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Abstract: Dendrimers as a new kind of polymer have been studied for medical applications mainly in two aspects: drug 

delivery and gene delivery. The unique characteristics, such as uniformity, monodispersity and the ability to functionalize 

their terminal groups with various targeting agents distinguish them as versatile carriers. In the paper the recent advances 

of dendrimer in gene transfer vehicles and drug delivery are separately reviewed. These advances illustrate the direction of 

the future development of dendrimers. 
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1. INTRODUCTION 

 In 1985, Tomalia et al. [1] synthesized for the first time a 
new kind of polymer which they referred to as “starburst 
polymer”. Because of its dendritic architecture, people use 
the term “dendrimer” to describe this new class of polymers 
thereafter. Interest in dendrimers has grown steadily over the 
past two decades to use these molecules in numerous indus-
trial and biomedical applications [2]. In 2003, the first den-
drimer drug developed by StarPharma® (Melbourne, Austra-
lia) for use against HIV, received regulatory clearance for 
phase (I) clinical trials from the US FDA. The drug is a topi-
cal gel containing an anionic polyamidoamine dendrimer 
which is postulated to interfere with the entry and fusion 
process of the HIV virus [3]. However, in biomedical sci-
ence, dendrimers were studied mostly as delivery agents in 
both gene and drug delivery systems rather than as therapeu-
tic agents. 

 In 1993, Szoka et al. [4] showed that dendrimers could 
be used as vehicles to introduce gene into cell. Since then, 
many researches focus on it. In 1996, Szoka and co-workers 
showed that fractured dendrimers led to enhanced DNA 
transfection [5], thus led to a commercially available trans-
fection agent Superfect™, a fractured PAMAM (polyami-
doamine) dendrimer. In gene delivery applications, existing 
gene transfer systems, such as viral vectors (retroviral and 
adenoviral vectors etc.) or nonviral vectors (plasmids, 
liposomes etc.), pose problems mainly because of mutagene-
sis, immunogenicity, inflammation, and low targeting effi-
ciency [6]. 

 Dendrimers have primary amine end groups, which could 
participate in DNA binding processes. They could be linked 
to various biocompatible molecules for different applications 
[7, 8]. In addition, while most of liposomes are considered 
energetically metastable and will eventually rearrange to 
form planar bilayers, dendrimers are considered more stable 
[9, 10]. Dendrimers with a high density of charged primary  
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amino groups restricted to the surface are highly soluble 
which makes them stable in aqueous solution. On the other 
hand, studies have shown that dendrimers are nonimmuno-
genic and can mediate the enhanced delivery of diverse nu-
cleic acids, including DNAs and RNAs [11, 12].  

 In drug delivery, because of the unique characteristics 
such as uniformity and monodispersity, dendrimers possess 
the potential to be used as carriers for targeted drug delivery 
due to their terminal groups could be functionalized with 
various targeting therapeutic and imaging agents in specific 
and controllable manner [2, 13, 14]. Compared to another 
widely used material in biomedical applications, liposome, 
which has been under development as delivery vehicles in 
both gene and drug delivery systems since early 1990s, den-
drimers are well defined in size and capable of loading drugs 
on their surface or encapsulating them within. They have 
higher delivery efficiencies and lower drug leakage in drug 
delivery applications [15].  

 All these advantages of dendrimer in drug delivery and 
gene delivery lead researchers to expect that it could replace 
liposomes and other carrier in some practical uses. It indi-
cates that dendrimers begin to play a more and more impor-
tant role in practical applications. Although dendrimers have 
many advantages in gene and drug delivery, they still cannot 
entirely replace other delivery systems. The suitability of any 
delivery system should always be matched with the clinical 
situation, the specific disease and the chosen therapeutic 
strategy [16].  

2. RECENT ADVANCES IN GENE DELIVERY 

 Different kinds of nucleic acids can be used for gene de-
livery experiments, including DNA/RNA, and oligonucleo-
tides. All these nucleic acids face the same barriers when 
transfected. In the last 10 years, there has been an explosion 
of interest in using dendrimers as vectors [17]. Researches 
showed that dendrimers, especially PAMAM dendrimers, 
allowed efficient transferring in many different cell types 
and cell lines [4, 18, 19]. PAMAM were studied more inten-
sively than any other dendrimers, like PEI (poly(ethylene-
imine)), PPI (poly(propylene imine)) and their derivatives 
[20]. Several different formulations of the dendrimer–DNA 
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complex were investigated, such as PAMAM/DNA [4], PEG 
(polyethylene glycol)-PAMAM/DNA [21], PAMAM-PEG-
PAMAM/DNA [22], PPI/DNA [23], PEI/DNA [24].

