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ABSTRACT:

Dendrimers have emerged as one of the most interesting themes for researchers as a result of unique functional
architecture and macromolecular characteristics dendrimer, have attracted great attention in terms of biomedical
applications. Although the PAMAM dendrimer has already been tested as a carrier for drugs and genes and as a
contrast agent for bio imaging. This mini review highlights issues associated with the use of dendrimers as drug
delivery vehicles. This article provides an insight into the structure, synthesis, properties, types and the applications
of dendrimers in the bio-medical field.
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INTRODUCTION:

In these formative years of nanotechnology, one of
the most frequently seen names in the scientific
literature is a class of polymerized macromolecules
that carry the potential to provide the most
exquisitely tailored forms and functions ever realized
outside of nature. These polymerized
macromolecules named as “dendrimers” are
visualized as the polymers of 21st century. The term
"dendrimer" is derived from the Greek words
dendron, meaning tree and meros, meaning part.
Dendrimers were introduced in 1980’s by Donald A.
Tomalia, scientific director of the Center for Biologic
Nanotechnology at the University of Michigan.
Ideally, these are perfectly  monodisperse
macromolecules with a regular and highly branched
three-dimensional architecture. Think of a tree in
which each of its branches divides into two new
branches after a certain length. This continues
repeatedly until the branches become so densely
packed that the canopy forms a globe. In a dendrimer,
the branches are interlinked polymerized chains of
molecules, each of which generates new chains, all of
which converge to a single focal point or core .’

In 1978, Fritz Vogtle and co-workers, introduced
dendrimer chemistrym and in 1985, Donald A.
Tomalia, synthesized the first family of dendrimers"’.
Dendrimers are repeatedly branched roughly
spherical large molecules and possess well defined
chemical structures™’ The word dendrimer comes
from a Greek word which means to “tree”. At the
same time, Newkome’s group independently reported
synthesis of similar macromolecules. They called
them arborols from the Latin word ‘arbor’ also
meaning a tree” . The other synonyms for dendrimer
include cascade molecules. It is a highly branched
synthetic polymer and consists of a monomer unit
attached core, where a, leading to a monodisperse,
treelike, star-shaped or generational structure with
precise molecular weights, diameters in the 2 to 10
nm range size, its unique architectural design, high
degree of branching, multivalency, globular structure
and representative of a new segment of polymer
science, often been referred to as the “Polymers of
the 21st century”. Poor solubility, bioavailability,
permeability, biocompatibility and toxicity can be
overcome by dendrimers. Recent successes in
simplifying and optimizing the synthesis of
dendrimers provide a large variety of structures with
reduced cost of their production. Dendritic polymers
or dendrimers provide a route to create very well-
defined nanostructures suitable for drug solubilisation
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applications, delivery of oligonucletide, targeting
drug at specific receptor site, and ability to act as
carrier for the development of drug delivery system.
Dendrimers are being considered as additives in
several routes of administration, including
?gtravenous, oral, transdermal, pulmonary and ocular.

Structure of dendrimers:

A dendrimer is typically symmetric around the core ,
and often develops a three dimensional morphology
In the view of polymer chemistry dendrimeres are
perfect monodisperse macro molecules with regular
highly branched three dimensional structures and
consist of three architectural components like
core,branches and end groups'”’leendrimers of
lower generations (0, 1, and 2) have highly
asymmetric shape and possess more open structures
as compared to higher generation dendrimers. As the
chains growing from the core molecule become
longer and more branched (in 4 and higher
generations) dendrimers adopt a globular structure™’.
Dendrimers become densely packed as they extend
out to the periphery, which forms a closed
membrane-like structure. When a critical branched
state is reached dendrimers cannot grow because of a
lack of space. This is called the ‘starburst effect!'”).
For PAMAM dendrimer synthesis it is observed after
tenth generation. The rate of reaction drops suddenly
and further reactions of the end groups cannot
occur. The tenth generation PAMAM contains 6141
monomer units and has a diameter of about 124
A ™IThe increasing branch density withgeneration is
also believed to have striking effects on the structure
of dendrimers. They are -characterised by the
presence of internal cavities and by a large number of
reactive end groups . Dendritic copolymers are a
specific group of dendrimers. There are two different
types of copolymer
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Figure 1: The Dendritic structure

Figure 2: Dendrimer struch

Segment-block dendrimers are built with dendritic

segments  ofdifferent constitution. They are
obtainedby  attaching  different  wedges to
onepolyfunctional core molecule.

