www.ijcrt.org © 2021 IJCRT | Volume 9, Issue 4 April 2021 | ISSN: 2320-2882

IJCRT.ORG ISSN : 2320-2882

éb INTERNATIONAL JOURNAL OF CREATIVE

RESEARCH THOUGHTS (1JCRT)
o

An International Open Access, Peer-reviewed, Refereed Journal

VERSATILE APPLICATIONS OF DENDRIMERS
IN DRUG DELIVERY SYSTEMS

,S.Manoj Kumar.!,Pooja Kumari.?,G.Sowmya.?,N.Madhuri* P.N.Mallikarjun.>
PG student! PG student? PG student® Assistant Professor* Associate Professor®
Department of Pharmaceutics
Vignan Institute of Pharmaceutical Technology

Duvvada, Visakhapatnam

ABSTRACT:

Dendrimers are wonder molecules of chemistry possess unique characteristics which have improved the physical and
chemical characteristics. Due to the presence of terminal groups they show high solubility, reactivity and miscibility.
They possess well defined size, shape, molecular weight and monodispersity which make them a suitable carrier in drug
delivery and application. The solubility of poorly soluble drugs is enhanced by the unimolecular nature of dendrimers.
Dendrimers for drug delivery have been employed using two approaches (1)Forumlation (2)Nano-construct. Drugs are
usually entrapped physically in a dendrimer using non-covalent interactions,but in nano-construct drugs are coupled
covalently on dendrimers. The use of PAMAM (Poly amido amine) dendrimers have increased the transdermal
permeation and solubility, stability and oral bioavailability of various drugs. Dendrimers are engineered to attach
targeting ligands and imaging molecules to create a nanodevice. Dendrimers are referred as modern day polymers which
offer good properties than conventional polymers. They are employed for drug delivery, genetherapy, chemotherapy.
Dendrimer nanotechnology, due to its multifunctional ability has been emerged as the potential to create next generation
nano-devices. This review summarizes exclusively classification, synthesis, mechanism of dendrimers and focuses on
versatile applications of dendrimers in drug delivery.
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INTRODUCTION:

Dendrimers are derived from the “greek” word Dendros which means tree like structure and Meros means part.They consist of
inner core and peripheral shell which are designed as branching architectures with well-defined groups-2.The 3-dimensional structure
of dendrimers gives them unique properties such as nano-scaled,well defined functional groups at periphery, hydrophobic and
hydrophilic cavities in the interior and extremely low poly-dispersity. Dendrimers have been applied in biological field due to their
high water solubility,biocompatibility, polyvalency, precise molecular weight which have made them an ideal carrier for drug
delivery and drug targeting
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Fig:1 Schematic representation of dendrimer structure®

The dendrimer possess three dimensional structure which gives them a variety of unique properties like nanostructured globular
shape,peripheral functional groups, hydrophobic or hydrophilic cavities that are present in the interior and extreme low
polydispersity “that are used for wide range of potential applications. Dendrimers have globular structures which contain molecular
diameter less than 10 nm,that can be modulated by changing different dendrimer generations.Due to this property the dendrimers
possess similar sizes and shapes as specific proteins and biomolecules which make them perfect as biomimics 5. Also, the highly
regular branching of dendrimer pattern permeate the architecture of dendrimers with maximum number of functional groups that are
peripherally located ¢°. The hydrophobic and the interior hydrophilic cavity of dendrimers make them more useful candidates as
unimolecular micelles for the encapsulation of drug molecules %'2.Since the dendrimers possess low polydispersity the
biodistribution of prodrugs that include polymeric drugs can be used as scaffolds!®14,

