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ABSTRACT 
Gene therapy, in present scenario capitalizes for therapeutic cure to patrimonial and acquired diseases such as carcinoma. It is the point of attraction in 
research community which is leading to noteworthy development over past two decade. Although viral vectors are much efficient carrier of gene but due to 
safety and toxicity issues, such as risks of hypersensitive response as well as potential risk of insertion of foreign gene in the genome of the organism cell, viral 
gene delivery are a talk of the past. Today the use of non-viral vectors, for various kinds of healing, has been exaggerated for safe gene therapy, but on the 
other hand it also poses a limitation of inefficient gene delivery to target site. Non viral vector do not poses safety issues, but the transfection efficacy of the 
non-viral vectors such as cationic polymers, lipids, dendrimers, etc is considerably lower as compared to the viral vectors.  
KEYWORDS: Vectors, Drug delivery, Breast cancer, Synthetic carriers, Targeting, Nonviral. 
 
INTRODUCTION: 
Gene therapy basically involves the insertion of the 
functioning gene into cells to correct a cellular dysfunction or 
provide a desired new cellular function. Gene therapy 
involves the aseptically processed DNA as a pharmaceutical 
or a therapeutic agent in the predefined infected cells in order 
to treat diseases1, for example, diseases such as Cystic 
fibrosis, Immunodeficiency syndromes, Muscular dystrophy,  
Haemophilia and many other cancers resulted due to the 
presence of defective genes. Gene therapy has been 
especially successful in the treatment of combined 
immunodeficiency syndromes and cancer, showing lasting 
and remarkable therapeutic benefit. In this there is the 
transfer of a functional gene inside the host cell with view of 
either knocking out the faulty gene or masking its protein 
expression, to provide a therapeutic effect36. The name was 
derived from the idea that DNA can be used to supplement or 
alter genes within an individual's cells as a therapy to 
treat disease. The most common form of Gene therapy 
involves using DNA that encodes a functional, therapeutic 
gene in order to replace or correct a mutated or infected gene. 
Other forms involve the direct correcting of a mutation, or 
using DNA that encodes a therapeutic protein drug to provide 
treatment. In gene therapy DNA that encodes a therapeutic 
protein is packaged within a "vector", the vector can be viral 
or non viral according to the requirement which is used to get 
the DNA inside cells within the body. Once inside, the DNA 
becomes expressed by the cell machinery, resulting in the 
production of therapeutic protein, which in turn treats the 
patient's disease17. There are two general approaches for 
introducing genes into a cell that is viral and nonviral.  
· Viral vectors have been used in 70% of the clinical trials 

till today. Viral vectors are extremely efficient at 
transferring genes but can create some safety risks as it 
has several side effects. Gene transfer mediated by viral 
vectors is referred to as transduction.  

· Nonviral vectors are considered to be much safer than 
viral vectors as they have low rate of toxicity and side 
effect, but at present scenario, they are fairly inefficient at 
transferring genes. Gene transfer mediated by nonviral 
vectors is referred to as transfection1 

Diseases treated by the Gene therapy, mostly genetic diseases 
that occur when genes malfunctions and results in synthesis 

of faulty polypeptides. An initial step involves the gene 
therapy to identify a malfunctioning gene and supply the 
patient with proper functioning copies of that gene. Several 
other approaches in treatment of diseases include switching 
of specific genes on or off, introducing killer genes to kill 
cancer cells, suppress tumours by inhibiting the blood supply 
of the cell of the area infected or to stimulate the immune 
system to attack infected cell. The aim of gene therapy is to 
introduce therapeutic material into the diseased the cell, this 
is to become active inside the patient cell or infected area and 
exert the intended therapeutic effect. But at present, gene 
therapy is still at the clinical research stage and a lot is to be 
developed. The first approved gene therapy trials happened in 
the United States in late 1990, when two ex-vivo trials began. 
One of the trial employed enzyme-transduced T cells for an 
enzyme deficiency that causes severe combined 
immunodeficiency, the other used cytokine TNF-transduced 
lymphocytes that had been extracted from tumours as 
immunotherapy for melanoma. Both trials relied on 
retroviruses which were used to transfect the cells. Neither of 
the two trials was successful. The application of this novel 
method is still limited while the procedure is being perfected 
since today28. Before the gene therapy can be used to treat a 
particular genetic condition or disorder, certain requirements 
had to be met: 
· The gene must also be cloned so that it can be inserted 

into the vector. 
· The faulty gene must be identified and some information 

about how it results in the condition or disorder must be 
known so that the vector can be genetically altered for use 
and the appropriate cell or tissue can be targeted. 

