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ABSTRACT 

Dendrimers are a new class of polymeric materials. They are highly branched, monodisperse 

macromolecules. The structure of these materials has a great impact on their physical and 

chemical properties. As a result of their unique behaviour dendrimers are suitable for a wide 

range of targeted drug delivery, controlled drug delivery, gene delivery and industrial 

applications. The paper gives a concise review of dendrimers physico-chemical properties, types, 

synthetic pathway & their possible use in various aspects of research, technology and treatment 

of disease. 
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INTRODUCTION 

Polymer chemistry and technology have traditionally focused on linear polymers. Recently it has 

been found that the properties of highly branched macromolecules can be very different from 

conventional polymers. The unique structural features of dendritic macromolecules have number 

of chains whose ends combined with a high degree of branching which leads to a variety of new 

physical properties when compared with traditional linear polymers. Dendrimer chemistry was 

first introduced in 1978by FritzVogtle & Coworkers
1
. He synthesized the first cascademolecules.
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In 1985, Donald A. Tomalia, synthesized the first family of dendrimers. The word “dendrimer” 

originated from two words, the Greek word dendron, meaning tree, and meros, meaning part 
2 

They are synthetic nanomaterials that are approximately 2-10 nm in diameter. They are hyper 

branched and monodisperse three-dimensional molecules with defined molecular weights, large 

numbers of functional groups on the surface and well-established host-guest entrapment 

properties. They are made up of layers of polymer surrounding a central core (figure1). The 

dendrimer surface contains many different sites to which drugs may be attached and also 

attachment sites for materials such as polyethylene glycol (PEG) which can be used to modify 

the way the dendrimer interacts with the body 
3, 4 

 

Figure 1: structure of dendrimer 

Synthesis of dendrimers:- 

Since 1979, Dendrimers are generally prepared using two major strategies. The first was 

introduced by Tomalia, called as “divergent method” in which growth of dendrimers originates 

from a core site
5
. The second method, pioneered by Hawker and Fréchet follows a “convergent 

growth process”. In which, several dendrons are reacted with a multifunctional core to obtain a 

product
6
. 

In the divergent methods, dendrimer grows outwards from a multifunctional core molecule. The 

core molecule reacts with monomer molecules containing one reactive and two dormant groups 

giving the first generation dendrimer. Then the new periphery of the molecule is activated for 

reactions with more monomers. The process is repeated for several generations and a dendrimer 

is built layer after layer (Figure 2). Divergent approach is successful for the production of large 

quantities of dendrimers. Problems occur from side reactions and incomplete reactions of the end 

groups that lead to structure defects. To prevent side reactions and to force reactions to 

completion large excess of reagents is required. It causes some difficulties in the purification of 

the final product
7
 

The convergent approach (Figure 3) was developed as a response to the weakness of divergent 

synthesis. Convergent growth begins at what will end up being the surface of the dendrimer, and 
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works inwards by gradually linking surface units together with more
9
. When the growing wedges 

are large enough, several are attached to a suitable core to give a complete dendrimer. The 

advantage of convergent growth over divergent growth stem that only two simultaneous 

reactions are required for any generation adding step. 

 

Figure 2: Divergent growth method 
8
. 

 

Figure 3: convergent growth method
10

 

Recently a breakthrough in the practice of dendrimer synthesis has come with the concept and of 

double exponential growth. Double exponential growth, similar to a rapid growth technique for 

linear polymers. This approach allows the preparation of monomers of both convergent and 

divergent growth from a single starting material 
11, 13

 

The strength of double exponential growth is more subtle than the ability to built large 

dendrimers in relatively few steps. In fact, double exponential growth is so fast that it can be 

repeated only two or perhaps three times before further growth becomes impossible. This 

methodology provides a means whereby a dendrite fragment can be extended in either the 

convergent or divergent direction as required. In this way, the positive aspects of both 

approaches can be accessed without the necessity to bow to their shortcomings (Figure 4). 

Properties of dendrimers:- 

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. Jackson et al observed 

the monodispersity of dendrimers by high performance liquid chromatography (HPLC), size 

exclusion chromatography (SEC), mass spectrometry (MS), and gel electrophoresis and 
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Figure 4: Double Exponential and Mixed Growth
14

. 

transmission electron microscopy (TEM)
 15

. Based on their dimensional length scaling, narrow 

size distribution and other biomimetic properties, Svenson et al described dendrimers as an 

“artificial proteins”
16

. Cheng et al observed that within the PAMAM dendrimer family, the 

diameter of the generation 1–10 with ethylenediamine core increases from 1.1 to 12.4 nm
17

. 

