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Dendrimers are novel synthetic polymeric systems having improved physical and chemical properties due
to their unique three dimensional architecture. Dendrimers have a well defined size, shape, molecular
weight and monodispersity. These are compatible with drug moieties as well as bioactive molecules like
DNA, heparin and other polyanions. The nanoscopic size and recognition abilities make dendrimers as
ideal building blocks for self-assembly and self-organization systems. The cavities inside the dendritic
structure can be modified to incorporate hydrophobic and hydrophilic drugs. The terminal groups are
modified to attach antibodies and bioactive substances for targeting purpose along with providing
miscibility, reactivity and solubility. Currently, dendrimers are of great interest for delivering drug
molecules via different routes as a nanocarrier. Toxicity problems associated with cationic dendrimers
are overcome by PEGylation, which neutralizes the charge on them. Dendrimers possess suitable
properties to establish itself as a potential carrier for delivery of therapeutic agents irrespective of certain
synthetic and regulatory constraints. This review contains various structural aspects and properties of
dendrimers along with their pharmaceutical application as a potential novel drug delivery carrier.

INTRODUCTION

synthesis of similar macromolecules (Newkome et al., 1985).
They called ‘arborols’ (from latin word ‘arbor’) also meaning

Dendrimers are a new class of polymeric materials.
A dendrimer is typically symmetrical around the core and
often adopts a spherical three dimensional architecture that
provides a high degree of surface functionality and versatility.
The first successful attempt to create and design dendritic
structures by organic synthesis was carried out by Vogtle et
al. in 1978 (Buhleir et al., 1978). However after this in the
early 1980 Donald Tomalia and his co-workers had worked in
this field at Dow chemicals (Tomalia et al., 1985). The first
synthesized dendrimers were polyamidoamines (PAMAM).
They are also known as starbust dendrimers. The term
starbust is a trademark of the Dow chemicals company.
Ammonia was used as the core molecule. The term
originates from “Dendron” meaning a tree in Greek.
At the same time Newkome group independently reported
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a tree.

The term “cascade molecule” is also used, but
dendrimer is the best established one. One of the examples
of dendritic structure is in the central nervous system and
the brain, a large amount of cells growing into dendritic
structures in order to gain the largest exchange of material
and information with the surrounding tissue. A striking
example of dendritic structures in nature discovered just
recently is the tremendous number of foot hairs on gecko’s
feet.

These foot hairs called “setae”, form impressive
dendritic network of tiny foot hairs “spatula”, enabling the gecko
to stick to surfaces through dry adhesion without the need
of humidity to create surface tension. The dendritic pattern
enhances greatly the sum total function of the system due to
the synergistic action of single entities carried on the system
only due to the unique dendritic presentation of the system.
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MOLECULAR STRUCTURE, DENDRIMER
GENERATIONS AND ITS COMPONENTS

Dendrimers are built from a starting atom, such as
nitrogen, to which carbon and other elements are added by a
repeating series of chemical reactions that produce a spherical
branching structure. As the process repeats, successive layers
are added and the sphere can be expanded to the desired
size by the investigator. The final entity is spherical
macromolecular structure whose size is similar to blood
albumin and hemoglobin.

Dendrimers  possess three separate architectural
components (Pushkar et al.,, 2006, Sakthivel & Florence,
2003), namely; (i) An initiator core (ii) Interior layers
(generations) composed of repeating units, radically attached
to the interior core (iii) Exterior (terminal functionality)
attached to the outermost interior generations.

Dendrimer generation is the hyperbranching when
going from the centre of the dendrimer towards the periphery,
resulting in homostructural layers between the focal points
(branching points). The number of focal points when going
from the core towards the dendrimer surface is the generation
number i.e a dendrimer having five focal points when going
from the centre to the periphery is denoted as the 5th
generation dendrimer. Here, this term is abbreviated to
simply a G5-dendrimer, e.g. a 5th generation polypropylene
imine is abbreviated to a “G5-PPI-” dendrimer. The core part
of the dendrimer is sometimes denoted generation “zero”, or
in the terminology presented as “G0”. The core structure thus
presents no focal points, as hydrogen substituents are not
considered focal points. Intermediates during the dendrimer
synthesis are sometimes denoted half-generations (Pushkar et
al., 2006, Zimmerman & Lawless, 2001).
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Fig. 1: Three dimensional projection of dendrimer core-shell architecture

for G=4.5 PAMAM dendrimer with principal architectural components (I)

core, (Il)interior & (I11) surface.