· Once the gene is transferred into the new cell, its 
expression whether it is turned on or off needs to be 
controlled. 

· The balance of the risks and benefits of gene therapy for 
the condition or disorder must compare favourable to 
other justified therapies. 

·  Sufficient data and analysis from cell and animal 
experiments are needed to show that the procedure itself 
works and is safe. 

· After all above norms are met and completed, researchers 
are given permission to start clinical trials of the 
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procedure, which is closely monitored by institutional 
review boards and governmental agencies for safety7. 

Clinical trials for Gene therapy in other countries such as 
France and the United Kingdom have shown that there are 
still several major factors such as toxicity that are preventing 
gene therapy from becoming a routine way to treat genetic 
conditions and disorders and become a successful medical 
approach. As the transfer of the new gene into the target cells 
has worked properly, but it does not seem to have a long-
lasting effect and also the toxicity plays a major role in the 
downfall of the technique. This suggests that patients would 
have to be treated multiple times to control the condition. 
There is also always a risk of a severe immune response, 
since the immune cells are trained to attack any foreign 
molecule in the body.  Working with viral vectors has proven 
to be challenging because they are difficult to control and the 
body immediately recognizes and attacks common viruses. 
Recent work has focussed on potential non-viral vectors to 
avoid the complications associated with the viral vectors. 
Finally, while there are thousands of single-gene disorders, 
the more common genetic disorders are actually caused by 
multiple genes, which do not make them good mode for 
delivery of gene16. The first therapeutic human gene therapy 
clinical trial was approved in 1990 and involved two children 
suffering from a form of Severe Combined 
Immunodeficiency SCID resulting from adenosine deaminase 
ADA deficiency. From then until 1999, the number of trials 
initiated climbed rapidly. During this period, some voices 
expressed concern regarding the potential dangers of the 
procedure and critics pointed to the fact that gene therapy had 
proved of little therapeutic uses. In 1999, the number of trials 
peaked with 113 trials approved. Following severe adverse 
events in 1999 and 2002, the momentum slowed as several 
regulatory agencies put a temporary hold on new or ongoing 
trials. In 2003, only 53 new trials were approved worldwide, 
the lowest number since 199640. Over 100 different genes 
have been introduced into cells in human gene therapy trials. 
It is impossible here to discuss these in detail. Around 60% of 
the genes transferred are either cytokine genes, genes coding 
for antigens to modify target cells, tumour suppressor genes 
or suicide genes. Deficiency genes make up 7.8% of the 
genes, drug resistance genes 6.1%; 3.4% of genes were genes 
coding for receptors, whereas 2.9% coded for replication 
inhibitors40. The defected gene can be treated by following 
strategies or approaches: 
· Gene Replacements: In this there is the replacement of the 

defective gene with a corrected one. This is useful in 
cases of recessive disorders, which are marked by the 
deficiency of an enzyme or other protein. 

· Gene correction: Gene targeting is used in order to 
modify the gene. This is done    mainly by recombinant 
technology. 

· Gene augmentation: An extra copy of the gene is 
introduced in the target cell. The introduced sequence is 
expressed independently in the same cell and thud they 
override the expression of defective phenotype. 

Cells for Gene Delivery: 
· Somatic Cells: It mainly involves the cloning of a 

particular gene, this gene can be used to correct a genetic 
defect, and Body cells are targeted for genetic 
transformation defective gene transformed to normal. 
This approach helps in the correction of a genetic defect 
confined to a specific organ or tissue. 

· Germ Line Cell: In this approach, cells of germinal 
epithelium or gametes or zygote are genetically modified 
to create an individual that will carry remedial gene in the 
following generation. Presently all research on human 
gene therapy is directed towards correcting gene defects 
in somatic cells non-sex cells. Somatic gene therapy can 
be grouped under the broad categories of: 