During the last decade, dendrimers have proved to be nanocarriers for different drugs which. include anti-inflammatory,
antimicrobial, and anticancer drugs that are administered in different routes of drug administration *5:® However,the application of
dendrimers as scaffolds of prodrugs is particularly interesting . Dendrimers are included-in the drug discovery by their activity
against diseases such as inflammation, HIV, herpes simplex virus(HSV) ,Alzheimers disease bacteria, and cancer 8. The folded
proteins generally produce densely packed interiors and surfaces that usually possess high heterogeneous domains of functionality,
hydrophobicity and hydrophilicity. Dendrimers are usually robust, covalently fixed, three-dimensional structures which possess both
an interior core which contain solvent (nanoscale container) and an exterior core which is homogenous, mathematically defined as
PAMAM dendrimers. Proteins are amphiphilic molecules that use macromolecular scaffolds to regulate the presentation of functional
groups at their surfaces. Recently, polymeric scaffolds are made toachieve biomimetic functions . The participation of binding to
heparin or HSPG results in potential targets for antiangiogenic activity.

CLASSIFICATION OF DENDRIMERS:
1. PAMAM (Poly Amido Amine) Dendrimer:

These are Synthesised by Divergent method-They are spheroidal or ellipsoidal in shape!®.They have high solubility and reactivity
due to large number of functional end groups and internal cavities .

2. PPI (Poly Propylene Imine)Dendrimer :Divergent method- The core contains Di amino butane with primary amines and tertiary
propylene amines are present at the centre. These are commercially available up to G-5 and are extensively used in material science
and biology

3. Chiral Dendrimer:Convergent method- Chiral dendrimers are derived from pentaerythritol
4.Multilingual Dendrimers: Convergent method —They contain several copies of functional groups on their surface

5.TectoDendrimers:Divergent method-These were made up of core dendrimers, which can be surrounded by otherdendrimers.
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6. Hybrid Dendrimers:Divergent method- These dendrimers have characteristic of both dendritic and linear polymer.
7.AmphiphilicDendrimers:Divergentmethod-These have one half that is electron donating and another half is electron retreating.

8. Peptide Dendrimers:Convergentmethod- Peptide dendrimers contain an interior unit such as amino acid amino as a branching
unit. These are used for the diagnostic purpose and vaccine delivery? .

9. Frechet-Type Dendrimers:By Convergent method. Carboxylic acid group provide functionalization and also improve the
solubility of dendrimers which is attached on the surface of the dendrimers.

10. Multiple Antigen Peptide Dendrimers:Convergent method- These are dendron-like molecular assembly based upon a
polylysine frame. Lysine contain alkyl amino side-chain which is a monomer of frequent branching points.

Molecular structure, dendrimer generations and its components:

Dendrimers are built from atoms such as nitrogen to which elements such as carbon are added by repetitive chemical reactions which
produce a spherical branching structure. Final shape is spherical macromlecular structure which is similar to blood albumin and
haemoglobin in size.Dendrimers generation are hyperbranching when going from centre of the dendrimer to the periphery.The core
structure do not contain focal points as the hydrogen substituents are not considered focal points.Outer shell is space between surface
and branching point.Dendrimer interiors are referred as inner shells.In PAMAM and PPI dendrimers pincers are half the number of
surface groups since these dendrimers divide into two dendrimers at focal points.Terminal group or surface group is generally
referred as end group of the dendrimer.

Physicochemical characterization of dendrimers:

Various analytical techniques are reported in literature to research the physicochemical parameters of dendrimers.Several methods
used are spectroscopic, dynamic light scattering (DLS), microscopic, chromatographic and mass spectroscopy; small angle X-ray
scattering, small angle neutron scattering, laser light scattering; atomic force microscopy (AFM), transmission microscopy (TEM);
size exclusion chromatography, high performance liquid chromatography (HPLC); DSC, temperature modulated calorimetry and
dielectric spectroscopy; Polyacrylamide gel electrophoresis (PAGE) and capillary electrophoresis of these dendrimer characterization
techniques cannot be used to study the dendrimer-drug conjugates/complexes. Chemical shifts of methylene protons of the G2
dendrimers were determined by NMR spectroscopy which apparently was changed with the addition of silybin. The downfield
chemical shift within the outermost layer of the G2 dendrimer and therefore the interior methylene protons confirmed the
electrostatic interactions between the amine functional groups of the dendrimer.and the phenolic hydroxyl groups. HPLC method was
used to determine the solubility of silybin and plasma drug concentration of silybin. The studies indicated that spherical micelles got
transformed to worm-like micelles of the BE copolymer as a results of encapsulation of paclitaxel molecules?* .The formed

complexes were investigated for 3 variables.

