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Abstract: This review gives concise information about the dendrimers, its synthesis, characterization and
application in drug delivery. Due to their unique architecture these have improved physical and chemical
properties. Due to their terminal groups these show high solubility, miscibility and reactivity. Dendrimers have
well defined size, shape, molecular weight and monodispersity. These properties make the dendrimers a suitable
carrier in drug delivery application. Dendrimers are unimolecular miceller in nature and due to this enhances the
solubility of poorly soluble drugs. Their compatibility with DNA, heparin and polyanions make them more
versatile. Self assembly produces a faster means of generating nanoscopic functional and structural systems.
But their actual utility in drug delivery can be assessed only after understanding their behaviour in vivo.
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INTRODUCTION Structure of Dendrimers possess 3 distinct units

The term “Dendrimer” arise from two Greek word [1-3]:

“Dendron” meaning tree Generations i.e. branches, which are radically
“Meros” meaning part attached to the central core [1]. Generation play an

Newkome’s group used term “Arborols” for Terminal functional group attached to the outermost
dendrimers. Arborols comes from a Latin word ‘arbor’ series of branches. Terminal functional group plays
means a  tree. Dendrimers considered as “polymers of an important role in the properties of the dendrimers
the 21  century” are also referred as ‘cascade molecules’ [5].st

but ‘dendrimers’ is most preferred one. The chemistry of
dendrimers  was  introduced in 1978 by Fritz Vogtle and Types of Dendrimers:
co-workers [1].

Dendrimers are hyper-branched, globular, PAMAM Dendrimer
monodisperse, three dimensional nanoscale synthetic PPI Dendrimer
polymers, having very well defined size, shape and Chiral Dendrimer
definite molecular weight [4]. Multilingual Dendrimer

Dendrimers   exhibit   characteristics   features of Tecto Dendrimer
both molecular chemistry and polymer chemistry. Hybrid Dendrimer
Molecular  chemistry  like  properties  are  due  to their Amphiphilic Dendrimer
step  by  step  controlled  synthesis while it shows Frechet-Type Dendrimer
polymer chemistry like properties as it is made up of Peptide Dendrimer
monomers [5]. PAMAMOS Dendrimers

namely:

A Central core unit

important role in physical chemical properties [6].
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PAMAM Dendrimers [Poly (Amido Amine)]: therapeutic system which can simultaneously diagnose

Pamam [Poly (amido amine)] dendrimers are diseased cell [12].
spheroidal or ellipsoidal in shape. These are most
studied macromolecules and are commercially Hybrid Dendrimers: These dendrimers have characters of
available [7]. both dendritic and linear polymer [12].
The divergent method is used for their synthesis
where ammonia or ethylenediamine is used as a Amphiphilic Dendrimers: These have one half that is
starting material. electron donating and another half is electron
The high solubility and reactivity of these are due to withdrawing.
presence of a number of functional end groups and
empty internal cavities [8-10]. Peptide Dendrimers: Peptide dendrimers are those which
The conventional macromolecules have low amino contain amino acid as branching or interior unit. These are
group density as compared to Pamam dendrimers [7]. used for diagnostic purpose and vaccine delivery [14].

PPI /POPAM Dendrimers: PPI means Poly (Propylene Frechet-Type Dendrimers: These are based on
Imine)/ Poly (Propylene Amine) [11]. polybenzyl ether hyper branched skeleton. Carboxylic

Its core structure is based on Diamino butane with acid group found upon the surface of dendrimers which
primary amines as end groups and tertiary -propylene provides site for further functionalization and also
amines  as  interior.  These are commercially available up enhance the solubility of dendrimers [14].
to G-5 and are widely used in material science and
biology. PAMAMOS Dendrimers [Poly (Amidoamine-

Chiral Dendrimers: The chirality of the dendrimers are commercial dendrimers. These are inverted unimolecular
based upon the construction of constitutionally different micelles that contain exterior hydrophobic organosilicon
but chemically similar branches to chiral core [11]. (OS) and interiorly hydrophilic, nucleophilic

Multilingual Dendrimers: These are the dendrimers
which contain multiple copies of a particular functional Synthesis of Dendrimers: These are synthesised by three
group on their surface [12]. methods [15]:

Tecto Dendrimers: These are made up of core dendrimers Divergent method
which is surrounded by other dendrimers, each one of Convergent method
which perform a specific function leading to a smart Double exponential and mixed method

the diseased state and deliver API to the recognized

Organosilicon)]: These are silicon containing first

polyamidoamine [14]
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Divergent Method: In this method the dendrimers grow to give an orthogonally protected trimer. This protected
from inside (i.e. core molecule) to outside. In this the trimer  may  be  use  to  repeat  the  growth  process again
reactive  core  molecule  reacts  with the monomer [3, 16].
molecule,  which  h as two dormant and one reactive
group. This combination gives 1 generation dendrimers. Characteristic of Dendrimersst