Layer-block dendrimers consist of concentric

spheres of differing chemistry.They are the result of
placing concentric layers around the central core.
Hawker and Fréchet"”! synthesised a segment- block
dendrimer which had one ether-linked segment and
two ester-linked segments. They also synthesised a
layer-block dendrimer. The inner two generations
were ester-linked and the outer three etherlinked. The
multi-step synthesis of large quantities of higher
generation dendrimers requires a great effort. This
was the reason why Zimmerman’s group applied the
concept of self-assembly to dendrimer Synthesis .
They prepared a wedgelike molecule with adendritic
tail in such a manner that six wedge-shaped subunits
could self-assemble to form a cylindrical aggregate.
This hexameric aggregate is about 9 nm in diameter
and 2 nm thick. It has a large cavity in the centre. The
six wedges are held together by hydrogen bonds
between carboxylic acid groups and stabilised by
Vander Waals interactions. However, the stability of
the hexamer is affected by many factors. The
aggregate starts to break up into monomers when the
solution is diluted, when the aggregate is placed in a
polar solvent like tetrahydrofuran (THF), and when
the temperature is high. The hexamer’s limited
stability is due to its noncovalent nature.

PROPERTIES OF DENDRIMER
Monodispersity:Dendrimers are the class of
dendritic polymers that can be constructed with a
well-defined molecular structure, i.e. being mono-
disperse, unlike to linear polymers. Monodispersity
offers researchers the possibility to work with a tool
for welldefined scalable size.
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Nanoscale size and shape: These fundamental
'properties have in fact lead to their commercial use
for gene therapy, immunodiagnostics and variety of
other biological applications.

Polyvalency: Polyvalency shows the outward
presentation of reactive groups on the dendrimer
nanostructure exterior. This creates more connections
between surfaces and bulk materials for applications
such as adhesives, surface coatings, or polymer cross-
linking. The product, a topical vaginal microbicide
called Vivagel™, prevents infection by HIV and
other sexually transmitted diseases during intercourse
takes advantage of dendrimers polyvalent properties.

Physicochemical properties of dendrimers: The
use of dendrimers as protein mimics has been
encouraged  scientists  to  investigate  the
physicochemical properties of dendrimers in
comparison to proteins shows that dendrimers,
similar to protein, can adapt “native” (e.g. tighter) or
“denaturated” (e.g.extended) conformations
dependent on the polarity, ionic strength and pH of
the solvent.

Biocompatibility of dendrimers : In order to utilize
dendrimers as biological agents, they have to fulfill
certain biological demands. The dendrimer should be:
nontoxic, non-immunogenic, able to cross biobarriers
(biopermeable), able to stay in circulation for the
time needed to have a clinical effect and able to
target to specific structures. The cytotoxicity of
dendrimers has been primarily evaluated in vitro;
however, a few in vivo studies have been published
[14,15]. Dendrimers with positively charged surface
groups are prone to destabilize cell membranes and
cause cell lysis. For example, in vitro cytotoxicity,
IC50 measurements (i.e., the concentration where
50% of cell lysis is observed) for poly (amidoamine)
PAMAM dendrimers with amino surface revealed
significant  cytotoxicity on human intestinal
adenocarcinoma, Caco-2 cells. Comparative toxicity
studies on anionic (carboxylate-terminated) and
cationic (amino-terminated) PAMAM dendrimers
using Caco-2 cells have shown significantly lower
cytotoxicity of the anionic compounds .
Furthermore, the cytotoxicity was found to be
generation dependent with higher generation
dendrimers being the most toxic, '"' Some recent
studies have shown that amino-terminated PAMAM
dendrimers exhibit lower toxicity than more flexible
linear polymers carrying amine groups, perhaps due
to lower adherence of the rigid globular dendrimers
to cellular surfaces. The degree of substitution as well
as the type of amine functionality is important, with
primary amines being more toxic than secondary or
tertiary amines.Lower-generation PAMAM
dendrimers possessing carboxylate surface groups
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show neither haemato-toxicity nor cytotoxicity at
concentrations up to 2 mg/ml ¥,