Surfaces may be designed with functional groups to augment or resist trans-cellular, epithelial or 

vascular bio permeability.  An interior void space may be used to encapsulate small molecule 

drugs, metals, or imaging moieties. Encapsulating in that void space reduces the drug toxicity 

and facilitates controlled release. Dendrimer solution has significantly lower viscosity than linear 

polymers. The presence of many chain-ends is responsible for high solubility and miscibility and 

for high reactivity. Solubility of dendrimers is influenced by the nature of surface groups. 

Dendrimers terminated in hydrophilic groups are soluble in polar solvents, while dendrimers 

having hydrophobic end groups are soluble in non polar solvents 
18, 19

. X-ray analysis on 

dendrimer suggests 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
20

. These fundamental 

properties have in fact lead to their commercial use for gene therapy, immunodiagnostics and 

variety of other biological applications
21

.To utilize dendrimers as biological agents, they have to 

fulfil certain biological demands such as  non-toxicity, non-immunogenicity (except for 

vaccines), ability to cross bio barriers  such as, the intestine, the blood–tissue barriers etc., ability  

to stay in circulation for the time needed to have a clinical effect; ability to target to specific 

structures etc. 

The advantage of dendrimers is that they are well controlled during synthesis & therefore 

having lower polydispersity index. As the density of branches increases the outer most branches 



 

Sougata et al., American Journal of PharmTech Research. 2012; 2(1) ISSN: 2249-3387  

www.ajptr.com  36 

 

arrange themselves in the form of spheres surrounding a lower density core and outer surface 

density is more and most of the space remains hollow towards core. This region can be utilized 

for drug entrapment. Outer surface of dendrimers has multiple functional groups, which can be 

used to attach vector devices for targeting to particular site in the body. They can be modified as 

stimuli responsive to release drug.  Dendrimers might show an enhanced permeability and 

retention effect (depending on their mol. wt.) that allows them to target tumour cells more 

effectively than small molecules. They are ideal drug delivery systems due to their feasible 

topology, functionality and dimensions; and also, their size is very close to various important 

biological polymers and assemblies such as DNA and proteins 
22, 24

 

TYPES OF DENDRIMERS:- 

Liquid crystalline dendrimers- 

They consist of mesogenic (liq. crystalline) monomers e.g. mesogen functionalized carbosilane 

dendrimers. Lorenz et al. observed that functionalization of end group of carbosilane dendrimers 

with 36 mesogenic units, attached through a C-5 spacer, leads to liquid crystalline dendrimers 
25

. 

Boiko et al. claims that they have synthesized first photosensitive liquid crystalline dendrimer 

with terminal cinnamoyl groups. Structure and purity of this liquid crystalline dendrimer were 

confirmed by 1H NMR and GPC methods. It was shown that such a dendrimer, under UV 

irradiation, can undergo E-Z isomerization of the cinnamoyl groups and photo cyclo-addition 

leading to the formation of a three-dimensional network 
26

. 

Tecto dendrimers:- 

Tecto-dendrimers are composed of a core dendrimer, which may or may not contain the 

therapeutic agent, surrounded by dendrimers. The surrounding dendrimers are of several types, 

each type designed to perform a function necessary to a smart therapeutic nano device Fig. 5 

shows the PAMAM core–shell tecto dendrimer.  

 

Figure. 5. Schematic representation of PAMAM core–shell tecto dendrimer 
27
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Different compounds perform varied functions ranging from diseased cell recognition, diagnosis 

of disease state drug delivery, reporting location to reporting outcomes of therapy. 

Chiral dendrimers:- 

The chirality in these dendrimers is based upon the construction of constitutionally different but 

chemically similar branches to chiral core. Ritzén et al observed Chiral; nonracemic dendrimer 

with well-defined stereochemistry is particularly interesting subclass, with potential applications 

in asymmetric catalysis and chiral molecular recognition 
28

. 

PAMAMOS dendrimers:- 

Poly (amidoamine-organosilicon) dendrimers (PAMAMOS) are radially layered & they are 

inverted unimolecular micelles that consist of hydrophilic, nucleophilic polyamidoamine 

(PAMAM) in the interior and hydrophobic organosilicon (OS) in the exterior. These dendrimers 

are useful precursors for the preparation of honeycomb-like networks with nanoscopic PAMAM 

and OS domains
29

. 

