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ABSTRACT

Dendrimers also called arborols or cascade molecules are highly ordered, branched
structures, known to possess well-defined shape, size, homogeneity, symmetry, and an
extensive number of end groups and functional groups. These end groups can help in
conjugating drug moieties and navigate them through the bio membranes and contribute to
appreciate targeted drug delivery than existing systems in most of the cases. Dendrimer
molecules or hyperbranched polymers are characterized by a core, branches-conclusive of the
generation of moiety and end functional groups. This review was aimed at discussing unique
properties of dendrimers possessed due to their architecture and structure, types of
dendrimers, and their applications in few areas of drug delivery. Donald A Tomalia and few

other prominent researchers have great contributions to this field of cascade molecules.
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Starting from poly (amidoamine) (PAMAM), Poly (propylene Imine) PPI, frechet type

dendrimers to micellar dendrimers, various variations of these molecules have helped the

science of drug delivery as in enhancing solubility, bioavailability, achieving controlled

release and sustained release, achieving the targeted release of the drug, being biocompatible,

along with many unsaid effects. This review encompasses various drugs, their treatment with

dendrimers, and the consequential effects produced.
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INTRODUCTION

Dendrimers, also informally called cascade
molecules or arborols are highly ordered
around the core and extensively branched
tree-like nanostructures with outspread
symmetry (as in starfish) [1]. They are
known to possess well-defined shape, size,
homogeneity, and monodispersity.
Dendrimers originate from a category
known as polymer nanoparticles [2]. The
structure of a dendrimer is entirely different
from that of a linear/classical polymer.
Dendrimers may also be known with terms
like arborols, arborescent molecules, or
generally hyperbranched polymers. They
consist of a globular core with
hyperbranches [3]. Polyionic dendrimers
may not retain determined shape and may
undertake variations in size, shape, and
flexibility as generations build on the core
[4-6]. A typical dendrimer can be
articulated [7] in terms of a

1. Central core- a focal center of the

entire molecule

2. Branches from the core radially grow
and decide the generation of
dendrimers.

3. Terminal moieties or end groups
existing on the surface of branches can
be functionalized and determine the
properties of dendrimer molecules.

Common terms necessary to understand

the science of dendrimers:

Hyperbranched polymers are the molecules

synthesized by random polymerization of

monomers [8-11] Dendrigrafts are a class
of dendritic structures that possess well
defined molecular structure [12]. However,
dendrigrafts are built around a core which
is a linear polymeric chain, unlike
dendrimers which are built around a central
core. Dendrons is a term used to represent
part of dendrimers without a core [13]. 2 or
more dendrons can be used to synthesize
dendrimers by convergent synthetic
methods [14]. Fréchet type dendrons, still
commercially popular were synthesized

convergently in 1990 by  Craig
Hawker and Jean Fréchet [15].
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The frequently used term in dendrimer
chemistry is the generation of a dendrimer.
A generation number represents the number
of branch points when assessing a molecule
from the core to the surface. The higher the
generation, the larger, extensively branched
and more end chemical moieties are present
on the surface of dendrimers [16]. Also, In
the case of PAMAM dendrimers where the
synthesis consists of two steps, then half-
generation dendrimers are also recognized
[17]. The central core is represented as
Generation zero (Gp), From the core,
through a variety of chemical reactions,
branches grow and every branch thereafter
will be labeled as G, G, G3, and so on. G2-
PPI stands for Generation 2- polypropylene
imine dendrimer, also commonly known as

Dab dendrimers [18].

HN

oy g

NH, "\/\,Nj\‘
I\LN/\/\NJ), NH,
H\N’\/‘Nu,
HN

Figure 1: Generation 2-PPI dendrimer
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A shell of a dendrimer is the spatial
segment, space between the last branching
point and the surface. Inward shells are
generally referred to as the interior of
dendrimer [19]. After 3-4 generations,
dendrimers attain a circular shape creating

an internal cavity of void space to include

various drug molecules used for various
applications.