Factors Affecting Dendrimer Properties:
Effect of pH:

The structural behaviour of PAMAM dendrimers on application of molecular dynamics showed that the dendrimer has an extended
conformation, that supported a high ordered structure at a really low pH (pH10) .The contraction of the dendrimer takes place
because the charge of the molecule becomes neutral and acquiring a more spherical (globular) structure, where the repulsive forces
present between the dendrimer arms and the surface groups reaches a minimum value. At this particular pH, the conformation
features results as a higher degree of back-folding, as a consequence of the weak “inter-dendron”repulsive forces.

Effect of Solvent :

The solvation power of any solvent to solvate the dendrimer may be a vital parameter when investigating the conformational state of
a dendrimer. Dendrimers generally exhibit a greater extent of back-folding with decreased solvent quality, i.e. decreasing solvation.
The low generation dendrimers shows the very best tendency towards back-folding to poor solvation in comparison to the upper
generation dendrimers. Weak acidic solvent like chloroform act as hydrogen donor for the inside amines during a basic dendrimer
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like PPI, resulting in an extended conformation of the dendrimer due to hydrogen bonding between the solvent and therefore the
dendrimer amines.

Effect of Salt:

High ionic strength (high concentration of salts) effect charged PPI dendrimer with a high degree of back-folding which is analogous
to what is observed by increasing pH or poor solvation. At low salt conditions, the repulsive forces between the charged dendrimer
segments leads to an extended conformation so as to attenuate charge repulsion within the structure resulting in a decreased surface
polarity of the back-folded dendrimer.

Effect of Concentration:

In dendrimers with flexible structures the conformation is not only suffering from small molecules like solvents, salts or protons but
can also be sensitive to larger objects, like other dendrimers or surfaces that affect molecular density and dendrimer conformations.
Small angle X-ray scattering (SAXS) experiments that's performed on PPI dendrimers (G4, G5) using polar solvent like methanol
showed that molecular conformation of dendrimers gets increased because the concentration becomes increased.

Synthesis of Dendrimers:

Dendrimers are in between molecular chemistry and polymer chemistry. They are a neighbourhood of molecular chemistry due to
their step-by-step controlled synthesis, and that they are mentioned as polymers due to their repetitive structure which is formed of
monomers?>2?5, The macromolecular classes (i.e., linear, cross-linked, and branched) are made to get rather polydisperse products of
different molecular weights. The synthesis of dendrimers provide the prospect of generating monodisperse, structure-controlled
macromolecular structures which are almost like those like in biological systems?.They are prepared by divergent method or
convergent method?”.In another method,the dendrimer grows outward from a multifunctional core molecule. The core molecule
reacts with the monomer molecules containing one active and two inactive groups, giving the first-generation dendrimer. For
reactions with more number of monomers the new periphery of the molecules gets activated.The classical polymerization process
which ends up in linear polymers is typically random in nature and produces molecules of various size, whereas size and molecular
mass of dendrimers are often specifically controlled during synthesis. 1. Divergent Method 2. Convergent Method 3. Double
Exponential and Mixed Method 4. Hypercores and Branched Monomers Growth.

Divergent Method Characteristics:

Dendrimer formation start from core.

Merit:-Large quantity of dendrimer produced by this method.

Demerit:-To prevent the problem during synthesis great quantity of reagent is required. Product purification is extremely tedious.
Convergent Method Characteristics:

Dendrimer formation from Surface.