 In mechanism terms, it appears that dendrimer is in fact 
quite similar to other gene delivery agents in general but not 
in details. It contains two processes: 1. the formation of 
complexes with DNA/RNA; 2. the facilitated entrance of the 
complexes into the cells [25]. 

2.1. Enhancement of DNA Complex Formation 

 The original polyamidoamine in high generation (>G5) 
has a sphere shape and these dendrimers represent the first 
family to be made commercially available and it was widely 
studied in its spontaneous ability to form complexes with 
DNA/RNAs. Based on the research of the mechanism of the 
formation process known so far [26-28], the cationic charged 
primary amino group on the surface can easily attach to the 
DNA chain, and then attract the DNA chain to wrap around 
it by electrostatic force. The shape and the density of charged 
groups on the surface may be the most important factors in 
the formation process. Changing the shape of the PAMAM 
dendrimer could lower the transition energy and make it eas-
ier to form complexes with the DNA/RNA chain. Recently, 
Kim group [29] found another direct evidence of the interac-
tion between PAMAM and DNA probed by Hoechst 33258 
(Fig. 1). 

 Their data obtained from Linear Dichroism (LD) showed 
that a large part of linear DNA wrapped the surface of G-6 
dendrimer as the previous research suggested [30-32]. The 
interaction between the DNA and G-6 dendrimer was corre-
lated to the shape of the dendrimer. 

2.2. Promotion of Cell Entrance 

 In the uptake process, dendrimer facilitates the entrance 
of the complexes by an initial electrostatic attraction between 

the cationic complex and the negatively charged cell surface 
groups. DNA-dendrimer complexes transit the cell mem-
brane or the endosomal membrane by endocytosis, and fi-
nally transport into the nucleus by an endosomal escape 
mechanisms [25]. Dendrimer could protect the DNA apart 
from cellular nucleases and degradation. Recent research 
suggested that the binding and uptake of dendrimer de-
pended on cholesterol [33]. Another research based on vari-
ous measurement methods showed that there are no obvious 
correlations with gene delivery activity and the physical 
properties. However, according to the previous research on 
PAMAM dendrimers [34], dendrimer/DNA complexes with 
mean diameter (nm)/zeta potential (mV) ratio between 4 to 8 

are more efficiency. 

2.3. Modification of Head-Tail Configuration 

 In the recent research on gene delivery by Atsushi 
Harada et al. [35], a head-tail type of polycation block co-
polymer was synthesized based on the structure of PAMAM 
(Fig. 2). Dendrimers with a long PEG tail or linked by a long 
PEG chain (like a barbell) have been synthesized and pre-
sented low cytotoxicity and high solubility [22, 36, 37]. The 
previous research on this kind of dendrimer found that the 
large head with a strong hydrophilic linear tail tended to 
gather on the air/water interface more efficiently [38]. The 
newly synthesized PAMAM dendron-PLL (poly(L-lysine)) 

polyplexes shows high gene delivery efficiency in HeLa 

cells. 

They believed that the structure of the tail block complexed 

with pDNA and the head block would have a buffering effect 

that made the PAMAM dendron-PLL polyplexes get a 10
2

fold higher gene delivery efficiency in HeLa cells as that of 

PLL polyplexes. 

Fig. (1). Molecular structure of Hoechst 33258 (A) which could bound to the minor groove of DNA (B) and indicate the interaction between 

DNA and PAMAM dendrimer (C). 

N
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2.4. Introduction of PCI (Photochemical Internalization) 

 To enhance gene delivery efficiency and specificity, ex-
ternal stimuli may be a promising approach for the site-
directed gene delivery in vivo. A new approach called “pho-
tochemical internalization” (PCI) was introduced by Høgset 
and Berg et al. [39] in 1999 to overcome both the limited 
gene delivery efficiency and the lack of specificity of non-
viral gene vectors. This new approach depends on a light 
activation of photosensitizers located in the membranes of 
endosomes and lysosomes to destroy the membranes, where-
as the contents of the organelles remain intact, and in this 
way the endocytosed macromolecules are delivered into the 
cytosol. Nishiyama et al. [40] used a PEG-PLL copolymer to 
form polymeric micelles and a dendrimer DPc (dendrimer 
phthalocyanine) (Fig. 3) as a photosensitizer in the PCI-
mediated gene delivery in vitro in HeLa and HUH-7 cells. A 
series of samples with different N/P ratios and DPc concen-
trations were used in this study. The results showed that po-
lymeric micelles played an important role in many aspects, 
such as prolonged blood circulation and enhanced stability. 

