusion 

and degradation. PLGA degradation is mainly due to the ratios of lactide and 

glycolide contents in the PLGA molecule. PLGA having more percentage oflactide 

will degrade slowly due to its hydrophobicity while PLGA having more glycolide 

content is more hydrophilic in nature due to which it readily uptakes water, swells 

easily and degrades faster through hydrolysis [281]. Etoposide initial burst release 

may be due to its adsorption on the surface of PLGA nanoparticles or its improper 

encapsulation within the polymeric material due to which it released the drug into the 

medium, while that of the slow and uninterrupted release may be due to the 

degradation rate of PLGA 75:25 due to the fact that it contains higher quantity of 

lactide content which account for slow degradation. 
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Figure 3.53: % Cumulative Etoposide Release Vs Time (Zero Order Model) 

from Eto loaded PLGA NPs 

 

 

Figure 3.54: % Log cumulative Etoposide Remaining Log(100)-Logt Vs Time 

(First Order Model) from Eto loaded PLGA NPs 
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Figure 3.55: % Cumulative etoposide release Vs Sq.Rt. Time (Higuchi Model) 

from Eto loaded PLGA NPs 
 

 

Figure 3.56: Cube root% Etoposide remaining (Wo-Wt) Vs Time (Hixson-

Crowell Model) from Eto loaded PLGA NPs. 
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3.13 In Vivo studies 

3.13.1 Pharmacokinetic studies 

The selected Etoposide loaded PLGA nano-formulations were pharmacokinetically 

evaluated in Balb/ C mice albino mice weighing 25 g ± 5 grams. The data obtained 

from in-vivo analysis was scrutinized by non-compartmental analysis using PK-

summit®. Various PK parameters determined were; Peak plasma concentration 

(Cmax), area under plasma drug concentration-Time curve time zero to last sample 

taken (AUC0-t), area under plasma drug concentration-Time curve time zero to 

infinity (AUC0-∞), mean residence time (MRT), area under the movement curve 

(AUMC0-∞), half-life (t
1/2

), volume of distribution (Vd), and clearance (Cl).The 

formulation was statistically compared with etoposide conventional injection 

(Etoposide) using  student’s t-test at confidence level of 95%.  

The data obtained after I/V administration of Etoposide reference and ETO-PLGA 

nano-formulations to mice was plotted (Figures 3.53, 3.54 and 3.55). 

 
Figure 3.57: Reference drug concentration in plasma vs time profile after IV 

administration at a dose of 10 mg /kg body weight to mice (n=5) 
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Figure 3.58: Concentration of Etoposide (Ref) and Eto-PLGA nanoparticles in 

Plasma after I/V administration to mice (n=5) 
 

 
 

Figure 3.59: Concentration of Etoposide (Ref) and Eto-PLGA nanoparticles in 

Plasma after I/V administration to mice (n=5) 

3.13.1.1 Peak Plasma Concentration (Cmax) 

The Mean (± SD) maximum concentrations (Cmax)of Reference and PLGA etoposide 

loaded nano-formulations (F13, F17, F27, and F32) in plasma following I/V 

0

10

20

30

40

50

60

70

80

0

0
.5 1 2 3 4 6 8

1
2

2
4

3
6

4
8

7
2

9
6

1
2
0

1
4
4

1
6
8

1
9
2

E
to

p
o

si
d

e 
co

n
ce

n
t:

 (
u

g
lm

l)
 

Time (hrs) 

In Vivo PK of Ref etoposide and Eto NPs with Poloxamer 

407 

Reference

Formulation 13

Formulation 17

0

10

20

30

40

50

60

70

0 0.5 1 2 3 4 6 8 12 24 36 48 72 96 120 144 168

E
to

p
o

si
d

e 
C

o
n

c 
(u

g
/m

l)
 

Time (hrs) 

In-Vivo release of Etoposide (Ref) and Nanoformulations 

with PVA   

Reference

Formulation 27

Formulation 32



Chapter 3       Results and Discussion 

151 

administration at 10 mg/kg in  Balb C mice ( n=5) was 38.10 ± 2.49g/ml, 65.1± 

4.88g/ml, 67.89± 3.32g/ml, 64.33 ± 2.03g/ml,66.24 ± 1.05g/ml respectively as 

shown in the table 3.21.The Cmaxof PLGA nano-formulations was 1.68 to 1.78 fold 

higher than the marketed formulations. The results of this study was found in 

accordance with the study of KhushYadevet.al who reported many fold higher 

concentration of technetium 
99m

Tc-Eto-PLGA NP,  having a size of 105 and 160 nm 

then the pure  
99m

Tc-Eto at different time intervals [282]. 