Ex-vivo outside the body gene therapy 
This type of therapy usually involves the use of cells with 
defective gene taken from the patient. After the gene 
alteration when the same cells are transfused, no 
immunological response takes place. The steps involved in 
the procedure are: 
· Isolating cells with gene defects from a patient. 
· Growing the isolated cells in culture. 
· Altering the isolated cells with remedial gene. 
· Selecting, growing and testing the altered cells. 
· Transplanting or transfusing the altered cells back into the 

patient. 
In-vivo gene therapy 
This type of gene therapy includes direct delivery of a 
remedial gene into the cells of a particular tissue of the 
patient. Adenovirus, double stranded DNA virus, is being 
used as a vehicle for transferring the remedial gene. The 
viruses used are weak enough to cause any disease. These 
tissue specific viruses integrate with the host genome and can 
only infect dividing cells and not the other healthy cells. 
Antisense Therapy 
This therapy is designed to prevent or lower the expression of 
specific gene thus limiting the amount of translation of 
protein from the over producing gene. 
METHODS OF GENE DELIVERY 
Genes can be introduced in to cell by various physical, 
chemical and biological methods, these methods must be 
ideal gene delivery systems. 
Physical Methods for Gene delivery 
Electroporation: 
Electroporation is a technique involving the application of 
short duration, high intensity electric field pulses to cells or 
tissue. The electrical stimulus causing transmembrane 
potential cause’s membrane destabilization and the 
subsequent formation of nano-sized pores. But the potential 
should be of sufficient magnitude to trigger a dielectric 
breakdown of the membrane resulting in the formation of the 
transient breaks and pores in the plasma membrane allowing 
DNA and other therapeutic molecule to enter the cytoplasm. 
In this permeabilized state, the membrane can allow passage 
of DNA, enzymes, antibodies and other macromolecules into 
the cell. Electroporation holds potential not only in gene 
therapy, but also in other areas such as transdermal drug 
delivery and enhanced chemotherapy12. In the process of 
Electroporation the transmembrane potential induced in a cell 
by an external field is generally described by the equation: 

Vm = f Eext rcosф 
Where Vm is the transmembrane potential, f- a form factor 
describing the impact of the cell on the extracellular field 
distribution, next the applied electric field, r the cell radius 
and ф the polar angle with respect to the external field. 
Electroporation is achieved when the Vm superimposed on 
the resting transmembrane potential is larger than a 
threshold27. 
Microinjection: 
The direct-pressure injection of a solution into a cell through 
a glass capillary, it is an effective and reproducible method 
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for introducing exogenous material into cells in culture. The 
method has been in existence almost as long as there have 
been microscopes to observe the process. Glass capillaries are 
mainly used in for the injection of the nano-litres of the 
nucleic acid in to the cells, but the major disadvantage of this 
method is that each cell has to be manipulated and injected 
separately, also the method is slow and laborious, thus cannot 
be used for large number of cell and in vivo delivery. The 
advantage of microinjection is that with this method, genetic 
modification in theory no longer requires a marker gene31 
· The target gene, which confers a new trait, is introduced 

directly into a single cell. 
· The cells transformed in this way are easy to identify if a 

dye is injected along with the DNA15. 
· If the process works, it will no longer be necessary to 

select the transformed cells using antibiotic resistance or 
herbicide resistance markers. So far this method has been 
used primarily with animal cell10. 

Gene gun: 
It was first developed for gene transfer into plants. Since its 
initial introduction, it has been modified to transfer genes into 
mammalian cells both in vitro and in vivo. Plasmid DNA 
encoding the gene of interest is coated onto microbeads, and 
these particles are then accelerated by motive force to 
penetrate cell membranes. Specifically, the plasmid DNA is 
precipitated onto 1-3 micron sized gold or tungsten particles. 
These particles are then placed onto a carrier sheet which is 
inserted above a discharge chamber. At discharge, the carrier 
sheet accelerates toward a retaining screen which stops the 
carrier sheet, yet allows the particles to continue toward the 
target surface. The method is highly useful in the DNA 
immunization. The forces can be generated by a variety of 
means the most common include high-voltage electronic 
discharge, spark discharge, or helium pressure discharge18. 
Thus gene gun is an ideal method for the transfer of the gene 
in to the cell such as cells of skin, mucosa and surgically 
exposed tissues33, 14. 
Ultrasound facilitated gene transfer: 
Sonication is the use of sound for modifying the permeability 
of cell plasma membrane. This technique is mainly used for 
the uptake of larger molecule such as DNA into the cell. The 
ultrasounds permeate the cell membrane in order to improve 
internalisation of the larger molecule. Therapeutic ultrasound 
operates at the frequency from 1 to 3 MHz and intensities of 
3 W/cm2. The trial mainly consists of the DNA plasmid 
injection followed by tissue irradiation by ultrasound. 
Ultrasound thus facilitates the penetration of the DNA into 
several tissues by increasing the porosity of the membrane36, 