The highest gene expression was achieved at an N/P ratio of 
1.2 and DPc concentration at 3.2 10

-7 
M. The photochemical 

enhancement of luciferase gene expression could reach 56 - 
212 folds high in the presence of light irradiation (fluence: 
5.4 J/cm

2
). Compare to the DPc without copolymer micelles, 

the photochemical enhancement and the cell viability in-
creased remarkably. 

2.5. Surface Modification 

 Tack et al. [41] used various modified poly (propylene 
imine) (PPI) dendrimer to delivery a 33-mer oligonucleotide 
(DNAzyme) in vitro and in vivo. PPI-dendrimer has been 
modified firstly at the exterior primary amines with acetyl 
groups or PEG-like groups, and then at the interior tertiary 
amines with methyl halogen to produce multiple quaternized 
cationic sites in the core of the dendrimer (Fig. 4). Polyacry-
lamide gel electrophoresis (PAGE) was performed to inves-
tigate the binding properties of the PPI-DNA complex. The 
results demonstrated a strong but reversible binding espe-
cially in the quarternized and higher generation dendrimer 

Fig. (2). Structure of newly synthesized head-tail polycation block copolymer by Harada et al. as nonviral gene vector. 
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species. Binding was observed at a concentration of about 4 
M DNA and a dendrimer-DNA charge ratio of around 2:1–

1:1 in a previous research. The fluorescence correlation spec-
troscopy (FCS) of the complexation between oligonucleo- 
tides and PPI indicated that at low N/P ratio, oligonucleo-
tides and dendrimer tended to form "multimolecular com- 

plexes” while “mono-molecular complexes” were formed at 
high N/P ratio [42]. All the tested PPI-dendrimer displayed a 
low cellular toxicity and high gene delivery efficiencies 
(close to 80%). The formation of the quaternary amine group 
in PPI decreased the cytotoxicity, just as the previous re-
search showed in 293T cells [43]. In vivo experiment of co- 

Fig. (3). Chemical structures of PEG–PLL block copolymer (A) and DPc (B). 
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localization studies displayed high nuclear uptake when the 
G4-PEG (MeI)–ssDNA complex was administered i.v. of 
Nude mice .

2.6. Dendrimer with Intrinsical Fluorescence 

 A new kind of intrinsically fluorescent dendrimer was 
recently synthesized by Al-Jamal et al. [44] (Fig. 5). The 
intrinsical fluorescence could be detected at low concentra-
tions in the investigation of dendrimers uptake by cells (Fig. 
6) instead of the fluorescent dye, which has been used previ-
ously. This kind of cationic dendrimer is based on lysine and 
lack fluorophores. The nomenclature used to describe these 
kinds of compounds results in, for example the 6th genera-
tion dendrimer being notated as Gly–Lys63(NH2)64; Gly de-
notes that the compound has a glycine in the core coupled to 
63 lysine branching units (Lys63) and that the surface has 64 
free amino groups (NH2)64. The lysine-based dendrimer has 
been studied in forming complexes with DNA and heparin 

[45, 46]. This kind of dendrimers with high gene delivery 
efficiency and cell viability could protect the DNA from 
nuclease degradation. 

 In vitro experiment on Caco-2 cells showed a clear view 
of the uptake mechanism of the entrance of these kinds of 
dendrimers (Fig. 6). 

 In Fig. (6A), cells were incubated without dendrimer. In 
Fig. (6B and C), cells were incubated with dendrimers for 15 
min and 30 min, and the dendrimer was attached to the 
membrane (red arrow) by electrostatic attraction. In Fig. (6
D), cells were incubated with dendrimers for 1h, and it 
showed that dendrimers were distributed all around the cells. 
The uptake of dendrimer–DNA complexes by living cells is 
being studied using the same technique. 

