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Dendrimers are novel class of approach in polymers. They are monodisperse
macromolecules having extensively branched 3D structure which provides a high degree of
surface functionality and versatility. They are used for biological and drug-delivery
applications because of their unique properties like uniform size, high degree of branching,
water solubility, multivalency, well-defined molecular weight and available internal cavities.
The aim of this review to describe about dendrimer synthesis strategies, types of
dendrimers with different functionalities, properties which having crucial importance and

their potential applications.
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Introduction:
Nanoparticles have unusual properties that
can be used to improve drug delivery.
Where larger particles would have been
cleared from the body, cells take up these
nanoparticles because of their narrow
polydispersity, nanometer size range,
which can allow easier passage across
biological barriers (e.g. small enough to
undergo extravasations through vascular
endothelial tissues). Host—guest can take
place either in the interior (binding groups
in the interior of dendrimers are called
endoreceptors) or on the periphery of the
(groups
complexation chemistry on the periphery
of  the

dendrimer involved in

dendrimers  are  called
exoreceptors).!

Dendrimers is the class of synthetic
polymeric macromolecule which play
important role in emerging
nanotechnology. It is described as highly
branched macromolecule, which provides
a high degree of surface functionality and
versatility. It is derived from the Greek
words Dendron (tree) and meros (part) 2. It
possess a 3-D features that resemble a tree.
Dendrimer is an internationally accepted
term and other synonymous terms are
‘arborols’ and ‘cascade molecules’. The
first ever dendrimers were described by
Végtle in 1978 3. Then in early 1980s

pioneering work was done by Denkewalter
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and co-workers as polylysine dendrimers
at Allied Corporation®, Tomalia et al. at
Dow Chemical on dendrimer synthesis™ "’

Dendrimers are large and complex

molecules having very well-defined
chemical structures. 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. It
possesses three distinguished architectural
components as shown in fig. 1 2.

1. An initiator core.

2. Interior layers (generations) composed
of repeating units, radically attached to the

interior core.

3. Exterior (terminal  functionality)
attached to the outermost interior
generations.
G44—generation
numbers
branching o focal point
points SR

DENDRIMER

[Figure-1 Structure of Dendrimer]
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Dendrimers are generally produced in an
interative sequence of reaction steps, in
that each additional interation leads to
higher generation dendrimer. Each of the
new layer creates a new ‘generation’ along
with doubling the number of end groups
(or active sites) and approximately double
the molecular weight of the previous
generation, too.

A dendrimer is typically symmetric around
the core, and often adopts a spherical
three-dimensional ~ morphology.  The
word dendron is also encountered
frequently. A dendron usually contains a
single chemically addressable group called
the focal point. The difference between
dendrons and dendrimers is illustrated in
figure one, but the terms are typically

encountered interchangeably.’

Synthesis of Dendrimers

Dendrimers are generally prepared using
either a divergent method or a convergent
one'®.There is a fundamental difference
between these two construction concepts.
Divergent growth method: A schematic
representation of divergent growth is
shown in Fig. 2. In this method, 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. The subsequent

liberated reactive sites lead to the first
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generation dendrimers. This process is
repeated until the dendrimer of the
described size is obtained'!. PAMAM
dendrimers are synthesized by divergent
growth approach. This method involves in
situ construction in stepwise, interative
stages around a desired core such as
ethylenediamine, ammonia or cystamine to
produce well-defined structure. The two
step reaction sequences exposed on a core
consists of (a) an exhaustive alkylation of
primary amines (Michael addition) with
methyl acrylate, and (b) amidation of
amplified ester groups with a large excess
of ethylenediamine to produce primary
amine terminal groups which creates
‘generation zero’ (GO) of the dendrimer
series. Each amino group present in this
branched molecule is then subsequently
reacted with two additional molecules of
methylmethacrylate monomer, followed
by reaction with two more
ethylenediamine molecules, to provide
first generation starburst dendrimer ® **.
Most divergent dendrimer synthesis
requires excessive monomer loading and
lengthy  chromatographic  separations,
particularly at higher generations. This
divergent approach is currently the
preferred commercial strategy used by
worldwide producers; such as Dendritic
Nanotechnology Incorporation, DSM and

Prestorp.
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enough, several are attached to a suitable
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[Figure-2 Divergent growth method.]

