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Abstract:  
Dendrimers are highly branched, nano-sized macromolecules with symmetrical architecture and 
tunable functionality. Their precise molecular design, monodispersity, and multivalency have 
made them one of the most promising classes of nanomaterials for drug delivery, diagnostics, 
and advanced material applications. This review provides a concise yet comprehensive overview 
of dendrimer architecture, types, synthetic methodologies, characterization techniques, and 
biomedical applications. Special attention is given to poly(amidoamine) (PAMAM) dendrimers, 
the most extensively explored type for therapeutic and diagnostic purposes. Current challenges, 
toxicity concerns, and future directions for translational research are also discussed. 
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Introduction 
 

Dendrimers are synthetic macromolecules 
characterized by a tree-like branching 
structure radiating from a central core.  

The term “dendrimer” originates from the 
Greek words dendron (tree) and meros 
(part). Unlike conventional polymers, 
dendrimers exhibit a high degree of 
structural uniformity, low polydispersity, 
and controlled architecture that can be fine-
tuned for specific applications.  
Their unique design offers a large number of 
surface groups for functionalization, an 
internal cavity for guest molecule 
entrapment, and nanoscale size (1–15 nm), 
making those ideal carriers in nanomedicine. 
Structural Organization of Dendrimers 

A dendrimer consists of three essential 
components: 
1. Core unit – The multifunctional initiator 

from which branches originate. 
2. Branching units – Repetitively added 

monomer units forming layers known as 
generations. 

3. Terminal functional groups – The 
surface moieties that define the 
dendrimer’s reactivity, solubility, and 
biological behavior. 

Each “generation” corresponds to one level 
of branching. Increasing the generation leads 
to exponential growth in molecular weight 
and surface functionality while decreasing 
internal void space due to crowding. 

http://www.jddt.in/
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Classification of Dendrimers: Based on 
chemical composition and synthesis, 

dendrimers are categorized into several 
types:

 
Table 1: 

Type Composition / Example Key Features 
PAMAM Poly(amidoamine) Most studied; high biocompatibility; used in drug 

delivery. 
PPI Poly(propylene imine) Amine-terminated; good for gene delivery. 
Polyester Biodegradable; low toxicity Suitable for biomedical use. 
Carbosilane Silicon-containing Thermally and chemically stable. 
PEG-based Hydrophilic Enhanced solubility and circulation time. 
 
Synthesis of Dendrimers 

Divergent Method:  
Developed by Tomalia and co-workers, this 
method builds dendrimers outward from a 
central core through repeated addition of 
monomer units. It allows rapid molecular 
growth but may suffer from incomplete 
reactions at higher generations, leading to 
defects. 
Convergent Method:  
Introduced by Hawker and Fréchet, the 
convergent method involves the synthesis of 
pre-formed dendrons which are later 
attached to a multifunctional core. It offers 
greater structural control but can be limited 
by steric hindrance at higher generations. 

Click and Accelerated Approaches:  
Modern methods use “click” chemistry and 
orthogonal reactions for faster synthesis, 
improved yield, and better control. Enzyme-
catalyzed and one-pot green synthetic 
methods are emerging for eco-friendly 
production. 

Characterization of Dendrimers:  
Comprehensive characterization ensures 
monodispersity and purity. Common 
techniques include: 
• NMR Spectroscopy – Structural 

elucidation and confirmation of 
generations. 

• Mass Spectrometry (MALDI-TOF, 
ESI-MS) – Molecular weight and 
uniformity analysis. 

• Dynamic Light Scattering (DLS) – 
Particle size and zeta potential 
measurement. 

• Transmission Electron Microscopy 
(TEM) – Morphology visualization. 

• FTIR and UV–Vis Spectroscopy – 
Functional group analysis. 

Biomedical Applications 
Drug Delivery:  
Dendrimers enhance drug solubility, 
stability, and bioavailability. Drugs can be 
either encapsulated within the internal 
cavities or covalently conjugated to surface 
groups.  PAMAM dendrimers, for instance, 
have been successfully employed to deliver 
anticancer, anti-inflammatory, and antiviral 
drugs. 

Gene Delivery:  
Cationic dendrimers form stable complexes 
with negatively charged DNA or RNA 
through electrostatic interactions.  
These polyplexes facilitate cellular uptake 
and protect genetic material from enzymatic 
degradation, making them potential non-
viral gene carriers. 
Diagnostic Imaging 



Saini et al. Journal of Drug Discovery and Therapeutics (JDDT) 

 

20 | P a g e  
 

Dendrimers can be conjugated with imaging 
agents such as gadolinium (for MRI), 
fluorescein (for fluorescence imaging), or 
radiolabels (for nuclear imaging). Their 
multivalency allows for high loading and 
improved signal intensity. 

Antimicrobial and Antiviral Agents 
Functionalized dendrimers exhibit broad-
spectrum antimicrobial properties by 
disrupting microbial membranes or 
inhibiting viral attachment. Surface-
modified dendrimers have shown promising 
results against HIV, influenza, and bacterial 
infections. 

Dendritic Nanogels and Hybrid Systems 
Crosslinking dendrimers into nanogels 
provides sustained drug release, pH 
responsiveness, and improved stability, 
making them excellent candidates for 
localized therapy. 
Toxicity and Biocompatibility 
Toxicity is influenced by generation size, 
surface charge, and chemical composition.  
Positively charged dendrimers can disrupt 
cellular membranes and induce cytotoxicity. 
Strategies to mitigate toxicity include 
surface neutralization (e.g., acetylation, 
PEGylation) and using biodegradable 
dendrimers.  
In vivo studies indicate that surface-
engineered dendrimers show significantly 
improved safety profiles. 
Challenges and Limitations 
Despite significant progress, the practical 
utilization of dendrimers is limited by: 

• High cost and complexity of synthesis 
• Purification difficulties at higher 

generations 
• Limited large-scale production 

• Unclear long-term toxicological data 

• Regulatory uncertainty for nanomedicine 
approval 

Future Prospects 
Future research should focus on: 
• Developing biodegradable dendrimers 

with safe metabolic pathways 
• Incorporating stimuli-responsive systems 

(pH, enzyme, temperature) for controlled 
release 

• Integrating AI and computational tools 
to predict structure–activity relationships 

• Enhancing clinical translation through 
standardized characterization and 
toxicity protocols 

The emergence of hybrid dendrimer 
systems, combining polymeric, lipidic, or 
inorganic nanostructures, represents the next 
generation of multifunctional nanoplatforms 
in medicine. 

Conclusion 
Dendrimers represent a breakthrough in 
polymeric nanotechnology due to their 
defined architecture, multivalency, and 
versatile functionality.  
Although challenges in synthesis and safety 
remain, continuous advances in chemistry 
and nanomedicine are rapidly overcoming 
these barriers.  
The future of dendrimers lies in their 
tailored design for personalized therapy, 
precision drug delivery, and multifunctional 
diagnostics. 
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