Dendrimers and their properties:
Dendrimers and their extensive properties
are not something very new to us, since
resemblances can be found in tree roots or
hyperbranched trees to gain maximum
sunlight for photosynthesis to take place, or
to gain maximum nutrients from the soil.
Similarly, cells of lungs-bronchi/alveoli
and central nervous system have the form
of dendritic structures for the benefit of
maximum surface area for transfer of
oxygen into the blood and large
assimilation and exchange of information
respectively. By this dendritic pattern,
augmentation of the functions of molecules
can be greatly achieved. Properties of
dendrimers can be categorized for our
understanding into:

Pre formulation improvements: Stability,
Solubility, storage [20-21]
Formulation phase improvements:
Dissolution, drug release, stability in
intestinal and gastric fluids, targeted drug
delivery, minimization of side effects,
permeation improvement in transdermal
drug delivery of many drugs.

Below mentioned are a few of the
exceptional properties owned by cascade
molecules:

High solubility and miscibility:
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This property of dendrimers can be majorly
attributed to the presence of a ubiquitous
number of end functional groups which
result in high solubility, miscibility, and
reactivity. For example- A Fréchet type
dendrimer consists of carboxylic end
groups on the surface increases surface
functionality and also aids in the solubility
of hydrophobic entities [22]. Also,
Dendrimer’s solubility is greatly dependent
on the type of surface functional groups. It
is observed that the presence of many
terminal groups is responsible for the high
solubility and reactivity of dendrimers,
possessing both hydrophilic and
hydrophobic groups. Ionic interactions,
hydrogen bonding, hydrophobic
interactions are a few of the interactions
responsible for enhanced solubilization of
poorly soluble drugs. pH conditions and the
amount of dendrimer used in solubilization
have a great say in efficiency. Once
dendrimer entraps/solubilizes a
hydrophobic molecule, this dendrimer-drug
complex can also be used to enhance drug
dissolution, stability, and bioavailability
Electrostatic Interactions:

When the terminal groups on the surface of
a dendrimer are charged, the surface
behaves as a polyelectrolyte

(polyelectrolytes are polymers whose
repeating units bear an electrolyte group)

and thereby attract oppositely charged

molecules [23]. To quote a few, these types
of interactions may be seen as electrostatic
molecular recognition procedures seen
between polyelectrolyte dendrimers and
charged species such as methylene blue,
binding of electron paramagnetic resonance
(EPR) probes, copper complexes, and nitric
oxide cation radicals [24-25]. Complexation
with nucleic acids forms dendriplexes.
Dendriplexes are compact complexes
formed by the interaction of dendrimers
with deoxyribonucleic acid (DNA).

Poly valency:

A polyvalent substance qualifies to bind
with different target receptors in the body
and facilitate several exchanges with
physiological receptors, viruses, proteins,
biological cell membranes by virtue of
multiple active functional groups present
on the surface of dendritic molecules. The
poly wvalency also enables multiple
modifications on the surface groups of
dendrimers by which different ligands can
make likely bonds comparable to target
agent-dendrimer as in cancer delivery,
drug-dendrimer, imaging agents-dendrimer,
antibody-dendrimer.

Pharmacokinetic properties:

One cannot comment on the in-vivo fate of
the dendrimer carrier, though the carrier
would

molecule’s pharmacokinetics

dominate the pharmacodynamic and
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toxicologic effects of the entire drug
delivery system.

Developments in the field of nanoscience
have always been lacking accurate and
precise predictability of pharmacokinetic
parameters of nano-drug delivery systems
and nanodevices once they enter the human
body. One of the supremacies of nano-drug
delivery systems is that they provide
targeted drug delivery via the enhanced
permeation and retention effect (more
commonly known as the EPR effect).
Pharmacokinetic

parameters of these

nanosystems can be determined by
extensive testing in animals which is not
only tedious but time-consuming. The
pharmacokinetic behavior of dendrimers is
influenced by properties of dendrimers
such as composition, size, surface
functionality, structural flexibility, and
generation of a dendrimer. An easy-to-use
web service and database can be found at
the endpoint-

http://biosig.unimelb.edu.au/dendpoint.

which can be made use for information on
most of the drug-dendrimer
pharmacokinetic behavior.
Monodispersity:

Dendrimers are special polymers with a
well-defined

uniform  structure and

molecular ~ weight resulting in a
monodisperse drug delivery system [26].