The 1  generation dendrimers have the reactive periphery, Architecture: Dendrimers shows improved physical andst

which reacts with other monomer molecule and gives the chemical properties due to their molecular architecture.
2 generation dendrimers. This process is continued for The  dendrimers shape depend on the generation i.e.nd

several generations. After each generation the molecular lower generation shows open planar elliptical shape while
mass of the dendrimers become double. By this method, higher generation shows compact-spherical shape [17].
we can successfully produce large quantities of
dendrimers [15]. PAMAM is the 1  synthesized Solubility: Surface groups of the dendrimers plays anst

dendrimers  by  using  divergent  growth method [23]. important role in the solubility of dendrimers. If the
Main problem with the divergent method is the side surface end groups are hydrophobic in nature, then
reaction  and  incomplete  reactions  of  the  end  group. dendrimers are soluble in nonpolar solvent. If the surface
For  prevention of this problem a large quantity of reagent end groups are hydrophilic in nature and dendrimers are
is required [13, 27]. soluble in polar solvent.

Divergent growth method

Convergent Method: In this method the dendrimers grow ball which influences its rheological properties. The
from outside to inward It is a two step synthesis. intrinsic viscosity dendrimers solution does not exhibit

1 Step: The surface units’ links together to form a large generation and then it begins to decrease.st

wedge.

2 Step: The large surface units attached to the Therapeutic Application:nd

multifunctional core units.

Advantages- 1): Product is easily purified. Dendrimers for Boron Neutron capture therapy

Minimization of the defects in the final structure. Diagnostic Application:

Limitation: High generation dendrimers cannot be formed Dendrimers as MRI contrast agent
by this method because of steric hindrance effect [15]. Dendrimers as X-Ray contrast agent

Double Exponential and Mixed Method: It is most advance
and recent method of dendrimers synthesis. This is a Pharmaceutical Application:
mixture of both divergent and convergent method. In this
method a single starting material is taken from which two Dendrimers in pulmonary drug delivery
monomers are prepared by divergent and convergent Dendrimers in Transdermal drug delivery
method. Then these two monomers are reacted together Dendrimers in ocular drug delivery

The high solubility, miscibility and reactivity and
binding capacity of dendrimers is due to the presence of
many chain end groups [17-20].

Monodispersity: Dendrimers are monodisperse in nature
i.e. they have isomolecular species, whose molecular size,
shape and disposition of organic moieties are adjusted
and controlled [21].

Viscosity: In solution dendrimers form a tightly packed

linear relationship with mass but it is highest for a specific

Application of Dendrimers

Dendrimer in photodynamic therapy

Dendrimer as molecular probe
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Dendrimers in oral drug delivery mascara or nail polish. Unilever also have a patent for
Dendrimers for controlled release drug delivery dendrimers in the production of formulation for used in
Dendrimers in targeted drug delivery spray, gels and lotions [24, 25, 26].
Dendrimers in gene delivery
Dendrimers as solubility enhancer Applications of Dendrimers in Waste Water Treatment:
Cellular delivery using dendrimers carrier Dendritic polymers are used in the purification of water
Dendrimers based product in cosmetics contaminated by toxic metal ion, inorganic solute and
Dendrimers based commercial products organic solutes [28].

Dendrimers in Gene Delivery: Dendrimers can be use as CONCLUSION
a carrier in gene therapy. Example- PAMAM dendrimers
have terminal amino groups which interact with Due to their unique architecture dendrimers have
phosphate group of nucleic acid. So PAMAM dendrimers improved physical and chemical properties. These have
have been tested as a genetic material vector [15]. well defined size, shape, molecular weight, monodispersity

Super  Fect  TM  is a transfection reagent, it consist and are unimolecular miceller in nature. These properties
of  activated  dendrimers.  Activated  dendrimers  can make the dendrimers a smart choice for drug delivery
carry a large amount of genetic material than viruses. application and enhance the solubility of poorly soluble
Super Fect- DNA complex are highly stable and have high drug. Despite several advantages dendrimers based drug
transfection efficiency. The high transfection efficiency is delivery is still in its infancy as even after three decades
due to their well defined shape and low pk of the amines of discovery, the multi step synthesis of dendrimers
[15, 23]. requires great effort and money. Also further studies are

Dendrimers as Solubility Enhancer: Dendrimers are mechanisms by biological membranes and in-vivo
unimolecular micellar in nature because these have both stability.
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