Hybrid dendrimers:- 

These are hybrids (block or graft polymers) of dendritic and linear polymers. The small 

dendrimer segment coupled to multiple reactive chain ends provides an opportunity to use them 

as surface active agents, compatibilizers or adhesives 
30

. 

Peptide dendrimers:- 

Dendrimers having peptides on the surface of the traditional dendrimer framework and 

dendrimers incorporating amino acids as branching or core units are both defined as „peptide 

dendrimers‟
31

. Peptide dendrimers play an important role in diverse areas including cancer, 

antimicrobials, antiviral, central nervous system, analgesia, asthma, allergy and Ca+2 

metabolisms. On the basis of their ability to be taken up by cells, making 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), 

fluorogenic imaging and serodiagnosis 
32, 33

 

Glycodendrimers:- 

The term „glycodendrimers‟ is used to describe dendrimers that incorporate carbohydrates into 

their structures (Figure 6). Glycodendrimers can be carbohydrate-coated; carbohydrate centred or 

fully carbohydrate-based. Glycodendrimers have been used for a number of 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 
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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 delivery systems are some of the areas where glycodendrimers are likely to be 

beneficial. 

 

Figure 6: Carbohydrate containing glycodendrimers
34

 

PAMAM dendrimer:- 

Poly (amidoamine) dendrimers (PAMAM)(Figure 7) are synthesized by the divergent method 

starting from ammonia or ethylenediamine initiator core reagents. Products up to generation 10 

(a molecular weight of over 9, 30,000 g/mol) have been obtained (by comparison, the molecular 

weight of human hemoglobin is approximately 65,000 g/mol). PAMAM dendrimers are 

commercially available, usually as methanol solutions. 

 

Figure 7: PAMAM generation 3 dendrimer 
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NH3 + 3CH2CHCOOCH3 N (CH2CH2COOCH3)3 (1) 

N(CH2CH2COOCH3)3 + 3NH2CH2CH2NH2 N(CH2CH2CONHCH2CH2NH2)3 + 3CH3OH. (2) 

Starburst dendrimers is applied as a trademark name for a sub-class of PAMAM dendrimers 

based on a tris-aminoethylene-imine core 
35, 36

. Many surface modified PAMAM dendrimers are 

non-immunogenic, water-soluble and possess terminal-modifiable amine functional groups for 

binding various targeting or guest molecules. PAMAM dendrimers are hydrolytically degradable 

only under harsh conditions because of their amide backbones, and hydrolysis proceeds slowly at 

physiological temperatures 
37

. 

Multiple Antigen Peptide Dendrimers :- 

It is a dendron-like molecular construct based upon a polylysine skeleton. Lysine with its alkyl 

amino side-chain serves as a good monomer for the introduction of numerous of branching 

points. This type of dendrimer was introduced by J. P. Tam in 1988, has predominantly found its 

use in biological applications, e.g. vaccine and diagnostic research
38

. 

APPLICATIONS OF DENDRIMERS:- 

The development of an efficient drug delivery system is very important to improve the 

pharmacological activity of drug molecules. Dendrimers are new alternatives and efficient tools 

for delivery of drug molecules. As compare to linear polymeric carriers, the multivalent 

functionalities of dendrimers can be linked to drug molecules or ligands in a well-defined 

manner and can be used to increase the binding efficiency and affinity of therapeutic molecules 

to receptors via synergistic interaction 
39

  

Dendrimers as a carrier for drug delivery:- 

Dendrimers have narrow polydispersity; nanometer size range of dendrimers can allow easier 

passage across biological barriers. All these properties make dendrimers suitable as host either 

binding guest molecules in the interior of dendrimers or on the periphery of the dendrimers. 

Oral drug delivery:  

Oral drug delivery systems are very important to the field of medicine, since most of the 

common illnesses are treated via oral rout of medication. There are also some defects of oral 

delivery route like low solubility in aqueous solutions and low penetration across intestinal 

membranes. Dendrimers are able to hold medication with good durability but also biodegradable 

within a biological system. Jevprasesphant et al investigated effect of dendrimer generation and 

conjugation on the cytotoxicity, permeation and transport mechanism of PAMAM dendrimer and 
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surface-modified cationic PAMAM dendrimer using mono layers of the human colon 

adenocarcinoma cell line 
40

. 