The mono-dispersity of dendrimers can be

confirmed by High-performance liquid
chromatography (HPLC), Size-exclusion
chromatography (SEC), Mass

Spectroscopy,  Transmission  electron
microscopy (TEM), gel electrophoresis.
There are mainly two factors that affect the
degree of monodispersity

I.  Dendrimer bridging

II.  Incomplete removal of

ethylenediamine at each generation
sequences

The applications of dendrimers as a carrier
or excipient depend on how effectively it is
delivering the drug to the target site, it is
based on  how  effectively  the
pharmacokinetic properties of dendrimers
are achieved [27]. Selection of a dendrimer
should be done keeping in mind the dose at
which maximum therapeutic effect and
minimum toxicity is produced.
Unimolecular micelles:
Due to the presence of hydrophilic surface
groups and hydrophobic internal cavities,
the properties of unimolecular micelles can
be credited to dendrimers. This property
enables cascade molecules to be used as
nanocarriers to increase solubility and as
well oral bioavailability of poorly soluble
entities  [28]. Unimolecular micelles
accumulate intracellularly, making cascade
molecules suitable vehicles of drugs and
can act as trouble-shooter for the problem

of drug resistance developed in many cases,
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for instance- Multidrug-resistant scientist Fréchet et al. Self-assembly
tuberculosis. property is used in various bioinspired

Chemical and physical stability:
Hyperbranched polymers have a unique
architecture that gives them excellent
stability against chemical and physical
stimuli, which will give stable complexes
of drugs with dendrimer [29].
Self-assembly:

Self-assembly into vesicles and micelles is
yet again an outstanding property of

arborols. Self-assembly is best explained by

Janus dendrimers which were prepared by

applications like controlled drug release
property by external triggers.

Covalent conjugation strategies:

The coupling of small molecules to
polymeric scaffolds by covalent linkages
will improve pharmacological properties
[30].

functions as pro-drug when internalized

Conjugated dendritic  assembly
conjugate will be liberated to be an active
drug.

TYPES OF DENDRIMERS: (Table 1)

Table 1: Types of dendrimers

Type of dendrimer Description Synthesis method References
PAMAM- Poly(amidoamine) Core: Alkyl Diamine First synthesized by a [31]
Branches: Tertiary divergent method in 1985
Amines
PPI- poly (propylene imine) Core: 1,4 First synthesized in 1993. [32]
Diaminobutane, tertiary Divergent approach.
tris-propylene amines, Iterative Michael addition
primary and secondary of acrylonitrile (ACN) to
amines can be used as an amine capped with
core ethylenediamine (EDA)
Branches: alkyl chains
(hydrophobicity)
PEPE — polyether-copolyester Core: hydrophilic It uses a combination of
dendrimers biocompatible both divergent and
compounds like aspartic convergent approach
acid, butane
tetracarboxylic acid
Branches: derived from
PEG, Gallic acid, PEG
monomethacrylate.
PEGylated dendrimers Core: multifunctional The one-step reaction of [1], [65]
core, aliphatic ester generation 3,4,5 of DAB
Branching units: dendrimers with amine-
polyethylene glycol reactive methoxy PEG
chains, polyethylene succinimidyl
oxide carboxymethyl esters
Peptide dendrimers Core: Peptidyl core Divergent or convergent
approach, solid-phase
combinatorial methods
Radially layered poly Core: hydrophilic Michael addition of
(amidoamine-organosilicon) polyamidoamine organosilicon acrylates or
PAMAMOS Branches: hydrophobic methacrylates to an
organosilicon amine-terminated
PAMAM dendrimer
509
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precursors or their
haloalkylsilanes

