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q Isolated branches of dendrimers
q More simple synthesis
q Two topologically inequal types of 

functional groups 
q Self-assemble into complex 

architectures

Dendrimers and dendrons
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o Highly symmetric hyperbranched 
polymers

o MW up to 100K and still (almost) 
perfect molecular structure 

o Typical MW for biomedical 
applications: 2-50K

o Active per se (cancer, 
neurodegenerative disorders, 
bacterial/viral infections etc.)

o Good vehicles for drug delivery 
(chemodrugs, nucleic acids, proteins 
etc.)

Dendrimer Dendron



Dendrimer micelles and dendrimerosomes
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Заявка мол_а_вед «Стимул-чувствительные мягкие биоматериалы на основе дендримеров для доставки 

лекарств» (Апарцин Е.К.). Рисунки к заявке 

 
Рисунок 3. Схематическое представление однослойной (слева) и многслойной (справа) 
дендримеросом. Зеленым показаны гидрофобные части дендритных молекул, синим – 
гидрофильные. Адаптировано из (Zhang S. et al. PNAS. 2014. 9058-9063) 
 

 
 

Рисунок 4. Схематическое представление комплекса малых интерферирующих РНК с 
супрамолекулярными ассоциатами, сформированными карбосилановыми дендронами (на 
примере мицелл). 
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drug efflux. Moreover, AmDM/DOX nanomicelles can signifi-
cantly increase the therapeutic potency and reduce the systemic
toxicity of doxorubicin in vivo by virtue of preferential tumor
targeting via EPR effect alongside with deeper tumor penetra-
tion. This original nanomicelle delivery system based on the self-
assembling amphiphilic dendrimer constitutes therefore a prom-
ising and effective drug carrier in cancer therapy.

Results and Discussion
Amphiphilic Dendrimer-Based Nanomicelles Encapsulate Doxorubicin
with Small Size and High Drug Payload. The amphiphilic dendrimer
AmDM used in this work (Fig. 1B) bears a small hydrophilic
poly(amidoamine) (PAMAM) (18, 19) dendron and two hy-
drophobic C18 alkyl chains bridged via click chemistry (20, 21).
Using the film dispersion method, AmDM could easily form
nanomicelles, as revealed by transmission electron microscopy
(TEM) imaging (Fig. 2A) and dynamic light-scattering (DLS)
analysis (Fig. 2B). The so-formed AmDM assemblies were
spherical in shape (6.8 nm in diameter) and well-dispersed
[polydispersity index (PDI): 0.21 ± 0.02] with a critical micelle
concentration (CMC) of 3.2 μM (Fig. S1A). Computer simu-
lations also predicted the aggregation of AmDM into small,
spherical micelles, as shown in Fig. S2A. Insights into the
structural properties of these micelles were further gained by
performing mesoscale computational studies using dissipative
particle dynamics (DPD) (22), a well-established technique in
soft matter simulations to study amphiphilic systems at the
nanoscale (23–25). These simulations highlighted the hydro-
phobic nature of the micellar core (Fig. 2C), whose average size
R core was estimated to be 1.3 ± 0.2 nm. The hydrophilic portion
of the micelles then forms a corona, shielding the core from the
solvent environment, as proven by the corresponding density

distribution profiles illustrated in Fig. 2D. The overall micellar
radius R m derived from DPD calculations was R m 3.1± 0.3 nm, in
line with the DLS and TEM results.
We next constructed the anticancer drug DOX encapsu-

lated AmDM assemblies using the same film-dispersion method.
Gratifyingly, the resulting AmDM/DOX systems also consisted
in spherical nanoparticles with a size of ∼10 nm (PDI: 0.32 ±
0.01) (Fig. 2 E and F). It is important to mention that small-sized
nanoparticles are particularly beneficial for drug delivery in
cancer therapy because they can successfully avoid kidney ex-
cretion and spleen sequestration; concomitantly, they are able to
accumulate at tumor site and penetrate deeper into the inner
regions of tumor lesions (16, 26, 27). Indeed, biodistribution
experiments using a near-infrared fluorescent dye, DiR, dem-
onstrated that the AmDM nanosystem had a longer circulation
time, and was effectively accumulated and retained in the tumor
(Fig. 2I and Fig. S3)—evidence that could indeed be ascribed to
the EPR effect. Further drug penetration experiments using 3D-
cultured tumor spheroids unambiguously showed that, by virtue of
their small size, the AmDM/DOX nanomicelles could effectively
penetrate deeper into the interior of the tumor spheroids with re-
spect to free DOX (Fig. 2J). These data were further supported by
the tumor penetration results obtained in vivo (Fig. S4).
Also of note is that the AmDM/DOX nanoparticles were