Convergent growth method: This is an

alternative  approach  to  dendrimer reactive sites are functionalized in each
synthesis. The difficulty of many reactions step, giving a small number of possible
that have to be performed on one molecule side reactions per steps. The other
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[Figure-3 Convergent growth method.]

begins at what will end up being the

surface of the dendrimer, and work positions and numbers. The deactive
inwards by gradually linking surface units products are easier to separate by
together with more monomers Fig. 3. purification at each synthesized generation

When the growing dendrons are large
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of dendrimer hence the products are more
homogeneous although purification in the
higher generation dendrons becomes more
cumbersome, because of increasing
similarity between reactants and formed
products. On the other hand, convergent
synthesis strategies are generally limited to
the construction of only lower generation
dendrimers due to the nanoscale steric
issues that are encountered when attaching
the dendrons to the molecular level core **,
The convergent methodology also suffers
from low vyields in the synthesis of large

structures.

Properties of Dendrimers

Polyvalency: Polyvalency of dendrimers
provides many interactions as they
coordinate to materials. 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 VivaGelTM, prevents infection by
HIV and other sexually transmitted
diseases  during intercourse, takes
advantage of dendrimer’s polyvalent
properties.  Depending  upon  which
functional groups are attached to the tips
of a dendrimer’s branches, these
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nanostructures can behave like molecular
Velcro. Simultaneously, these functional
groups can participate in multiple
interactions with receptors on biological
structures like cell membranes and viruses
 In the report by Shaunak et al., the
polyvalency of a dendrimer glucosamine
conjugates is also thought to be
responsible for the ability of these
molecule to efficiently inhibit scar-tissue
formation. In preliminary animal studies,
the bifunctional dendrimer increased the
long-term success rate of glaucoma
surgery from 30% to 80% *°.
Monodispersity: Dendrimers are the class
of dendritic polymers that can be
constructed with a well-defined molecular
structure, i.e. being monodisperse, unlike
to linear polymers. The monodispersity of
dendrimers has been extensively verified
by high
chromatography (HPLC), size exclusion

performance liquid

chromatography (SEC), mass spectrometry
(MS), gel electrophoresis and transmission
electron microscopy (TEM) . As
mentioned above, convergent growth
process permits the purification process at
each step of the synthesis which gives the
monodisperse molecules as determined by
mass spectrometry. That is the reason,
Tomalia said that convergently produced
dendrimers are probably the most precise

synthetic macromolecules that exist today
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8 However, mass spectroscopy has shown
that dendrimers produced by divergent
method are remarkably monodisperse for
0-5) .
Monodispersity offers researchers the

earlier  generation (G=

possibility to work with a tool for well-
defined scalable sizes. This property is
useful for applications such as the
synthesis of container molecules, use as
templates or in electronic applications. The
two factors affects the degree of
monodispersity includes, (i) dendrimer
bridging and (ii) incomplete removal of
ethylenediamine at each of the generation
sequences. This latter factor at any point in
dendrimer growth will function as an
initiator core to produce 0.5 generation and
subsequent generation dendrimers that
leads to polydispersity. Ethylenediamine
can be effectively removed from the lower
generation dendrimers by simple vacuum
distillation at lower temperature and from
higher generation dendrimers (i.e. G> 4)
by special techniques like azeotropic (n-
butanol) and wiped film distillation *°.

Nanoscale size and shape: Based on their
dimensional length scaling, narrow size
distribution, and  other  biomimetic
properties, dendrimers are often referred
an “artificial proteins” °. Within the
PAMAM dendrimer family, the diameter
of  the  generation 1-10  with

ethylenediamine core increases from 1.1 to
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12.4nm. The shape persistence of
dendrimers is very important, as it allows
the defined placement of functions not
only on the dendrimer surface but also
inside the dendritic scaffold. The PAMAM
dendrimers of lower generation (G0-G3)
with ethylenediamine core have ellipsoidal
shapes, whereas the PAMAM dendrimer
of higher generation (G4-G10) have
roughly spherical shapes ?°. X-ray analysis
on dendrimer aggregates have been
revealed that the molecular shape of the
lower to higher generations becomes
increasingly globular (i.e. more spherical
compare to linear shaped), in order to
spread out the larger molecular structure
with a minimal repulsion between the
segments #*. These fundamental properties
have in fact lead to their commercial use
for gene therapy, immunodiagnostics and
variety of other biological applications %.
Physicochemical properties of
dendrimers: Already in the history of the
dendrimers it was suggested that nano-
sized structure of higher generation
dendrimers would serve as synthetic
mimics of proteins. The hyper branched
structure of the dendrimer is less compact
than a protein, i.e. interior is not packed as
efficiently as in typical proteins, and
structure of the dendrimer provides a
highly multivalent surface, exposing a

much higher number of functional groups
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on the surface compared to proteins of