3.13.1.2 Area under the curve (AUC0-t) 

The mean ± SD of area under the curve (AUC0-t) of etoposide (Reference) and nano-

formulations (F13, F17, F27, F32) after IV administration to Balb/C mice was 7.2 ± 

2.44, 1469.85± 4.33µg-hr/ml, 1163.07 ± 3.97µg-hr/ml, 1117± 2.98 µg-hr/ml, 1253± 

3.44 µg-hr/ml respectively.  

The results obtained from previously published data by different researchers have 

confirmed that a significant increase in the bioavailability of the drug (Etoposide) is 

possible while using PLGA as a polymeric material for the preparation of 

nanoparticles. Movvaet. al, reported an increase AUC value of etoposide loaded 

PLGA nanoparticles then the etoposide loaded PCL nanoparticles and pure etoposide 

after IV administration of these formulations in the marginal ear vein of rabbits [141]. 

This increase in the AUC could be attributed either to the sustain release of drug from 

the polymeric nanoparticles as well as from the decrease plasma protein binding due 

to the reason that the drug is protected inside the PLGA polymeric nano-formulations. 

In addition, the loading of Etoposide in PLGA- NPs leads to increased residence time 

of the drug in the blood and decreased plasma clearance time which are the basic 

properties of polymeric nanoparticles. The reduced uptake of nanoparticles by the 
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reticuloendothelial system of the body, due to surface modification by PEG minimizes 

their clearance which also plays an important role in improving the pharmacokinetic 

parameters [283].  

3.13.1.3 Mean Residence Time (MRT) 

The mean resident time of Etoposide marketed preparation was compared with the 

etoposide loaded PLGA preparations (F13, F17, F27 and F32) which was 2.66 

±0.077hrs, 122.40 ± 3.87hrs, 126.30 ± 5.72hrs, 135.56 ± 2.06hrs, 132 ± 3.33hrs, 

respectively. The drug was administered intravenously at 10 mg /kg body weight to 

Balb/C mice.  

The reported MRT (hr) values for etoposide and nanoformulation were 2.55 and 

16.67, respectively when Tc 99m labeled etoposide and Eto-PLGA nanoformulation 

(250 ulmCi) were injected in to the marginal ear vein of the New Zealand white 

rabbits [141]. An increase in the MRT values of  commercial etoposide injectable 

solution and etoposide parenteral emulsion i.e. 1.5 ±0.1hrs and 5.7 ± 1.5hrs  were also 

reported by other scientists [138]. Similarly the MRT for etoposide when 

administered, to mice at 10mg /kg as non-pegylated encapsulated parenteral emulsion 

and pegylated long circulating intravenous emulsion was 9.65±0.5 hrs. and 10.64 ± 

1.2 hrs., respectively [284]. 

The results obtained in this research work is in accordance with the previously 

published data which shows that MRT values of different formulations were 

increased, when administered in the form of nanoparticles or parenteral emulsion 

ascompared to etoposide solution or commercially available parenteral etoposide 

formulations.  
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3.13.1.4 Half-life (t1/2) 

The t1/2 of etoposide commercially available formulation and etoposide loaded PLGA 

formulations (F13, F17, F27, F32) prepared in this study when evaluated was found 

0.725 ± 0.06 hrs. and 55.49 ± 3.89, 57.80 ± 3.47, 33.51 ± 1.14 and 32.87 ± 2.47hrs 

respectively. It is evident from this data that the half-life of nanoformulations are 

higher than the market etoposide formulation. 

3.13.1.5 Apparent Volume of distribution (Vd) 

The mean ± SD values of apparent volume of distribution for commercial etoposide 

formulation and Etoposide  loaded PLGA nano-formulations (F13, F17, F27, F32) 

were 1.32 ±0.16 ml, and 184 ± 1.87 ml, 217.57 ± 2.10 ml, 227.51±3.36 ml, 230.23 ± 

2.54 ml respectively. The previously published research articles have also reported an 

increase in the Vd of this anticancer drug. The (mean ± SD)reported values of this 

pharmacokinetic parameter for etoposidewere1.8 ± 1.7 lKg
-1

[138].  

