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Abstract 

The technology of nano drugs has brought a big revolution in the field of therapeutics 

and has given a better approach to deal with oncogenic proteins and destructing them 

by site specific payload drug. Now it is easy to treat small cancerous molecules which 

are lethal due to their capability of potential growth and detrimental effects on human 

health. Nano technology and nano particle drug delivery system have a better 

approach over the conventional treatment approaches. Huge ranges of different nano 

particles have different properties so that we can choose them according to our 

interest. Pegylated filgrastim have better effects as compared to filgrastim in 

neutropenia and also causes increase in retention time of drug. In this review we have 

tried to discuss every aspect of pegfilgrastim covering its synthesis, pharmacokinetics 

and pharmacodynamics.  More supplementary work is needed for better identification 

of side effects as well as adverse effects of pegfilgrastim. 

 

NANO PARTICLE/ NANO TECHNOLOGY 

Nano technology shells a number of aspects of science referred to as biology, 

engineering, chemistry and medicines. The formal name converts the dimension to the 

minimal quantity of the drug that prevails itself in nanoparticles for its safe and 

efficient delivery to the target site, and increasing the bioavailability to prevent itself 

from degradation and interaction. Nanoparticles are novel in nature.  Their novelty 

and efficacy made them superior over conventional drug delivery system (as shown 
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in Fig. 1). Numerous types of nanoparticles used in drug delivery system are chosen 

due to their structure, ligand and target site. The nanoparticles under taken for drug 

deliveries are liposomes, nano capsules, nano emulsions, solid lipid nanoparticles and 

polymeric nanoparticles [1-3]. Recent years have improved the importance of these 

particles for their utilization in drug targeting, as a therapeutic agent and also in 

imaging and controlled drug release [4, 5]. 

 

INTRODUCTION 

NANOPARTICLE AND DRUG DELIVERY 

Drug delivery and related pharmaceutical preparations in the category of nano 

medicine should be viewed as a science of Nano scale system (10-100nm), consisting 

a major pharmaceutically active part which have to be delivered to the site of 

infection, although Nano particle formulation of the drug itself is also possible. The 

whole system leads to perform unique function related to treating, preventing and 

diagnosing the diseases called smart drug [6, 7]. The basic goals for research in 

nanotechnology in drug delivery include 

1. Toxicity reduction besides maintaining therapeutic effect 

2. Specific targeting of drug and its delivery  

3. Biocompatibility and safety 

4. Development of newer and safer medicine 

The main issue in research is to find specific carrier drug delivery system, which 

fulfills the following basic parameters for designing of nano materials, and these are; 

a) Drug incorporation and its release, 

b) Stability and its shelf life, 

c) Biocompatibility, 

d) Distribution and targeting, 

e) Functionality. 

In addition, the carriers should be observed for its possible adverse effects and its 

biodegradation after releasing the payload drug. 

Table S1 represents some of the chemical structures used for the pharmaceutical 

carriers. Precisely none of them fulfill all the parameters stated above.  

The aim of nanoparticle using in drug delivery is to enhance delivery to target cell, or 

uptake by target cell and reduction in toxicity of the free none target organ. Both 
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results in increase of therapeutic index. For this aim long circulation time and specific 

targeting nanoparticles are needed. Some chemicals are given in table 1. 

Most compounds are biodegradable polymers after release of payload drug. Nano-

particles release the drug upon its degradation. One problem in specific drug carrier 

nanoparticle is their clearance from mononuclear phagocytic system, in liver and 

spleen and this problem is overcome by surface modification of particular 

nanoparticle by coating with poly ethylene glycol (PEG), resulting in increased time 

in shelf life and in circulation inhibiting reorganization by mononuclear phagocytic 

system. Surface coating is also shown to be necessary for preventing the 

agglomeration of the particle. Many types of coatings are used for preventing 

agglomeration and keep them in suspension form with in the colloidal solution. 

Several coatings are used for this goal are, poly ethylene glycol (PEG), poly vinyl 

pyrrolidone (PVP) and in natural source polymers like dextran and chitosan are used. 

Nanoparticle coating regulates the nanoparticles targeting, solubility and stability. For 

drug application a nanoparticle should be polar to give solubility in aqueous medium 

and for preventing aggregation. Polyethylene glycol joined with terminal hydroxyl or 

methoxy group prevents it from interactions [8, 9]. Biological macromolecules linked 

to nanoparticles, which address the tag to target site of the body [10] and protein or 

RNA molecules movement to the specific cells [11, 12]. Monoclonal antibody, 

apatamers or peptide should covalently attach to nanoparticles in controlled number. 