Naha et al evaluated the immunotoxicity of three generations of polyamidoamine (PAMAM) 

dendrimers (G-4, G-5 and G-6) in mouse macrophage cells in vitro. Using the Alamar blue and 

MTT assays, a generation dependent cytotoxicity of the PAMAM dendrimers was found 

whereby G-6>G-5>G-4. The inflammatory mediators macrophage inflammatory protein-2 (MIP-

2), tumour necrosis factor-α (TNF-α) and interleukin-6, (IL-6) were measured by the enzyme 

linked immunosorbant assay (ELISA) following exposure of mouse macrophage cells to 

PAMAM dendrimers. A generation dependent ROS and cytokine production was found, which 

correlated well with the cytotoxicological response and therefore number of surface amino 

groups. A clear time sequence of increased ROS generation (maximum at ∼4 h), TNF-α and IL-6 

secretion (maximum at ∼24 h), MIP-2 levels & cell death (∼72 h) was observed 
41

. The family of 

dendrimers most investigated in drug delivery is the poly (amido amine) dendrimers (PAMAM). 

PAMAM dendrimers are biocompatible, non-immunogenic, water soluble and possess terminal 

modifiable amine functional groups for binding various targeting or guest molecules 
42

. The high 

density of amino groups and internal cavities in PAMAM dendrimers is expected to have 

potential applications in enhancing the aqueous solubility of low solubility drugs 
43, 45

. 

Generation 0.5 (G0.5) to generation 4 (G4) PAMAM dendrimers have been used to encapsulate 

and solubilise acidic drugs such as Nifedipine 
46

, Ibuprofen 
47

 and Indomethacin 
48

.Further, 

PAMAM derivatives modified by –OH or –COOH groups were found to encapsulate small 

hydrophobic guest molecules successfully: Twyman et al. 
49

 converted the ester terminated 

PAMAM dendrimers to a more soluble hydroxyl surface by reacting with TRIS (Tris 

(hydroxymethyl)aminomethane). The –OH-terminated dendrimers were found to increase 

solubility by weak hydrogen bonding; by Liang Ouyang et al 
50 

synthesized the PAMAM 

dendrimers with aspartate graft in peripheral and used these kinds of dendrimers as the enhanced 

solubility  

Recently, more dendritic molecules were investigated as solubility enhancers such as poly-lysine 

(PLS) 
51

, polypropyleneimine (PPI) 
52

 .and poly-citric acid dendrimers (PCA) 
53

. Several 

previous reviews have covered the early work of the solubility enhancement with dendrimers. 

The possible mechanisms of the dendrimer-mediated solubility enhancement are based on a 

typical dendrimers structure: (a) a central core with enough internal cavities is available to 

encapsulate the guest molecules; (b) branching units provide weak hydrogen bonding to increase 
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solubility; (c) the surface groups are mainly responsible for the solubility enhancement by 

electrostatic interactions 
54–56

. Ketoprofen, a non-steroidal anti-inflammatory drug with well-

known anti-inflammatory, antipyretic and analgesic properties, has low solubility in water and 

causes local or systemic disturbance in the gastrointestinal tract. In the present study we 

investigated the potential of polyamidoamine (PAMAM) dendrimers as drug carriers of 

ketoprofen by in vitro and in vivo studies. The in vitro release of ketoprofen from the drug– 

dendrimer complex is significantly slower compared to pure ketoprofen. Anti-nociceptive studies 

using the acetic acid-induced writhing model in mice showed a prolonged pharmacodynamic 

behaviour for the ketoprofen–PAMAM dendrimer complex
57

.Sweet et al investigated 

transepithelial transport of PEGylated anionic poly (amidoamine) dendrimers. Cytotoxicity, 

uptake and transport across Caco-2 cells of PEGylated G3.5 and G4.5 PAMAM dendrimers were 

studied. Methoxy polyethylene glycol (750 Da) was conjugated to carboxylic acid-terminated 

PAMAM dendrimers at feed ratios of 1, 2 and 4 PEG per dendrimer. Compared to the control, 

PEGylation of anionic dendrimers did not significantly alter cytotoxicity up to a concentration of 

0.1 mM. PEGylation of G3.5 dendrimers significantly decreased cellular uptake and 

transepithelial transport while PEGylation of G4.5 dendrimers led to a significant increase in 

uptake, but also a significant decrease in transport. PEGylated dendrimers show promise in oral 

delivery applications where increased functionality for drug conjugation and release is desired 
58

. 