24, 8. 
Chemical Carrier 
Synthetic carriers 
Synthetic carrier are mainly the polymeric carriers, they are 
stable ,biodegradable, compatible and most importantly a 
safer method for the delivery of the drug or therapeutic gene 
to the targeted cell as compared to the viruses which are 
highly toxic and unsafe to be used. Nonviral vector systems, 
including cationic lipids, polymers, dendrimers, and peptides, 
all offer potential routes for compacting DNA for systemic 
delivery. However, unlike viral analogues that have evolved 
means to overcome cellular barriers and immune defence 
mechanisms, nonviral gene carriers consistently exhibit 
significantly reduced transfection efficiency as they are 
hindered by numerous extra- and intracellular obstacles. 
However, biocompatibility and potential for large-scale 

production make these compounds increasingly attractive for 
gene therapy23. Various types of Synthetic Polymeric Vectors 
include: 
PolyL-lysine: 

 
They have an exceptional capability to condense DNA. 
Subsequently, this vector is used for in vitro and in vivo gene 
transfer. At physiological pH, the PLL is protonated, yielding 
a structure with no buffering capacity to aid in the endosomal 
escape. The endosomal release can be further improved by 
the addition of chloroquin and membrane active peptides. 
The PLL with molecular weight greater than 3000 Dalton can 
effectively condense DNA to form stable complex. Despite 
the effective condensing ability of high molecular weight 
PLL structures, these compounds exhibit relatively high 
cytotoxicity. This toxicity has been reduced with the 
incorporation of imidazole functionality into the poly lysine 
chain as well as through the use of dendritic poly L-lysine 
derivatives. In addition to increased cytotoxicity, high 
molecular weight PLL/DNA complexes have shown a 
tendency to aggregate and precipitate depending on the ionic 
strength of the solution. One method used to overcome the 
formation of insoluble precipitates is to form block 
copolymers of PLL with poly ethylene glycol PEG. PLL-
PEG copolymers form complexes with DNA and 
oligodeoxynucleotides that have reduced sizes regardless of 
the concentration of NaCl in the buffer solution and are 
resistant to deoxyribonuclease I DNase I digestion. In vitro 
and in vivo studies show successful gene transfer of an 
antisense glutamic acid decarboxylase, mRNA expression 
plasmid using a PLL-PEG copolymer. [Smedt et al. 2000] 
Polyethylenimine PEI 

 
 
Polyethylenimine, often considered the gold standard of gene 
transfection, is one of the most prominent examples of 
cationic polymers capable of gene transfection. PEI has been 
derivatized to improve the physicochemical and biological 
properties of polyplexes. Polyethylenimine exists as both a 
branched and linear structure. 10 PEI has been used to 
transfect a wide variety of cell-types both in cell culture 
and in vivo. PEI is available in both branched and linear 
forms. Initially, very long, branched polymers 800 kDa mean 
molecular weight of PEI were used to transfect mammalian 
cells. However, low molecular weight linear PEI 25 kDa is a 
much better transfection reagent and is of particular interest 
as a non-viral gene transfer reagent due to its stability in 
physiological fluids such as serum and it is relatively low 
cytotoxicity. Linear PEI has been used to transfect numerous 
tissues in vivo including the lung, liver, and central nervous 
system. In almost all of the published reports that used linear 
PEI33, the PEI has come from only two commercial sources: 
ExGen 500 MBI Fermentas and JetPEI Qbiogene. Because 
the composition of these commercial preparations of PEI is 
proprietary information, and because of their relatively high 
cost, we have developed our own protocol. PEI contains 1 
nitrogen per monomer subunit. These nitrogen’s form ionic 
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interactions with the phosphate backbone of nucleic acid. 
Therefore, DNA and PEI form compact complexes i.e. 
polyplexes ranging in size from 50 to 1000 nm depending on 
whether the PEI is branched or linear and whether the 
complex is formed in sodium chloride or glucose. Linear 
PEI–DNA polyplexes form approximately 100 nm particles 
in the presence of glucose, but form larger aggregates in the 
presence of sodium chloride. These larger aggregates lead to 
greater transduction efficiencies in cell culture, but perform 
less well in vivo. The size of the complexes also depends on 
the PEI to DNA ratio. This is often referred to as nitrogen to 
phosphate ratio N/P. Optimal gene expression requires an 
excess of PEI over what is required to condense the DNA.  
The excess PEI probably helps the DNA escape from the 
endosomes. Because of the high amine content in PEI, it 
increases the ionic strength in the endosomes e.g. proton 
sponge effect, which causes the endosomes to swell and 
disrupt due to either osmotic pressure or repulsion of the 
vesicle membrane by positively-charged PEI particles and. 
This allows the DNA to escape into the cytoplasm, followed 
the fate of individual endosomes after taking up PEI by time-
lapse photography28. Typically, only one or two endosomes 
per cell burst during the first 4 hour. In some cells, the 
endosomes were disrupted as early as 20 min after addition of 
the linear PEI–DNA polyplexes to the culture medium. In 
other cells, it took 3–4 h for the polyplexes to escape from the 
endosomes into the cytoplasm. Branched PEI–DNA 
polyplexes escape much slower than linear PEI and are still 
present in the endosomes several hours after addition of the 
polyplexes to the culture medium. Branched PEI and linear 
PEI are very similar in chemical structures they differ in their 
buffering capacities. The amine groups in branched PEI are a 
mixture of primary, secondary, and tertiary amines, whereas 
in linear PEI the amines are exclusively secondary. Excess 
PEI can also interfere with the normal acidification of 
endosomes and can lead to cytotoxicity effects. Most PEI–
DNA polyplexes de-condense in the cytoplasm presumably 
because they interact with polyanions such as mRNA, 
phosphatidylserine or anionic proteoglycans. Linear PEI–
DNA complexes escape from the endosomes and de-
condense in the cytoplasm as early as 4 hour after application 
to the cells. The amount of de-condensed DNA in the 
cytoplasm continued to increase over 24 h. However, most of 
the branched PEI–DNA complexes remained in the 
condensed state in the endosomes even after 24 hour. How 
the DNA enters the nucleus is unknown at this time. Some 
PEI–DNA complexes have been observed in the nucleus 
intact, but whether these polyplexes entered the nucleus 
whole or not is unknown29, 13 
Chitosan 