Chiral Dendrimers

Core: pentaerythritol
Branches: Frechets
aromatic-ether dendritic
wedges of different
generations

Convergent methods

Tecto dendrimers

Core: Ethylene diamine
core PAMAM G5

Divergent methods

Frechet type dendrimers

Core: poly-benzyl ether,
conjugated fluro-
glucinol
Branching units: 3,5-
diallyloxybenzyl alcohol
Surface units:
carboxylic acid

Convergent approach,
divergent approach

Amphiphilic dendrimers

Core: hydrophilic
aliphatic polyether type
interior core

Convergent approach and
Williamson etherification,
hydroboration/oxidation

Branching units: steps.
Hydrophobic docosyl Also, by divergent
peripheries approach
Micellar dendrimers Divergent/convergent
approach
Astodrimer Core: benzhydryl amine Divergent/ convergent
amide of L-lysine
Branches: naphthalene
disulfonic acid surface
groups
APPLICATIONS DRUG bioconjugates can be explored for
DELIVERY: encapsulation of hydrophobic compounds

A great amount of transformation is
expected in every field of science and
technology in the upgrading of current
materials in usage. Dendrimers in polymer
science can be put into finest usage in
refining the properties of substances that
they combine with. Be it an antineoplastic
active or a high-performance material,
dendrimers revolutionize the way they act
and the way they behave. A great amount
of interest has been invested in delivering
natural

components using polymeric

carriers. Dendrimers, which can form

and delivery of antineoplastic agents.
Dendrimers can be diversely made use as
drug delivery devices due to the wide range
of chemical modifications that can simulate
in-vivo molecules, can also be made to
target specific sites.
Conjugation of dendrimers with drug
molecules can be achieved by [33]:

1. Covalent bond to the external
surface of the dendrimer forming a
pro-drug- this happens in the

branching points of dendrimers.

IJBPAS, September, Special Issue, 2021, 10(9)

510



Sravya Maddukuri et al

Review Article

2. lonic bond to charged species- this
happens in the outer surface groups
of dendrimers.

3. Encapsulation of drug by grouping
or bonding smaller molecules or by
spontaneous self-assemblage- This
happens in the void spaces of
dendrimers. Molecular self-

assembly is common in chemistry,

materials science, and biology and

has been in existence even
before self-assembly emerged as a
discrete field of study and as a
synthetic strategy.

In the case of a dendrimer,

Drug attachment to the dendrimer may be

accomplished by (1) a covalent attachment

or conjugation to the external surface of the
dendrimer forming a dendrimer prodrug,

(2) ionic coordination to charged outer

functional groups, or (3) micelle-like

encapsulation of a drug via a dendrimer-
drug supramolecular assembly. In the case

of a dendrimer prodrug structure, linking a

drug to a dendrimer may be direct or linker-

mediated depending on desired release
kinetics. Such a linker may be pH-sensitive,
enzyme-catalyzed, or a disulfide bridge.

The wide range of terminal functional

groups available for dendrimers allows for

many different types of linker chemistries,
providing yet another tunable component

on the system. Key parameters to consider

for linker chemistry are (1) release
mechanism upon arrival to the target site,
whether that be within the cell or in a
certain organ system, (2) drug-dendrimer
spacing to prevent lipophilic drugs from
folding into the dendrimer, and (3) linker
degradability and post-release  trace
modifications on drugs.

