
Dendrimers in Biomedicine
Subjects: Chemistry, Medicinal

Contributor: Luca Liviu Rus, Carmen Dobrea, Chis Adriana Aurelia, Claudiu Morgovan, Anca-Maria Arseniu (Borcea), Adina Frum

Biomedicine represents one of the main study areas for dendrimers, which have proven to be valuable both in diagnostics

and therapy, due to their capacity for improving solubility, absorption, bioavailability and targeted distribution. Molecular

cytotoxicity constitutes a limiting characteristic, especially for cationic and higher-generation dendrimers. Antineoplastic

research of dendrimers has been widely developed, and several types of poly(amidoamine) and poly(propylene imine)

dendrimer complexes with doxorubicin, paclitaxel, imatinib, sunitinib, cisplatin, melphalan and methotrexate have shown

an improvement in comparison with the drug molecule alone. The anti-inflammatory therapy focused on dendrimer

complexes of ibuprofen, indomethacin, piroxicam, ketoprofen and diflunisal. In the context of the development of

antibiotic-resistant bacterial strains, dendrimer complexes of fluoroquinolones, macrolides, beta-lactamines and

aminoglycosides have shown promising effects. Regarding antiviral therapy, studies have been performed to develop

dendrimer conjugates with tenofovir, maraviroc, zidovudine, oseltamivir and acyclovir, among others. Furthermore,

cardiovascular therapy has strongly addressed dendrimers. Employed in imaging diagnostics, dendrimers reduce the

dosage required to obtain images, thus improving the efficiency of radioisotopes. Dendrimers are macromolecular

structures with multiple advantages that can suffer modifications depending on the chemical nature of the drug that has to

be transported. The results obtained so far encourage the pursuit of new studies.
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1. Introduction

Dendrimers are synthetic polymers characterized by branched repeating units that emerge from a focal point and possess

a large number of exposed anionic, neutral or cationic terminal functionalities on the surface, which leads to hydrophilic or

hydrophobic compounds . They are nanometric molecules that are radially symmetric, globular, mono-dispersed and

homogenous .

The properties of dendrimers are different in comparison to conventional polymers. Due to their size, dendrimers are used

in nanomedicine research. They are found to be useful as delivery or carrier systems for drugs and genes, but studies

have shown that some dendrimers have medicinal uses of their own, mostly due to their antifungal, antibacterial and

cytotoxic properties .

The benefits of many drugs cannot be exploited because of their poor solubility, toxicity or stability problems. The use of

dendrimers as carriers of these compounds can solve these problems, thus improving their clinical applications .

The valorization of dendrimers represents an important progress in the current therapeutic field, and the biodegradable

properties of these polymers can significantly increase their applicability .

Compared to traditional surfactants, when they are used as carriers, dendrimers possess numerous advantages, like a

high loading capacity of the drug through numerous functional surface groups and internal cavities, the high bioavailability

of the attached drug through covalent or non-covalent bonds, and the high penetrability of biological barriers and cell

membranes .

2. Biomedical Dendrimer Profile-Cytotoxicity

In order to introduce a new substance in therapeutics and the diagnostics of human illnesses, its properties have to be

well documented. Beside the physicochemical characteristics and the pharmacological profile, the toxicological

risk/benefit ratio must also be evaluated. Dendrimers, as biocompatible nanoparticle macromolecules, are used for their

unique properties as carriers of other molecular structures, in order to improve the activity and efficiency of an active drug

molecule and also to reduce its toxicity.
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It has been shown that the cytotoxicity of the dendrimer depends on the generation to which it belongs and also on the

nature of its surface, given by terminal functional groups. Cytotoxicity was highlighted in cationic, amine dendrimers.

Studies also showed a correlation between cytotoxicity and dendrimer generation . For example, the cytotoxicity of

poly(amidoamine) (PAMAM) and poly(propylene imine) (PPI) dendrimers is directly proportional to concentration and

generation, due to the presence of primary amines terminal zones. Grafted polyethylene carbosilane dendrimers are less

toxic and so are anionic terminal group dendrimers . Thus, the surface modification of cationic dendrimers in

order to neutralize or completely modify them to anions is directly linked to reduced cytotoxicity .

3. Biomedical Applications of Dendrimers

Several dendrimers possess intrinsic pharmacodynamic properties . In order to be used for their biomedical activity,

dendrimers must meet certain conditions, as follows: a) they must show low toxicity, b) low immunogenicity, and c) high

permeability, so that they can cross biological barriers, have a proper presence in the systemic circulation and be capable

of specific targeting . The limiting characteristic in relation to the medical use of many dendrimers is their cytotoxicity 

.

Dendrimers have been investigated in relation to medical tasks, the targeted release of active molecules, or gene therapy,

due to the malleability of their structure which permits the tailoring of their physicochemical properties . This

possibility confers the uniqueness of dendrimers compared to other nanoparticles, their structure on generations

(dendrons—branched concentric layers) (offering the possibility of synthesizing dendrimers as monodisperse systems),

and the terminal groups offering possibilities for further interaction .

4. Dendrimers in Drug Therapy

4.1. Dendrimers in Antineoplastic Therapy

Conventional antineoplastic therapy is associated with many important side effects. Commonly indicated radiotherapy can

lead to the development of secondary gene mutations, which could cause complications and future new malignancies.

Chemotherapy, immunotherapy and gene therapy are generally characterized by significant nonspecificity, which limits the

bioavailability of the drug at the tumor site .

