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Abstract Dendrimers are having novel three dimensional, synthetic hyperbranched, nano-

polymeric structure. Among all of the dendrimers, Poly-amidoamine (PAMAM) dendrimer are

used enormously applying materials in supramolecular chemistry. This review described the struc-

ture, characteristic, synthesis, toxicity, and surface modification of PAMAM dendrimer. Various

strategies in supramolecular chemistry of PAMAM for synthesizing it at commercial and labora-

tory scales along with their limitations and applications has also discussed. When compared to

other nano polymers, the characteristics of supramolecular PAMAM dendrimers in nanopolymer

science has shown significant achievement in transporting drugs for molecular targeted therapy,

particularly in host–guest reaction. It also finds its applications in gene transfer devices and imaging
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Table 1 Different types of dendrimers with its structural specificity and applications.

Sr.

No.

Types of

dendrimers

Synthesis/First

reported by

Structural specificity Applications Structure References

1

Polyamidoamine

dendrimers

(PAMAM)

Divergent

method/

Tomalia et al.

Spheroidal or

ellipsoidal with the

presence of several

peripheral

functional groups

and internal cavities

Diagnostic agent.

Targeting drug

delivery and gene

therapy.

Naylor, 1989;

Negar and

Rouhollah,

2013; Pagé and

Roy, 1997;

Tomalia

et al.,1985

2
Chiral

dendrimers

Convergent

method/

Diederich et al.

Peripheral primary

amines groups and

tertiary propylene

amines as a core.

Chirality based on

the constitutionally

different but

chemically

analogous branches.

Enantioselective

catalysis and

molecular

recognition

process.

Ritźen and

Frejd, 1999;

Smith and

Diederich,

1998

3
Liquid crystalline

dendrimers

Divergent or

convergent

method /Virgil

percec et al.

Mesogenic liquid

crystalline

monomers or

thermotropic liquid

crystalline phases

which are rod-like

(calamitic) or disk-

like (Discotic)

molecules.

Use for specific

physical

properties.

Cheng et al.,

2015a, 2015b;

Guillon and

Deschenaux,

2002; Percec

et al., 1992;

Smith and

Diederich,

1998

4

Polypropylene

ether imine

dendrimers (PPI)

Divergent

method/

Newkome

et al.

Amino butane core

with primary amines

as functional end

groups.

Antimicrobial and

solubility

enhancement

agent.

Gillies et al.,

2005; Inoue,

2000; Kaur

et al., 2016;

Newkome

et al., 1986

5 Tecto dendrimers

Divergent

method/Tam

et al.

Fluorescein core

(thermotropic

agent) and folate as

a functionally active

peripheral moiety.

Used for

Multidrug

delivery, gene

therapy, and

environmental

remediation.

Schilrreff et al.,

2012; Tam and

Lu, 1995;

Welch and

Welch, 2009

6
Peptide

dendrimers

Convergent

method/Sadler

et al.

Amino acid as

peripheral and

interior unit.

Used for the

diagnostic

purpose, vaccine

delivery, protein

replacement,

Chemotherapeutic

agent and gene

therapy.

Ammonium,

1995;

Backbone,

1990; Sadler

and Tam, 2002
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Table 1 (continued)

Sr.

No.

Types of

dendrimers

Synthesis/First

reported by

Structural specificity Applications Structure References

7
Carbosilane

dendrimers

Divergent and

convergent

method/

Bermejo et al.

Two different cores

1,3,5-(HO)3C6H3

and Si(C3H5)4
having carboxylate

and sulfonate as an

end functional

groups.

Potential

application in

catalysis, host–

guest chemistry,

novel polymer

topology.

Bermejo et al.,

2007;

Kesharwani

et al., 2014

8 Glycodendrimers

Divergent and

convergent

method/

Benjamin

Davis et al.

Glycodendrimers

include sugar

moieties such as

mannose, glucose,

galactose, and

disaccharide.

In biotechnology

and material

science.

Benjamin,

2002; Roy and

Baek, 2002;

9
Triazine

dendrimers

Convergent

method

(cycloaddition

reaction or

triazene

substitution)/

Astruc et al.

The core is

containing triazine

trichloride and other

triazine based

compounds.

Used in the

synthesis of

simazine herbicide

also applied in

non-viral gene

delivery.

Astruc et al.,

2012;

Steffensen

et al., 2006

10
Hybrid

dendrimer

A Divergent

method (Diels-

Alder

cycloaddition)

by Roovers

et al.

These are hybrids of

dendritic and linear

polymers.

