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ABSTRACT 

Dendrimers are monodisperse macromolecules with a lot of branches. Dendrimers' structural advantages enable them to play a key role in the field 
of nano-drug delivery. Dendrimers are ideal for a wide range of biological and industrial applications due to their unique behaviour. The bioactive 
substances may be readily encapsulated into the inside of the dendrimers or chemically conjugated or physically adsorbed onto the dendrimer 
surface, tailoring the carrier's desirable features to the active material's unique demands and therapeutic uses. This review summarizes on 
dendrimer production, characterization, advantages, and potential applications in drug delivery. 
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INTRODUCTION 

Dendrimers are monodisperse, three-dimensional, hyperbranched 
structures with a central core surrounded by peripheral groups. 
Their physicochemical and biological qualities are dependent on 
these factors. Dendrimers typically have three architectural 
components: a core, branches (an internal layer made of repeated 
units attached to the core), and terminal groups linked to the 
branches [1]. The interior chambers created by the dendritic 
polymer structure allow the medicine to be deposited, enhancing its 
solubility and stability. These macromolecules are attractive 
candidates for medicinal excipients because of the aforementioned 
features. Dendrimers are made up of one atom or a collection of 
atoms with carbon branches added by a series of chemical 
processes, resulting in a spherical dendrite structure [2-4]. 

Dendrimers can behave as drug carriers by encapsulating the drugs 
inside the dendritic structure or by interacting with drugs via 
electrostatic or covalent interactions at their terminal functional 
groups (prodrug) [5]. Drug distribution may be divided into two 
categories. The first method is in vivo breakdown of the drug 
dendrimer conjugate (covalent bonding of the drug to the 
dendrimer), which requires the presence of appropriate enzymes or 
a bond-degrading environment. The second method involves the 
medication being released as a result of changes in the physical 
environment, such as pH and temperature. This method is 
independent of external variables and occurs in the core (endo-
receptor) or outer shell (receptor) cavities (exo-receptor) [6, 7]. 

Synthesis of dendrimers 

The two methods used for the synthesis of dendrimers are- 

a. Divergent approach: The divergent growth approach was the first 
to be proposed, and it remains the most used today. This technique 
is based on Tomalia and Newkome's pioneering work, as well as 
Vögtle's branching model work [8]. The creation of the dendrimer in 
the divergent process begins in the core and progresses to the 
periphery. To enhance the reaction with a new monomer, this 
approach involves two steps: I coupling of monomers and (ii) 
activation of the monomer end-group [9]. The divergent growth 
approach consists of repeating the two preceding processes until the 
necessary dendrimer production is obtained. The initial generation 
of the dendrimer begins with the activation or alteration of the core 
and the coupling of the first monomer, resulting in divergent 
processing. The first generation (G1) is then deprotected or 
activated in order to react with additional branched monomers and 
create the second generation (G2), and so on. When a new layer of 

branching units is generated, a new generation is created, with the 
number of branched layers from the core corresponding to the 
generation number [10]. To avoid deficiently created branches in the 
divergent method, it is critical that each phase of the reaction be 
fully finished before adding a new generation [11]. In each stage of 
the synthesis, the surface of the dendrimer may be readily 
functionalized and changed, resulting in the desired pharmaceutical 
excipient at the end. Usually, the divergent approach leads to the 
synthesis of highly symmetric dendrimer molecules. 

b. Convergent Approach: Another way for constructing finely 
controlled dendritic topologies is the convergent approach. The 
branching architecture in the convergent method begins from the 
molecular surface of the dendron and proceeds to a reactive focus 
point, culminating in the production of a single reactive dendron 
[12]. Its core operations, like the divergent method, include a coupling 
phase and an activation step. It allows for more structural control than 
the prior method. It features a modest number of simultaneous 
reactions at each development phase, resulting in a product with 
unrivalled purity and functional diversity. Because of the nanoscale 
steric problems encountered while connecting the dendrons to the 
molecular level core, the convergent technique is often confined to the 
synthesis of just lower generation dendrimers [13]. 