These multivalent having many targeting groups cluster receptor gives strong 

anchoring in spite bearing single site [13-18] 

The size of nanoparticle is the major critical parameter to be taken into consideration 

for its clearance from mononuclear phagocytic system and other surface phagocytic 

system. Size distribution may also influence the bioavailability of the active drug e.g. 

for liposomes if the size >100nm then the clearance rate increases with size whereas 

below 100nm charges play an important role. However this criteria is not same for all 

nanoparticles rather composition is also important. Besides physical means discussed 

above there are factors like light and heat, which may also affect the release of 

payload drug on targeted site [19, 20]. 

 

NANO PARTICLES IN CANCER 

Nano particles at present have been utilizing in many treatment aspects for cancer like 

diagnosis, pre-detection, targeted therapy and cancer bioinformatics. In cancer the 
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selection of nanoparticles minimize the spectrum of particles for the effective and 

specific site delivery of payload drug. The aspects discussed below are of prior 

importance while engineering nano particles [21]. 

a. When particles injected they should be cleared by phagocytic system and 

minimize the undesirable cytotoxicity. 

b. History should be safe used and biocompatibility proven. 

c. Rate of polymer degradation and release of payload entity should be safe.  

 

TYPES OF NANOPARTICLES 

There are various ways by which nanoparticles are classified. One of the most basic 

way of their division can be favored in a book written by chemists Mark and Daniel 

Ratner [22], is under taken. 

A. Polymeric Nanoparticle 

Polymeric nanoparticles (PNPs) consist of a decomposable polymer. 

Biocompatibility is a crucial feature for potential application as tissue 

engineering, drug and gene transport and new vaccination strategies. Most 

biodegradable polymers entails of synthetic polyesters like polycyanoacrylate 

or poly(D, L-lactide) and allied polymers like poly(lactid acid) PLA or 

poly(lactide-co-glycolide) to give a better approach. Latest developments also 

comprise natural polymers like chitosan, gelatin, and sodium alginate to 

overawe some toxicological problems with the synthetic polymers. Polymeric 

nanoparticles characterize a significant improvement above traditional oral 

and intravenous (IV) approaches of administration in terms of efficiency and 

effectiveness. Polymeric nanoparticles may have engineered specificity, 

permitting them to deliver a superior concentration of pharmaceutical agent to 

a desired location [23, 24]. Polymeric materials are used to make up for these 

particles, which have small cavities where a drug is stored. Once enter into the 

GIT of the patient, the enclosed drugs are released (as shown in Fig. 2). This 

method facilitates a continuously smooth delivery over an extended period of 

time [25, 26]. 

 

B. Nonpolar Nano-Coating 
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Many drugs cannot pass through membrane cells due to their polarity. Polar drugs 

have difficulty reacting with nonpolar membrane cells. To overcome this problem, 

non-polar nanoscale coatings can be devised to encapsulate and deliver the polar drug 

with no problem [25, 27]. 

C. Dendrimers 

 

Dendrimers are extremely diverged and symmetrical structures between 

approximately 1 and 10nm [21, 28, 29]. These are an exclusive class of polymers 

highly diverged macromolecules whose size and shape can be quite controlled. 

Dendrimers stay fabricated from monomers using either convergent step growth 

polymerization. Symbols of poly amido amine based dendrimers are the well-defined 

structure; mono-dispersity of size, surface functionalization aptitude, and stability is 

property of dendrimers that mark them attractive drug carrier candidates. Drug 

molecules can be incorporated into dendrimers by encapsulation. Dendrimers are 

being explored for both drug and gene delivery (as shown in Fig. S1). Dendrimers 

used in drug delivery studies habitually incorporate one or more of the given 

polymers polyamidoamine (PAMAM), melamine, poly (L-glutamic acid) (PG), 

polyethyleneimine (PEI), poly (propyleneimine), and poly (ethylene glycol) (PEG) 

[30-32] 

D. Smart Materials and Nanoparticles 

The idea for the development of these types of materials is to make them react only 

under certain specific conditions. For example, polymer nanoparticles are equipped 

with bio receptors in their outer shells, which can detect and respond to specific 

biochemical signals that will release the drug from inside of the particle [33, 34]. 

E. Magnetic Nanoparticles 

These are bound by molecular recognition of the specific cells, which will favor the 

drug to deliver (as shown in Fig. S2). An external magnetic field can manipulate the 

location of the nano dot therefore it controls the delivery of the drug [25, 35, 36]. 

F. Liposomes 
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Liposomes are spherical particles comprised of one or more lipid or phospholipid 

bilayers and contain a placing between the two layers. A benefit of liposomes is that 

the structure can contain lipophilic as well as hydrophobic, and amphiphilic 

molecules more compounds with different solubility’s can be incorporated in the 

arrangement [37-40]. These liposomes are shaped due to unfavourable interactions of 

the phospholipids with the aqueous medium, so that the polar head-groups position 

towards the media, whereas the hydrophobic carbon tails are forced to cluster into a 

two layers [41]. Liposomes can be categorized according to their size and the number 

of bilayers [42, 43]. A great advantage of bilayers in manufacturing is the low CMC 

(Critical Micellization Concentration) at which they form compared to micelles. 