3.13.1.6 Clearance 

The mean clearance values of etoposide commercial formulation and etoposide loaded 

PLGA nano-formulations (F13, F17, F27, F32) in plasma were 823 ± 2.52 ml/h/kg 

and 2.89 ± 0.020, 2.60 ± 0.003, 3.09 ±0.013 and 3.17 ± 0.08 ml/h/kg, respectively. 

The data reveals that the clearance of the prepared nanoformulations is significantly 

decreased (P ≤ 0.05) then the market etoposide formulation.  

Previously published data also supports this claim. Clearance of  Tc‑ 99m labeled 

etoposide and etoposide loaded PLGA nanoparticles (100 μl) containing (around 200 

μCi) radioactivity when injected into the tail vein of tumor bearing male strain Balb/C 

mice was 1.73 and 0.73, respectively [285]. Similarly the clearance (ml/min) of  

pureetoposide and nano-formulation was 1.77 hrs. and 11.55 hrs., respectively when 
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Tc 99m labeled etoposide and Eto-PLGA nano-formulation (250 ulmCi) were injected 

in to the marginal ear vein of the New Zealand white rabbits (2 to 2.5kg) [141].Reddy 

etal and his co scientists also stated in their article that clearance of etoposide when 

administered, to mice at 10mg /kg as non-pegylated encapsulated parenteral emulsion 

and pegylated long circulating intravenous emulsion was recorded as  0.09 ± 0.0 lh
-

1
kg

-1
 and 0.05 ± 0.0 lh

-1
kg

-1
 respectively [284]. 

As it is evident from the Table 3.21 that all pharmacokinetic parameters of etoposide 

loaded PLGA nano-formulations are higher/increased as compared to etoposide 

commercially available formulation (Reference).  Elimination of Etosid from the mice 

plasma took place in 6 hours but on the other hand the concentration of prepared 

nano-formulations (F13, F17, F27, F32) in mice plasma remained up-to 24 hours. In-

vivo release from the nanoformulation was observed for 168 hrs.  

The pharmacokinetic data shows that etoposide loaded PLGA formulations can stay 

more in the body with low elimination rate as compared with the marketed 

preparation. Data obtained in this research work has proved the potential utility of 

PLGA-NPs entrapment as an important method for the sustained and long-term 

delivery of anticancer drug etoposide. Increased PK parameters (Table 3.21) may be 

due to the  controlled diffusion or erosion across the PLGA polymeric nanoparticles 

which causes the release of drug entrapped in the polymeric matrix [1]. It has also 

been reported that the release of the entrapped drug from the PLGA – NPs occurs due 

to diffusion cum degradation process. The initial release from the polymeric system 

occurs through diffusion while the release at the later stage is governed by both 

diffusion of the entrapped drug and degradation of the polymeric nanoparticles [286, 

287].   
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In addition to this the size of polymeric NPs and the use of stabilizers (poloxamer and 

PVA), which protects the particles from the entrapment by macrophages and other 

defense mechanisms of the body may also play an important role in the improved PK 

parameters. It was also assumed that entrapment of etoposide in polymeric 

nanoparticles would lead to less protein binding which will ultimately lead to 

increased mean resident time (MRT) and decreased  clearance (Cl) time [288]. 

The clinical use of various etoposide formulations is challenging because of the 

hydrophobic and lipophilic nature of this molecule. The present marketed dosage 

forms, therefore,contain different unwanted adjuvants which is said to produce side 

effects [129, 130]. In order to achieve sustain level of etoposide in plasma its current 

available formulation will have to be introduced in higher doses because it is quickly 

eliminated from the plasma but these higher doses causes myelosuppression which 

should be avoided.[131]. Vepesid
®
(the original formulation of etoposide) consists of 

co-solvents like PEG, Tween 80 (Polysorbate 80) and ethyl alcohol [132]. The use of 

these co solvents in the pharmaceutical formulation of etoposide is accompanied with 

various adverse effects which include metabolic acidosis, cracking of infusion, 

hypotension and thrombophlebitis [121, 133, 134, 289]. Precipitation of etoposide 