2.7. Other Advances 

 Some other recent progresses in gene delivery were 
mainly concentrated on the amino acid grafted surfaces 

Fig. (4). A. The applied synthesis of cationically modified PPI-dendrimer as illustrated using the second generation PPI-dendrimer. In the

first step the exterior primary amines are amidated using activated carboxylic acid derivatives (“RCOOH”), while in the second step the inte-

rior tertiary amines are alkylated to produce positively charged quaternary ammonium sites. In the third step, the anion is exchanged. B. In 

the box the various R-, R’-, X- and Y-groups are shown that have been used in this study [41]. 
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Fig. (5). Photographs of a range of concentrations (0.01–3mM) of (a) Gly–Lys63 (NH2)64 (0.08–24.5 mg/mL) exposed to visible light; (b) 

Gly–Lys63 (NH2)64 (0.08–24.5 mg/ml); (c) Gly–Lys31 (NH2)32 (0.04–12.14mg/mL); and (d) polylysine hydrobromide (MW 9600 Da) (0.096–

28.8 mg/mL) exposed to a UV transilluminator. Fluorescence increased with the dendrimer concentration and generation number (b, c). Lin-

ear polylysine does not show intrinsic fluorescence behavior (d).

Fig. (6). A time dependent uptake study of the dendrimer (green fluorescent) in fixed Caco-2 cells.
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(arginine, spermine, etc.) which could be helpful on the 
formation of more stable DNA-dendrimer complexes and on 
facilitating the uptake process [47-49]. The complexes of 
metal ion (gadolinium, platinum, ruthenium, etc.) with den-
drimers, which could be used in the MRI (magnetic reso-
nance imaging) as contrast agents, were also reported to 
form complexes with DNA. [50-52]. 

3. NEW PROGRESS IN DRUG DELIVERY 

 Dendrimer was used in drug delivery mainly to improve 
the solubility, biocompatibility and pharmacokinetic proper-
ties of drugs. The advantage of dendrimer lies in the endless 
diversity in topology and chemistry modifications. The 
original dendrimers (PAMAM, PPI, PEI and their deriva-
tives) in high generations rarely used directly in drug deliv-
ery systems due to their cytotoxicities [53, 54]. Dendrimers 
commonly used in drug delivery are modified mainly in 
three ways: 1. PEGylation, 2. FA (folic acid) receptor target-
ing groups, 3.Stimuli-sensitive function groups.  

 PEGylated (polyethylene glycol) dendrimer is a big fam-
ily since various PEG-grafted dendrimers have been synthe-
sized for many different purposes. PEG is often attached to 
dendrimers to impart aqueous solubility [55-58], biocom-
patibility [22, 59, 60], and to increase drug loading [56]. 
PEG has a noticeable ability to enhance the solubility of 
some drug which lacks hydrophilic groups like adriamycin 
[59], artemether [56], diclofenac [57], 5-fluorouracil [61], 
indomethacin [62], and methotrexate [59]. Further more, 
some chemical modifications on the PEGylate dendrimers 
could achieve controlled release of drugs [57, 63]. 

 PEG as a nonimmunogenic and biocompatible material 
was often introduced to reduce the toxicity of original den-
drimers. In an in vivo test, PEGylated dendrimers showed 
low toxicity even in high doses up to 2.56 g/kg i.p. and 1.28 
g/kg i.v. [60] in Male C3H mice. Linear copolymers in an 
ABA or AB pattern seem to be useful to enhance the drug 
loading. PEGylated lysine [56] and PEG based glutamic acid 
copolymer [64] in an AB pattern enhanced the drug loading 
remarkably in artemether (antimalarial drug) and epirubicin 
(antitumor drug). A recent study on an ABA pattern copoly-
mer [65], PAMAM-PPO(poly(propylene oxide))-PAMAM, 
showed high drug loading capacity in triclosan (bactericide), 
and the total loading capacity increased as the generation of 
the PAMAM dendrimer increased, and the highest encapsu-
lation (w/w) reached by G4 PAMAM copolymer with 86%. 

 Another big family of grafted dendrimer used in drug 
delivery is the FA-dendrimer family. Folic acid was used to 
target dendrimers to tumor cells which are the high-affinity 
folate receptor [66]. FA-dendrimer complexes were widely 
studied in vitro [67-69] and in vivo [70]. Various anticancer 
drugs were studied to form FA-dendrimer complexes for 
targeting delivery into different tumor cell lines. Metho-
trexate (MTX) (a toxic antimetabolite drug, which acts as a 
folic acid antagonist to interfere with cellular reproduction in 
the treatment of certain cancers) was attached to FA-dendri-
mers in many different works for specific targeting. FA–
dendrimer-methotrexate complexes were firstly synthesized 
in 1999 [71], and the complex could target the MTX to the 
specific FA receptor on the tumor cells [72-75]. The newest 

research in both MTX-sensitive and MTX-resistant cell lines 
showed that FA targeted dendrimer with MTX might achieve 
highly therapeutic effects even in MTX-resistant cells [76]. 
The FA-dendrimer complex was also used to detect tumor by 
adding a near-infrared fluorochrome [77]. 