Immunogenicity

Immunogenicity is one of the crucial biological
properties of the dendrimers. Studies performed on
unmodified aminoterminated PAMAM dendrimers
showing no or only weak immunogenicity of the G3—
G7 Many dendrimer syntheses rely upon traditional
reactions, such as the Michael reaction or the
Williamson ether synthesis whilst others involve the
use of modern dendrimers. However, later studies
showed some immunogenicity of these dendrimers
and found that modification of aminoterminated
PAMAM dendrimers with polyethylene glycol (PEG)
chains reduces immunogenicity and gives longer
lifetime in the blood stream in comparison to
unmodified dendrimers. "’

Advantages of Dendrimer

Dendrimers offers various advantages over other
polymers:

(1) Dendrimers have nanoscopic particle size range
from 1- 100 nm, which makes them less susceptible
for reticulum endothelium uptake.
(2) They have lower polydispersity index, due to
stringent control during synthesis. As the density of
branches increases the outer most branches arrange
themselves surrounding a lower density core in the
form of spheres and outer surface density is more and
most of the space remains hollow towards core. This
region can be utilized for drug entrapment.
(3) Multiple functional groups are present on outer
surface of dendrimers, which can be used to attach
vector devices for targeting to particular site in the

body.
(4) Dendrimers can be modified as stimuli
responsive to release drug.

(®)] Dendrimers might show an enhanced
permeability and retention effect which allows them
to target tumour cells more effectively than small
molecules.
(6) They can be synthesized and designed for
specific  applications. Due to their feasible
topology, functionality and dimensions, they are
ideal drug delivery systems; and also, their size is
very close to various important biological polymers
and assemblies such as DNA and proteins whichare
physiologically ideal.'**>"**!

Types of Dendrimer

Radially layered poly (amidoamine-organosilicon)
dendrimers (PAMAMOS)

In 1990, Dr. Petar Dvornic and his colleagues at
Michigan Molecular Institute, discovered this unique
first commercial silicon containing dendrimers.
Consist of hydrophilic, nucleophilic polyamidoamine
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(PAMAM) interiors and hydrophobic organosilicon
(OS) exteriors. Excellent its networks regularity and
ability to complex and encapsulate various guest
species offer unprecedented potentials for new
applications in  nanolithography, electronics,
photonics, chemical catalysis etc.and useful
precursors for the preparation of honeycomblike
networks with nanoscopic PAMAM and OS
domains.'***!

Poly (amidoamine) dendrimers (PAMAM)
Synthesized by the divergent method, starting from
initiator core reagents like ammonia or
ethylenediamine. When looking at the structure of the
high-generation in two-dimensions, star like pattern
observed. They are commercially available as
methanol solutions and in generation G 0-10 with 5
gisfzfgrent core type and 10 functional surface groups.
Poly (Propylene Imine) dendrimers (PPI)

Poly (Propylene Imine) dendrimers (PPI) generally
having poly-alkyl amines as end groups, and
numerous tertiary tris-propylene amines present in
interior portion. It commercially available up to GS,
and wide applications in material science as well as
in biology. “7PPI dendrimers are available as
AstramolTM.

Chiral dendrimers

The chirality in these dendrimers is based upon the
construction of constitutionally different but
chemically similar branches to chiral core. Their
potential use as chiral hosts for enantiomeric
resolutions and as chiral catalysts for asymmetric
synthesis.”*!

Liquid crystalline dendrimers

A highly-branched oligomer or polymer of dendritic
structure containing mesogenic groups that can
display mesophase behaviour. They consist of
mesogenic (lig. crystalline) monomers e.g. mesogen
functionalized carbosilane dendrimers.

Tecto dendrimer

Tecto Dendrimer are composed of a core
dendrimer,perform varied functions ranging from
diseased cellrecognition, diagnosis of disease state
drug delivery,reporting location to reporting
outcomes of therapy.