 
 

Chitosan is a derivative of chitin, a polysaccharide that is the 
major component of the shells of crustaceans and insects. 
Chitin consists of long chains of acetylated D-glucosamine, 
that is, glucosamine with acetyl groups on the amino groups 
N-acetylglucosamine. Chitosan is N-deacetylated chitin, 
although the deacetylation in most chitosan preparations is 
not complete. Chitin itself is usually prepared from crab or 
shrimp shells or fungal mycelia. Treatment with an alkali 
then produces Chitosan with about 70% deacetylation. This 

positive charge comes from protonation of its free amino 
groups. Lack of a positive charge means chitosan is insoluble 
in neutral and basic environments. However, in acidic 
environments, protonation of the amino groups leads to an 
increase in solubility. The implications of this are very 
important to biomedical applications. This molecule will 
maintain its structure in a neutral environment, but will 
solubilise and degrade in an acidic environment. This means 
chitosan can be used to transport a drug to an acidic 
environment, where the chitosan packaging will then 
degrade, releasing the drug to the desired environment5 
PLL 
Polyallylamine, a synthetic cationic polymer, possesses high 
density of primary amino groups, exists as free amino or as 
cationic ammonium salt. PAA carries a strong positive 
charge, which makes it suitable to bind and package 
negatively charged DNA. It is a pH-sensitive polymer, 
extensively used in the pharmaceutical industry. However, 
cytotoxicity of PAA, owing to its strong polycationic 
character, has severely restricted its use as a gene delivery 
system. In order to reduce its cytotoxicity, modified PAA 
with hydrophilic methyl glycolates and found that its ability 
to mediate gene transfer into cells increased by several order 
of magnitude, while decreasing cytotoxicity at the same time. 
Cytotoxicity of polycations like PEI and PLL has also been 
reduced by introducing various modifications with 
pegylation, acetylation, grafting with dextran and 
cyclodextrin. These chemical modifications not only decrease 
cytotoxicity but also enhance transfection efficiency. 
Inefficient release of complexes from endocytic vesicles into 
the cytoplasm leads to poor gene delivery25 
PAMAM 

 
PAMAM dendrimers are nanoscopic spherical 
macromolecules composed of polyamidoamino units with 
repeating dendritic branching. Because of the presence of 
protonated primary amine groups on the surface, these highly 
branched dendrimers possess a high, positive charge density 
that is responsible for both the ionic condensation of DNA 
and binding to the cell surface. Protonated residues may also 
provide endosomal buffering and thus protect DNA from 
lysosomal degradation. High generation PAMAM and 
fractured PAMAM “SuperFect” have been shown to increase 
transfection efficiency 10−100-fold over lipid-based 
reagents20, 30 