Dendrimers consist of three basic components: the
shell, pincer and end group (Figure 1). The dendrimer shell is
the homo-structural spatial segment between the focal points,

the *“generation space”. The “outer shell” is the space
between the last outer branching point and the surface. The
“inner shells” are generally referred to as the dendrimer
interior. In dendrimers, the outer shell consists of a varying
number of pincers created by the last focal point before
reaching the dendrimer surface.

In PPl and PAMAM dendrimers the number of
pincers is half the number of surface groups (because in
these dendrimers the chain divides into two chains in each
focal point). End group is also generally referred to as the
“terminal group” or the “surface group” of the dendrimer.
Dendrimers having amine end-groups are termed ‘“amino-
terminated dendrimers”.

TYPE OF DENDRIMERS

PAMAM Dendrimer

Poly (amidoamine) dendrimers (PAMAM) are
synthesized by the divergent method starting from ammonia
or ethylenediamine initiator core reagents. PAMAM
dendrimers are commercially available, usually as methanol
solutions. Starburst dendrimers is applied as a trademark name
for a sub-class of PAMAM dendrimers based on a tris-
aminoethylene-imine core. The name refers to the star like
pattern observed when looking at the structure of the high-
generation dendrimers of this type in two-dimensions (Hawker
& Frechet, 1990).

PAMAMOS Dendrimer

Radially layered poly (amidoamine-organosilicon)
dendrimers (PAMAMOS) are inverted unimolecular micelles
that consist of hydrophilic, nucleophilic polyamidoamine
(PAMAM) interiors and hydrophobic organosilicon (OS)
exteriors. These dendrimers are exceptionally useful precursors
for the preparation of honeycomb-like networks with
nanoscopic PAMAM and OS domains. These are silicone
containing first commercial dendrimers.

PP1 Dendrimer

PPI-dendrimers stand for “Poly (Propylene Imine)”
describing the propylamine spacer moieties in the oldest
known dendrimer type developed initially by Vogtle. These
dendrimers are generally poly-alkyl amines, having primary
amines as end groups, the dendrimer interior consists of
numerous of tertiary tris-propylene amines.

PPI dendrimers are commercially available up to G5,
and has found widespread applications in the field of material
science and biology. As an alternative name to PPI, POPAM
is sometimes used to describe this class of dendrimers.
POPAM stands for Poly (Propylene Amine), which closely
resembles the PPI abbreviation. In addition, these dendrimers
are also sometimes denoted “DAB-dendrimers” where DAB
refers to the core structure, which is usually based on
Diamino butane.
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Tecto Dendrimer

These are composed of a core dendrimer, surrounded
by dendrimers of several steps to perform a function necessary
for a smart therapeutic nanodevice. Different compounds perform
varied functions ranging from diseased cell recognition, diagnosis
of disease state, drug delivery, reporting outcomes of therapy.

Multilingual Dendrimers
In these dendrimers, the surface contains multiple
copies of a particular functional group.

Chiral Dendrimers

The chirality in these dendrimers is based upon the
construction of a constitutionally different but chemically
similar branch to chiral core.

Hybrid Dendrimers Linear Polymers
These are hybrids (block or graft polymers) of
dendritic and linear polymers and having properties of both.

Amphiphilic Dendrimers

They are built with two segregated sites of chain
end, one half is electron donating and the other half is
electron withdrawing.

Micellar Dendrimers
These are unimolecular micelles of water soluble
hyper- branched polyphenylenes.