Ocular drug delivery:- 

Application of active drugs to the eye is the most prescribed route of administration for the 

treatment of various ocular disorders& infections. It is normally accepted that the intraocular 

bioavailability of topically applied drugs is extremely poor, mainly due to drainage of the excess 

fluid via nasolacrimal duct and elimination of the solution by tear turnover. Several research 

work  have been made in ocular drug delivery systems by using specialized delivery systems 

such as polymers, liposomes, or dendrimers to overcome these disadvantages.  Ocular drug-

delivery systems should be nonirritating, sterile, isotonic, biocompatible, does not run out from 

the eye and biodegradable. Dendrimers provide unique solutions to minimize 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 
59-61
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Transdermal drug delivery:- 

Dendrimers have found applications in transdermal drug-delivery systems. Generally, those 

bioactive drugs having hydrophobic moieties in their structure, resulting in low water solubility 

& as a result efficient delivery into cells is inhibited. Dendrimers designed to be highly water-

soluble and biocompatible have been shown to be able to improve drug properties such as 

solubility and plasma circulation time via transdermal formulations and to deliver drugs 

efficiently. Non steroidal anti-inflammatory drugs are very effective in the treatment of acute and 

chronic rheumatoid and osteoarthritis. Clinical use of NSAIDs is limited due to adverse reactions 

such as GI side effects, renal side effects when given orally. Transdermal drug delivery 

overcome these adverse effects and also maintains therapeutic blood level for longer period of 

time. Transdermal delivery suffers poor rates of transcutaneous delivery due to barrier function 

of the skin. PAMAM dendrimer complex with NSAIDs (e.g. Ketoprofen, Diflunisal) could be 

improving the drug permeation through the skin as penetration enhancers. The model drugs 

Ketoprofen and Diflunisal were conjugated with G5 PAMAM dendrimer and investigated for 

different studies. In vitro permeation studies on excised rat skin showed 3.4 times higher 

permeation of Ketoprofen from Ketoprofen–dendrimer complex than that from 2mg/mL 

Ketoprofen suspended in normal saline. Similarly, a 3.2 times higher permeated amount was 

observed with Diflunisal–dendrimer complex. Anti-nociception effect of drugs was studied on 

mice; results showed that Ketoprofen–dendrimer complex reducing writhing activity during the 

period of 1–8 h after Transdermal administration, while pure Ketoprofen suspension at the 

equivalent dose of Ketoprofen significantly decreased number of writhing between 4 and 6 h 

after drug was transdermally given
62

. Chauhan et al. investigated transdermal ability of PAMAM 

dendrimers by using indomethacin as the model drug for study. In vitro permeation studies 

showed increase in the steady-state flux as increase in concentration of all three types G4-NH2, 

G4-OH and G-4.5 PAMAM dendrimers. For the in vivo pharmacokinetic and pharmacodynamic 

studies, indomethacin and dendrimer formulations were applied to the abdominal skin of the 

Wistar rats and blood collected from the tail vein at the scheduled time. The indomethacin 

concentration was significantly higher with PAMAM dendrimers when compared to the pure 

drug suspension. The results showed that effective concentration could be maintained for 24 h in 

the blood with the G4 dendrimer–indomethacin formulation. Therefore, data suggested that the 

dendrimer–indomethacin based transdermal delivery system was effective and might be a safe 

and efficacious method for treating various diseases 
63.

 



 

Sougata et al., American Journal of PharmTech Research. 2012; 2(1) ISSN: 2249-3387  

43 www.ajptr.com 

 

Pulmonary drug delivery:- 

Dendrimers are used for pulmonary drug delivery also. During one study, efficacy of PAMAM 

Dendrimers in enhancing pulmonary absorption of Enoxaparin was studied by measuring plasma 

anti-factor Xa activity, and by observing prevention efficacy of deep vein thrombosis in a rodent 

model. G2 and G3 generation positively charged PAMAM dendrimers increased the relative 

bioavailability of Enoxaparin by 40%, while G2.5 PAMAM, a half generation dendrimers, 

containing negatively charged carboxylic groups had no effect. Formulations did not adversely 

affect mucociliary transport rate or produce extensive damage to the lungs. So the positively 

charged dendrimers are suitable carrier for Enoxaparin pulmonary delivery 
64

 