Merit:-Defects within the final structure are less. Product easily purified.

Demerit:-Due to steric hinderance higher generation dendrimer cannot be formed It is a tedious task.

Double exponential and mixed method:

Characteristics:-In this method both Divergent and Convergent methods are used.

Merit: Higher yield with fewer steps.
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Fig 2: Synthesis of Dendrimers %

Hypercores and branched monomers growth:
Characteristics :This method involves the pre-assembly of oligomeric species which may be linked together to offer dendrimers.
Merit :Fewer steps, Higher yields.

Demerit: Rapid climb technique for linear polymers, Fast method.
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Fig 3: Hypercores and branched monomer growth?

Factors Affecting Dendrimer Synthesis:

There are various factors which affect dendrimer synthesis are following:
a) Incomplete chemical reaction

b) Intermolecular cyclization

¢) Fragmentation

d) Solvolysis of terminal functionalities.

ADVANTAGES OF DENDRIMERS:

* Controlled drug release

* Improved bio-availability
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* Better patient compliance

* Increased solubility, stability, permeability of medicine
* Improved delivery efficiency

* Viral diagnosis

* Increased half-life

* High uniformity and purity

* Reduced side effects

* Rapid cellular entry
Mechanism of Drug Delivery Through Dendrimers:

Dendrimers offer a high drug-loading capacity and that they are attractive in nature.The 3D structure and functional groups of
dendrimer surface can load drug molecules to the inside of the dendrimers and attached to the surface groups.Encapusulation of
medicine and dendrimer-drug conjugates are the 2 main methods of drug delivery3°-3.,

1.Non-covalent Encapsulation of drugs/Host-Guest Relaxation:

The non-bonding interactions with specific groups within dendrimer (Physical Entrapment) end in incorporation of small organic
molecules.Encapsulation of drug uses bulk of exterior of dendrimer and interactions between dendrimer and drug to trap the drug
inside the dendrimer.Dendrimers are often used as dendritic boxes and unicellular micelles for the incorporation of
hydrophobic/hydrophilic molecules.The dendritic unicellular micelles contain the hydrophobic cores which are surrounded by
hydrophilic shells over polymeric micelles.Such micellar structure is maintained in the least concentrations.

2.Covalent dendrimer drug conjugates:

The dendrimer which is attached to drug molecule end in complex formation.The resultant complexes are formed due to electrostatic
interactions between drug and dendrimer or conjugation of drug to dendrimer molecule.Through these interactions various ionizable
drugs form complexes with ionizable terminal surface groups of dendrimers.In dendrimer-drug conjugates,drug is attached through
chemical bond on to the surface groups of dendrimer. With the assistance of spacers the drugs are often covalently conjugated to the
dendrimers.Spacers include PEG,p-amino carboxylic acid ,laurylchains,hippuricacid,biodegradable ester bond.

Dendrimer Drug Delivery Strategy:

The PAMAM dendrimers are one among the foremost used dendrimers for drug delivery systems.The dendrimer has 3 main sites for
drug entrapment using several mechanisms.

1.Void spaces(molecular entrapment)
2.Branching points(hydrogen bonding)
3.0utside surface groups(charge-charge interactions)

Drug entrapment depends on structure of dendrimer and drug,so selection of appropriate dendrimer is the main step for drug
entrapment.Right combinations of dendrimers are achieved by screening one dendrimer with the another one.PAMAM dendrimers
are commercially available with amine,hydroxyl,carboxylate and pyrrolidine groups.
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Fig 4: Encapsulation and Complexation 3

Multifunctional Delivery System:

Dendrimers provide several works like drug solubility and targeting of the drug.They can be used as multifunctional
excipients. PAMAM dendrimers are water soluble molecules and their ability to entrap hydrophobic molecules make
them good enhancer of solubility.With increase in dendrimer generations, drug entrapment can be increased which is
size dependent.On solublization of hydrophobic molecule,the dendrimer drug complex often enhance drug
dissolution,stability,bioavailability.