Multiple Antigen Peptide Dendrimers

It is a dendron-like molecular construct based upon
a polylysine skeleton. Lysine with its alkyl amino side-chain
serves as a good monomer for the introduction of numerous
of branching points. This type of dendrimer was introduced
by J. P. Tam in 1988, has predominantly found its use in
biological applications, e.g. vaccine and diagnostic research.

Frechet-Type Dendrimers

It is a more recent type of dendrimer developed by
Hawker and Frechet based on poly-benzyl ether hyper
branched skeleton. These dendrimers usually have carboxylic
acid groups as surface groups, serving as a good anchoring
point for further surface functionalisation, and as polar surface
groups to increase the solubility of this hydrophobic
dendrimer type in polar solvents or aqueous media (Yiyun et
al., 2008, Hawker et al., 1993).

CHEMICOPHYSICAL PROPERTIES OF DENDRIMERS

Dendrimers are nanoscale sized that have similar
dimensions to important bio-building blocks like proteins,
DNA. Multiple numbers of terminal surface groups (2)
enables bio-conjugation of drugs, signalling groups, targeting
moieties or biocompatibility groups. The dendrimer surfaces

may be designed with functional groups to augment or resist
trans-cellular, epithelial or vascular biopermeability. The
interior void space may be used to encapsulate small
molecule drugs, metals or imaging moieties. Encapsulating in
that void space reduces the drug toxicity and facilitates
controlled release. Positive biocompatibility patterns that are
associated with lower generation anionic or neutral polar
terminal surface groups as compared to higher generation
neutral apolar and cationic surface groups. Non- or low-
immunogenicity associated with most dendrimer surfaces
modified with small functional groups or polyethylene glycol
(PEG). Surface groups can be modified to optimize
biodistribution; receptor mediated targeting, therapy dosage or
controlled release of drug from  the interior space.
Dendrimers have ability to be excreted from body as a
function of nanoscale diameter. Dendrimers are monodisperse
macromolecules, unlike linear polymers. The classical
polymerization process which results in linear polymers is
usually random in nature and produces molecules of different
size, whereas size and molecular mass of dendrimers can be
specifically controlled during synthesis (Saktivel et al., 1998).
Because of their molecular architecture, dendrimers show
some significantly improved physical and chemical properties
when compared to traditional linear polymers. In solution,
linear chains exist as flexible coils; in contrast, dendrimers
form a tightly packed ball. This has a great impact on their
rheological properties. Dendrimer solution has significantly
lower viscosity than linear polymers. When the molecular
mass of dendrimers increases, their intrinsic viscosity goes
through a maximum at the fourth generation and then begins
to decline. Such behaviour is unlike that of linear polymers.
For classical polymers the intrinsic viscosity increases
continuously with molecular mass. The presence of many
chain-ends is responsible for high solubility and miscibility
and for high reactivity. Dendrimers solubility is strongly
influenced by the nature of surface groups. Dendrimers
terminated in hydrophilic groups are soluble in polar solvents,
while dendrimers having hydrophobic end groups are soluble
in nonpolar solvents. A marked difference was also observed
in chemical reactivity. Dendritic polyesters was debenzylated
by catalytic hydrogenolysis whereas linear polyester was
unreactive. Dendrimers have some unique properties because
of their globular shape and the presence of internal cavities.
The most important one is the possibility to encapsulate guest
molecules in the macromolecule interior (Ramaswamy et al.,
2003, Sonke & Tomalia, 2005).

FACTORS AFFECTING DENDRIMER PROPERTIES

Effect of pH

The study of structural behaviour of PAMAM
dendrimers as a function of pH, by applying molecular
dynamics show that the dendrimer has an extended
conformation, based on a highly ordered structure at low pH
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(pH<4). At this pH, the interior is getting increasingly
“hollow” as the generation number increases as a result of
repulsion between the positively charged amines both at the
dendrimer surface and the tertiary amines in the interior. At
neutral pH, back-folding occurs which may be a consequence
of hydrogen bonding between the uncharged tertiary amines in
the interior and the positively charged surface amines. At
higher pH (pH>10) the dendrimer contract as the charge of
the molecule becomes neutral, acquiring a more spherical
(globular) structure, where the repulsive forces between the
dendrimer arms and between the surface groups reaches a
minimum. At this pH, the conformation has a higher degree
of back-folding as a consequence of the weak “inter-dendron”
repulsive forces (Gupta et al., 2007, Wang & Imae, 2004).