Typically, the CMC of liposomes are an order of four to five lower than those of 

micelles [44]. Frequently used Phospholipids to form the bilayer are 

phosphatidylcholine (charge neutral), and the negatively charged phosphatidic acid, 

phosphatidyl glycerol, phosphatidylserine, and phosphatidyl ethanolamine (as shown 

in Fig. 3). Archaesomes are somewhat more thermo stable and resistant to oxidation, 

chemical and enzymatic hydrolysis when compared with liposomes. They are also 

more resistant to low pH and bile salts that would be encountered in the 

gastrointestinal tract (GIT) [45]. This makes them ideal aspirants to protect anti-

oxidants during food processing. Now it has become feasible to use liposomes to 

deliver functional components such as nutraceuticals, antimicrobials, and flavours to 

foods [46-53]. 

Relative Sizes of General Particles 

Different size of relative nanoparticles are produced (as shown in Fig. S3). 

SYNTHESIS OF NANO PARTICLES 

For the production of nano drugs, synthesis of nanoparticles is the core attempt to deal 

with and for attaining these goals, number of strategies is used. There are two main 

classes for the synthesis of nanoparticles; attrition and pyrolysis [54-56]. Attrition 

helps by making particles through ground ball mill, and planetary ball mill or by other 

size reducing mechanisms top down method (mechanical), bottom up technique (wet 

chemistry). Top down method reduces the size of particles by ball milling or by 

grinding. While in Bottom up technique formation of the nanoparticles starting from 

ions or molecules and make the larger structure (as shown in Fig. S4). Pyrolysis 
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attains these goals through different techniques. Form in place vacuumed coating and 

spray coating is used to incorporate lithography. While in gas phase synthesis inert 

gases are used to synthesize nanoparticles from metals with low melting points and 

further include laser ablation, plasma vaporization, and vapor synthesis [57-60].  

 

A. Mechanical Methods 

1. Sol-Gel Method 

The sol-gel process is a technique of chemical solution deposition widely used 

recently in the areas of materials science and ceramic engineering [61-63]. Such 

approaches are used predominantly for the fabrication of materials (typically a metal 

oxide) starting from a chemical solution (sol, short for solution) which acts as the 

originator for an unified network (or gel) of either distinct particles or network 

polymers [64]. Specific precursors are metal alkoxides and metal chlorides, which 

undergo hydrolysis and polycondensation reactions to form either a network "elastic 

solid" or a colloidal suspension (or dispersion). A system composed of distinct (often 

amorphous) sub-micrometer particles dispersed to assorted degrees in a host fluid. 

Formation of a metal oxide engages connecting the metal centers with oxo (M-O-M) 

or hydroxo (M-OH-M) ties, consequently generating metal-oxo or metal-hydroxo 

polymers in solution. Thus, the solution evolves towards the formation of a gel-like 

diphasic system containing both a liquid phase and solid phase (as shown in Fig. S5). 

Morphologies range from discrete particles to continuous polymer networks [65]. 

In the paradigm of the colloid, the volume portion of particles (or particle density) 

may be so low that a suggestive amount of fluid may need to be removed initially for 

the gel-like properties to be predictable. This can be capable in any number of ways. 

The simplest method is to allow time for sedimentation to appear, and then transfer 

off the remaining liquid. Centrifugation can also be used to accelerate the process of 

phase separation. 

Removal of the residual liquid (solvent) phase requires a drying process, which is 

typically complemented by a significant amount of shrinkage and densification. The 

vital microstructure of the final component will clearly be strongly influenced by 

changes employed during this phase of processing. After that, a thermal treatment, or 

firing process, is often necessary in order to favor further poly-condensation and 

enhance mechanical properties and structural stability through final sintering, 

IJSER

http://www.ijser.org/
http://en.wikipedia.org/wiki/Sol-gel
http://en.wikipedia.org/wiki/Ceramic_engineering
http://en.wikipedia.org/wiki/Manufacturing
http://en.wikipedia.org/wiki/Materials
http://en.wikipedia.org/wiki/Metal_oxide
http://en.wikipedia.org/wiki/Metal_oxide
http://en.wikipedia.org/wiki/Solution
http://en.wikipedia.org/wiki/Polymers
http://en.wikipedia.org/wiki/Precursor_(chemistry)
http://en.wikipedia.org/wiki/Alkoxides
http://en.wikipedia.org/wiki/Chlorides
http://en.wikipedia.org/wiki/Hydrolysis
http://en.wikipedia.org/wiki/Colloid
http://en.wikipedia.org/wiki/Suspension_(chemistry)
http://en.wikipedia.org/wiki/Dispersion_(chemistry)
http://en.wikipedia.org/wiki/Amorphous
http://en.wikipedia.org/wiki/Liquid
http://en.wikipedia.org/wiki/Solid
http://en.wikipedia.org/wiki/Properties
http://en.wikipedia.org/wiki/Sedimentation
http://en.wikipedia.org/wiki/Centrifugation
http://en.wikipedia.org/w/index.php?title=Phase_separation&action=edit&redlink=1
http://en.wikipedia.org/wiki/Shrinkage_(casting)


International Journal of Scientific & Engineering Research Volume 10, Issue 9, September-2019                             605 
ISSN 2229-5518  

IJSER © 2019 

http://www.ijser.org 

densification and gain growth. One of the distinct advantages of using this 

methodology as opposed to the more traditional processing techniques is that 

densification is often achieved at a much lower temperature. 