Dendrimers in targeted drug delivery:- 

Nowadays general cancer chemotherapeutics are less efficacious to cure tumours because of the 

nonselective action drugs, resulting in dose limiting side effects. Use of carrier systems for 

targeting drugs to tumour cells is an alternative approach for treating cancer and offers both 

increased therapeutic index and decreased drug resistance. An effective targeting drug-delivery 

system requires a base that is uniform and able to couple multiple components such as targeting 

molecule, drug and cancer imaging agent 
65

. Dendrimers have ideal properties which are useful 

in targeted drug-delivery system. Okuda et al synthesized a sixth generation lysine dendrimer 

(KG6) and two PEGylated derivatives thereof and evaluated their bio-distribution characteristics 

in both normal and tumor-bearing mice. The intact KG6 showed a rapid clearance from the blood 

stream and non-specific accumulation in the liver and kidney. In contrast, the PEGylated 

derivatives showed a better retention in blood and low accumulativeness in organs dependent of 

the rate of PEGylation. In addition, PEGylated KG6 with a high modification rate was 

accumulated effectively in tumor tissue via the enhanced permeability and retention effect. 

Moreover, we clarified that multiple administrations did not affect the bio-distribution 

characteristics of a second dose of PEGylated KG6. PEGylated lysine dendrimer would be a 

useful material for a clinically applicable tumour-targeting carrier 
66. 

PAMAM dendrimers 

conjugated with the folic acid and fluorescein isothiocyanate for targeting the tumor cells and 

imaging respectively. Further these two molecules are linked with complementary 

oligonucleotides. DNA-assembled nanoclusters were evaluated in vitro which helps in detecting 

tumor cell-specific binding and internalization. These DNA-assembled dendrimer conjugates 

may allow the combination of different drugs with different targeting and imaging agents so it is 

easy to develop combinatorial therapeutics
67

. Methotrexate (MTX), an antimetabolite and 
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antifolate drug used in the treatment of many cancers, acts by inhibiting the metabolism of folic 

acid. Methotrexate is a weak dicarboxylic acid, and therefore, mostly negatively charged at 

physiologic pH. Its mean oral bioavailability spans the range of 13–76%, while the mean 

intramuscular bioavailability is 76%. The higher doses of MTX often used in cancer 

chemotherapy can cause toxic effects to the rapidly dividing cells of bone marrow and 

gastrointestinal mucosa.  Methotrexate has been encapsulated into generations 3 and 4 PAMAM 

dendrimers, which had PEG550 and PEG2000 monomethyl ether chains conjugated to their 

surfaces to modify bioavailability and toxicity. The encapsulation efficiency was dependent on 

PEG chain length and size of the dendrimer
68

.The anticancer drug paclitaxel (PTX) is a mitotic 

inhibitor used in chemotherapy to treat patients with lung, ovarian, breast, and head and neck 

cancers as well as advanced forms of Kaposi‟s sarcoma. The drug works by interfering with 

normal microtubule growth during cell division, which especially affects fast growing cancer 

cells. In order to enhance its poor water solubility, paclitaxel has been encapsulated mainly into 

micelle-based formulations 
69-72

. There is one recent study employing dendrimers as solubility 

enhancer. PTX encapsulation into polyglycerol dendrimers resulted in 400-fold improved water 

solubility compared to the pure drug 
73

 .However, most dendrimer-related formulations utilize 

PTX conjugation to the dendritic carrier (prodrug approach). L-DOPA (levodopa, 3, 4-

dihydroxy-L-phenylalanine) is a prodrug capable of passing the blood–brain barrier and treating 

Parkinson‟s disease. It is decarboxylated in the brain to become dopamine, the neurotransmitter, 

by the enzyme aromatic-L-amino acid decarboxylase. However, it also induces side effects such 

as dystonia and dyskinesia after large doses or chronic use. Slow release of L-DOPA has shown 

reduction of the problems associated with its long-term therapy. L-DOPA was therefore 

converted into well-defined, monodisperse dendritic macromolecules. A third-generation L-

DOPA dendrimer contained 30 L-Dopa residues, which made up its core, branches, and 

periphery. Individual L-Dopa moieties in the dendrimer were connected to one another via 

hydrolysable diester linkages. These Dopa dendrimers showed a 20-fold increase in aqueous 

solubility and enhanced photo stability in solutions over L-Dopa under identical conditions 
74.