Composed of elastic

carbosilane core and

rigid aromatic shell.

As drug carriers.

Kesharwani

et al., 2014;

Roovers and

Comanita,

1999

11

PAMAMOS

(Poly

amidoamine

Organosilicon

Dendrimers)

Divergent

method/Peter

Dvornic et al.

PAMAM as an

interior and

hydrophobic

organosilicon as a

peripheral moiety.

Use for drug

conjugate and

nanocarrier.

Dvornic, 2006;

Tomalia, 1993;

Torchilin, 2006

(continued on next page)
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Table 1 (continued)

Sr.

No.

Types of

dendrimers

Synthesis/First

reported by

Structural specificity Applications Structure References

12

Multiple antigen

peptide

dendrimers

Convergent

and Divergent

method/Tam

et al.

Dendron like

molecular

configuration based

on a polylysine

framework.

Improved

efficiency of

antibiotics and

antimicrobial

molecules.

Joshi et al.,

2013; Tam and

Lu, 1995

13
Frechet-type

dendrimers

Convergent

method/

Hawker and

Frechet et al.

Structural

framework based

polybenzyl ether

with Carboxylic acid

group act as a

functionally active

peripheral moiety.

Pharmaceutically

active compound,

imaging agent,

radioligand and

targetting

molecule.

Hawker and

Fréchet, 1990;

Ihre et al.,

2002
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Fig. 1 Structure of PAMAM dendrimer with the generation’s number and the peripheral end groups.
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urine and feces twice over seven days as compared to polyca-
tionic dendrimer (Nigavekar et al., 2004). Nigavekar and his

coworkers compared PAMAM G5 dendrimer with surface
modified acetylated PAMAM dendrimer for biodistribution.
They used B16 melanoma cell line and DU145 human prostate

cancer cell line. They observed that tissue deposition of polyca-
tionic PAMAM is better as compared to the neutral surface
charge (Nigavekar et al., 2004). From that observation, they

conclude that neutralization of surface charge of PAMAM
dendrimers is required to utilize it as a systemic biomedical

delivery device. Drugs interact with the PAMAM dendrimer
molecule and encapsulate into the interior cavities by electro-

static interactions or by conjugation with the end groups.
Sadekar et al. compared the effect of the multiple branched

PAMAM dendrimers and linear N-(2-hydroxypropyl)metha

crylamide (HPMA) copolymers on tumor-bearing mice. They
identified the effect of molecular weight and hydrodynamic
size of PAMAM and HPMA on biodistribution using com-

partmental pharmacokinetic analysis. They observed that
hydroxyl-terminated PAMAM dendrimers have higher tumor
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Scheme 2 Diagramatic illustration of divergent (A) and convergent (B) synthetic approach for dendrimers.
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was able to lower intracellular reactive oxygen species and to
reduce the level of cleaved caspase-3 at low concentration
(Pojo et al., 2013). Recently Gao et al. reported the use of

G4 PAMAM to remineralize human teeth to treat dentine
hypersensitivity. They demonstrated that PAMAM created
precipitates on the surface and within the dentinal tubules with

a strong ability to resist acid and showed great potential in the
treatment of dentine hypersensitivity (Gao et al., 2017).

8. Conclusion

PAMAM dendrimers are hyperbranched organic molecules
with distinguished characteristics from all other traditional lin-

ear polymers like size, shape, monodispersity, surface charge
and peripheral functional group. For achieving these unique
characteristics optimally, it must be synthesized with consis-

tent quality and purity. Various approaches for synthesizing
PAMAM dendrimers have been available, including divergent,
convergent along with click chemistry, lego synthesis and
hybrid convergent-divergent synthesis. However, preparation

of high generation and defect-free PAMAM dendrimers on a
large scale remains challenging because the purification pro-
cesses are complicated and require the appropriate handling

of energy parameters.
Due to its physicochemical properties and bio structural

similarities, it determined its immense potential in the field

pharmaceuticals as well as the bio-medicals. PAMAM den-
drimer can improve biological properties such as bioavailabil-
ity, solubility and specific target selectivity by linking or
entrapping bioactive compounds. The peripheral positive

charge of PAMAM is responsible for its cytotoxicity which
can be overcome by neutralizing charge through PEGylation,
acetylation, folate, and peptide conjugation. The structure of