In the biological systems, numerous pH and temperature 

gradients exist in both normal and pathophysiological tis-

sues. Stimuli-sensitive dendrimers include dendrimers that 

are responsive to stimuli such as changes in pH [78-80] or 

temperature [81, 82]. A noticeable research by Gillies et al.

showed that the synthesized a group of dendrimer could form 

stable micelles in pH 7.4 (blood and normal tissues) and dis-

sociated at pH 5.0 (tumors), and the drugs encapsulated in 

the micelles would release smoothly [78]. In addition, anti-

bodies could also cause the initiative release. A family of 

self-immolative endrimers were designed and synthesized by 

Shabat et al. [83, 84]. These dendrimers contained a retro-

aldol retro-Michael focal trigger, which could be cleaved by 

catalytic antibody 38C2. 

3.1. Hydrophilic Interior Dendrimer 

 Dhanikula and Hildgen [85] synthesized a series of den-
drimers with a hydrophilic interior, which demonstrated a 
good ability to encapsulate the guest molecule inside, with a 
loading of 15.80% and 6.47% w/w for rhodamine and -
carotene, respectively. A similar structure of such a hydro-
philic interior was synthesized and measured before without 
drug load-release experiments [86]. The core was synthe-
sized from biocompatible moieties, butanetetracarboxylic 
acid and aspartic acid, and the dendrons from PEO (poly 
(ethylene oxide)), dihydroxybenzoic acid or gallic acid, and 
PEG monomethacrylate. PEO was incorporated in the inte-
rior of the dendrimers to increase the size of the cavity as 
well as to provide a hydrophilic interior region, (Fig. 7). 

 This kind of dendrimer demonstrated the ability to en-
capsulate both hydrophilic and hydrophobic model com-
pounds in the encapsulation and release studies. It showed 
that 90% of drug was smoothly released in 170 h (Fig. 8). 

The study shows that PEO interior could achieve a stable 

controlled release not only in the hydrophobic drugs but also 

in the hydrophilic drugs. 

3.2. Multifunctional Dendrimer 

 István et al. designed and synthesized PAMAM-
dendrimer-based multifunctional cancer therapeutic conju-
gates which could deliver drugs to specific receptors on can-
cer cells [87]. Paclitaxel (Taxol®, a chemotherapeutic drug) 
was attached to a G5-PAMAM in conjugation with FITC 
(fluorescein isothiocyanate, an imaging agent) and folic acid 
which targeted overexpressed folate receptors on specific 
cancer cells. The primary amino groups on the surface of the 
G5-PAMAM were neutralized through partial acetylation, 
providing enhanced solubility of the dendrimer and prevent-
ing nonspecific targeting interactions (in vitro and in vivo)
during delivery. Attachment of glycidol was a necessary 
precursory step to the attachment of Taxol® through an ester 
linkage, (Fig. 9). 
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 The in vitro studies showed that only KB cells with up-
regulated folate receptor and treated with the trifunctional 
dendrimer conjugate displayed green fluorescence, demon-
strating the uptake of the dendrimer conjugate. The folate 
receptor down-regulated KB cells did not show any green 
fluorescence (Fig. 9). 

 Some in vitro and in vivo studies indicated that the over-
expression of the folate receptor on the tumor cell showed 
high affinity to the FA-dendrimer [66]. Several different 
groups researched FA-dendrimer conjugates in some differ-
ent ways before. Several antitumor drugs like MTX and 
Doxorubicin were attached to FA-PAMAM dendrimer for 
the targeted delivery but more simple in structure and func-
tion. This multifunctional conjugate gives us an example of 
dendrimers extraordinary ability to functionalize their termi-

nal groups with various targeting, therapeutic, and imaging 
agents. 

3.3. Pass Through the Blood–Brain Barrier (BBB) 

 Costantino et al. [88] introduced a new method to pre-
pare peptide- and -D-glucose-covered dendrimer nanoparti-
cles (NP). The NP has a poly (D,L-lactic-co-glycolic acid) 
(PLGA) core and a short peptide sequence modified surface 
(Fig. 11). NP attached to short peptidic sequences in the in
vivo experiment showed an ability to cross the blood–brain 
barrier after systemic administration (Fig. 12). 