 

Dendrimers for controlled release drug delivery:- 

A third-generation micelle with indomethacin entrapped as model drug gives slow and sustained 

in vitro release 
75

. 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 followed by slow release. 
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Pharmacodynamic study was performed using Carrageenan induced paw edema model 
76

. The 

encapsulation of silver salts within PAMAM dendrimers produced conjugates exhibiting slow 

silver release rates and antimicrobial activity against various Gram-positive bacteria 
77

. PAMAM 

dendrimers G4 with ethylenediamine (EDA) core and tris(2-hydroxymethyl)amidomethane 

(TRIS) surface and G5, EDA core with carboxylate surface, were used. Silver-containing 

PAMAM complexes were prepared by adding aqueous solutions of the dendrimers to the 

calculated amount of silver acetate powder. 

Dendrimers in gene delivery:- 

Dendrimers can act as carriers, called vectors, in gene therapy. Vectors transfer genes through 

the cell membrane into the nucleus. Currently liposomes and genetically engineered viruses have 

been mainly used for this. PAMAM dendrimers have also been tested as genetic material 

carriers. Cationic dendrimers (Polypropylenimine (PPI) dendrimer) deliver genetic materials into 

cells by forming complexes with negatively charged genetic materials through electrostatic 

interaction. Cationic dendrimers lend themselves as non-viral vectors for gene delivery because 

of their ability to form compact complexes with DNA. Santos et al  synthesized a  gene delivery 

vectors  consisting of a medium-size generation PAMAM dendrimer (generation 5, with amine 

termini) core randomly linked at the periphery to hydrophobic chains that vary in length (12 to 

16 carbon alkyl chains) and number (from 4.2 to 9.7 in average). The idea subjacent to the 

present work is to join the advantages of the cationic nature of the dendrimer with the capacity of 

lipids to interact with biological membranes. Unlike other amphiphilic systems designed for the 

same purpose, where the hydrophobic and hydrophilic moieties coexist in opposite sides, the 

present vectors have a hydrophilic interior and a hydrophobic corona. The vectors are 

characterized in respect to their ability to neutralize, bind and compact plasmid DNA (pDNA). 

The complexes formed between the vectors and pDNA are analyzed concerning their size, ζ-

potential, resistance to serum nucleases, capacity of being internalized by cells and transfection 

efficiency. These new vectors show a remarkable capacity for mediating the internalization of 

pDNA with minimum cytotoxicity, being this effect positively correlated with the CH2– content 

present in the hydrophobic corona. Gene expression in MSCs, a cell type with relevancy in the 

regenerative medicine clinical context, is also enhanced using the new vectors but, in this case, 

the higher efficiency is shown by the vectors containing the smallest hydrophobic chain s
78

 The 

use of dendrimers as gene transfection agents and drug-delivery devices have been extensively 

studied by Broeren et al & Boas et al
79, 80

. Kukowska et al reported that intravenous 
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administration of G9 PAMAM dendrimer-complexed pCF1CAT plasmid could result in high 

level of gene expression in the lung tissues of rats. It enhances the transfection efficiency and 

expression pattern of dendrimer
81

. Tziveleka
 
et al prepared Fourth generation poly (propylene 

imine) dendrimer, completely or partially functionalized with guanidinium groups. The 

remaining toxic primary amino groups of the dendrimers were reacted with propylene oxide 

affording the corresponding hydroxylated derivatives. These guanidinylated dendrimers were 

interacted with plasmid DNA affording the corresponding dendriplexes.Their transfection 

efficiency was assessed employing HEK 293 and COS-7 cell lines.Guanidinylation of the parent 

dendrimer resulted to significant enhancement of its transfection efficiency, this enhancement 

being dependent on the number of guanidinium groups per dendrimer
82

. Caminade et al 

investicated that the water solubility of phosphorus-containing dendrimers was mainly due to the 

presence of hydrophilic end groups, which bear either positive or negative charges. These 

dendrimers can be used as in vitro DNA transfecting agents or in vivo anti-prion agents
83