during dilution of etoposide injection is one of another problem associated with the 

presently available marketed formulation of etoposide [136]. Etoposide has been 

considered as the most widely used, potent and affective anticancer agent for the past 

several years. However the use of this drug is greatly affected by its poor water 

solubility as it is BCS class 2 drug [290].The successful therapy using etoposide as 

chemotherapeutic agent depends on the development of innovative delivery systems 

which attracted a substantial number of studies designed to deliver etoposide by novel 

formulations. The basic objective of formulation development for this anticancer 



Chapter 3       Results and Discussion 

156 

agent is to get rid of the non-aqueous vehicle by reformulating etoposide in such a 

vehicle which has the ability to increase the effectiveness of etoposide therapy.
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Table 3.21: Etoposide PLGA nano-formulations concentration in plasma after I/V administration to mice 

Parameters Dose (IV) Cmax AUC 0-t AUMC∞ MRT E Half-life Vd CL 

Unit mg/kg µg/ml µghr/ml µg-hr*hr/ml Hr Hr ml ml/h/kg 

Reference 10.00± 01 38.10 ± 2.49 7.2 ± 2.44 28.6 ± 1.23 
2.66 ±0.077 

0.725 ± 0.06 1.32 ± 0.16 823 ± 2.52 

F-13 10.00± 01 65.1± 4.88 1469.85±4.33 42900± 448.35 122.40± 3.87 55.49± 3.89 184± 1.87 2.89± 0.020 

p-value - - 0.003 0.010 0.021 0.016 0.04 0.003 

F- 17 10.00± 00 67.89± 3.32 1563.07± 3.97 44776.87±495.53 126.30± 5.72 57.80 ±3.47 217.57± 2.10 2.60± 0.003 

p-value - - 0.013 0.022 0.017 0.020 0.03 0.004 

F-27 10.00± 00 64.33±2.03 1117± 2.98 14042± 324.87 135.56± 2.06 33.51 ± 1.14 227.51 ± 3.36 3.09± 0.013 

p-value - - 0.004 0.019 0.011 0.041 0.07 0.008 

F-32 10.00± 01 66.24± 1.05 1253± 3.44 23465± 5641.54 132± 3.33 32.87 ± 2.47 230.23 ± 2.54 3.17 ± 0.08 

p-value - - 0.018 0.014 0.014 0.022 0.04 0.007 
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3.13.2 Tissue Distribution of Nanoparticles 

The distribution of Etoposide commercially available formulation Etoposide (Pfizer) 

and etoposide loaded PLGA formulations (F13, F17, F27, F32) to various body 

organs/tissues was performed to know about the fate of these formulations within the 

body. The study was performed in Balb/C mice which were divided into five (05) 

groups. Reference drug was injected to one group and  nano-formulation was injected 

to another group. The drug and formulations were injected intravenously in the tail 

vein of mice at a dose of 10 mg / kg body weight.  

The analysis of different tissues sample revealed the drug distribution in the following 

manner i.e. liver, followed by lungs, kidney, spleen and heart. It was also found that 

the concentration of marketed etoposide (Reference) was higher at initial stages but 

declined with a passage of time but on the other hand the release of Etoposide from 

the polymeric nano-formulations was sustained for a longer period of time.  

3.13.2.1 Liver and spleen 

The concentration of etoposide reference drug was at higher level at 30 minutes of 

drug administration by intravenous route as compared with the etoposide loaded 

PLGA NPs but with the passage of time its elimination from the liver also found to be 

at a higher rate than the prepared  nano-formulations (Figure 3.56). The concentration 

of nano-formulation increased at 1 hr. compared with the reference and the pattern 

remained the same for the rest of the points of analysis.  Similar type of finding has 

also been reported previously [141]. It is also been reported that small PLGA nano-

particles, which are stabilized sterically can accumulate to a greater extent in 

parenchymal cell after an intravenous injection [291]. The formulation made from 

such material can be utilized for the effective treatment of various liver malignancies. 
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Figure 3.60: Concentration of ETO-PLGA nano-formulations and Reference in 

Liver 
 

Table 3.22: Mean ± SD Concentrations (µg) of Reference drug and Etoposide 

loaded PLGA formulations in mice liver (n=5) 

Time 

(hrs) 