slightly larger in size than the empty AmDM micelles, as evi-
denced by both TEM image and DLS analysis (Fig. 2 A, B, E,
and F). This size difference could be reasonably ascribed to a
micellar expansion required to accommodate doxorubicin within
the hydrophobic micellar core to reach high loading (Fig. 1A).
In silico mesoscale simulations confirmed that DOX-loaded
AmDM micelles still exhibited a spherical core/shell architecture
(Fig. 2G), with an average micellar radius R m of 4.6 ± 0.2 and
hydrophobic core radius R core of 2.5 ± 0.2 nm, respectively. The
distribution of DOX inside each micelle was also obtained by
plotting the relative density profiles. As shown in Fig. 2H, the dis-
tribution of the drug is consistent with that of the core segments,
confirming that DOX is predominantly entrapped in the hydro-
phobic core of the micelle. Accordingly, these results confirm the
hypothesis outlined above that the slight increase in micellar
dimensions upon drug loading could be substantially ascribed to the
increase of its inner core to accommodate the high DOX payload.
We further investigated drug-loading content and encapsula-

tion efficiency of the AmDM/DOX micelles by varying den-
drimer/drug ratio. The maximal drug-loading efficiency could be
attained up to 42% (Fig. S2B). This high drug-loading capacity
can stem from the unique lipid/dendrimer hybrid molecular
structure of AmDM, which, by virtue of its branched dendritic
hydrophilic component, generates micelles with low-density hy-
drophobic cores large enough to accommodate considerable
amounts of drug payloads.

Drug Release from AmDMNanomicelles Is Enhanced in Acid Environment.
A key point of a performing drug delivery system in cancer therapy
is the controlled release of the therapeutic agent at the tumor site,
reducing the toxicity to normal tissues. Tumor lesions are usually
more acidic than normal tissues because of hypoxia microenviron-
ment and acidic organelles of cancer cells; therefore, acid-promoted
drug release is a beneficial advantage in cancer therapy (28, 29). We
hence assessed doxorubicin release from the AmDM/DOXmicelles
under acidic condition (pH 5.0) in contrast to the neutral physio-
logical pH 7.4. As exhibited in Fig. 2K , doxorubicin release from
AmDM/DOX nanomicelles at pH 5.0 was more rapid and efficient
than that at pH 7.4. This evidence could be rationalized taking
into account the well-known proton sponge effect of the PAMAM
dendrimer component of AmDM (20, 21). Indeed, at physiological
condition (pH 7.4), only the terminal primary amines of the
PAMAM dendron are protonated, but under acidic environment
(pH 5.0), the tertiary amines in the interior of the dendron also

Fig. 1. Nanomicelles constructed with AmDM as a drug delivery platform.
(A) Formation of empty AmDM nanomicelles and DOX-encapsulated AmDM/
DOX nanomicelles. (B) Molecular structure of amphiphilic dendrimer AmDM.
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of ca. 200 nm in diameter, as
shown by dynamic light scattering
(DLS) and transmission electron
microscopy (TEM) (Figure 1A
and B). The TEM images showed
a corona structure (Figure 1 C),
which we inferred to be a bilayer,
from the fact that its thickness was
7 nm—approximately twice the
theoretical length of AD
(! 3.5 nm). Accordingly, AD
readily self-assembled to form
unilamellar vesicles aptly termed
dendrimersomes.[9] In addition,
AD formed a Langmuir mono-
layer film at the air/water inter-
face and could be swelled to form
stable giant vesicles (Figure S1),
providing further indication of its
lipid-like behavior and vesicle-
forming properties.

Most interestingly, upon inter-
action with siRNA, the AD-den-
drimersomes underwent struc-
tural rearrangement to form nano-
sized siRNA/AD complexes (Fig-
ure 1D) composed of many highly
ordered smaller spherical sub-
structures of 6–8 nm diameter
(Figure 1E and F). From this
size, which is twice the size of
AD, we conclude that these sub-
structures are micelles. This vesic-
ular to micellar structural transi-
tion is expected to expose more of
the positively charged dendrimer
surface area, thereby providing
stronger stabilizing electrostatic
interactions with the negatively
charged siRNA. This implies that

Scheme 1. A) The dendrimer AD and B) representation of its adaptive self-assembly upon interaction with siRNA for siRNA delivery.

Figure 1. Dendrimer AD self-assembles into vesicle-like dendrimersomes, which undergo structural
rearrangement into smaller, spherical micelles to interact with siRNA. A) DLS analysis and B,C) TEM
imaging of dendrimersomes formed by AD in water. D) DLS analysis and E,F) TEM imaging of the
siRNA/AD complexes. Computer modeling results showing nanostructures formed by AD alone (H),
a section plane (G), and in the presence of siRNA (I). The hydrophilic units are portrayed in light
green, the hydrophobic units in dark green, and siRNAs as orange sticks (see the Supporting
Information for more details). Light grey spheres are used to portray some representative water
molecules.
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Aim of the work:
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• To study the self-assembly of amphiphilic dendrons into 
supramolecular assemblies;

• To evaluate the potential of dendrons’ assemblies for 
drug delivery



Summary
• Amphiphilic triazine-carbosilane dendrons are 

self-assembled-by-design into pH-responsible 
dendrimerosomes;
• The dendrimerosomes efficiently encapsulate 

low-molecular chemodrugs and bind 
therapeutically relevant siRNAs;
• Biological activity of drug-containing 

dendrimerosomes is now under evaluation
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