. Wada 

et al have reported that galactose-α-cyclodextrines conjugations with degree of substitution of 

the galactose moiety was the most preferential carrier among the prepared series because it 

provided good gene transfer activity in vitro with no cytotoxicity. Consequently, the potential 

use of Gal-α-CDE conjugate (DSG 4) could be expected as a non-viral vector to deliver gene and 

these data may be useful for design of α-cyclodextrins and galactose conjugates with other non-

viral vectors
84

 . PAMAM dendrimers functionalized with α-cyclodextrin showed luciferase gene 

expression about 100 times higher than for unfunctionalized PAMAM or for non-covalent 

mixtures of PAMAM and α-cyclodextrin 
85

. Luganini et al reported the ability of two peptide 

dendrimers, SB105 and SB105_ A10, to directly and almost completely inhibit human 

cytomegalovirus (HCMV) replication in both primary fibroblasts and endothelial cells; the 

agents were also found to inhibit murine CMV replication, whereas they were not able to inhibit 

adenovirus or vesicular stomatitis virus
86

. Dufes et al indicated different generations of PPI 

dendrimers as transfection agents, gene efficiently expressed in the liver rather than other organs. 

Furthermore, they demonstrated that intravenous administration of a gene medicine and G3 PPI 

dendrimer complex could result in intratumoral transgene expression and regression of the 

established tumours in all the experimental animals 
87

 

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 
88

. Bakalova et al compared 
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quantum dots coated with non-cross linked amino-functionalized polyamidoamine (PAMAM) 

dendrimers, quantum dots encapsulated in cross linked carboxyl-functionalized PAMAM 

dendrimers, and silica-shelled amino-functionalized quantum dots. A multimodal fluorescent and 

paramagnetic quantum dot probe was also developed and analyzed. The probes were applied 

intravenously in anesthetized animals for visualization of brain vasculature using two-photon 

excited fluorescent microscopy and visualization of tumours using fluorescent IVIS
®
 imaging 

(Caliper Life Sciences, Hopkinton, MA) and magnetic resonance imaging
89

. 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
90

. G3 (n = 16), G5 (n = 64) of 

Gd(III)DTPA-terminated poly(propylene imine) dendrimers and Gd(III)DTPA complex [G0 (n = 

10)] reference were synthesized and investigated for relaxivities and concentration detection 

limits 
91

. 

Other applications:- 

Losada et al investicated ferrocene-containing dendrimers as mediators in amperometric 

biosensors is described. The steady-state amperometric response of carbon paste electrodes 

containing these dendritic relay systems and glucose oxidase is investigated as a function of the 

glucose concentration and the applied potential. The results show that these sensors respond 

rapidly to the addition of glucose
92

. 

Xia et al developed a simple convergent procedure for the preparation of triphenylamine 

dendrons containing an alkene at the center, which can be coupled in a single step to give 

dendrimers that contain truxene for the core without any protection–deprotection chemistry. 

These conjugated dendrimers exhibit similar absorption and emission behaviours in solutions 

and in thin films, which are indicative of the high isolation effect of well-organized three-

dimensional dendrimers. They also have high fluorescence quantum yields and high glass 

transition temperatures, which indicate that these dendrimers are candidates for the application in 

OLED as light emitting materials
93

. Agashe et al studies the bio-distribution pattern of the fifth 

generation of poly (propylene imine) dendrimer (PPI-5.0G)-based carbohydrate (mannose and 

lactose)-coated glycodendrimers in mice so as to explore the potential of these systems as drug 

carriers
94

. Perumal et al carried out synthesis of enone core based dendrimers with carbazole as 

surface group. All the synthesized dendrimers showed excellent antioxidant behaviour with 

commercially available 1, 1-diphenyl-2-picryl hydrazyl (DPPH)
 95

. 
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CONCLUSIONS: 

The high level of control over the dendritic architecture makes dendrimers ideal carriers in drug 

delivery applications. Small organic drug molecules with diverse structures have been success 

fully formulated with dendrimers, either through physical association with the dendrimer surface 

and/or interior, or through chemical conjugation between drug and dendrimer surface. Easily 

controllable features of dendrimers such as their size, shape, branching length, their surface 

functionality allow to modify the dendrimers as per the requirements, makes these compounds 

ideal carrier in many of the applications. Boosting of commercial applications of dendrimer 

technology will provide strength for its usefulness in coming years. This review is based on 

several research reports and their outcomes have been cited here in a concise manner. We hope 

this article will contribute to the new researchers for further investigations. 
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