Reference ± 

SD 
F-13 ± SD F-17± SD F-27± SD F-31± SD 

0.5 35 ± 3.11 28 ± 1.17 30 ± 2.14 32 ± 3.61 30 ± 2.59 

1 16 ± 2.21 24 ± 1.25 27 ± 1.64 30 ± 1.36 27 ± 1.55 

2 12 ± 0.44 20 ± 2.36 25 ± 3.51 27 ± 2.77 24 ± 4.74 

3 08 ± 2.57 17 ± 1.65 22 ± 2.85 22 ± 4.15 21 ± 2.41 

4 5 ± 1.52 12 ± 1.33 15 ± 1.02 20 ± 3.66 19 ± 2.37 

6 4 ± 1.98 10 ± 0.24 12 ± 2.88 17 ± 1.28 15 ± 3.48 

8 3 ± 1.17 7 ± 0.32 10 ± 3.41 15 ± 3.17 10 ± 1.98 

12 2 ± 0.11 5 ± 2.52 8 ± 1.56 10 ± 2.74 7 ± 1.37 

24 1.5 ± 0.12 3 ± 0.30 5 ± 1.75 7 ± 1.99 5 ± 0.54 

 

Similarly, in the spleen the concentration of reference etoposide was higher than the 

nano-formulation at 30 minutes but it was also eliminated quickly. The uptake of 

nanoparticlesby spleen were low at the first stage but with the passage of time it 

increased and showed a sustain release of etoposide from the polymeric carrier system 

(Figure 3.65).  

It has also been reported previously that the particles < 10 nm in size are usually 

cleared from the body by renal filtration but the particles which are bigger in size are 
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entrapped in by liver, spleen and bone marrow [292]. The selection of PLGA NPs is 

mainly done on the basis of their high tissue concentration after intravenous 

administration. It has also been stated earlier by the researchers that polymeric NPs of 

PLGA distribute quickly and in higher amount to the liver and spleen as a result of 

mononuclear phagocytic system (MPS) sequestration [293, 294]. 

 
 

Figure 3.61: Concentration of ETO-PLGA nano-formulations and Reference in 

Spleen  
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Table 3.23: Concentrations of Reference drug and Etoposide loaded PLGA 

formulations in spleen (n=5) 

Time 

(hrs) 

Reference ± SD 

(µg/gm) 
F-13 ± SD F-17 ± SD F-27 ± SD F-31 ± SD 

0.5 25 ± 2.25 20 ± 2.65 22 ± 4.21 19 ± 1.74 21 ± 3.41 

1 16 ± 1.13 18 ± 2.33 19 ± 3.25 22 ± 1.58 24 ± 2.66 

2 10 ± 0.94 23 ± 1.85 25 ± 1.02 24 ± 2.43 22 ± 5.82 

3 8 ± 1.19 21 ± 1.22 22 ± 4.88 22 ± 4.99 18 ± 3.14 

4 7 ± 2.14 14 ± 1.09 15 ± 3.27 17 ± 6.58 15 ± 4.61 

6 4 ± 1.05 10 ± 0.23 12 ± 2.88 10 ± 3.54 11 ± 1.00 

8 3 ± 0.98 8 ± 1.13 10 ± 1.09 8 ± 3.88 7 ± 0.62 

12 2 ± 0.64 6 ± 2.04 8 ± 1.99 6 ± 1.74 6 ± 2.18 

24 1 ± 0.09 4 ± 1.54 5 ± 1.21 5 ± 1.54 5 ± 0.55 

 

3.13.2.2 Kidney 

In kidney the distribution of free etoposide was found to a greater extent than the 

etoposide loaded PLGA formulations at 0.5, and 1 hr of the analysis. As the uptake of 

reference drug was high, initially, in kidney it was also eliminated from the body 

earlier than the nano-formulations (Figure 3.62). At 2 hours’ time point of the analysis 

the concentration of formulation in kidney increases then the reference drug and the 

same trend was followed till the end of analysis 24 hrs.Just like reticuloendothelial 

system (liver and spleen) the PK parameters of nanoparticles can also be managed 

through renal filtration. In kidney the filtration of blood took place at a high speed due 

to which macromolecules are secreted in to urine. The size, shape and charge of the 

nanoparticles play an important role in their secretion by kidney. It requires 

extravasation first through fenestrated endothelium and then through the glomerular 

basement membrane.  NPs which are spherical in structure having a diameter of less 

than 6 nm exhibit good renal clearance as compare to those which are more than 8 nm 

in size [295]. It has also been reported that base of glomerular membrane is negatively 