APPLICATION OF DENDRIMERS IN DRUG DELIVERY:

Fig 5: Applications 32

1.Dendrimers in CNS Drug Delivery:

The occurrence of degenerative diseases in brain will simultaneously increase the aging population.The blood-brain-barrier (BBB)
within the brain act as a best gatekeeper in the body for exogeneous substances. The BBB is crucial for maintaining the health of the
brain because it hinders the efforts for delivery of therapeutic agents to the brain.The poor permeable nature of some drugs is
especially thanks to the tight junctions of the BBB and efflux transporters. Due to the ineffectiveness of conventional drug therapies,
NANOMEDICINE has shown an excellent effect for treatment of the many CNS diseases.Nano carriers are prepared by the
biomedical and pharmaceutical application of nanotechnology.Among these dendrimers are paid great efforts due to its major
advantages like:

High uniformity and purity
Low toxicity and immunogenicity
Rapid cellular entry
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Improved delivery efficiency
2.Dendrimers In Oral Delivery:

The drug delivery through the oral route is taken into account the simplest means of drug administration. Dendrimers are effective in
oral drug delivery because dendrimers loosen the tight junctions of epithelial layer and improve absorption of small relative
molecular mass drugs. Dendrimer—ibuprofen conjugate improve the efficacy of drug by enhancing cellular delivery and rapid
pharmacological effects are produced.

3.Dendrimers In Nasal Delivery:

Development of non-invasive and safer alternative drug administration to i.v.administration is very preferred due to their poor patient
compliance .Transmucosal routes just like the mucosal linings of the nasal, rectal, vagina, ocular and mouth provide many
advantages for systemic drug delivery. Nasal administration provides an alternate for achieving systemic drug effects to the
parenteral route, which can be inconvenient for oral administration and end in low bioavailability. The dendrimers with charge cause
increased transport of medicine to the brain as positively charged particle show an increased association of mucus and
greater cellular uptake.

4.Dendrimers In Gene Delivery:

The ability to transfer genetic material efficiently, into the nucleus and cytoplasm of eukaryotic cells allow treatment of a spread of
genetic disorders. Commonly two approaches are used.Viral and nonviral based gene delivery to focus on cells.The viral carriers
(Synthetic DNA delivery systems) can show rapid transfection,low efficiency, immunologic and oncologic adverse effects that are
related to these vectors.Nonviral gene delivery vectors allow the usage of natural/synthetic molecules or physical forces to transfer
genetic material to targeted cells.Dendrimers are one among the foremost useful non-viral gene delivery systems which play a big
role within the development of non-viral vectors for gene delivery,due to their ability to transfect cells without inducing toxicity, the
high density charge and functional surface groups which permit formation of nanostructures with DNA, the so called
“dendriplexes”(8,9) and optimal condensation.PAMAM dendrimers are used as a possible nonviral gene delivery agents to their
cationic nature which enables deoxyribonucleic acid (DNA) binding at physiological pH.6.(10).

5.Dendrimers In Vaccine Delivery:

Most of the low relative molecular mass substances are not immunogenic, they need to be conjugated to a macromolecule. The
unmodified PAMAM dendrimers which fail to elicit an antibody response on their own become haptenized upon protein conjugation
and can generate a dendrimer-mediated antigenic response. These molecules are ideal carriers of small antigens that make it possible
to organize multimeric antigenic conjugates(11,12) with well-defined molecular properties for human use.

6.Dendrimers in Administration of Drug:

The appliance of dendrimers in pharmaceutical and medical chemistry is fast and becoming one of the foremost attractive areas of
dendrimer chemistry and thus the potential of dendrimers as drug administration agents has been explored for several
researchers.Conjugation of propranolol to lauroyl-G3dendrimers further increased its A—B Papp. Furthermore, they show that the
A—B Papp of propranolol conjugates was reduced within the presence of the endocytosis inhibitor colchicine, suggesting that the
enhancement mechanism involves endocytosis-mediated transepithelial transport . The A—B Papp of conjugated propranolol wasn't
altered within the presence of the P-gp inhibitor cyclosporine. Conjugation of drug to dendrimer allows efflux transporter to bypass
it.