PLGA  

 
It has been successful as a biodegradable polymer because it 
undergoes hydrolysis in the body to produce the original 
monomers, lactic acid and glycolic acid. These two 
monomers under normal physiological conditions are by-
products of various metabolic pathways in the body. Since 
the body effectively deals with the two monomers, there is 
minimal systemic toxicity associated with using PLGA for 
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drug delivery or biomaterial applications. Also, the 
possibility to tailor the polymer degradation time by altering 
the ratio of the monomers used during synthesis has made 
PLGA a common choice in the production of a variety of 
biomedical devices such as the 
grafts, sutures, implants, prosthetic devices, micro and 
nanoparticles. It has also been used successfully in delivery 
Amoxicillin in treating listeriosis11, 19 

Polymethacrylate 
Because of its cationic charge, poly [2-dimethylamino ethyl 
methacrylate] that is PDMAEMA can be employed as a gene 
transfer agent. Highest transfection efficacy with acceptable 
toxicity is achieved by the use of combination of 
PDMAEMA/ pDNA in a ratio of 6/1 w/w for polymer 
structures with molecular weights greater than 300 kDa. The 
outstanding in vitro transfection efficacy of PDMAEMA 
polyplex depends on the ability of the polymer to destabilize 
the endosome and thus help in efficient escape of DNA from 
endosomes as well as differentiate easily and firmly from the 
plasmid once they are delivered in the cytosol. The 
mechanism of gene transfer for methacrylate polyplexes has 
been shown to proceed by both clathrin- and caveolae-
dependent pathways. Results suggest that if either of the two 
pathways are blocked with specific inhibitors, polyplex 
uptake still undergoes. Both pathways can be used to 
incorporate genetic material into cells. However, gene 
expression was inhibited by the blocking of the caveolae 
dependent pathway, while transfection activity was unaltered 
by inhibition of the clathrin-dependent pathway. Thus it 
suggest that Caveolae dependent delivery is more effective 
and vital for gene delivery32 

Liposome’s 
Liposome’s are vesicular structures that can form via the 
accumulation of lipids interacting with one another in an 
energetically favourable manner. Depending upon the 
structure and the composition of the bulk solution, 
liposome’s can separate hydrophobic or hydrophilic 
molecules from the solution. These vesicles are not rigid 
formations but rather are fluid entities that are versatile 
supramolecular assemblies. Because they have dynamic 
properties and are relatively easy to manipulate, liposome’s 
have been used widely in the analytical sciences as well as 
for drug and gene delivery. A solution of cationic lipids, 
often formed with neutral helper lipids, can be mixed with 
DNA to form a positively charged complex termed a 
lipoplex2, 3 

Linear Poly amido-amine PAA 
Both cationic and amphoteric linear PAA have been 
investigated for gene transfer into HeLa cells. PAA structures 
with disulfide linkages in the bisacrylamide monomer unit 
with a reducible polymeric structure have been synthesized, 
these structures showed reduced cytotoxicity and improved 
gene transfer as compared to branched 25 k Da PEI. 
Graphene 
Graphene is a two-dimensional sheet of sp2 bonded carbon 
atoms. Graphene sheets are the components of traditional 
carbon materials, such as graphite, or components of a new 
class of carbon materials, such as carbon nanotubes, the route 
leading to the preparation of single-layer planar graphene 
sheets of atomic thickness was only discovered in 2004. Such 
two-dimensional carbon sheets possess unique properties, 
namely ballistic conductivity, high elasticity, very high 
mechanical strength, high surface area, and rapid 
heterogeneous electron transfer. Graphene nanomaterials can 
be prepared by a top-down approach—the decomposition of 