(-ve) charged and cationic (+) nanoparticles having a size between 6 and 8 nm shows 

greater renal clearance then the neutral or negatively (-ve)  charged nanoparticles with 

in the same size range [296]. 
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Figure 3.62: Concentration of ETO-PLGA nano-formulations and Reference in 

Kidney 
 

Table 3.24: Concentrations (ug) of Reference drug and Etoposide loaded 

PLGA formulations in Kidney (n=5) 

Time 

(hrs) 

Reference ± 

SD (µg) 

F-13± SD F-17± SD F-27± SD F-31± SD 

0.5 33±3.55 20±1.89 18±4.22 22±2.47 21±1.27 

1 31±1.29 18±2.10 16±6.28 20±3.69 19±1.02 

2 14±2.55 22±1.14 20±3.02 24±6.21 24±3.55 

3 11±3.65 18±1.54 19±2.55 21±2.11 22±2.81 

4 9±0.58 15±1.87 16±3.24 17±2.98 20±3.61 

6 6±1.74 11±3.14 14±1.99 15±4.57 16±1.36 

8 4±1.22 7±2.96 11±2.57 11±3.20 10±4.21 

12 3±1.00 4±1.78 8±2.82 8±1.34 7±3.33 

24 2±0.22 2±0.89 5±1.48 6±1.01 5±2.01 

 

3.13.2.3 Heart 

Concentration of marketed etoposide and etoposide loaded nanoformulation, in heart, 

verses time after intravenous administration to Balb/C mice (Figure 3.63). In Heart 

the concentration of etoposide marketed formulation was found to be higher than 

nano-formulation at all time points of the analysis. 

Heart is the organ which showed less amount of etoposide concentration as compared 

to other organs when etoposide loaded PLGA formulation was injected to mice 
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intravenously but the concentration of free etoposide in heart is higher than the 

etoposide loaded PLGA NPs. As it is also reported previously that due to poor 

solubility of etoposide, it requires large amount of fluid when it is administered in 

high doses which leads to heart failure due to fluid load [121]. Low distribution of 

nanoparticles to heart as compared to free etoposide  has also been reported at all time 

points of analysis in a previously published article [141]. Therefore, the nanoparticles 

formulation could reduce the cardiac toxicity of etoposide. 

 
 

Figure 3.63: Concentration of ETO-PLGA nano-formulations and Reference in 

Heart 
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Table 3.25: Concentrations (µg) of Reference drug and Etoposide loaded 

PLGA formulations in Heart (n=5) 

 

It is a proven fact that the size of nanoparticles is one of the most important factor 

while controlling their in-vivo fate and it has the potential to increase the circulation 

time of drug with in a body and also has the ability to target pathological organs. 

These properties of intravenously administered nanoparticles can best be achieved 

while keeping their size below 500 nm [295, 297, 298]. The substances like 

macrophages and phagocytes, which are part of immunological system has the ability 

to engulf (phagocytize) bacteria, unwanted material and particles which enter into the 

body from external environment, neutralize them and finally clear it from the body. 

This system of macrophages only took few minutes to activate in response to foreign 

bodies/material [299, 300]. The macrophages while utilizing the same properties of 

identification also recognizes the nanoparticles and treated them in the same fashion 

as it does any other foreign material [301] but due to their unique size, charge (zeta 

potential) and coating material around them inhibit the process of opsonizationand 

their clearance from the body [302, 303]. 