7.Dendrimers in Cell Repair:

Intact extracellular matrices(ECMs) have demonstrated potential as biomaterials in various tissue engineering and clinical
applications [15,16].These ECM scaffolds provide a natural three-dimensional support to assist the initial mechanical requirements
necessaryto support damaged or excised tissue . ECM provides cellular recognition which is important for initial cellular attachment,
subsequent cellular differentiation, in-growth of vascular networks, and secretion of latest ECM requisite for eventual scaffold
remodeling and tissue regeneration. Dendrimer works as a linker to the scaffold and as a carrier of bioactive molecules. Conveniently
during this way, scaffold stability also can be tailored by controlling the extent of cross-linking, which has the advantage of
extending their in vivo life.
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8.Dendrimers in Vaccine Development:

Vaccination has proven to be a very cost-effective way of controlling infectious diseases caused by microbial pathogens and has been
knownin its modern form since the pioneering add the late18th century.When Jenner introduced vaccinia (cowpox virus)as the
primary reliable vaccine [27]. Subsequently, many other successful vaccines are developed, empirically, on the basis of attenuated or
killed microorganisms or their toxins.Nevertheless, efficient vaccines are still needed for HIV1,tuberculosis, malaria, and a spread of
respirator and intestinal infectious diseases. Vaccination has been a robust tool for eradicating smallpox and decreasing formerly
widespread diseases like polio, measles, and rinderpest. Even so, a widerange of infectious diseases are still abundantly present
around the world (malaria, tuberculosis, and bacterial and viral diarrhoea being the foremost widespread). Such diseases are generally
caused bycomplex pathogens where more rational.approach in vaccine design is required .[24]

9. Dendrimers In Topical And Transdermal Drug Delivery:

The transdermal drug delivery offer a safe administration of therapeutic agents.They provide constant drug concentration and avoid
peaks and valleys in the peak-plasma concentration.The pain can be reduced as in case of traditional drug delivery as the therapeutic
agents will simplify the dosing schedule. Improved patient compliance is seen in TDDS in which drug delivery by transdermal route
is limited because of slower rate due to the dense layers formed by the epithelial differentiation and cornification(14).The drug
penetration through the skin can be enhanced with the help of penetration enhancers.Polymeric enhancers containing both
hydrophilic and hydrophobic portions have been employed.PAMAM dendrimers increase the water solubility and stability
ofhydrophobic drugs. Dendrimers have potential effects like contolled release and improved drug solublization.

10.Dendrimers In Pulmonary Drug Delivery:

The drug delivery through lungs is a non invasive systemic delivery by increasing the surface area for local drug action and systemic
drug absorption.The first pass metabolism is avoided and drug is directly to the site of action.The advantages of nanocarrier based
drug delivery systems like dendrimers are:

Enhanced drug solubility
Delivery of macro molecules
Reduced side effects
Reduced dosing frequency
Improved patient compliance

11.Dendrimers As Solubility Enhancer:

Recent technologies have shown an impact for drug delivery that enhance the bioavailability of drugs.The size, branching density of
dendrimers enhances soulibility of poorly water soluble drugs.Drugs containing smaller molecules like anti cancer, anti-inflammatory
and anti microbial drugs have been formulated with PAMAM hydrophilic dendrimers.Dendrimers are unimolecular in nature and
contain hydrophilic exteriors and interiors and form non covalent complexes with drug molecules which enhance solubility(15).

12.DENDRIMERS IN CELLULAR DELIVERY:

The main objective is to deliver the therapeutic drug or gene to a specific intracellular site for desired local action. Surface
functionalized (31)dendrimers they can enter the cells to deliver the therapeutic agent. The intracellular dendrimer delivery involves
extracellular drug delivery at interstitium and intracellular delivery on internalization.The function of the carrier is to mask all
unwanted interactions between the drug and the environment until drug is released from carrier at the target site.