The precursor sol can be either deposited on a substrate to form a film (e.g. by dip-

coating or spin-coating), cast into a suitable container with the desired shape (e.g. to 

obtain a monolithic ceramics, glasses, fibers, membranes, aerogels), or used to 

synthesize powders (e.g. micro-spheres, nano-spheres). The sol-gel approach is a 

cheap and low-temperature technique that allows for the fine switch of the product’s 

chemical composition. Even small quantities of dopants, such as organic dyes and 

rare earth metals, can be introduced in the sol and end up uniformly dispersed in the 

final product. It can be used in ceramics processing and manufacturing as an 

investment casting material, or as a means of producing very thin films of metal 

oxides for various purposes. Sol-gel derived materials have diverse applications in 

optics, electronics, energy, space, biosensors, medicine (e.g. controlled drug release) 

and separation [66-69].  

2. Pyrolysis 

 

Spray pyrolysis is a liquid-based gas phase tactic and electrospray is proficient of 

generating reasonable droplets as well as nanoparticles. We report a narrative 

synthesis route by spray pyrolysis (salt- assisted spray pyrolysis) (SASP) for the 

continuous synthesis of nanoparticles with variable sizes, a narrow size allocation, 

high crystallinity, and good stoichiometry [70, 71]. In this approach, many kinds of 

single crystalline nanoparticles (oxide; CeO2, NiO, ZnO, Ba-Sr-Ti-O, Mn doped ZnS, 

metal; Ag-Pd) can be prepared. This route can compromise good controllability of 

particle size, chemical alignment, and material crystallinity [72-74].  

In pyrolysis, a vaporous precursor (liquid or gas) is forced through an outlet at high 

pressure and scorched. The subsequent solid (a version of soot) is air organized to 

recuperate oxide particles from by-product gases. Pyrolysis often results in sums and 

agglomerates rather than single primary particles (as shown in Fig S6). 

 

B. Synthesis of Nanoparticles by Chemical Methods 
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1. Combustion: Combustion of iron penta carbonyl and carbon monoxide is 

one method of producing nanoparticles. In this procedure a chain of iron oxide 

aggregate is produced [75-77]. 

2. Fe3O4 Nanoparticles: Fe3O4 nanoparticles can be produced from a solution 

of ferric chloride (FeCl3) and ferric sulfate (FeSO4) under a magnetic influence. The 

mixture is prepared and kept under argon protection however an ammonia aqueous 

solution is quickly mixed into the mixture. The resultant is kept under a circular 

magnet, and the magnetic field differs according to the location of the flask relative to 

the magnet. After aging for one day, the precipitate is filtered and washed with 

deionized water and ethyl alcohol and the Fe3O4 nanoparticles were produced [78-82]. 

3. Co-Precipitation: In co-precipitation two methods are used to produce magnetic 

nanoparticles. 

i. Ferrous hydroxide suspensions can be partially oxidized with different 

oxidizing agents. This method produces nano-spheres with diameters of 30 to 

100 nm [83, 84].  

ii. The other method ages a mixture of ferrous and ferric hydroxides in aqueous 

medium. In this method, adjusting the pH or ionization of the medium can 

control the particle size. Size ranges from 2-15 nm. 

4. Micro-Emulsion: Micro-emulsion uses a mixture of water and oil to create micro 

cavities that can control particle nucleation and growth [84-86]. 

5. Polyols: In Polyols a solution with dissolved metallic salts can cause metal 

precipitation of fine metallic nanoparticles [84, 87, 88]. 

6. High Temperature Decomposition of Organic Precursors: In this method iron 

precursors decompose in the presence of hot organic surfactants. It allows a good 

control of size and crystallinity of individual magnetic iron oxide nanoparticles [84]. 

 

NEULASTA 

 

It is a drug with generic name of pegfilgrastim. Filgrastim is a protein soluble in water 

consists of 175 amino acids and weight almost 19 kilo Dalton. Fermentation is the 
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mother source for obtaining filgrastim. Genetically altered plasmid containing human 

G-CSF gene is transformed in E-coli in which it is propagated. Pegfilgrastim is a 

conjugate of methionyl-humen G-CSF filgrastim and mono-methoxy polyethylene 

glycol. Pegfilgrastim of weight 20 KD mono-methoxy polyethylene glycol is attached 

at N-termin-as-methionyl of filgrastim. This pegelated filgrastim (pegfilgrastim) 

permits active substance to stay longer rather eliminates early [89-91]. 