Hybrid dendrimers

Hybrid dendrimers are hybrids (block or graft
polymers) of dendritic and linear polymers. Obtained
by complete monofunctionalization of the peripheral
amines of a 'zero-generation" polyethyleneimine
dendrimer, provide structurally diverse lamellar,
columnar, and cubic selforganized lattices that are
less readily available from other modified dendritic
structures.




IAJPS, 2014, Volumel, Issue (5), 295-304

Multilingual Dendrimers

Multilingual Dendrimers contains multiple copies of
a particular functional group on the surface. Micellar
Dendrimers

Micellar dendrimers are unimolecular
solublhyper branched polyphenylenes micelles.
Amphiphilic Dendrimers

Amphiphilic dendrimers are built with two
segregated sites of chain end, one half is electron
withdrawing andthe other half is electron donating.
Peptide dendrimers

Multiple Antigen Peptide dendrimers is a dendron-
like molecular construct, use in biological
applications, e.g. vaccine and diagnostic research.
Peptide dendrimers can be used as drug delivery,
contrast agents for magnetic resonance imaging
(MRI), magnetic resonance angiography (MRA),
fluorogenic imaging and sero diagnosis'*’
Frechet-Type Dendrimers

Frechet-Type Dendrimers 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.*3"

SYNTHESIS OF DENDRIMER

Divergent growth method

This method was introduced by Tomalia. In this
method growth of dendrimers originates from a core
site. The core is reacted with two or more moles of
reagent containing at least two protecting branching
sites, followed by removal of the protecting groups,
lead to the first generation dendrimers. This process
is repeated until the dendrimer of the described size is
obtained. By this approach the first synthesized
dendrimers were polyamidoamines (PAMAMs), also
known as starbust dendrimers."

water

il Molecular

Initator
Core

Synihesis: from core to the surface ~————————
Divergent method for the synthesis of dendrimer
Convergent Dendrimer Growth
Convergent dendrimer growth begins at what will
end up being the surface of the dendrimer, and works
inwards by gradually linking surface units together
with more. When the growing wedges are large
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enough, several are attached to a suitable core to give
a complete dendrimer. convergent growth method has
several advantages like relatively easy to purify the
desired product, occurrence of defects in the final
structure is minimised, does not allow the formation
of high generation dendrimer because stearic
problems occur in the reactions of the dendrons and
the core molecule.

Surface
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Characterizations of dendrimer by various
methods

Methods For Characterization Of Dendritic
Polymer

A) Spectroscopy and spectrometry methods "+

¥ most widely used for dendrimers Characterization
like

Nuclear Magnetic Resonance (NMR) Analysis in
step by step synthesis of Dendrimer. To Probe the
Size, Morphology and Dynamics of Dendrimers for
organic dendrimers such as PPI etc.
Ultra-violet-visible spectroscopy (UV-VIS) Used to
monitor synthesis of dendrimers. The intensity of the
absorption band is essentially proportional to the
number of chromophoric units.

Infra red spectroscopy (IR) for routine analysis of
the chemical transformations occurring at the surface
of dendrimers.

Near infra red spectroscopy Used to characterize
delocalize -7 stacking interaction between end
groups of modified PANAM.

Fluorescence The high sensitivity of fluorescence
has been used to quantify defects during the synthesis
of dendrimers.

Raman spectroscopy gave relevant information
about the degree of cyclodehydrogenation of
polyphenylene dendrimers, and the characterization
of PPI and dendrimers.

Mass spectroscopy Chemical ionization or fast atom
phosphorus bombardment can be used only for the
characterization of small dendrimers whose mass is
below 3000 Da. Electrospray ionization can be used
for dendrimers able to form stable multicharged

Focal
Point
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species.

X-ray diffraction (XRD) This technique should
allow precise determination of the chemical
composition, structure, size and shape of Dendrimer.
(B) Scattering techniques'***"

Small angleX-ray scattering (SAXS) gives
information about their average radius of gyration
(Rg) in solution. The intensity of the scattering as a
function of angle also provides information on the
arrangement of polymer segments, hence on the
segment density distribution within the molecule.
Small angle neutron scattering (SANS) gives
access to the radius of gyration, but may also reveal
more accurate information than SAXS about the
internal structure of the entire dendrimer. The
location of the end groups has also been determined
by SANS experiments conducted with PAMAM
dendrimers and PPI dendrimers having labeled
(deuterated) or unlabelled end groups.