APPLICATIONS IN
ENHANCEMENT:

SOLUBILITY

Dendrimers are novel polymeric materials
that find applications in diverse fields due
to their exclusive structure and properties
[34]. Dendrimers can be either hydrophilic,
hydrophobic, or amphiphilic, they may also
have hydrophilic interiors and hydrophilic
exteriors which are extensively crafted for
the accomplishment of unimolecular
structure. Dendrimers aid in solubility
enhancement, when the hydrophobic
molecules get entrapped in hydrophobic
cavities of dendrimers where they get
solubilized. PAMAM dendrimers have
extensive applications in enhancing the

active

(API).

solubility of poorly soluble

pharmaceutical ingredients
Dendrimers, due to their unimolecular
structure there is no account of any CMC or
Critical Micellar concentration, so poorly
soluble drugs are encapsulated within

dendrimers, dendrimers-based carriers also

enhance the oral bioavailability.
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When an anti-cancer drug, cisplatin [35],
and anti-inflammatory drug, Indomethacin
are encapsulated within the dendrimers, it
was found that the bioavailability was
increased as solubility improved, thereby,
permeation

through  the  biological

membranes is also enhanced, drugs
encapsulated within dendrimers have 37-
fold improvement in their solubility than
drugs without dendrimers.
Given below are crucial parameters which
decide the solubility of dendrimers:

e Generation number

e Nature of repeating units

e Core
On exposure of the drug to the carrier
system, the drug may or may not
encapsulate into dendrimer depends on
medium properties, if drug molecules are
poorly soluble in an aqueous environment
and if the dendrimer is more hydrophobic
then it will tend to encapsulate [8-9]. Non-
steroidal anti-inflammatory drugs like
diclofenac,

diflunisal, indomethacin,

ibuprofen, dexamethasone, and
methylprednisolone have been solubilized
with  dendrimer to  improve  its
physicochemical properties and mitigate
toxicity. Biocompatible dendrimers of
G1.0, G2.0, and G3.0 were synthesized
using PEG 600 as the core and citric acid as
a branching unit. These dendritic triblock

have been successfully explored for the

solubilization of various non-steroidal anti-
inflammatory drugs (NSAIDs) such as 5-
amino salicylic acid (5-ASA), pyridine,
mefenamic acid, and diclofenac.
DENDRIMERS IN TRANSDERMAL
DELIVERY:

Most of the drugs delivered orally have
poor bioavailability and in other cases show
adverse effects on the GI tract (NSAIDs),
so alternative routes can be opted for like
transdermal drug delivery. Transdermal
drug delivery maintains therapeutic blood
levels for a longer period of time [36]. But
the major barrier for transdermal drug
delivery is skin does not permit all
substances to permeate through it if the
molecule has a major portion of hydrophilic
groups. Dendrimers come to our rescue in
such cases easing the permeation of drugs.
In most of the drugs loaded with
dendrimers, it not only helps in
solubilization of the drug but also provides
controlled release of the drug. Frequently
Anticancer, antimicrobial, antiviral,
antihypertensive drugs are formulated as
drugs loaded with dendrimers (Table 2).
DENDRIMERS IN OCULAR DRUG
DELIVERY:

Dendrimers provide proper answers to the
ocular administration of complex active
drugs. The ocular drug delivery system has

to be non-irritating, biocompatible, sterile,

biodegradable, and isotonic [29].
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The major limitation for ocular delivery is