Types of dendrimers 

Dendrimers are classified into the following types:  

PAMAM (Poly amido amine) dendrimer 

The shape is spheroidal or ellipsoidal [14]. Due to the presence of a 
lot of functional end groups and empty interior voids, it has a high 
solubility and reactivity. Eg:-Dendritech TM (USA) [15, 16] 

PPI (Polypropylene imine) dendrimer 

It has a Di amino butane core structure with primary amines as end 
groups and as the centre the tertiary propylene amines. These are 
widely utilised in material science and biology and are available up 
to G-5. Eg; Asramol by DSM (Netherlands) [17]. 

Chiral dendrimer 

The chirality of the dendrimers was achieved by connecting chiral 
cores with constitutionally distinct but chemically similar branches. 
Eg; chiral dendrimers derived from pentaerythritol [18]. 

Multilingual dendrimers 

Dendrimers with numerous copies of a functional group on their 
surface are known as multicopydendrimers. Eg; VivaGel [19]. 
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Tecto dendrimers 

These were composed up of core dendrimers that could be 
surrounded by additional dendrimers that each performed a 
specialized job, resulting in a smart therapeutic system that could 
identify illness and supply API to the known diseased cell. Eg; 
Stratus® CS Acute Care TM, Starburst®, Mercapto [19]. 

Hybrid dendrimers 

These dendrimers exhibit both dendritic and linear polymer 
properties. Eg; Hybrid dendritic linear polymer, Polysilsesquioxanes 

Amphiphilic dendrimers 

These dendrimers have one half which is electron giving, while the 
other half is electron-withdrawing. Eg; SuperFect, Hydraamphiphiles 
and bola-amphiphiles [19] 

Peptide dendrimers 

Peptide dendrimers are peptide dendrimers that contain amino acids in 
the form of branching or internal units. These are used for both 
diagnosing and delivering vaccines. Eg; Beta Casomorphin (human) [20]. 

Frechet-type dendrimers 

These were based on a hyperbranchedpolybenzyl ether structure. 
Dendrimers have a carboxylic acid group linked to their surface, 
which offers a location for additional functionalization and improves 
dendrimersolubility. Eg; Frechet type dendronazides, TM Priostar 

PAMAMOS (Poly Amidoamine organosilicon) dendrimers 

These are commercial dendrimers that include silicon and are inverted 
unimolecular micelles with outside hydrophobic organosilicon (OS) and 
interiorly hydrophilic, nucleophilicpolyamidoamine. Eg; SARSOX [21]. 

Multiple antigen peptide dendrimers 

These are polylysine-based molecular assemblies that look like 
dendrons. Lysine was a great monomer for the development of 
numerous branching sites because of its alkyl amino side chain. Eg; 
vaccine and diagnostic research [21]. 

Properties of dendrimer 

Nanoscale dimensions and shapes 

Due to its well-organized synthesis process and size-controllable 
features, dendrimers have nanoscale dimensions. The diameter of 
dendrimers with an ethylenediamine core grows from 1.1 to 12.4 
nm as they grow from generation 1–10 in the PAMAM dendrimer 
family. Dendrimer shape can change over time. Low-generation 
PAMAM dendrimers (G0–G3) with an ethylenediamine core and no 
internal properties have ellipsoidal forms, but high-generation 
PAMAM dendrimers (G4–G10) with well-defined cavities have 
approximately spherical shapes [22-24]. 

Monodispersity 

Dendrimers manufactured step-by-step have well-organized 
structures with a very low polydispersity (Mw/Mn 1.01–1.05), in 
contrast to typical linear polymers [25]. It's because of the 
preparation process's exact synthesis and purification technique. 
High-performance liquid chromatography (HPLC), size exclusion 
chromatography (SEC), mass spectrometry (MS), gel 
electrophoresis, and transmission electron microscopy have all been 
used to characterise the monodisperse characteristic of dendrimers 
previously (TEM) [26]. 

Polyvalency 

Polyvalency is advantageous since it allows for variable 
functionalization; it is also critical in the creation of antiviral 
therapeutic drugs because it allows for various interactions with 
biological receptor sites [26]. 

Solubility and reactivity 

Surface functional groups, dendrimer formation, repetitive units, 
and even the core all influence dendrimer solubility [27]. 