2 The use of

similar molecular size
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. Amino terminated PPl and
PAMAM dendrimers (that is the
dendrimers having basic surface groups as
well as a basic interior) at the low pH
region shows the extended conformation
due to electrostatic repulsion between the
positively charged ammonium groups. At
neutral pH back folding occurs which may
be due to the hydrogen bonding between
the unchanged tertiary amines in the
interior and the positively charged surface
amines. At pH >10 conformation has a
higher degree of back folding so
dendrimer acquires a more spherical
(globular) structure, that all because of the
weak “inter-dendron” repulsive forces. In
comparison  with  carboxylic  acid
terminated PPl dendrimers, small angle
neutron scattering (SANS) and NMR
measurements shows that at pH 2 the
dendrimer core has the most extended
conformation due to the electrostatic

repulsion between the positively charged
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protonated tertiary amines. At pH 6 slight
back folding occurs as a result of attractive
Coulomb interactions  between the
negatively charged surface carboxy-groups
and the positively charged tertiary amines
in the inner shells of the dendrimer. While
at pH 11 the electrostatic repulsion
between the negative charged forces the
surface groups apart from which gives
amore extended conformation with a
highly expanded surface area 2*. Polarity
of the solvent greatly influences the
structure of the dendrimer. NMR studies
performed on PPI dendrimer revealed that
an apolar solvent such as benzene will
favour polar intramolecular interactions
(e.g. hydrogen bonding) resulting in back-
folding of the dendrimer arms into the
dendrimer interior, whereas the increased
acidity of chloroform, will increase
salvation of the dendrimeric structure via
hydrogen bond donation to the interior
tertiary amines resulting in a more
extended conformation of the dendrimer
2 At high ionic strength (high
concentration of salts) charged PPI
dendrimers ~ favours a  contracted
conformation of dendrimers with a high
degree of back-folding. In contrast at low
salt concentration, the repulsive forces
between the charged dendrimer segments

result in an extended conformation .
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Biocompatibility of dendrimers: In order
to utilize dendrimers as biological agents,
they have to fulfill certain biological
demands. The dendrimer should be:

* Non-toxic;

» Non-immunogenic (except for vaccines);
» Able to cross biobarriers (biopermeable)
such as, the intestines, the blood-tissue
barriers, cell membranes, etc;

» Able to stay in circulation for the time
needed to have a clinical effect;

* Able to target to specific structures.

Till today, the cytotoxicity of dendrimers
has been primarily studied in vitro;
however, a few in vivo studies have been
reported. Duncan and co-workers have
investigated the relationship between
structure  and  biocompatibility  of
PAMAM, poly (propyleneimine), poly
(ethylene oxide) grafted carbosilane
dendrimers  with  cationic  (NH2-
terminated) and anionic
(COONaterminated) dendrimers in vitro.
They have reported that, regardless of
structure, cationic  dendrimers  were
generally more haemolytic and cytotoxic
effect at even relatively low concentration
in comparison to anionic dendrimers. They
have also reported increase in the
haemolysis with increase in the generation
%6 One more study reported that anionic
PAMAM dendrimers have shown a

significantly lower cytotoxicity than
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cationic dendrimer using Caco-2 cells ',
Hydroxy- or methoxy-terminated polyester
dendrimers have been reported to have low
toxicity in both in vitro and in vivo studies.
During in vitro study, at high
concentration, these dendrimers have
induced some inhibition of cell growth but
no increase in cell death was observed.
Upon injection into mice, no acute or long-
term toxicity problems observed. The
results make these new dendritic motifs
promising candidates for drug-delivery
devices ?®. Immunogenicity is one of the
crucial  biological property of the
dendrimers.  Studies  performed on
unmodified amino-terminated PAMAM
dendrimers showing no or only weak
immunogenicity of the G3—-G7 dendrimers.
However, later studies showed some
immunogenicity of these dendrimers and
found that modification of amino-
terminated PAMAM dendrimers with
polyethylene glycol (PEG) chains reduces
immunogenicity and gives longer lifetime
in the blood stream in comparison to

unmodified dendrimers °.