 

Pharmacology 

G-CSF is an endogenously produced colony-stimulating factor released by endothelial 

cells and monocytes fibroblast. It stimulates the synthesis of neutrophil land its 

proliferation, differentiation and end cell activation functionally. Exogenous 

administration of the colony stimulating factors commits the stem cell to produce 

white blood cells for fitting. Cancerous patient are given these factors due to the 

eventually decrease in WBCs because of chemotherapy and radiations and efficiently 

effects by reducing neutrophenic phase (time in which people are susceptible to 

infection) [92-94]. Pegfilgrastim is a colony-stimulating factor. These are 

glycoproteins that act on hematopoietic stem cells by binding to the cell surface 

receptors. 

PHARMACOKINETICS 

Neulasta Dosage 

 

Neulasta recommended dosage for prevention of infection under taking chemotherapy 

is 6 mg injection just under skin once per chemotherapy cycle. Suggested dosage is 

same for all adults, besides of age, kidney and liver function. Dose should not be 

taken before 24 hours after chemotherapy and is usually given the day after 

chemotherapy (more than 24 hours) [95-97]. 

 

Neulasta Solubility and Stability 

 

Shelf life of neulasta is 3 years. It should be stored at 2-8 C0. Neulasta may be 

exposed to room temperature but not more than 30 C0, but if left at room temperature 

for above then 72 hours should be discorded. Do not freeze, if frozen then use only 

once but not use neulasta frozen two times. Do not shake before using. Excessive 

shaking may aggregate pegfilgrastim making it inactive. Before use neulasta should 
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be inspected visually, only a solution that is colorless and clear should be used [98-

100]. 

 

Elimination 

Half-life of neulasta is 15 to 80 hours. Serum clearance is directly related to the 

neutrophil count [101-104]. 

Renal Function Impairment 

 

No difference in pharmacokinetics based on renal function impairment, disease even 

may be at end-stage [105, 106]. 

Impairment Hepatic Function  

 

Have no impairment on pharmacokinetics [107, 108]. 

Gender 

No gender-based difference in pharmacokinetics of neulasta is reported [109, 110]. 

PHARMECODYNAMICS 

 

Side Effect of Neulasta 

 

General side effect of pegfilgrastim linked to chemotherapy when administered show 

these effects e.g. nausea, skeletal pain, fatigue, alopecia, headache, taste perversion, 

constipation, fever, anorexia, headache, dyspepsia, myalgia, insomnia, abdominal 

pain, arthralgia, generalized weakness, peripheral edema, dizziness, granulo 

cytopenia, stomatitis, mucositis, and neutropenic fever. Investigators suggest that 

these effects are the underlying cause of chemotherapy administration. 

Besides other chemotherapy medicine side effect of Neulasta are rare but are strongly 

serious and may require immediate attention. Major side effects include signs of 

ruptured or enlarged spleen, breathing problems and increased growth of cancer. 

Taking Neulasta not all patients experience the side effects, infect many tolerate them 

and occur rarely [110-114]. 
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Indication and usage 

 

Neulasta is used patient taking myelo-suppressive anti-cancer drugs associated with 

febrile neutropenia and to decrease the intensity of infection [115, 116]. 

 

Effect on Bone 

 

When Neulasta is given bone pain is reported in 57 percent of patients, 

And joint pain in 16 percent of patients [110, 117, 118]. 

 

Effect on Muscle 

 

Muscle pain in 21 percent of patients is observed taking Neulasta [114, 119, 120]. 

 

Effect on GIT 

 

When Neulasta is given vomiting in 13 percent of patients is observed while, 

Constipation in 10 percent and a few claims diarrhea and fever [121-124]. 

Effect on Skin 

 

Hair loss is majorly due to chemotherapy medicine in Neulasta case it contribute a 

little [91, 125, 126]. 

 

Adverse Effects 

 

Effects on CNS 

 

When Neulasta show its adverse effect the central nervous system undergo these 

problems e.g. Pyrexia, headache, dizziness, fatigue, generalized weakness, insomnia, 

taste perversion, asthenia [127-129]. 

Effects on GIT 
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Diarrhea, abdominal pain, anorexia, constipation, dyspepsia, mucositis, nausea, 

stomatitis, vomiting are the conditions mostly acquired in the patients when drug is 

adversified [104, 130, 131].  

Hematologic-Lymphatic 

Granulo-cytopenia, neutropenic fever, leukocytosis, sickle cell crisis [132-134]. 

Musculoskeletal 

Bone pain, myalgia, arthralgia, and skeletal pain [135, 136]. 

Local 

Injection site reactions including erythema, induration, and pain [137, 138]. 