Laser light scattering (LLS) to determine the
hydrodynamic radius of dendrimers. Dynamic LLS is
mainly used for the detection of aggregates.

(C) Microscopy methods™**"

Transmission microscopy Electron or light produce
images that amplify the original, with a resolution
ultimately limited by the wavelength of the source
Scanning microscopy The image is produced by
touch contact Q at a few angstroms of a sensitive
canilever arm with sample. Ex. Atomic force
microscopy.

(D) Size exclusive chromatography
separation of molecules according to size.

(E) Electrical techniques[47’48'49]

Electron paramagnetic resonance

(EPR) Quantitative determination of the substitution
efficiency on the surface of PANAM dendrimers.
Electrochemistry gives information about the
possibility of interaction of electroactive end groups.
Electrophoresis used for the assessment of purify
and homogeneity of several type of water soluble
dendrimers.

(F) Rheology and Physical properties
Intrinsic viscosity used as analytical probe of the
morphological structure of dendrimers.

Differential scanning calorimetry (DSC) used to
detect the glass transition temperature which depends
on the moleculer weight, entangment and chain
composition of polymers.

Dielectric spectroscopy (DS) Gives information
about molecular dynamic processes (o-, )

G) Miscellaneous>*>®

X-ray Photoelectron Spectroscopy (XPS) chemical
composition of dendrimers such as poly (aryl ether)
dendrons or PMMH dendrimers has been also
obtained using XPS, even if this technique is most

481 allows the

[50-53]
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generally used for the characterization of layers.
Sedimentation for lactosylated PAMAM

dendrimers, measurements of dipole moments for
PMMH dendrimer.

Titrimetry to determine the number of NH2 end
groups of PAMAM dendrimers

APPLICATION OF DENDRIMER
Pharmaceutical application

Dendrimer in ocular drug delivery

Ideal ocular drug-delivery systems should
benonirritating, sterile, isotonic, biocompatible, does
not run out from the eye and
biodegradable.Dendrimers provide unique solutions
to complex deliveryproblems for ocular drug
delivery. Recent research efforts for
improvingresidence time of pilocarpine in the eye
was increased by using PAMAM dendrimerswith
carboxylic or hydroxyl surface groups. These
surface-modified dendrimers werepredicted to
enhance pilocarpine bioavailability °”),

Dendrimers in pulmonary drug delivery
Dendrimers have been reported for pulmonary drug
delivery of Enoxaparin. G2 and G3 generation
positively charged PAMAM dendrimers increased
gls? relative bioavailability of Enoxaparin by 40 %
Dendrimer in transdermal drug delivery-
Dendrimers designed to be highly watersoluble and
biocompatible have been shown to be able to
improve drug properties such as solubility and
plasma circulation time via transdermal formulations
and to deliver drugs efficiently. PAMAM dendrimer
complex with NSAIDs (e.g. Ketoprofen, Diflunisal)
could be improving 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. Chauhan et al. investigated enhanced
bioavailability of PAMAM dendrimers by using
indomethacin as the model drug in transdermal drug
application. (chauhan) '**!

Dendrimer in oral drug delivery-

Oral drug delivery studies using the human colon
adenocarcinoma cell line, Caco-2, 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 Pgp efflux
transporter does not appear to affect dendrimers,
therefore drug dendrimer complexes are able to
bypass the efflux transporter 1631 As increase in the
concentration and generation, there was and
methotrexate. PAMAM dendrimers conjugated with
the folic acid and fluorescein isothiocyanate for
targeting the tumor cells and imaging respectively.
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DNAassembled dendrimer conjugates may allow the
combination of different drugs with different
targeting and imaging agents so it is easy to develop
combinatorial therapeutics '

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 S5-fluorouracil into
G=4 increase in the cytotoxicity and permeationof
dendrimers.