Dendrimers have been found to be completely soluble in a wide 
range of solvents. Because of their high solubility in organic solvents, 
they dissolve quickly and may be characterised in a variety of ways 
[28]. Furthermore, their high water solubility allows them to be used 
as solubility enhancers for hydrophobic guest molecules. PAMAM 
dendrimers, on the other hand, have a high density of surface functional 
groups (–NH2,–COOH,–OH) that might conjugate with a variety of 
bioactive compounds. We now have novel nanodevice design 
methodologies thanks to these surface-modified dendrimers with 
various functionalities. Dendrimers are a good platform in biological 
sciences because of their high solubility and reactivity [29]. 

Dynamic structures 

Dendrimer conformation is influenced by both their genesis and the 
environment in which they dwell. Using Monte Carlo simulations, 
Welch and Muthukumar discovered that changing the salt content or 
pH in aqueous solutions might change the shape of dendrimers from 
dense core to dense shell. As a result, it is hypothesised that 
dendrimer structures in solutions are extremely dynamic. Higher 
generation dendrimers, on the other hand, are thought to retain 
their approximately spherical forms in solutions [30]. 

Low viscosity 

Low viscosity is one of the most essential features of dendritic 
macromolecules. The viscosity of dendrimers in solutions is much 
lower than that of linear polymers. Although viscosity increases with 
the number of monomers, viscosity decreases in dendritic 
macromolecules beyond a particular generation (typically 
generation 4). As a result, higher-generation dendrimers have more 
functional groups and have a lower viscosity than lower-generation 
dendrimers. This behaviour varies from linear polymers in that the 
inherent viscosity of these structures grows in lockstep with the 
molecular mass. The low viscosity is favorable because it simplifies 
the formation of the dendrimer–drug complex and allows for more 
rapid drug release [31, 32]. 

Advantages 

1. Direct administration of medication to a patient's afflicted body 
area.  

2. Drugs can also be released in a controlled and continuous manner. 

3. Drugs may readily be made to stay inside the layers of skin and 
not enter the bloodstream. 

4. Bypassing the gastrointestinal medium, and so avoiding variations 
caused by gastric secretions. 

5. Reduced clearance of drug owing to changed distribution of the 
drug in organs at the site of localization and transportation due to 
regulated and prolonged release of the drug9 

6. Drug loading is unusually high. 

7. Drug activity is preserved because pharmaceuticals may be 
integrated into systems without causing a chemical reaction. 

8. Other nanoparticles' shortcomings are overcome, such as 
liposomes' low encapsulation effectiveness, quick leakage of water-
soluble drugs in the presence of blood components, and reduced 
storage stability. 

9. Dendrimers are good for targeting solid tumours because of their 
high permeability and poor drainage in the tumour vasculature, 
which leads to macromolecule buildup in the tumour (enhanced 
permeation rate). Targeted delivery (attaching site-specific ligands 
at the surface or magnetic guiding) also reduces the quantity of 
medicine used, lowering systemic toxicity [33, 34]. 

Toxicity of dendrimers 

Although there are various benefits to using these nanosystems as a 
pharmaceutical excipient, it is critical to assess the toxicity of 
dendrimers. Dendrimers interact with some cellular components, 
such as the cell membrane, nucleus, and proteins, due to their size 
(1–100 nm), as these biological constituents have the same 
dimension span. Furthermore, some metal ions, such as iron and 
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zinc, may be complexed by dendrimers, altering the biological 
activity of haemoglobin and renal function, respectively. However, 
the surface charge of a dendrimer is the most important component 
in determining its toxicity. Pharmacokinetics and biodistribution 
have an impact on a polymer's toxicity in vivo. As a result, 
biodistribution experiments are required to determine which tissues 
or organs have a higher drug storage capacity and, as a result, are 
possible toxicity targets [35, 36]. 