Types of Dendrimers

PAMAM dendrimer: Perhaps the family
of dendrimers most investigated for drug
delivery is  the
(PAMAM) dendrimer (Fig. 4). Many

surface modified PAMAM dendrimers are

polyamidoamine
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non-immunogenic,  water-soluble  and
pOSsess terminal-modifiable amine
functional groups for binding various
targeting or guest molecules. PAMAM
dendrimers generally display
concentration-dependent  toxicity  and
haemolysis. PAMAM dendrimers are
hydrolytically degradable only under harsh
conditions because of their amide
backbones, and hydrolysis proceeds slowly
at physiological temperatures ** The
internal cavities of PAMAM dendrimers
can host metals or guest molecules
because of the unique functional
architecture, which contains tertiary
amines and amide linkages. PAMAM
dendrimers are generally prepared by
divergent method and product up to
generation 10 (G10) have been obtained.
PAMAM dendrimers are the most
extensively reported moiety for almost all

existing applications of dendrimers.

[Figure-4 PAMAM generation 3 dendrimer]
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PAMAMOS
layered poly (amidoamine-organosilicon)
dendrimers (PAMAMOS) are inverted

unimolecular micelles that consist of

dendrimers:  Radially

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 **.

Glycodendrimers: The term
‘glycodendrimers’ is used to describe
dendrimers that incorporate carbohydrates
into  their  structures  (Fig. 5).
Glycodendrimers can be classified as: (i)
carbohydrate-coated; (ii) carbohydrate
centered; and (iii) fully carbohydrate-
based. Glycodendrimers have been used
for a variety of biologically relevant
applications such as, glycodendrimers with
surface carbohydrate units have been used
to study the protein—carbohydrate
interactions that are in many intercellular
recognition events. The accessibility of the
sugars is an important consideration for
glycodendrimers used effectively to
evaluate protein—carbohydrate interactions.
Like this, study of protein—carbohydrate
interactions, incorporation into analytical
devices, formulation of gels, targeting of

MRI contrast agents, drugs and gene
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delivery systems are some of the areas
where glycodendrimers are likely to be
beneficial %%,

Peptide dendrimers: Dendrimers having
peptides on the surface of the traditional
dendrimer frame work and dendrimers
incorporating amino acids as branching or
core units are both defined as ‘peptide
dendrimers’ 2. Also peptide dendrimers

can be defined as macromolecules that

% {(’[OH
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NH OH
o FA0, 0 \ :NF 0 oo OH
é? N0 /‘{\XDH
HO 0 o M 0"y
HOjp 0=/ O 0 OH OH
HO 0 0: hOH
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[Figure-5 Carbohydrate containing
glycodendrimers]
contain peptide bonds in their structure.
Because of biological and therapeutical
relevance of peptide molecules, peptide
dendrimers play an important role in
diverse areas including cancer,
antimicrobials, antiviral, central nervous
system, analgesia, asthma, allergy and
Ca+2 metabolism. On the basis of their

ability to be taken up by cells, making

International Journal Of Pharmamedix India
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peptides very useful for drug delivery. One
more interesting application of peptide
dendrimers is that can be used as contrast
agents for magnetic resonance imaging
(MRI), magnetic resonance angiography
(MRA),
serodiagnosis

fluorogenic
34,35

imaging  and

Hybrid dendrimers: Hybrid dendrimers
are combination of dendritic and linear
polymers in hybrid block or graft
copolymer forms. The small dendrimer
segment coupled to multiple reactive chain
ends provides an opportunity to use them
as surface active agents, compatibilizers or
adhesives, e.g. hybrid dendritic linear

polymers '

Applications of Dendrimers

Dendrimers in gene delivery: The ability
to deliver pieces of DNA to the required
parts of a cell includes many challenges.
Current research is being performed to
find ways to use dendrimers to traffic
genes into cells without damaging or
deactivating the DNA. To maintain the
activity of DNA during dehydration, the
dendrimer/DNA
encapsulated in a water soluble polymer,

complexes were

and then deposited on or sandwiched in
functional polymer films with a fast
degradation rate to mediate
gene transfection. Based on this method,