Effect of Solvent

The solvation power of any solvent to solvate the
dendrimer is a very important parameter when investigating
the conformational state of a dendrimer. Dendrimers of all
generations generally exhibit a larger extent of back-folding
with decreasing solvent quality, i.e. decreasing solvation.
However, being more flexible, the low generation dendrimers
show the highest tendency towards back-folding as a result
of poor solvation compared to the higher generation
dendrimers. NMR studies performed on PPl dendrimers
concluded that a nonpolar solvent like benzene, poorly
solvates the dendrimers favouring intramolecular interactions
between the dendrimer segments and back-folding. But, a
weakly acidic solvent like chloroform can act as a hydrogen
donor for the interior amines in a basic dendrimer like PPI,
leading to an extended conformation of the dendrimer
because of extensive hydrogen bonding between the solvent
and the dendrimer amines. Both experimental as well as
theoretical studies on amino-terminated PPl and PAMAM
dendrimers  (polar dendrimers) show the tendency that
nonpolar aprotic (poor) solvents induce higher molecular
densities in the core region as a result of back-folding,
whereas polar solvents solvate the dendrimer arms and induce
a higher molecular density on the dendrimer surface. Back-
folding of the polar surface groups may expose the more
hydrophobic dendrimer parts to the surroundings leading to a
decreased surface polarity of the back-folded dendrimer (Chai
et al., 2001).

Effect of Salt

High ionic strength (high concentration of salts) has
a strong effect on charged PPl dendrimers and favours a
contracted conformation of dendrimers, with a high degree of
back-folding somewhat similar to what is observed upon
increasing pH or poor solvation. At low salt conditions, the
repulsive forces between the charged dendrimer segments
results in an extended conformation in order to minimize
charge repulsion in the structure (Gupta et al., 2007).

Effect of Concentration

In  dendrimers  with  flexible  structures the
conformation is not only affected by small molecules like
solvents, salts or protons, but may also be sensitive to larger
objects, such as other dendrimers or surfaces which can have
a great affect on the molecular density and conformation of
the dendrimer. Small angle X-ray scattering (SAXS)
experiments performed on PPl dendrimers (G4, G5) in a polar
solvent like methanol show that the molecular conformation

of dendrimers upon increasing concentration becomes
increasingly contracted. This molecular contraction may
minimize the repulsive forces between the dendrimer

molecules and increase the ability of the dendrimers to
exhibit a more tight intermolecular packing.

DENDRIMER -DRUG INTERACTIONS

Different interaction mechanisms have been explored,
and they can be broadly sub-divided into three types: simple
encapsulations,  electrostatic  interactions and  covalent
conjugations.

Simple Encapsulation

The ellipsoidal or spheroidal shape, empty internal
cavities, and open nature of the architecture of dendrimers
make it possible to directly encapsulate guest molecules into
the macromolecule interior. These empty internal cavities are
hydrophobic in nature, which make it suitable to interact
with poorly soluble drugs through hydrophobic interactions.
Moreover, the nitrogen or oxygen atoms in the internal
cavities can interact with the drug molecules by hydrogen
bond formation. In view of these specific properties, the
relationship between the internal cavities of dendrimers and
drug molecules may involve these supramolecular interactions
like physical encapsulation, hydrophobic interaction or
hydrogen bonding (Brownlie et al., 2004, Liu et al., 1990).