Hypersensitivity 

 

Allergic reactions including anaphylaxis, skin rashes and urticaria [139]. 

 

Drug Interaction 

 

When Neulasta is taken with chemotherapy medication drug interaction may occur. 

Neulasta actually increase the low white blood cells decreased by chemotherapy 

medication. When Neulasta is taken with Lithium interaction may occur that can lead 

to serious problems such as heart attack or strokes. Pegfilgrastim can interact with 

other medicines may lead to Neulasta drug interaction include; medications used for 

chemotherapy e.g. Lithium, estalith, lithobid. Lithium and Neulasta both increase the 

production of white blood cells. As thinking to be beneficial it could be dangerous by 

increasing the count too high and lead to serious problems as stroke and heart attack 

[140-143].     

 

Phase II Study of Pegfilgrastim 

 

Pegfilgrastim comprises filgrastim bound to a 20-kDa polyethylene glycol molecule. 

Pegylation decreases renal clearance and prolongs circulation half-life, stemming in 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research Volume 10, Issue 9, September-2019                             611 
ISSN 2229-5518  

IJSER © 2019 

http://www.ijser.org 

sustained drug pursuit [144-147]. Pegfilgrastim clearance is predominantly mediated 

by neutrophils, so the drug concentration is sustained in the circulation during 

chemotherapy induced neutropenia and rapidly eliminated on neutrophil recovery 

[148-150]. In adults single dose of pegfilgrastim (either 100 g/kg or 6 mg) after 

chemotherapy has demonstrated safety and efficacy similar to daily filgrastim [151-

153]. The recommended adult dosage is 6 mg administered subcutaneously once per 

chemotherapy cycle. A limited number of studies have evaluated pegfilgrastim dosing 

in pediatric patients [154, 155]. This phase II study was designed to gauge the safety, 

clinical response, and pharmacokinetics of pegfilgrastim in pediatric patients with 

sarcoma receiving dose-intensive chemotherapy. Patients randomly assigned to the 

filgrastim group received 5 g/kg filgrastim subcutaneously daily beginning 

approximately 24 hours after chemotherapy completion in week 1 (generally, day 4 in 

cycles 1 to 3 and day 6 in cycles 2 and 4) and continuing either until a post-nadir 

Absolute Neutrophil Count (ANC) of 10 x 109/L was achieved or until 24 hours 

before the next scheduled chemotherapy cycle, whichever occurred first. Patients 

randomly allocated to pegfilgrastim received 100 g/kg subcutaneously approximately 

24 hours after chemotherapy completion. Dose escalation of pegfilgrastim was to be 

considered for an age stratum if more than one of the six patients failed to achieve 

ANC recovery (ANC 0.5 109/L) in cycle 1. An age stratum was closed to accrual 

after two successive groups of six patients (within the age stratum) achieved ANC 

recovery. Thus, minimum of 42 patients (12 pegfilgrastim and two filgrastim in each 

of the three age strata) were required to complete study-specified enrollment. 

Study indicates that pegfilgrastim 100 g/kg administered once per chemotherapy 

cycle has analogous efficacy and safety to filgrastim at 5 g/kg dispensed daily in 

pediatric patients receiving chemotherapy. Median duration of rank 4 neutropenia was 

5.0 days in the pegfilgrastim group and 6.0 days in the filgrastim group in cycle 1 and 

7.0 days for both groups in cycle 3. Over the course of the study, FN occurred in 

similar proportions of patients in the two treatment groups (68% pegfilgrastim; 83% 

filgrastim). Two studies 11, 25 that used a similar dose-intensive regimen of VDC/IE 

in pediatric patients reported a median duration of grade 4 neutropenia of 5.0 days for 

pegfilgrastim and 6.0 days for filgrastim, a variance that was not clinically significant. 

Wexler et al also reported a similar incidence of FN in 11 patients receiving 

pegfilgrastim and filgrastim (57% and 83%, respectively) after chemotherapy cycle 1. 
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Of note, study included a younger patient population (from 28 days to 21 years of age, 

compared with 1 to 25 years in Wexler et al and 3 to 25 years in Fox et al) [156, 157]. 

Pharmacokinetic profiles of pegfilgrastim and filgrastim in this study are stable with 

those in adults [150, 151, 158]. Whereas filgrastim is cleared by neutrophils and 

predominantly by the kidneys, thus having a relatively short serum half-life, 

pegfilgrastim is cleared almost entirely by neutrophils [144, 159]. Serum 

concentrations of pegfilgrastim are therefore sustained throughout the ANC nadir, 

with quick clearance of the drug on neutrophil recovery. Neutrophil recovery, defined 

as an ANC 0.5 109/L after nadir, occurred in 36 of 37 patients in cycle 1; the single 

patient without neutrophil recovery was in the 0-5 years age group. Median drug 

exposures in cycle 3 were lesser than those in cycle 1. This finding may be explained 

by the expansion of neutrophils and neutrophil precursor mass over time leading to 

quicker drug clearance, consistent with a neutrophil-mediated clearance mechanism 

[160].  Among patients receiving pegfilgrastim, those in the 0-5 year’s age group 

experienced a longer interval of neutropenia than older patients. Since the youngest 

patient unit also had a higher average exposure to pegfilgrastim than did the other two 

associates, the more prolonged neutropenia experienced by the youngest children in 

this study is likely to be due to a greater relative exposure to myelo-suppressive 

chemotherapy rather than to lacking pegfilgrastim dosing. Still, carefulness should be 

applied regarding comparisons between age groups because of the small sample sizes.  