PAMAM dendrimer/DNA complexes were

Available online on www.pharmamedix.in/Current-Issues.php

Page 154



used to encapsulate functional
biodegradable polymer films for substrate
mediated gene delivery. Research has
shown that the fast degrading functional
polymer has great potential for localized
transfection 3" %,

Dendrimers as Sensors: Scientists have
also studied dendrimers for use
in sensor technologies. Studied systems
include proton or pH sensors using
poly(propylene

sulfide/polypropylenimine  tetrahexacon-

imine),*® cadmium-

taamine  dendrimer  composites  to
detect fluorescence signal quenching,*® an
d poly(propylenamine) first and second
generation dendrimers for
metal cation photodetection®! amongst
others. Research in this field is vast and
ongoing due to the potential for multiple
detection and binding sites in dendritic
structures.

Dendrimers as Blood Substitution:
Dendrimers are also being investigated for
use as blood substitutes. Their steric bulk
surrounding  a heme-mimetic  centre
significantly slows degradation compared
to free heme** *, and prevents the
cytotoxicity exhibited by free heme.
Dendrimers for the synthesis of
Nanoparticles: Dendrimers also are used
in the synthesis of monodisperse metallic
nanoparticles. Poly (amidoamide), or

PAMAM, dendrimers are utilized for their
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tertiary amine groups at the branching
points within the dendrimer. Metal ions are
introduced to an aqueous dendrimer
solution and the metal ions form a
complex with the lone pair of electrons
present at the tertiary amines. After
complexion, the ions are reduced to their
zero valent states to form a nanoparticle
that is encapsulated within the dendrimer.
These nanoparticles range in width from
1.5 to 10 nanometers and are aptly
called Dendrimer-Encapsulated
Nanoparticles.**
Dendrimers for controlled release drug
delivery: Fréchet and co-workers have
prepared polyaryl ether dendrimers
containing dual functionality on the
surface. One is used to attach polyethylene
glycol (PEG) units on the surface to
improve water solubility and the other one
is utilized to attach hydrophobic drug
molecules. They have also synthesized a
series of dendritic unimolecular micelles
with a hydrophobic polyether core
surrounded by a hydrophilic PEG shell for
drug encapsulation. A third-generation
micelle with indomethacin entrapped as
model drug gives slow and sustained in
vitro release, as compared to cellulose
membrane control > *® 4’ PEG-2000 was
conjugated to generation G3 PAMAM
dendrimers with varying degree of

substitution. Methotrexate drug was
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encapsulated (loaded) to the prepared
conjugates and investigated for drug
release in a dialysis bag. The results found
that PEG dendrimers conjugated with
encapsulated drug and sustained release of
methotrexate as compare to
unencapsulated drug. Controlled release of
the Flurbiprofen could be achieved by
formation of complex with amine
terminated generation 4 (G4) PAMAM
dendrimers. Prepared dendrimer
complexes observed that loaded drug
displayed initial rapid release (more that
40% till 3rd hour) followed by slow
release. Pharmacodynamic study was
performed using carrageenan induced paw
edema model, revealed 75% inhibition at
4™ hour that was maintained above 50%
till 8th hour. The dendritic formulation
showed 2-fold and 3-fold increased in
mean residence time and terminal half-life,
respectively, as compared to free drugs .
Dendrimers  for  Targeted Drug
Delivery:  Dendrimers  have ideal
properties which are useful in targeted
drug-delivery  system. The targeted
delivery of chemotherapeutics to tumor
cells reduced side effects compared to
systemic delivery. Macromolecular
delivery of anti-cancer drugs using
multifunctional dendritic  architectures
allows for the conjugation of both drugs