Electrostatic Interaction

The high density of functional groups like amine
groups and carboxyl groups on the surface of dendrimers
have potential applications in enhancing the solubility of
hydrophobic drugs by electrostatic interaction. The G3
PAMAM dendrimer with an ammonia core is taken as an
example. It has a much higher amino group density when
compared with classical linear polymers. Non-steroidal anti-
inflammatory drugs with carboxyl groups, including ibuprofen,
ketoprofen, diflunisal, naproxen and indomethacin, have been
widely been complexed with dendrimers by electrostatic
interactions. Some anticancer and antibacterial drugs have also
been reported to be incorporated by this kind of interaction. The
common property of these drug molecules is that they are weakly
acidic drugs with carboxyl groups in the molecules (Neerman et
al., 2004).
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Covalent Conjugation

The presence of large numbers of functional groups
on the surface of dendrimers makes them suitable for the
covalent conjugation of numerous drugs with relevant
functional groups.

In this case, the drug is covalently bound to
dendrimers and its release occurs via chemical or enzymatic
cleavage of hydrolytically labile bonds. The encapsulation of
drug molecules within hydrophobic cavities or absorption of
drugs to the surface of dendrimers via electrostatic
interactions  preserves  the  chemical integrity  and
pharmacological properties of drug molecules, while covalent
attachment of drugs to the surface groups of dendrimers
through chemical bonds affords better control over drug
release, facilitating the tissue targeting and controlled drug
delivery.

MECHANISM OF DRUG DELIVERY THROUGH
DENDRIMERS

Due to the well defined 3D structure and many
surface functional groups, drug molecules can be loaded both
in the interior of the dendrimers as well as attached to the
surface groups as discussed earlier. Dendrimers can function
as drug carriers either by encapsulating drugs within the
dendritic structure or by interacting with drugs at their
terminal functional groups via electrostatic or covalent bonds
forming prodrug.

There are broadly two mechanisms for drug delivery:

l. First one is by in vivo degradation of drug dendrimer
covalent bonding which depends on presence of suitable
enzymes or an environment capable of cleaving the
bonds.

The second one is by releasing the drug due to changes
in physical environment such as pH, temperature. This
approach is independent of the external factors and
takes place in cavities of the core (endo-receptor) or
outer shell of receptor (exo-receptor) (Tomalia et al.,
1985, Hawker & Frechet, 1990, Hawker et al., 1993).

PHARMACEUTICAL APPLICATIONS

Dendrimers in pulmonary drug delivery

Dendrimers have been reported for pulmonary
drug delivery of Enoxaparin. G2 and G3 generation
positively charged PAMAM dendrimers were reported
to increase the relative bioavailability of Enoxaparin
by 40 %. The positively charged dendrimer forms
complex with enoxaparin, which was effective in deep vein
thrombosis after pulmonary administration (Bai et al., 2007).

Dendrimer in transdermal drug delivery

Dendrimers has been found to improve solubility and
plasma circulation time via transdermal formulations and to
deliver drugs efficiently. PAMAM dendrimer complex with
NSAIDs (e.g. Ketoprofen, Diflunisal) have been reperted to
improve the drug permeation through the skin as penetration
enhancers. Ketoprofen and Diflunisal were conjugated with
G5 PAMAM dendrimer and showed 3.4 and 3.2 times higher
permeation. Enhanced bioavailability of PAMAM dendrimers
by using indomethacin as the model drug in transdermal drug
application was reported to be effective (Cheng, 2008,
Chauhan & Jain, 2003, Jevprasesphant et al., 2003).

Dendrimer in oral drug delivery

Oral drug delivery studies using the human colon
adenocarcinoma cell line, Caco2, have indicated that low-
generation PAMAM dendrimers cross cell membranes,
presumably through a combination of two processes, i.e.
paracellular transport and adsorptive endocytosis. Remarkably,
the P-glycoprotein efflux transporter does not appear to affect
dendrimers, therefore drug dendrimer complexes are able to
bypass the efflux transporter. PAMAM dendrimers conjugated
with the folic acid and fluorescein isothiocyanate for targeting
the tumor cells and imaging respectively. DNAassembled
dendrimer conjugates may allow the combination of different
drugs with different targeting and imaging agents (Barbara &
Maria, 2001, Rajeshbabu et al., 2010).