In the in vivo experiment tetramethylrhodamine was used as 
label molecule. After femoral vein injecting, the brain slides 
of male albino rats showed red spots, which indicated that 
NP had successfully crossed the BBB and to penetrate into 

Fig. (7). Hydrophilic interior dendrimer generation 2 with a butanetetracarboxylic acid core and dendrons from PEO and gallic acid. 

Fig. (8). Cumulative release profile of (A) rhodamine encapsulated in G2- dendrimer and (B) -carotene encapsulated in G2-dendrimer (dia-

monds) and -carotene suspension (squares). Data are mean ±SD. 
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the cells of the cerebral tissue after a systemic administra-
tion. The mechanism was not clear but the author believed 
that the NP was most likely functioned through endocytosis 
by the endothelial cells lining the brain blood capillaries. 

Fig. (10). KB(FR+) cells treated with either 100 nM G5-Ac3-FITC-

FA (a) or 100 nM G5-Ac3-FITC-FA-OH-Taxol® (b) KB(FR-) cells 

treated with either 100 nM G5-Ac3-FITC-FA (c) or 100 nM G5-

Ac3-FITC-FA-OH-Taxol® (d).

 The PLGA core dendrimers were the first dendrimer 
known so far that has the ability to cross the BBB. It indi-
cated that dendrimers could be used to carry drugs through 

the BBB into the brain for the disease of CNS (central nerv-
ous system). 

Fig. (11). The structure of the conjugate with a peptide surface. NP 

stands for the PLGA core.

Fig. (9). Structure of conjugation of Taxol® to the carrier G5-Ac3-FITC-FA-OH, forming the trifunctional dendrimer conjugates G5-Ac3 

(82)-FITC (5)-FA (5)-OH (15)-Taxol® (3). 
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Fig. (12). Fluorescence microscopy images of representative rat 

brain slides. The presence of red spots, due to the labeling of NP by 

tetramethylrhodamine, indicates the presence of NP aggregates.

3.4. Drug-Dendrimer 

 Recently Tang et al.[89] synthesized a dendrimer (G1-
G3) by the L-dopa (anti-Parkinson and depressant drug) (Fig. 
13). Individual L-dopa moieties in the dendrimer were con-
nected to one another via hydrolysable diester linkages The 
L-dopa dendrimer showed a high solubility and high stabil-
ity. In the past, as a prodrug being capable of passing the 
blood-brain barrier and becoming dopamine, the neuro-
transmitter, the main problem for L-dopa is the very low 
solubility and bioavailability. These properties restrict its use 
in the PD (parkinson disease) and would cause high toxicity.  

 Generation 2 of L-dopa containes 14 residues of L-dopa 
and generation 3 containes 30, which make up its core, 
branches, and periphery. We can imagine that when this 
dendrimer degrades, it may slowly release L-dopa in the cir-
culation system or in the brain. Just a couple of mouths later, 
Tang group [90] reported another synthesis, the salicylate 
dendritic prodrugs (Fig. 14). 

 The methods and the structures are similar to the previ-
ous one. Salicylic acid moieties are also connected to one 
another via hydrolysable diester linkages, and generation 3 
salicylic acid dendrimer contains sixty salicylic acid resi-
dues. These researches give us a new idea that encapsulating 
by dendrimer is not the only way to enhance the solubility of 
non-soluble drugs; and they may also form dendrimers them-
selves, and gain some other advantages in controlled release. 

CONCLUSIONS 

 In the past decade, especially recent years, applications of 
dendrimers in medical field have grown rapidly. The highly 
modifiable surface and architecture of these polymer provide 
a variety in structures and functions. The research of the 
formation process of dendrimer-DNA/RNA complexes indi-
cates that the lower the formation energy is, the faster the 
formation process is. Dendrimer can be used as a carrier of 
drugs and DNA/RNA, a targeting vector, a fluorescence in-
dicator and even as a photosensitizer in photochemical inter-
nalization. The recent researches showed that dendrimer 
could even construct by drugs with the specific end groups, 
just like L-dopa and salicylic acid.  

 However, dendrimers have a long way to go before they 
enter the clinical applications all the same. The toxicity, bio-
compatibility and the efficiency are three main barriers to 

Fig. (13). Structure of the novel synthesized L-dopa dendrimer, Generation 2. 
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these polymers. Although it is not easy to across these barri-
ers, their ability to functionalize their terminal groups and 
structures gives us endless possibilities to solve all the prob-
lems. We have reasons to believe that dendrimers will have a 
bright future not only in medical applications due to their 
inherent advantages but also in gene delivery and drug deliv-
ery. 
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