Applications 

The various applications of dendrimers are:  

In targeted gene delivery 

Dendrimers can be used as vectors, or carriers, in gene therapy. 
Genes are transferred into the nucleus by vectors that pass through 
the cell membrane. Liposomes and genetically modified viruses are 
currently the most used methods. PAMAM dendrimers have also 
been used to transport genetic material. Cationic dendrimers 
(Polypropylenimine (PPI) dendrimer) transport genetic materials 
into cells by establishing electrostatic complexes with negatively 
charged genetic materials. Because of their capacity to form compact 
complexes with DNA, cationic dendrimers provide good non-viral 
vectors for gene delivery. Another possible use is for the influenza 
virus to bind to the cell surface using dendrimers coated with sialic 
acid. Dendrimers are also non-immunogenic, making them ideal as 
carrier architectures for medicines or bioactive compounds [37]. 

In pulmonary drug delivery 

Because of their huge surface area, thin alveolar region, broad 
vasculature, and avoidance of first-pass metabolism, the lungs offer 
an appealing alternate route and location for drug delivery. As a 
result of this advantage, the drug's systemic bioavailability is 
improved, resulting in more effective therapeutic action. Many types 
of dendrimers have been invented, manufactured, and explored for 
pulmonary administration of different medicines due to their unique 
structure. These nanosystems have shown to be promising as 
inhalable drug delivery solutions for the treatment of pulmonary 
diseases [38]. The PAMAM dendrimer was investigated as a carrier 
for pulmonary delivery of enoxaparin, low-molecular-weight 
heparin, to treat vascular thromboembolism by Bai et al. [39]. They 
came to the conclusion that positively charged PAMAM dendrimers 
are a good nanocarrier for enoxaparin distribution in the lungs 
without causing injury to the lungs. These researchers also 
discovered that heparin encapsulated in pegylateddendrimers had a 
longer circulation half-life and higher pulmonary absorption. 

In transdermal drug delivery 

Dendrimers with high water solubility and biocompatibility have 
been demonstrated to increase drug attributes such as solubility and 
plasma circulation time when used in transdermal formulations, as 
well as transport pharmaceuticals effectively [40]. For these 
applications, the viscosity imparting feature of a dendrimer solution 
enables for easy handling of extremely concentrated dendrimer 
formulations. Nonsteroidal anti-inflammatory medications 
(NSAIDs), antiviral, antibacterial, anticancer, and antihypertensive 
treatments have all been demonstrated to benefit from dendrimers 
as transdermal drug delivery methods [41]. The model NSAIDs 
ketoprofen and diflunisal have been explored as transdermal carrier 
systems using PAMAM dendrimers [42]. The molecular weight of the 
drug-carrier molecule is known to influence molecular transport 
through undamaged skin. Because of their large molecular weights, 
dendrimers failed to improve drug transport through undamaged 
skin. To further understand the link between dendrimers and skin 
transport mechanisms, more study is needed in this area. 

In ocular drug delivery 

For the treatment of numerous ocular illnesses, topical application 
of APIs to the eye is the most commonly prescribed method of 
administration. Topically administered medicines, on the other 
hand, have a very low intraocular bioavailability. This is due to the 
surplus fluid draining down the nasolacrimal duct and the tears 
removing the solution. The problems of ocular medication 
administration can be reduced by adopting specialised delivery 

methods like dendrimers. Drug delivery methods for the eyes should 
be sterile, non-irritating, isotonic, biocompatible, biodegradable, and 
not flow out of the eye. Trivedi et al. boosted the bioavailability of 
pilocarpine in the eye by utilising PAMAM dendrimers containing 
hydroxyl or carboxylic groups, and the results showed that the 
drug's resident time was doubled [43]. 

In enhancing the solubility 

PAMAM dendrimers are known to have potential uses in increasing 
drug delivery system solubility [44]. Dendrimers have hydrophilic 
exteriors and interiors that are aware of their unimolecular micelle 
nature and are accountable for their solubilization performance [45]. 
Dendrimer micelles are unimolecular, and there is no critical micelle 
concentration. These features make it possible to encapsulate poorly 
soluble medicines within the dendritic structure and make them 
soluble. Dendrimer base carriers have the promise of improving the 
oral bioavailability of difficult-to-absorb medicines [46]. 