Dendrimer hydrogel for ocular drug delivery

Dendrimers are especially ideal for synthesizing
hydrogels, cross-linked networks that increase in volume in
aqueous solution and are more similar to living tissue than
any other synthetic compound. By adding polyethylene glycol
or PEG groups to the dendrimers, these hydrogels have
applications including cartilage tissue production and for
sealing ophthalmic injuries. By synthesizing a hydrogel
composed of PEGylated dendrimers that contain ocular drug
molecules attached to the dendrimers efficiently deliver the
drugs to the eye (Yang & Kao, 2006).

Dendrimers for controlled release drug delivery

The anticancer drugs adriamycin and methotrexate
were encapsulated into PAMAM dendrimers (i.e. G=3 and 4)
which had been modified with PEG monomethyl ether chains
(i.e. 550 and 2000 Da respectively) attached to their surfaces.
A similar construct involving PEG chains and PAMAM
dendrimers was used to deliver the anticancer drug 5
fluorouracil. Encapsulation of 5-fluorouracil into G4 increases
in the cytotoxicity and permeation of dendrimers. The earlier
discussed dendrimer drug interaction techniques are used to
control the drug delivery. A third-generation dendritic
unimolecular micelle with indomethacin entrapped as model
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drug gives slow and sustained in vitro release, as compared
to cellulose membrane control. Controlled release of the
Flurbiprofen could be achieved by formation of complex with
amine terminated generation 4 (G4) PAMAM Dendrimers
(Chen et al., 2004, Malik et al, 2012, Liu et al., 2000, Liu et
al., 1999).

Dendrimers in targeted drug delivery

Dendrimers have ideal properties which are brought
in application in targeted drug delivery system. One of the
most effective cell-specific targeting agents delivered by
dendrimers is folic acid PAMAM dendrimers modified with
carboxymethyl PEG5000 surface chains possessed reasonable
drug loading, a reduced release rate and reduced haemolytic
toxicity compared with the non-PEGylated dendrimer (Kolhe
et al., 2003, Mohammad & Antony, 2006, Hawker, 2006).
The star polymer were reported to give the most promising
results regarding cytotoxicity and systemic circulatory half-life
(72 h). In addition to improving drug properties such as
solubility and plasma circulation time polymeric carriers can
also facilitate the passive targeting of drugs to solid tumours.
Combined these factors lead to the selective accumulation of
macromolecules in tumour tissue, a phenomenon termed the
‘Enhanced Permeation and Retention’ (EPR) effect. Therefore,
the anticancer drug doxorubicin was reported to be covalently
bound to this carrier via an acid-labile hydrazone linkage.
The cytotoxicity of doxorubicin was significantly reduced
(80-98%), and the drug was successfully taken up by several
cancer cell lines. (Medina & Mohamed, 2009, Bharali &
Khalil, 2009, Sonke & Tomalia, 2005).

Dendrimers as Nano-Drugs

Poly(lysine) dendrimers modified with sulfonated
naphthyl groups have been found to be useful as antiviral
drugs against the herpes simplex virus, can potentially
prevent/reduce transmission of HIV and other sexually
transmitted diseases (STDs). This dendrimer-based nano-drug
inhibited early stage virus/cell adsorption and later stage viral
replication by interfering with reverse transcriptase and/or
integrase enzyme activities. PPl dendrimers with tertiary alkyl
ammonium groups attached to the surface have been shown
to be potent antibacterial biocides against Gram positive and
Gram negative bacteria. Poly (lysine) dendrimers with
mannosyl surface groups are effective inhibitors of the
adhesion of E. coli to horse blood «cells in a
haemagglutination assay. Chitosan—dendrimer hybrids have
also been found to be useful as antibacterial agents (Sonke
& Tomalia, 2005).