13.Dendrimers In Intravenous Drug Delivery:

The simplest way for delivering a drug into the systemic circulation (26)involves intravenous delivery.Dendrimer drug delivery for
formulations is emerging as an attractive route for reducing side effects of drugs like anti cancer drugs.
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Table 1.Applications of Pamam Dendrimers

S.No Drug Result Reference
1 Penicillin V, Gadollenium Methotrexate, Enhance the solubility and controlled release 34
NH2(G0-G4)
2 Cisplatin Slow release, low toxicity 35
3 5-Amino Salicylic acid Enhance solubility, 36
4 Benzoic acid Increased solubility 37
5 Indomethacin Release kinetics 38
6 Propranolol Controlled drug release 39
7 Venlafaxine Enhance solubility 40
8 Piroxicam Controlled drug release 41
9 Diflunisal Improvement of drug permeation through skin 42
Table 2.Applications of G Pamam Dendrimers:
S. No Type Drug Result Reference
1 G1 Pamam PhiPhilux Delivery of drug with 43
cell killing efficiency
2 G2 Pamam and G4 Pilocarpine Prolonged corneal 44
Pamam residence time
3 G3 Pamam AlPcS4 Effective drug release to 45
target tissue
4 G3 Pamam Paclitaxel Increase the solubility 46
5 G3 Pamam 5- Amino levulinic acid Enhanced photodynamic 47
effect
6 G3 Pamam Timolol maleate Improved solubility 48
7 G3 Pamam Sulfamethoxazole Increased 49
antibacterial activity
8 G4 Pamam Furosemide Increase the solubility 49
9 G5 Pamam Cetuximab Tumor targeted drug 50
delivery
10 G5 Pamam Nifedipine Enhanced solubility 51
11 G6 Pamam RGD 8 Enhanced gene 52
Table 3.Miscellanous Dendrimers:
S.no Type Drug Result Reference
1 PEG dendrimers Epirubicin Increased blood 53
residence time
2 PEG dendrimers Epirubicin prodrug Improved therapeutic 34
action
3 PPI dendrimers Doxorubicin Higher cell uptake 46
reduce toxicity
4 PPI dendrimers Etoposide Increase solubility and in 54
vitro drug release
5 PPI1 dendrimers Efiveranz Targetted delivery 55
6 Pamam- PEI-g-PEG Zidovudine Effective cellular uptake 56
increase target selectivity
7 Carboxylated poly 10-Hydroxycampothecin High cytotoxicity 57
(Glycerol succinic acid)
8 Manosyllated PPI Rifampicin Sustain release and 58
targeted delivery

Recent Advances and Future Prospects:

1.HIV infected macrophages are targeted in vitro by using dendrimers

2.Plasmid and Doxorubicin co delivery targeting to tumour
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A future pharmaceutical products containing dendrimers are available within the market.It holds great potential adding value to the
pharmaceutical products.

a.Reducing cost of dendrimer synthesis to be applied in membranes and other fields.
b.Enlarging membrane applications from hyper branched polymers to field of resource and environment.

c.New applications of dendritic polymers in other fields of membrane have been exploited.
Conclusion:

Dendrimers are a superb drug delivery systems and holds a promising future in various fields like pharmaceutical, therapeutic, and
diagnostic thanks to characteristics like condensed structure, ability to acknowledge specific tissue,versatility, multivalency,high
branching degree.By the tactic of surface engineering ,dendrimers cytotoxicity of dendrimers are often reduced.Significant advances
and innovations have resulted during a wide selection of dendritic architecture and delivery methodologies that promise to become an
integral a part of medicine in future.As research progesses, newer applications of dendrimers will emerge and future is predicated on
dendrimer based drug delivery system.
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