Mode of Action (MOA) 

1. GCSF Receptor, functions and mutation 

G-CSF is a monomer that shares sequence homology with IL-6, is synthesized by a 

variety of cells, involving stromal cells, fibroblasts, and endothelial cells, usually in 

response to inflammatory stimuli such as lipopolysaccharide (LPS), tumor necrosis 

factor (TNF), and IL-1. The large ECD of its receptor contains one immunoglobulin 

and three fibronectin domains as well as the cytokine receptor module, and it binds G-

CSF with high affinity. G-CSF is the physiological regulator of neutrophil production, 

stimulating the proliferation and differentiation of committed neutrophil progenitor 

cells without affecting other granulocytic lineages, and its levels are increased during 

infection. It also synergizes with IL-3 or SCF to stimulate the proliferation and 
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differentiation of primitive multipotent hematopoietic progenitor cells. However, 

mice lacking G-CSF or its receptor, while neutropenic, possess some nature 

neutrophils and have only a mild reduction in committed granulocyte-macrophage 

progenitor cells, suggesting that G-CSF is not necessary for neutrophil lineage 

commitment. It also enhances the survival of mature neutrophils and may prime their 

functional responses [161]. 

Granulocyte colony-stimulating factor is the major hematopoietic growth factor ruling 

the granulo-poiesis [162, 163]. G-CSF regulates the proliferation, differentiation, and 

survival of myeloid originator cells. The biological activities of G-CSF are arbitrated 

by a specific cell surface receptor, a single trans membrane protein that is a fellow of 

the cytokine receptor superfamily. Similar to superfamily members, the G-CSF 

receptor holds no intrinsic kinase activity in the cytoplasmic domain and transduces 

signals via interacting with cytoplasmic kinases. Stimulation of cells with G-CSF 

activate multiple signal transduction pathways such as Janus kinase/Stat [163, 164] 

mitogen-activated protein kinases including extracellular signal-regulated kinase 

(Erk) 31/2, Erk5, c- Jun N-terminal kinase, and p38 (8 –13), phosphatidylinositol 3-

kinase/Akt (14, 15), and Src family kinases [165]. G-CSF receptor gene mutation has 

been identified in a subgroup of patients with severe congenital neutropenia (SCN) 

[166-169]. A myeloid disorder categorized by profound selective neutropenia and a 

maturation arrest of bone marrow myeloid cells at early stages of development. These 

mutations initiate premature stop codons in the G-CSF receptor gene, commanding to 

the carboxyl-terminal truncation of 82–98 amino acids. SCN patients with G-CSF 

receptor mutations are subject to acute myeloid leukemia [170]. When expressed in 

murine myeloid cells, the truncated G-CSF receptors from patients with SCN/acute 

myeloid leukemia transduced stronger proliferation signals than the wild-type 

receptor but, unlike the wild-type receptor, failed to induce granulocytic 

differentiation [171]. Mice carrying an equivalent G-CSF receptor mutation were 

neutropenic, while bone marrow cells from these mice were hyper proliferative in 

response to G-CSF [172, 173]. Administration of G-CSF In vivo resulted in markedly 

increased levels of peripheral blood neutrophils as compared with normal mice. 

Truncation of the carboxyl terminus of the G-CSF receptor ensued in dramatically 

augmented and prolonged activation of Stat-5 by G-CSF in hematopoietic cells, 

indicating that the carboxyl terminus of the G-CSF receptor is involved in the 
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negative regulation of Stat-5 activation [174]. Pre-treatment of cells airing the wild 

type G-CSF receptor with tyrosine phosphatase inhibitor vanadate also directed to 

increased and prolonged activation of Stat-5 by G-CSF (as shown in Fig S7). 

Fascinatingly, vanadate had no effect on G-CSF-induced Stat-5 activation in cells 

expressing a truncated receptor lacking the carboxyl-terminal 98 amino acids (F. 

Dong). These results propose that a phosphatase or phosphatases regulated by the 

carboxyl terminus of the G-CSF receptor play vital role in down-regulation of G-

CSF-stimulated Stat-5 activation in hematopoietic cells. 

Normal Pathway of Neutrophil Production; Hematopoietic Lineage Enhanced by 

Neulasta.   