residence time in the cornea. Pilocarpine

with carboxylic and hydroxyl

surface

groups, these surface-modified dendrimers

residence time is improved by using also augment the bioavailability of
PAMAM dendrimers which are conjugated pilocarpine [30].
Table 2: Drugs loaded with dendrimers for transdermal drug delivery
Drug Dendrimer Consequential Effect References
Flurbiprofen PAMAM Controlled site-specific [11]
delivery
Indomethacin G4-PAMAM Increased molecular diffusion [47]
through the skin
Cisplatin PAMAM Anticancer [17-18]
Antivirals Poly(L-lysine) modified with Herpes simplex virus, HIV, [20]
sulphonated naphthyl other STDs
Tamsulosin PAMAM Benign prostatic hyperplasia [48]
(BHP)
Table 3: Literature reports of few drugs-dendrimers conjugates in ocular delivery
Drug Dendrimer type Administration Treatment Consequential Effect References
Pilocarpine nitrate PAMAM G1.5-4 Topical ocular Myosis and Increased corneal [28]
and tropicamide Mydriasis residence and
prolonged reduction of
Intra Ocular Pressure
(I10P)
Carteolol Dendrimers with Topical ocular Glaucoma Increased corneal [32]
phosphorous group residence and reduced
toxicity and IOP
VEGF-ODN Lipophilic amino-acid Intravitreal injection CNYV- Choroidal Prolonged suppression [33]
Vascular Endothelial dendrimer neovascularization | of vascular endothelial
growth factor- growth factor (VEGF)
oligonucleotide and neovascularization
Gatifloxacin Dendrimeric Topical ocular Conjunctivitis and Enhanced corneal [34]
polyguanidilyated intraocular transport and more
translocators infections anti-microbial activity
Carboplatin PAMAM G3.5-COOH Subconjunctival Retinoblastoma Increases half-life, [35]
injection bioavailability,
reduced drug toxicity,
and tumor
Glucosamine and PAMAM G3.5-COOH Subconjunctival Antiangiogenic in Reduced inflammation [36]
glucosamine 6- injection glaucoma surgery and no scar is formed
phosphate
Concanavalin A Porphyrin Topical- Intraocular tumors Enhanced targeting 371
glycodendrimers Photodynamic and retinoblastoma and reduced toxicity
therapy
Puerarin PAMAM Topical ocular Ocular Increased [38]
hypertension and bioavailability
cataract
Fluocinolone PAMAM G4-OH Intravitreal injection Retinal Reduced inflammation [39]
acetonide neuroinflammation
Brimonidine and PAMAM hydrogel (G3) Topical ocular Glaucoma Increased uptake [40]
timolol maleate
Brimonidine and Hybrid PAMAM Topical ocular Glaucoma Increased uptake [41]
timolol dendrimer
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DENDRIMERS IN ORAL DELIVERY:
Dendrimers serve as carriers for drugs in
treating cancers for drugs administered
through the oral route. Dendrimers proffer
superior stability of drugs administered
orally by encapsulating them and shielding
them from gastric, intestinal enzyme
degradation [42]. The stability of these GO
PAMAM conjugates in 50% liver
homogenate was compared to that in 80%
human plasma, showing the lactate ester
linker gave prodrug of high stability in
plasma with slow hydrolysis in liver
homogenate; such conjugates may have
potential in controlled release systems
while using diethylene glycol as a linker
gives conjugate that showed high chemical
stability, but readily released drug in
plasma and liver homogenate. So, these
conjugations demonstrate potential as

nanocarriers for the enhancement of oral

bioavailability.
DENDRIMERS IN PULMONARY
DRUG DELIVERY:

Pulmonary applications of dendrimers
include pressurized metered-dose inhalers,
soft mist inhalers, nebulizers, and dry
powder inhalers [43]. Wangpradit O [49]
described that G2, G2.5, and G3 of
PAMAM dendrimers were assessed
for pulmonary absorption of enoxaparin, an

anticoagulant drug. Indirect estimation of

enoxaparin was done by assessing the

antifactory Xa activity and estimating the
level of deep vein thrombosis estimated
indirectly by determining the anti-factor Xa
activity and analyzing the deep vein
thrombosis prevention in a rodent. The
results of the same study exposed that
amine-terminated G2 and G3 PAMAM
dendrimers could enhance pulmonary
absorption of enoxaparin by 40%. Also, the
authors did not report any extensive
damage done to the Iungs. Negatively
charged dendrimers with carboxyl end
groups (G2.5) did not affect the
bioavailability of enoxaparin. The above
research article threw light on the usage of
cationic surface-charged dendrimers in the
pulmonary delivery of enoxaparin.
Kaminskas LM (Methotrexate-conjugated
PEGylated dendrimers show differential
patterns of deposition and activity in tumor-
burdened lymph nodes after intravenous
and subcutaneous administration in rats,
2015)proved that PEGylated polylysine
dendrimer, conjugated to doxorubicin,
enhances drug exposure to lung metastases
and improves cancer therapy, which means
that these dendrimers have potential as
inhalable chemotherapeutic nanomedicines
[44].