3.13.2.4 Lungs 

The concentration of etoposide loaded PLGA nano-formulation was less in lungs, at 

initial time point, as compared to etoposide reference drug but after 2 hrs of 

Time 

(hrs) 

Reference (µg) 

± SD 
F-13 ± SD F-17 ± SD F-27 ± SD F-31 ± SD 

0.5 23 ± 2.59 10 ± 3.44 13 ± 4.21 15 ± 1.06 12 ± 3.61 

1 27 ± 1.32 18 ± 3.85 20 ± 4.88 22 ± 3.11 20 ± 2.66 

2 25 ± 2.54 14 ± 1.57 18 ± 2.17 19 ± 1.19 21 ± 5.41 

3 21 ± 1.66 11 ± 3.10 15 ± 1.69 18 ± 4.11 17 ± 3.62 

4 14 ± 3.25 9 ± 1.22 10 ± 1.21 13 ± 3.26 12 ± 2.10 

6 10 ± 2.44 7 ± 1.54 8 ± 2.11 9 ± 2.01 5 ± 2.57 

8 7 ± 1.48 4 ± 0.87 6 ± 1.88 5 ± 1.99 8 ± 1.21 

12 5 ± 1.69 3 ± 1.00 4 ± 0.21 3 ± 0.57 3 ± 0.24 

24 2 ± 0.21 2 ± 0.47 3 ± 0.22 2 ± 0.21 2 ± 0.3 
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administration of drug to Balb/C mice its concentration increased from that of the 

marketed drug (Figure 3.64). In case of lung application the use of polymeric 

nanoparticles can produce adverse effects and can lead to the dysfunction of the 

essential lung surfactant system [304, 305] but the polymeric nanoparticles coated 

with different grades of poloxamer has the ability to minimize such effect to a 

negligible level and such strategy could lead to a more effective drug delivery system 

which would be compatible with the normal function of lung surfactant [306].  

 
Figure 3.64: Concentration of ETO-PLGA nano-formulations and Reference in 

Lungs 
 

Table 3.26: Concentrations (µg) of Reference drug and Etoposide loaded 

PLGA formulations in Lungs (n=5) 

Time 

(hrs) 

Reference(µg)± 

SD 

F-13± SD F-17± SD F-27± SD F-31± SD 

0.5 29±0.66 25±2.47 22±4.20 20±3.11 21±3.22 

1 25±1.53 23±2.68 20±3.15 17±1.54 19±3.29 

2 10±1.84 12±1.75 13±3.99 15±2.63 14±1.44 

3 7±2.55 10±1.53 14±2.47 10±2.47 11±3.15 

4 5±1.86 8±2.63 9±2.33 6±1.81 9±2.95 

6 3±0.79 7±3.17 8±1.08 4±1.24 7±1.33 

8 2±0.68 6±1.95 7±2.17 3±1.22 51.21 

12 1.5±0.14 5±0.84 4±1.01 2±0.69 4±1.10 

24 1 ± 0.0 3±0.82 3±0.75 1±0.0 3±0.11 
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3.13.2.5 Brain 

No concentration of Etoposide loaded PLGA NPs was detected in the brain samples 

and this could be due to the larger particles size of NPs. It was reported previously 

that the nanoparticles having a size less than 100 nm has the ability to cross the blood 

brain barrier [4, 198]. 

3.13.3 Overall distribution of nanoparticles to different organs 

The overall distribution of Etoposide loaded PLGA nano-formulations after 

intravenous administration to mice was in the order of liver > lung > kidney > spleen 

>heart (Figure3.65). 

 
 

Figure 3.65: Figure showing the distribution of nanoparticles in different 

organs of the mice. 
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4 CONCLUSION 

The concept behind this study was to formulate control release etoposide loaded 

PLGA polymeric NPs formulations and to study the organ distribution of these 

nanoparticles in selected body organs. It was also an objective of this study to develop 

an HPLC analytical method for the determination of Etoposide and its polymeric 

nano-formulation in blood and in different organs of experimental animals.  

Etoposide loaded PLGA nano-formulations were prepared by different techniques and 

the solvent evaporation method was found best among all due to the reason of giving 

best possible results in terms of size, zeta potential, poly-dispersibility index (PDI), 

entrapment efficiency, in-vitro release behavior and stability. Various stabilizers/ 

emulsifiers were used during their preparation which includes poloxamer and Poly 

Vinyl Alcohol (PVA). These emulsifiers were used in different concentrations 

(0.25%, 0.5%, 1.0% and 1.5%) and those concentrations and emulsifiers (PVA and 

Poloxamer 407) were selected which produced the optimum results. The selected 

particles were of ideal size ie< 200 nm for targeting liver and lungs. The % 

entrapment efficiency of all the selected formulations was also higher than 87 %. 