higher structures, mainly graphite but also carbon 
nanotubes—to form graphene nanostructured materials or by 
a bottom-up approach—where the graphene sheets are 
synthesized usually from hydrocarbon gas. 
Carbon Nanotubes 
Carbon nanotubes CNTs are allotropes of carbon with 
a cylindrical nanostructure. Nanotubes are members of 
the fullerene structural family. Their name is derived from 
their long, hollow structure with the walls formed by one-
atom-thick sheets of carbon, called graphene. These sheets 
are rolled at specific and discrete angle, and the combination 
of the rolling angle and radius decides the nanotubes 
properties. Nanotubes are categorized as single-walled 
nanotubes SWNTs and multi-walled nanotubes MWNTs. 
Carbon nanotubes are the strongest and stiffest materials yet 
discovered in terms of tensile strength and elastic 
modulus respectively. This strength results from the covalent 
sp2 bonds formed between the individual carbon atoms. They 
have been used in the field of oncology, they are inserted 
around cancerous cells, excited with radio waves, which 
causes them to heat up and kill the surrounding cells. Their 
compatibility with aqueous environments has been made 
possible by the chemical functionalization of their surface, 
allowing for exploration of their interactions with biological 
components including mammalian cells. Functionalized 
CNTs f-CNTs are being intensively explored in advanced 
biotechnological applications ranging from molecular 
biosensors to cellular growth substrates. The potential of f-
CNTs have been largely explored as delivery vehicles for 
biologically active, other possible biomedical applications 
include vaccination and gene delivery. To optimize f-CNTs 
as gene delivery vehicles, it is essential to characterize their 
interactions with DNA. One of the most commonly used 
strategies to render carbon nanotubes soluble in aqueous 
media, and therefore, potentially useful to biomedical 
applications, is through their surface functionalization. 
Functionalization of carbon nanotubes can be achieved either 
by covalent or non-covalent methodologies. Various 
biological applications for f-CNTs have been proposed such 
as substrates for neuronal cell growth and as bioseparators 
and biocatalysts30. Carbon nanotubes and their polymer 
nanocomposites are suitable scaffold materials for bone cell 
proliferation and bone formation. Carbon structures are 
highly insoluble, both noncovalent and covalent 
functionalization techniques have been utilized to solvate 
these structures. Covalent functionalization proceeds by two 
methods: the oxidation of the carbon nanotubes in acidic 
conditions to afford acid-terminated structures or 1, 3-dipolar 
cycloaddition reactions using R-amino acid derivatives and 
paraformaldehyde. Noncovalent functionalization typically 
involves either hydrophobic or π-π stacking interactions 
between the carbon nanotubes and either surfactants, nucleic 
acids, peptides, polymers, or oligomers22, 4 
Among the toxic effect the, inhalation exposure to carbon 
nanomaterial is limited to people in laboratories and related 
workplaces. Studies in several workplaces suggest that 
SWNTs are difficult to disperse as an aerosol and tend to 
clump into large masses. Nevertheless, inhalation of small 
clumps may pose problems for normal lung defences, with 
the possibility of it acting as a large surface area, non-fibrous 
particles, or being separated into single fibres by the action of 
lung surfactant. 
BARRIERS IN GENE DELIVERY 
Barriers interrupting nonviral gene delivery include the 
physical and chemical stability of DNA and its carrier in the 
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extracellular space, cellular intake with endocytosis, and 
release of the desired DNA from the endosomal 
compartments following trafficking to lysosomes, also the 
cytosolic transport and localization of the plasmid for 
transcription. In addition to these physical and chemical 
obstacles, biological barriers, such as immunogenic responses 
of the immune cells to the vector itself. Because it appears 
possible to minimize the biological barrier by optimizing the 
plasmid sequence, but the physical and chemical barriers are 
most interrupting factors for an efficacious nonviral gene 
delivery. 
Stability of Extracellular Compartment: 
The effectiveness of nonviral delivery systems in the 
extracellular compartments, such as intercellular or 
intravascular spaces, is related to the chemical stability of the 
DNA and the physical stability of the delivery system. The 
existence of nucleases in the extracellular compartments 
results in a rapid degradation of plasmids on 
administration. This depletion has can be overcome by 
condensing the DNA with different varieties of poly-cations 
or by complexing it with polymers that bind to but do not 
condense DNA, hence protecting it from depletion. The 
instability of the colloidal complex in extracellular 
compartments is a much greater obstacle for gene delivery to 
overcome. For most of the delivery systems employing poly-
cations or polymers for DNA delivery, aggregation of the 
complexes due to instability is observed with complexes 
prepared near charge neutrality. Excess positive charge, often 
manifest reduced colloidal stability. The increased ionic 
strength typically encountered on introduction of these 
systems into the biological compartment also has significant 
effects on their physical properties. Screening of electrostatic 
interactions by increased ionic strength can weaken the 
interactions between polycation and DNA while also 
shielding interparticle electrostatic repulsive forces, resulting 
in aggregation of the complexes. Several methods have been 
used to counteract the effect of increased ionic strength on 
the colloidal stability of nonviral delivery systems. Covalent 
attachment of polyethylene glycol can provide a steric barrier 
against aggregation, which has proved effective for both 
cationic lipids and polymers. Reversible cross linking of 
cationic polymers complexed with DNA has also proven 
useful for improving colloidal stability at increased ionic 
strength. A parallel instability of nonviral gene delivery arises 
from interactions of the typically positively charged 
complexes with endogenous negatively charged molecules, 
such as serum albumin, and other extracellular protein. These 
species can facilitate the aggregation of the delivery systems 
and effectively compete for binding of DNA to the cationic 
delivery vehicle. 
Association of DNA with cell surface: 
Association of DNA with the cell surface is very low in the 
absence of the carrier because of the fact that both DNA and 
the cell surface are highly negative in charge. Polycations 
increase the intensity of the binding of DNA to the cell 
surface by neutralizing the negative charge of the DNA. The 
association of nonviral gene delivery systems containing 
either cationic lipids or polymers is thought to be mediated 
by interactions with cell surface heparin sulfate proteoglycans 
HSPGs. These proteoglycans are ubiquitous to the surface of 
all cells and are involved in a variety of cellular processes, 
including differentiation, adhesion, and migration. 
Interruption of the expression of HSPGs on the cell surface 
either by enzymatic removal or metabolic inhibition of their 
biosynthesis has been shown to result in a decrease in the 