Dendrimers transport active drug molecules using various strategies: a) physical interactions based on the inclusion of the

active drug molecule in the central structure of the dendrimer through non-covalent associations, hydrogen bonds,

hydrophobic or electrostatic interactions ; b) chemical interactions involving the covalent conjugation of drugs with the

functional end groups of dendrimers , on the other hand, are much more stable.

4.2. Dendrimers in Anti-Inflammatory Therapy

The interest in the studying of dendrimers as carriers of active non-steroidal anti-inflammatory drugs (NSAIDs) is

increasing. NSAIDs are one of the most widely used classes of drugs, but their use is often limited because of the

considerable level of toxicity and associated side effects. Most NSAIDs are hydrophobic molecules, poorly soluble, and

have low bioavailability . To improve the solubility of this class of drugs, numerous studies have been performed using

water-soluble dendrimers, such as poly(amidoamine) (PAMAM) or poly(propylene imine) (PPI) dendrimers .

Due to the presence of amino-terminal groups in these dendrimers, the solubilization of hydrophobic NSAID molecules is

possible by using encapsulation technologies, while improving the bioavailability of NSAIDs as well . The main

mechanism of interaction between the active NSAID molecule and the dendrimer takes place between the dendrimer’s

amino groups and the NSAIDs carboxyl groups .

4.3. Dendrimers in Antibacterial Therapy

The encapsulation of antibiotics in dendrimeric systems can improve their therapeutic efficacy and reduce their side

effects to a minimum. The main objectives in the design of dendrimers as delivery systems are the control of particle size,

the properties of the surface, the functionality and branch length/density, and the release of drugs in order to obtain the

wanted effect at the marked site of action . The active molecules can be condensed inside the dendrimers, physically

adsorbed, or chemically attached to the surface of the dendrimer. These structures lead to an improvement in the

pharmacokinetic and pharmacodynamic properties of drugs, and can be used in combination with traditional drugs .

4.4. Dendrimers in Antiviral Therapy

In antiviral therapy, numerous studies have been performed for the development of dendrimeric conjugates with active

substances, which offer multiple advantages, such as increased specificity and bioavailability, prolonged half-life, and the

reduced toxicity of the drug . In the last decade, in anti-HIV therapy, nanotechnology using polyanionic carbosilane
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dendrimers (PCD) has been a promising approach in improving the characteristics of antiretroviral drugs, using

dendrimeric nanoparticles with dimensions between 1 and 40 nm  and different generations G1-S4, G2-S16 and G3-

S16 . These compounds are characterized by the sulfonate groups in the peripheral structures, as follows: G1-S4

PCDs have four peripheral sulfonate groups, and G2-S16 and G3-S16 have 16 groups . The number of repeated

layers of atoms of silicon determines the generation of dendrimers.

4.5. Dendrimers in Cardiovascular Therapy

In cardiovascular pathologies, due to the low bioavailability of drugs, dendrimeric conjugates have been studied.

A small interfering RNA (siRNA) delivery system was studied. It was comprised of two cell-penetrating peptides, oligo-

arginine and a transactivator of transcription, linked to a G4 PAMAM dendrimer through a PEG crosslinker . The

loading of siRNA in this delivery system had effective downregulation effects on the expression of AT1R in cardiomyocytes

in vitro. In vivo, the delivery of siRNA prevented the increase in the AT1R levels, and it improved the recovery of the

cardiac function after IR injury, compared to the groups treated with saline solution or dendrimers alone .

Due to its low water solubility over a pH range of 4–13, nifedipine possesses a low bioavailability in the human body.

PAMAM dendrimers from G0 to G3, with amine or ester surface functional groups, increased the water solubility of

nifedipine at a pH of 7. The ester surface functional groups had a greater efficiency than the amine ones. Thus, PAMAM

dendrimers could act as solubilizers for nifedipine, in order to increase its therapeutic effects .

4.6. Dendrimers in Imaging Diagnostics

Nanotechnology-based imaging is a promising field of interest for overcoming some limitations to the use of imaging

agents, and especially for enhancing permeation and retention (EPR), because of the possibility of improving the

specificity and the sensitivity of imaging .

The advantage of using nanomaterials imaging agents is that they can penetrate and accumulate specifically in tumor

tissue through the EPR effect, due to dysfunctional vascularization and lymphatic drainage in the tumor microenvironment

. The EPR effect, also called “the passive tumor targeting effect”, can augment the concentration of the imaging

agent in the tumor, thus increasing the sensitivity and the resolution of the image .

Systems obtained via the self-assembly of supramolecular nanostructures formed by amphiphilic dendrimers represent

innovative and efficient drug delivery systems . The use of these amphiphilic dendrimers offers the advantage of well-

defined structures and the stability of dendrimers in generating nanostructures of appropriate dimensions, and the

possibility of high drug loading .

5. Toxicity Reports Regarding Dendrimers

Toxicity, as well as all the other properties of a compound, are directly linked to its structure. Specific elements composing

a dendrimer (core, branch, surface groups) contribute to the increase or limitation of its toxicity (Figure 1).

Figure 1. Schematic representation of the toxicity of dendrimers based on their structure .

6. Conclusions

Dendrimers possess many applications due to their functional and structural versatility. They can be used in different

fields, like photodynamic therapy, biomedicine, the delivery of genes and siRNA, pharmacy, biopharmacy, the conjugation

of oligonucleotides, immunology and imaging. As this study has shown, dendrimers are macromolecular structures with

multiple advantages that can suffer modifications in order to ensure drug transport and targeted drug delivery. The toxicity

of different dendrimers constitutes a limitation of their applications in biomedicine, and has triggered the development of

different toxicity reduction strategies.
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