Dendrimers in targeted drug delivery

Dendrimers have ideal properties which are useful 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 revealed reasonable drug loading, a reduced
release rate and reduced haemolytic toxicity
compared with the non-PEGylated dendrimer. A
third-generation dendritic unimolecular micelle with
indomethacin entrapped as model 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 . The results found that
PEG-dendrimers conjugated with encapsulated drug
and sustained release of methotrexate as compare to
unencapsulated drug

Dendrimers in gene delivery

Dendrimer-based transfection agents have become
routine tools for many molecular and cell biologist’s
dendrimers are extensively used as non-viral vector
for gene delivery. The use of dendrimers as gene
transfection agents and drug-delivery devices have
been extensively reviewed part “Y. Various
polyatomic compound such as PEI, polylysine, and
cationic have been utilized as non-viral gene carrier
Dendrimer as solubility enhancer

Dendrimers have hydrophilic exteriors and
hydrophilic interiors, which are responsible for its
unimolecular micellar nature. They form covalent as
well as non-covalent complexes with drug molecules
and hydrophobes, which are responsible for its
solubilisation behavior

Cellular delivery using dendrimer carrier
Dendrimer—ibuprofen complexes entered the cells
rapidly compared with pure drug (1 hr versus>3 hr),
suggesting that dendrimers can efficiently carry the
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complexes drug inside cells. PAMAM dendrimers
were surfaceengineered with lauryl chains to reduce
toxicity and enhance cellular uptake '

Therapeutic application

Dendrimers in photodynamic therapy

The photosensitizer 5-aminolevulinic acid has been
attached to the surface of dendrimers and studied as
an agent for PDT of tumorigenic keratinocytes '’'.
This cancer treatment involves the administration of a
light- activated photosensitizing drug that selectively
concentrates in diseased tissue.

Dendrimers for boron neutron capture therapy
Boron neutron capture therapy (BNCT) refers to the
radiation generated from the capture reaction of low-
energy thermal neutrons by 10B atoms, which
containapproximately 20% natural boron, to yield
particles and recoiling lithium-7 nuclei. This
radiation energy has been used successfully for the
selective destruction of tissue. Dendrimers are a very
fascinating compound for use as boron carriers due to
their well defined structure and multivalency. The
first example of a boroncontaining PAMAM
dendrimer was synthesized by Barth et al '

Diagnostic application

Dendrimers as molecular probes

Dendrimers are fascinating molecules to use as
molecular probes because of their distinct
morphology and unique characteristics. For example,
the immobilization of sensor units on the surface of
dendrimers is a very efficient way to generate an
integrated molecular probe, because of their large
surface area and high density of surface
functionalities !

Dendrimers as X-ray contrast agents

The X-ray machine is one of the fundamental
diagnostic tools in medicine, and is applicable to
numerous diseases. To obtain a high resolution X-ray
image, several diseases or organs, such as
arteriosclerotic vasculature, tumors, infarcts, kidneys
or efferent urinary, require the use of an X-ray
contrast agent. Dendrimers are currently under
investigation as potential polymeric X-ray contrast
agents. Krause and co-workers synthesized a number
of potential dendritic X-ray contrast agents using
various organo metallic complexes such as bismuth
and tin ""%"!

Dendrimers as MRI contrast agents

A number of research groups have explored the use
of dendrimers as a new class of high molecular
weight MRI contrast agents. Wiener and coworkers
developed a series of Gd(III)-DTPA-based PAMAM
dendrimers ", To improve the pharmacokinetic
properties of dendrimer contrast agents, introduction
of target specific moieties to the dendritic MRI
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contrast agents have been considered. Wiener et al ”*!
synthesized a folate conjugated Gd(III)-DTPA
PAMAM  dendrimer, which increased the
longitudinal relaxation rate of tumor cells expressing
the high affinity folate receptor.

CONCLUSION:

The architecture of dendrimer, their shape, branching
length and density, and their surface functionality,
makes dendrimer ideal carriers for the various
applications like drug delivery, therapeutic and
diagnostic agent. Poor solubility, bioavailability ,
permeability biocompatibility and toxicity can be
overcome by use of dendrimer.
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