In intravenous drug delivery 

The intravenous delivery method is limited in clinical trials due to 
the poor water solubility of many medicines, particularly anticancer 
agents. The medications' intravenous administration causes a 
variety of adverse effects, including hemolysis and phlebitis. Many 
efforts have been undertaken to produce novel intravenous 
formulations, with the dendrimer-drug formulation gaining 
increased interest from developing delivery methods. Before using 
dendrimers intravenously, their biodistribution throughout the 
body, as well as their toxicity and immunogenicity, must be 
evaluated. Meanwhile, the biodistribution of dendrimers in vivo 
following intravenous injection has been thoroughly investigated. 
Kukowska-Latallo et al. studied the biodistribution of tritium-
labeled G5 PAMAM dendrimers following intravenous 
administration and discovered that these materials were rapidly 
removed from the blood via the kidney on the first day after 
injection [47]. 

In site-specific drug delivery 

Here the medicine is localised at the desired location. As a result, the 
medicine does not affect the surrounding tissues. Targeted 
administration of chemotherapeutics is critical to reducing the 
major side effects associated with traditional treatment, in which 
healthy organs such as the liver, spleen, kidneys, and bone marrow 
can collect dangerous quantities of medication. Surface modification 
of dendrimers with different targeting moieties such as folic acid 
(FA), monoclonal antibodies etc may be used to enable region-
specific drug delivery [48]. 

In nasal drug delivery 

The trigeminal nerve pathway and the olfactory nerve pathway can 
both be used to deliver drug molecules to the brain via the nose 
cavity. By creating a combination with pharmaceuticals, dendrimers 
have been shown to improve their water solubility. The medicine 
would be concentrated in the nasal region thanks to this combination. 
PAMAM dendrimers, for example, have piqued researchers' interest 
when it comes to nose-to-brain targeting [49]. Perez et al. investigated 
intranasal delivery using dendrimers by forming dendriplexes 
(siRNAdendrimer complexes) by attaching radioactive small 
interfering ribonucleic acid (siRNA) to PAMAM dendrimers and 
forming these particles into mucoadhesive gels. Dendriplexes also 
exhibited an increase in radioactivity in the brain [50]. 

In anticancer drug delivery 

Dendrimers' structure and configurable surface activity allow 
several entities to be encapsulated/conjugated, either in the core or 
on the surface, making them suitable carriers for anticancer 
medicines. There are various examples of targeted medication 
delivery mediated by dendrimers. Jesus et al. investigated the use of 
a 2, 2-bis (hydroxymethyl) propanoic acid-based dendritic scaffold 
as a doxorubicin delivery carrier in vitro and in vivo in 2002. In vitro, 
this dendritic nano-formulation with doxorubicin covalently coupled 
to a high molecular weight three-arm polyethylene oxide by a 
hydrazone linkage showed decreased cytotoxicity [51]. One of the 
first instances is PAMAM dendrimerproduction 3.5 coupled to 
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cisplatin through the sodium carboxylate surface, resulting in a 
dendrimer–platinate (dendrimer–Pt; 20–25 wt percent platinum) 
nanoformulation with the capacity to slowly release cisplatin in vitro 
[52]. Lee and colleagues demonstrated that a polyester-based 
dendrimer–PEO–doxorubicin combination may significantly slow 
the growth of DOX-insensitive C-26 tumours transplanted 
subcutaneously in BALB/c mice [53]. For the inclusion of 5FU, 
Bhadra et al. employed PEGylated PAMAM dendrimers [54]. 

In vaccine delivery 

Because most low-molecular-weight compounds are not 
immunogenic, they must be conjugated to a macromolecule in order 
to stimulate antibody formation against them. Using dendrimers as 
nanocarriers of these tiny antigens is now a feasible alternate option 
for solving this challenge. Dendrimers are ideal immunostimulant 
chemicals (adjuvants) for improving vaccination efficacy. A number 
of investigations have been conducted to see if the PAMAM 
dendrimer is an effective transporter of tiny antigens. The findings 
showed that following delivery, this nanosystem did not cause any 
negative host reactions, such as immunological and/or inflammatory 
responses. PAMAM dendrimers have been effectively employed in 
antigen conjugates [55]. 
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