Normal Pathway of Neutrophil Production; Hematopoietic Lineage Enhanced by 

Neulasta is shown in Fig. S8. 

2. Action of Neulasta on GCSFR and Hematopoietic Cells  

 

Granulocyte-Colony Stimulating Factor (G-CSF) is a growth factor and an essential 

cytokine belonging to the CSF family of hormone-like glycoproteins. Numerous cell 

types including immune and endothelial cells produce it. G-CSF binding to its 

receptor G-CSF-R which belongs to the cytokine receptor type I family depends on 

the interaction of alpha-helical motifs of the former and two fibronectin type III as 

well as an immunoglobulin-like domain of the latter. Recent animal studies have also 

revealed that G-CSF activates multiple signaling pathways, such as Akt and also the 

Janus family kinase-2 and signal transducer and activation of transcription-3 (Jak2-

STAT3) pathway, thereby promoting survival, proliferation, differentiation and 

mobilisation of haematopoietic stem and progenitor cells. G-CSF is a cytokine that 

have been demonstrated to improve cardiac function and perfusion in myocardial 

infarction (MI) [91, 175]. And it was initially evaluated as a stem cell mobilizer and 

erythropoietin as a cytoprotective agent. G-CSF prevents left ventricular remodeling 

after myocardial infarction by decreasing cardiomyocyte death and by increasing the 

number of blood vessels, suggesting the importance of direct actions of G-CSF on the 

myocardium rather than through mobilization and differentiation of stem cells (as 

shown in Fig 4). Accordingly, recombinant human (rh) G-CSF has been extensively 

used in clinical hematology and oncology to enable bone marrow transplantation or to 
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treat chemotherapy-associated neutropenia. In preclinical study, G-CSF improved 

cardiac function and perfusion by angio-myogenesis and protection of 

cardiomyocytes in myocardial infarction [175-177]. 

 
3. Interaction of GCSFR with SRE, SHP2, STAT3 

 

G-CSF receptor (G-CSFR) which leads to activation of intra- cellular signaling paths, 

comprising the Janus tyrosine kinase/signal transducer and activator of transcription 

(JAK/STAT), ras/mitogen-activated protein kinase (MAPK), phosphatidylinositol (3)-

kinase (PI3K)/AKT, and protein kinase C pathways (PKC) [163, 178, 179]The 

nuclear targets of most of these pathways have not been interpreted. The serum 

response element-1 (SRE-1) between nucleotides and of the egr-1 promoter is 

responsive to G-CSF in the myeloid leukemia cell line [180]. The SRE-1 contains a 

vital serum response element (SRE) and two neighboring ETS protein-binding sites 

(EBS). In electro mobility shift assays, the serum response factor (SRF) binds 

constitutively to the CArG box of the SRE whereas the ETS protein Fli-1 binds the 5 

Ets binding site (EBS). Moreover, the SRE and EBSs of SRE-1 are each required for 

highest transcriptional activation of a reporter construct containing a single copy of 

SRE-1 in response to G-CSF. PI3K and its downstream target AKT are activated in 

G-CSF stimulated BAF3 cells that are firmly transfected with the G-CSF receptor, 

and PI3K/AKT pathway also mediates activation of SRE-binding proteins in response 

to G-CSF stimulation (as shown in Fig S9) [163]. 

SH2-containing phosphatase-1 (SHP-1) is an SH2 domain holding protein tyrosine 

phosphatase that is primarily expressed in hematopoietic cells. SHP-1 has been 

acknowledged as a negative regulator of signaling through a range of receptors [181]. 

(c-kit) [181], erythropoietin receptor [162]. IL-3R [163], IFN-receptor Avalos [182], 

B cell Ag receptor [166], T cell Ag receptor [183], killer cell inhibitor receptor [184], 

and CD22 [185]. Moth eaten and viable moth eaten mice express essentially no SHP-

1 and mutant SHP-1 proteins with evidently compromised catalytic activity separately 

[186, 187], and Unveil multiple defects in hematopoiesis.  The most significant 

hematopoietic defect is the expansion of myeloid cells. Reliable with the role of SHP-

1 as a negative regulator of signal transduction, hematopoietic cells from these mice 

displayed enriched response to numerous growth factors and cytokines. SHP-1 
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particularly down-regulates G-CSF-stimulated Stat activation but not affect the 

activation of Erk1/2 and Akt that are stimulated by G-CSF.  

Conclusion 

Nano technology and Nano particle drug delivery system have a better approach over 

the conventional treatment approaches. Huge ranges of different nano particles have 

different properties so that we can choose them according to our interest. Pegylated 

filgrastim have better effects as compared to filgrastim in neutropenia and cause 

increase in retention time of drug. Moreover pharmacokinetics and 

pharmacodynamics of Neulasta leave a better impact for treatment over filgrastim in 

chemotherapy. 
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