The compatibility studies of the pharmacologically active substance (Etoposide) and 

excipients (stabilizers, polymer) used in this study was performed to determine the 

unwanted interactions , if any, between them and to eliminate the chances of 

undesirable problems with the final product. IR spectra were obtained for this purpose 

which showed satisfactory results. 

All nano-particles possessed negative charge. The impact of the process of freeze 

drying was also determined on the size of NPs. For this purpose, the prepared nano-

formulations were also freeze dried with and without the presence of cryoprotectants 

(CP). Glucose and mannitol were used as CPs for this purpose in 2, 4 and 8% 

concentrations. It was observed that best results were obtained with 2% glucose which 

doesn’t increase the size above 197 nm. Freeze drying performed with other 

concentrations of glucose and mannitol showed increase in particle size. A sustain 

release of etoposide from all the optimized formulation was obtained for 7 days.   
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The pharmacokinetic study demonstrated that etoposide and Etoposide loaded PLGA 

NPs were distributed to various organs of mice ie the liver, lungs, kidney, spleen and 

heart. The Etoposide loaded PLGA nano-formulation has significantly increased the 

Cmax, MRT, Vd, AUC0-t, t1/2, AUMC∞ and MRT of etoposide as compared to 

marketed formulation. It was found that the of etoposide loaded PLGA 

nanoformulations had extended circulation time in the body and its elimination was 

also slower than the marketed formulation, which could be due to the less uptake of 

polymeric nanoparticles by the reticuloendothelial system. The slow and prolonged 

clearance of Etoposide loaded PLGA-NPs from different organs of the body can be 

utilized for the treatment of tumor in these organs and carcinomas more effectively 

than the traditional dosage forms.  

The distribution of the nano-formulations and marketed formulation, administered IV 

was also determined in the organs and were found in the following order; liver > 

lungs > kidney > spleen > and heart. The presence of higher amount of etoposide, due 

to its encapsulation in PLGA NPs, in liver and lungs could be utilized for the 

treatment of carcinomas and for the effective targeting of tumors in these organs. Less 

amount of etoposide nanoformulation was found in heart of the Balb/C mice in 

comparison with that of marketed formulation which is considered as a good sign 

because encapsulating etoposide in polymeric nanoparticles will lead to decrease in its 

cardiotoxicity. It was also demonstrated that the clearance of etoposide polymeric NPs 

also reduced to a greater extent when compare with the marketed formulation. 

Etoposide loaded NPs was not detected in brain which could be due to the larger 

particle size of NPs formulated in this study then the required range.  

The result of this research work proposes a novel formulation of Etoposide loaded 

PLGA nanoparticles which can be prepared by modified solvent emulsion techniques. 

It was determined during the study that nanoparticles in a desired size range and 

properties can be obtained while controlling different parameters. The entrapment 

efficiency and release of drug from the polymeric system can also be controlled. The 

method of preparation of NPs adopted in the research study was found to be suitable 

of for the hydrophobic drugs having low bioavailability and stability issues.  

Encapsulating of such type of active ingredient/s into polymeric drug delivery system 

may improve their stability, bioavailability, improve targeting of the desired organs 
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and reduction in drug associated toxicities. These pharmacokinetic data suggest that 

etoposide loaded PLGA-NPs might offer greater therapeutic effect than the marketed 

dosage form of etoposide. 

4.1 Future work 

The nano-formulations prepared in this research work confirm the in-vitro and in-vivo 

release of active therapeutic agent from the dosage system for 7 days. The samples 

were evaluated with the help of HPLC system with a UV detector. However, to 

determine the effectiveness, stability and safety of these formulations further studies 

need to be performed which include tagging of these formulations with radiolabel 

agents (Tc-99m etc) and taking their scintigraphic images after administration 

intravenously to mice. The whole body of the experimental animals can be viewed in 

the images which will confirm the distribution of these nano-formulations into 

different body organs and blood more specifically and precisely.  

Although sever studies regarding PLGA safety and its biocompatibility has been 

published but the formulations prepared in this study needs to accessed further to 

confirm their biological and environmental safeness. Cytotoxicity which is a major 

problem associated with the use of nanoparticles. In-vitro cell culture studies 

(cytotoxicity, cellular permeability and uptake) should also be performed to prove that 

these nanoparticles are not toxic to it. This will further confirm that these polymeric 

nanoparticles are safe and harmless to experimental animals after oral or intravenous 

administration.  
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