and targeting moieties such as folic acid,
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monoclonal antibodies, and peptides to the
dendrimer periphery for increasingly
specific delivery. The two general
strategies of targeting include the passive
targeting of bulk cancerous tissue and the
active targeting of unique tumor cells.
Non-specific or passive targeting of
tumors is achieved by increasing the
hydrodynamic radius of the dendrimer
though Pegylation, leading to the
accumulation of dendrimer in tumor tissue
via the enhanced permeability retention
(EPR) effect. The EPR effect is a result of
tumor induced angiogenesis leading to
neovasculature that is irregular, leaky or
defective with disorganized endothelial
cells; tumor tissues also suffer from poor
lymphatic drainage, all leading to the
accumulation and retention of
macromolecules in the tumor mass
Specific or active targeting relies on the
conjugation of one or more targeting
moieties to the dendrimer to facilitate cell-
receptor-mediated interactions “°.
Dendrimers for Pulmonary Delivery:
Pegylated dendrimeric micelles prolong
the half-life of low molecular weight
heparin  (LMWH),

increase the drug’s pulmonary absorption,

Enoxaparin  and

thereby efficacious in preventing deep vein
thrombosis (DVT) in a rodent model.
Shuhua Bai have prepared dendrimers of
LMWH entrapped in PEG these produced
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a significant increase in pulmonary
absorption and the relative bioavailability
of the formulation was 60.6% compared to
subcutaneous LMWH. The half-life of the
PEG-dendrimer-based formulation was
11.9 h, which is 2.4-fold greater than the
half-life of LMWH in a saline control
formulation. When the formulation was
administered at 48-h intervals, the efficacy
of LMWH encapsulated in pegylated
dendrimers in reducing thrombus weight in
a rodent model was very similar to that of
subcutaneous LMWH administered at 24-h
intervals *°.

Dendrimers in ocular drug delivery: The
topical application of active drugs to the
eye is the most prescribed route of
administration for the treatment of various
ocular disorders. It is generally agreed that
the intraocular bioavailability of topically
applied drugs is extremely poor. These
results mainly due to drainage of the
excess fluid via nasolacrimal duct and
elimination of the solution by tear
turnover. Several research advances have
been made in ocular drug-delivery systems
by using specialized delivery systems such
as polymers, liposomes, or dendrimers to
overcome some of these disadvantages.
Ideal ocular drug-delivery systems should
be  nonirritating,  sterile,  isotonic,
biocompatible, does not run out from the

51

eye and biodegradable Dendrimers

International Journal Of Pharmamedix India
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provide unique solutions to complex
delivery problems for ocular drug delivery.
Recent research efforts for improving
residence time of pilocarpine in the eye
was increased by using PAMAM
dendrimers with carboxylic or hydroxyl
surface groups. These surface-modified
dendrimers were predicted to enhance
pilocarpine bioavailability 2.
Dendrimers as imaging agents: The first
in vivo diagnostic imaging applications
using dendrimer-based MRI contrast
agents were demonstrated in the early
1990s by Lauterbur and colleagues >. In
comparison  with  the commercially
available small-molecule agent
(Magnevist, Schering, AG), the dendrimer-
based reagents exhibited blood pool
properties and extraordinary relaxivity
values when chelated gadolinium groups
(Magnevist®). These generation
dependent, dramatic enhancements of MRI
contrast properties were some of the first
examples of a ‘dendritic effect” °*.
Gadolinium is an FDA-approved contrast
agent for MRI which provides greater
contrast between normal tissue and
abnormal tissue in the brain and body. It is
safer than the iodine type contrast used in
CT scans and also non-radioactive and is
rapidly cleared by kidneys *’. Different
generation G1 [n = 4 Gd (Ill) ions per
molecule], G3 (n = 16), G5 (n = 64) of Gd
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(1) DTPA-terminated poly (propylene
imine) dendrimers and Gd (Il1) DTPA
complex [GO (n = 10)] reference were
synthesized and  investigated  for
relaxivities and concentration detection
limits. Investigator revealed dendrimers
G1, G3 and G5 have been shown an
increase in both T1 and T2 relaxivities
with  increasing  molecular  weight.
Relaxivity values, measured in blood
plasma are in good agreement with earlier
measurements in citrate buffers, it shows
these dendritic contrast agents have very
less interactions with blood plasma
proteins. The largest MRI contrast agent
G5 with 64 Gd (IIl) ions gives lowest
concentration detection limit would make
G5 potentially the best dendritic MRI
contrast agent .

Conclusion:

Dendrimers is a novel approach in the
pharmaceutical and biomedical industry.
Dendrimers provide lots of benefits in
many applications. Dendrimers still have
toxicity problems but it can also be
resolved by modification of their structure.
Use of dendrimers in medical field is
rising and future work is necessary to find

out its cost effective production.
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