DENDRIMERS IN TARGETED DRUG
DELIVERY:

An attractive approach to treat few diseases

like HIV, tuberculosis, malaria, and cancer
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is to target the drugs to the specific site of
action, thereby, doses are required and side
effects can be considerably reduced [45].
Dendrimers can form antibody or drug
conjugates and can target them to specific
receptors. Two kinds of targeted drug
delivery- active targeting of drugs and
passive targeting of composites can be
exploited for efficacious delivery [46].
There is a need for targeted drug delivery to
minimize the drug distribution,
accumulation, and activity in healthy
human cells.

[46] Narmani A studied the anti-cancer
efficacy of oxaliplatin using a nanocarrier
system with enhanced targeting efficacy
towards folic acid receptor-expressing
colorectal cancer cells in vitro. This system
consisted of PAMAM dendrimers G4
imprinted with polyethylene glycol (PEG)
and folic acid. Polyethylene glycation of
polymeric nanoparticles is frequently
applied to increase stability, and thus the
half-life, as well as the non-immunogenic
and non-antigenic properties. The PEG-
PAMAM nano-complex containing
oxaliplatin was shown to have a superior
cellular uptake in the SW480 cell line.
DENDRIMERS AS DRUGS:
Additionally,  dendrimers  themselves
possess anti-inflammatory, anti-viral, and
anti-microbial properties. Modified Poly

dendrimers with  sulfonated

(lysine)

naphthyl groups were reported to be used
as antivirals mainly to counter the herpes
simplex virus (HSV), PAMAM dendrimers
when covalently altered with naphthyl
sulfonate residues on the surface showed
antiviral activity against Human Immuno
Virus. This is thought to be by preventing
virus capturing human healthy cells which
in turn prevents replication of virus using
reverse transcriptase and integrase enzymes
at the advanced stage. Dendrimers of
polypropylene imine type with tertiary
alkylammonium groups attached with the
surface have been found to have potent
antibacterial biocides against gram-positive
and gram-negative bacteria.

The polylysine dendrimers when attached
with mannosyl surface groups are effective
inhibitors for adhesion of E. coli to the
horse blood cells in hemagglutination
assay, acting as antibacterial too. Chitosan-
dendrimer is used as antibacterial agents
and also carriers in drug delivery systems.
CONCLUSION:
Dendrimers, being these multifaceted
hyperbranched structures can aid in the
augmentation of many pharmacokinetic and
pharmacodynamic parameters that
eventually results in the successful delivery
of drugs to the site of action. Dendrimers
possess many branches depending on the
generation of dendrimers and have various

functional groups attached to the exterior.
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This particular architectural trait of
dendrimer can be exploited and can be used
for the betterment of drug delivery systems.
Synthesis of dendrimers generally can be
either by convergent approach, divergent
approach, click chemistry, or by lego
chemistry. Exceptional challenges in
building a dendrimer are hindering the
usage of dendrimers and dendritic polymers
extensively in the field of pharmaceutical
drug delivery systems, though there are
about 27,000 scientific reports and a similar
number of patents on dendritic molecules.
If only, dendrimers could be synthesized
more easily in a simpler fashion or were
easily available, the use of dendrimers
would significantly assist the scientists of
formulation and development division to
use them extensively and benefit out of
their ~ numerous unique  properties.
Dendrimers themselves can act as drugs
possessing anti-inflammatory, anti-viral,
and anti-microbial properties. Dendrimers
can act as wonder branched molecules as in
targeted drug delivery, pulmonary drug
delivery, and various other routes and
modes of drug delivery. Further research
can be focussed on the synergistic activity
of dendrimers with few drugs.
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