Dendrimers in Gene Transfection

Dendrimers can act as vectors in gene therapy.
PAMAM dendrimers have been tested as genetic material
carriers. Amino-terminated PAMAM or PPl dendrimers have
been reported as non-viral gene transfer agents, enhancing the

transfection of DNA by endocytosis. A transfection reagent
called SuperFect™ consisting of activated dendrimers is
commercially available. Activated dendrimers can carry a
larger amount of genetic material than viruses. SuperFect—
DNA complexes are characterized by high stability and
provide more efficient transport of DNA into the nucleus
than liposomes. The high transfection efficiency of dendrimers
may not only be due to their well defined shape but may
also be caused by the low pK of the amines (3.9 and 6.9).
The low pK permit the dendrimer to buffer the pH change
in the endosomal Compartment. PAMAM dendrimers
functionalized with cyclodextrin  showed luciferase gene
expression about 100 times higher than for unfunctionalized
PAMAM or for non-covalent mixtures of PAMAM and
cyclodextrin. It should be noted that dendrimers of high
structural flexibility and partially degraded high-generation or
hyperbranched dendrimers  appear to be better suited for
certain gene delivery operations than intact high-generation
symmetrical dendrimers (Barbara & Maria, 2001, Christine et
al., 2005, Zinselmeyer et al., 2002).

TOXICITY AND PEGYLATION

It is known that the dendrimers may have toxicity
mainly attributed to the interaction of the cationic dendrimers
surface with negative biological load membranes damaging
cellular  membranes  causing  hemolytic  toxicity and
cytotoxicity. Therefore, PAMAM dendrimers are more cationic
than anionic cytotoxic. An example of interaction with lipid
bilayers of cells occurs with the cationic dendrimer-G7
PAMAM which comesto form holes 15-40 nm in diameter,
which disturbs the flow of electrolyte causing cell death.
Many toxic effects of dendrimers are attenuated at their
surfaces with hydrophilic molecules and poly (ethylene glycol)
(PEG) which masks the surface charge cationic dendrimers
improving biocompatibility and increasing the solubility of
the polymers. The pegylated dendrimers have lower
cytotoxicity and longer stay in the blood than non-pegylated
dendrimers. PEGylation increases the physical dendrimers size
which reduces renal clearance (Buchleir et al., 1978, Uchegbu
et al., 2004, Bhadra et al., 2005).

CONCLUSION

Dendrimer drug delivery systems are getting huge
interest as an advantageous solution for delivering bioactive
like drugs and gene. They provide a platform for the
attachment of drugs or genes and their release through
several mechanisms. Various applications of dendrimers have
been explored during last three decades. Development in
controlled polymerization and synthesis techniques have led to
the emergence of well-controlled dendrimers structures with a
large number of surface groups that can be utilized to display
a range of biological molecules including peptides, proteins,
sugars and targeting agents. The high loading capacity of
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dendrimers renders them highly attractive as carriers for
delivery of chemotherapeutic agents. PEGylated and non-
PEGylated dendrimers proved to encapsulate hydrophobic
drug molecules into the hollow wvoids of their branching
architecture, which enhance the aqueous solubility and stability
of the encapsulated drug molecules.  Both targeted and
nontargeted dendrimer-drug complexes successfully penetrate
across tumor’s leaky vasculature and accumulate in the cancer
tissue. However, targeted dendrimer-drug complexes have the
added advantage of selectively binding to the receptors
displayed on the surface of cancer cells, which increases their
residence time on the cell surface and enhances their
internalization kinetics into the cell.

FUTURE PROSPECTS

An additional area of research that is currently being
explored is the development of dendrimers clusters, where
several dendrimers are bound together through physical or
chemical forces to assemble a multifunctional therapeutic
system that incorporates the anticancer drugs, targeting
ligands, and imaging agents, which will create new way for
combination anticancer therapy along with in vivo imaging of
the targeted tumour. Despite the effectiveness of dendrimers
based drug delivery systems, their application in  cancer
therapies with defined dosage regimen is still not acceptable,
which can be due to the difficulty of synthesizing the desired
systems in large quantities at clinical grade purity for clinical
trials coupled with regulatory hurdles that demand detailed
characterization of the polymeric carriers along with the
linkages and the incorporated drug.
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