amount of cellular-associated DNA and subsequent 
transgenic expression in vitro. 
Cellular internalization of the gene delivery vehicle: 
Due to the highly electrostatic and nonspecific interaction of 
most nonviral DNA delivery system with the cell surface, it 
results in two-dimensional aggregation of cell surface 
proteins. This aggregation of membrane components is 
expected to be a strong stimulus for internalization i.e. 
endocytosis38 

Intracellular trafficking of the gene delivery system: 
Once internalized, the intracellular vesicles carrying the 
vectors fuse with organelles referred as the endocytic 
compartment. In several cases the escape of DNA from these 
structures is one of the major barriers to efficient gene 
delivery. Initially the vectors appear in vesicles known as 
early endosomes. Evidence suggests that there are mainly two 
early endosome. The first is sorting endosome and is 
responsible for the redistribution of the material from cell 
surface. The second is known as the recycling endosome and 
is responsible for the returning of the internalized material to 
the cell. Adenovirus defective in its ability to escape 
endosomes have rapidly internalized in order to partially 
recycle to the cell surface. A similar fate occurs for the non 
viral gene delivery system which lacks the ability to escape 
the endosomal compartments. The inability of non viral 
vector to escape the endosomal compartment results in the 
trafficking via late endosomes to lysosomal compartment 
where the DNA is degraded. Therefore, endosomal escape is 
necessary for the efficient delivery.  
Toxicity of Non viral delivery system: 
Cytotoxicity is an important and serious obstacle to effective 
nonviral gene delivery of the delivery vectors. Acute toxicity 
of the vectors has been observed in terms of cellular necrosis 
as proved by the release of cytosolic markers such as 
Transaminase from liver or Creatine kinase from muscle. 
Based on these results, it appears that positively charged 
delivery systems or vectors without DNA show the greatest 
acute toxicity. 
Action of protein and immune cells on the delivery 
system: 
Protein such as the opsonin attach themselves to the gene 
delivery system thereby making it visible to the immune cells 
such as the phagocytes .Thus after opsonisation Phagocytosis 
occur which engulf or destroys the foreign material. These 
phagocytes have the receptors on the surface which detect the 
presence of modified form of the opsonin due to the presence 
of the foreign material. 
Action of DNAses on the DNA: 
The DNAses present in the serum and the extracellular fluid 
can readily digest Nanoparticle protected DNA. As before 
entering the cell the delivery vehicle passes through the 
extracellular fluid which is present between the cells 
protecting the plasma membrane of the target cell and mainly 
composed of the polymerized protein and it is difficult for the 
large DNA delivery system to pass the barrier. 
 
CONCLUSION 
In spite of the several efforts toward the development of ideal 
gene delivery system, research is still moving towards 
cellular entry, endosomal escape, cytoplasmic transport and 
the uptake by nucleus. The project involved the complex 
formation of the PEI and CNT showed increased transfection 
efficacy. The answer to this may lie in the efficient uptaking 
of the polymer DNA complex in the cell. Improved 
transfection efficiency may be a consequence of the reduction 
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in charge while maintaining the buffering capacity. Also the 
protection imparted by the by the polymer complex to the 
DNA against DNase make it a potent transfection agent. 
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