PAMAM dendrimers with a wide scope of applications will
provides several opportunities for commercialization in the
future.
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Abstract
Efavirenz (EFV) with a booster dose of ritonavir (RTV) (EFV-RTV) inhibits the metabolism of EFV and improves its bio-
availability. However, inadequate organ perfusion with surface permeability glycoprotein (P-gp) efflux sustains the viable 
HIV. Hence, the present investigations were aimed to evaluate the pharmacokinetics and tissue distribution efficiency of EFV 
by encapsulating it into PEGyalated PAMAM (polyamidoamine) G4 dendrimers with a booster dose of RTV (PPG4ER). The 
entrapment efficiency of PEGylated PAMAM G4 dendrimers was found to be 94% and 92.12% for EFV and RTV respec-
tively with a zeta potential of 0.277 mV. The pharmacokinetics and tissue distribution behavior of EFV within PPG4ER was 
determined by developing and validating a simple, sensitive, and reliable bioanalytical method of RP-HPLC. The devel-
oped bioanalytical method was very sensitive with a quantification limit of 18.5 ng/ml and 139.2 ng/ml for EFV and RTV, 
respectively. The comparative noncompartmental pharmacokinetic parameters of EFV were determined by administrating 
a single intraperitoneal dose of EFV, EFV-RTV, and PPG4ER to Wistar rats. The PPG4ER produced prolonged release of 
EFV with a mean residential time (MRT) of 24 h with Cmax 7.68 µg/ml in plasma against EFV-RTV with MRT 11 h and 
Cmax 3.633 µg/ml. The PPG4ER was also detected in viral reservoir tissues (lymph node and spleen) for 3–4 days, whereas 
free EFV and EFV-RTV were cleared within 72 h. The pharmacokinetic data including Cmax, t1/2, AUC​tot, and MRT were 
significantly improved in PPG4ER as compared with single EFV and EFV-RTV. This reveals that the PPG4ER has great 
potential to target the virus harbors tissues and improve bioavailability.
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INTRODUCTION

Due to the emergence of resistant strains of the human immune 
virus (HIV) and the presence of viral reservoirs, antiretrovi-
ral therapy (ART) with any single class of drug has proven 

ineffective in controlling the infection and disease progres-
sion (1). Disease management is also challenging due to 
less bioavailability, and side effects of ART drugs (2, 3). 
The approaches to target the viral reservoir, and resolve the 
complications of current ART include the invention of novel 
drug molecules, chemical modifications of ART, altered drug 
regimens, activation of the immune system, and development 
of targeted drug delivery systems (4). Out of these, PAMAM 
dendrimers revolutionized ART by improving the delivery and 
efficacy of ART drugs.

In consideration of the new drug regimen, EFV is a 
first-choice non-nucleoside reverse transcriptase inhibitor 
used in ART. Unfortunately, it induces P4502B6 enzymes, 
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(250 mm × 4.6 mm, 5 μm). Method development trials for 
HPLC analysis were carried out by isocratic mode using 
ammonium acetate buffer (25 mM) at various pH (pump A). 
Different percentage ratios of methanol: acetonitrile were 
used for pump B. Various chromatographic trials were con-
ducted by altering the composition of the mobile phase, pH, 
and flow rate for the resolution of peaks (34, 35).

Sample Extraction Procedure

Blood samples were withdrawn from the retro-orbital plexus of 
the rat and placed into anti-clot blood collection vials (Himedia 
Laboratories, Mumbai, India). Subsequently, the withdrawn 
blood samples were instantaneously centrifuged at 12,000 rpm 
for 10 min (4 °C) and the supernatant was decanted as a plasma 

(36, 37). The tissue distribution study was performed on various 
tissues like the heart, liver, kidney, spleen, brain, and cervical 
lymph node. These tissues were harvested and rinsed with ice-
cold 0.9% NaCl to remove superficial blood and debris. Further, 
the tissues were dried by blotting with filter paper. Each tis-
sue was accurately measured and homogenized with 3 times its 
volume with methanol. These plasma/tissue homogenates are 
stored in vials at − 20 °C until further investigation and proceed 
for single-step protein precipitation by liquid–liquid extraction 
(38).

Liquid–Liquid Extraction

In an eppendorf tube, aliquots of 100 μL of rat plasma/tissue 
homogenates were treated with 1 mL of working solution for 

Scheme 1   Divergent approach 
for synthesizing PAMAM G4 
dendrimer by repetition of 
Michael addition and amidation 
with excess of reagent



	 AAPS PharmSciTech          (2022) 23:177 

1 3

  177   Page 14 of 16

as well as tissue compartments as compared to EFV-RTV. 
Therefore, it has been concluded that PPG4ER dendrimers 
could be a promising candidate to target the virus harbors 
tissues and improve bioavailability.
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