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Abstract Dendrimers have been proposed as new carriers
for drug delivery. They have distinctive characteristics,
such as uniform and controlled size, monodispersity and
modifiable surface group functionality, which make them
extremely useful for biomedical applications. In this study,
the binding capacity of water-soluble carbosilane den-
drimers was examined. A double fluorimetric titration
method with 1-anilinonaphthalene-8-sulphonic acid (ANS)
was used to estimate the binding constant and the number
of binding centers per dendrimer molecule. The data
obtained suggest that ANS interacts non-covalently with
the dendrimers. Second generation dendrimers have an
open, asymmetric structure that allows them to encapsulate
ANS. The ability of the polymers to interact with DNAwas
assessed by an ethidium bromide (EB) displacement assay.
All the dendrimers studied bound to DNA in competition
with EB, though the strength of binding varied. Dendrimer

interactions with a protein (BSA) were tested using
fluorescence quenchers. The dendrimers caused no confor-
mation change in the protein, indicating that interactions
between carbosilane dendrimers and BSA are weak and
occur preferentially at the protein surface.
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Introduction

There is a continual search for novel therapeutic strategies to
improve the treatments of different diseases. In recent
decades, studies of polymer chemistry in relation to
biomedical sciences have led to the birth of nano-sized (5–
100 nm) polymer-based pharmaceuticals. This family of
constructs, termed polymer therapeutics, nanospheres, nano-
containers or nanodevices, is very promising in biomedical
applications such as drug delivery, gene transfection and
imaging [1]. Constructs used as carriers for drug delivery
should generally be in the nanometer range and uniform in
size so that their ability to cross cell membranes is
enhanced and the risk of undesired clearance from the
body through the liver or spleen is reduced [2]. The
synthesis of dendrimers offers the opportunity to generate
monodisperse, structure-controlled macromolecular archi-
tectures similar to those observed in biological systems
[3–5]. Dendrimers may be visualized as consisting of three
critical architectural domains: (a) a multivalent surface,
containing a large number of potentially reactive/passive
sites (nano-scaffolding); (b) an interior shell surrounding
the core; and (c) a core to which the dendrons are attached
[2]. The conformation of a dendrimer depends on the
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solvent. Polar dendrimers have higher core densities in apolar
solvents because the dendrimer arms are folded back into the
interior, but have higher surface densities in polar solvents [6].
Less polar dendrimers (containing aryl groups or other
hydrophobic units) show the opposite dependence of
conformation on solvent and behave as inverse micelles [7].

There have been several thousand publications on the
characterization of dendrimers, deploying a range of
techniques including NMR, IR, Raman, UV-Visible and
fluorescence spectrometry, circular dichroism, X-ray dif-
fraction, mass spectrometry, SAXS, SANS, laser light
scattering, microscopy, SEC, EPR, electrochemistry, elec-
trophoresis, intrinsic viscosity, DSC and dielectric spec-
troscopy [8]. There are several different kinds of
dendrimers, for example polyamidoamine (PAMAM),
polypropyleneimine (PPI), polylysine (Ply), polybenzy-
lether (PBzE), polyphenylene (PHEN), thiophosphoryl
phenoxymethyl (methylhydrazono; PMMH). In recent
years, much effort has been devoted to the preparation of
dendrimers that are designed to be highly biocompatible
and water-soluble. In addition, some dendrimers have been
designed to be biodegradable, with monomer units that are
intermediates or products of metabolic pathways [9]. Some
dendrimers have different biofunctional moieties, for
example folic acid [10] and polyethylene oxide chains
(PEO) [11].

Comparison of the features of dendrimers with those of
linear polymers shows that the dendritic architecture
provides several advantages for drug delivery applications.
For example, the controlled multivalency allows several
drug molecules, targeting groups and solubilizing groups to
be attached in a well-defined manner to the periphery of a
dendrimer. In addition, the low polydispersity should
provide more reproducible pharmacokinetic behavior than
is obtained using linear polymers that contain fractions with
vastly different molecular weights. Furthermore, the rela-
tively globular shapes of dendrimers, as opposed to the
random coil structure of most linear polymers, could affect
their biological properties, leading to interesting effects
related to macromolecular architecture [9].

Early studies of dendrimers as potential delivery systems
focused on their use as unimolecular micelles and boxes for
the noncovalent encapsulation of drug molecules [12–15].

An alternative approach to the development of den-
drimers as drug carriers is to exploit their well-defined
multivalency by attaching drug molecules covalently to the
periphery. Drug loading can be tuned by varying the
generation number of the dendrimer, and drug release can
be controlled by incorporating degradable drug-dendrimer
linkages. Yang and Lopina have conjugated penicillin V
with G2.5 and G3 PAMAM [16] and the antidepressant
venlafaxine with G2.5 PAMAM [17]. Several workers have
developed dendrimer conjugates with potential application

as vehicles for delivering anticancer agents such as cisplatin
[18], doxorubicin [19], methotrexate [20] and 5-fluorouracil
[21].

The large numbers of ionizable groups on dendrimer
surfaces present an interesting opportunity to attach
numerous ionizable drugs electrostatically, enhancing water
solubility. Also, the interiors of several dendrimer classes
are available for complexing with ions [22]. Cationic
dendrimers with primary amine end groups (–NH2) on the
surface and tertiary amine groups (>N–) at branching points
in the core can interact with anionic groups of polymer
chains, i.e. they can be fully penetrated by linear polyanions
[23]. In contrast, linear polycations can only interact with
carboxylated dendrimers via the dendrimer surface groups,
possibly because the tertiary amine groups in the dendrimer
core restrict penetration by the polycation [24]. Cationic
dendrimers have been complexed with ibuprofen [25],
piroxicam [26] and indomethacin [27], and also with
DNA or oligonucleotides. Electrostatic interactions between
dendrimers and anionic genetic material have been widely
studied during recent years and open the possibility of
using dendrimers for gene transfection.

The aim of this study was to characterize the binding
properties of water-soluble carbosilane dendrimers as
candidates for drug targeting. For this purpose we have
checked the ability of carbosilane dendrimers to bind ANS
and DNA and their interactions with bovine serum albumin.

Water-soluble carbosilane dendrimers containing peripher-
al ammonium or amine groups have recently been described
by our groups as biocompatible molecules with potential as
non-viral carriers (low toxicity profiles, no antigenicity)
[28, 29]. We previously showed that such dendrimers form
complexes (dendriplexes) with oligonucleotides. The effi-
ciency of formation and the stability of the dendriplexes
depend on electrostatic interactions with the oligonucleo-
tides. Dendriplex formation significantly decreases the
interactions between oligonucleotides and albumin [30, 31].
To screen the dendrimers, however, more simple tests are
needed in order to determine their binding capacity and their
ability to interact with proteins. A double fluorometric
titration technique involving intercalation of the fluorescent
probe ANS and ethidium bromide (EB) allows us to study
the binding properties of carbosilane dendrimers. Interactions
with proteins were tested using fluorescence quenchers. The
accessibility of the protein–dendrimer complex to quenchers
allows such interactions to be estimated.

Materials and methods

Calf thymus DNA (ctDNA), ethidium bromide (EB), 1-
anilinonaphthalene-8-sulphonic acid (ANS), bovine serum
albumin (BSA), acrylamide, cesium chloride and potassium
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iodide were obtained from Sigma-Aldrich (USA). Other
chemicals were of analytical grade. Double-distilled water
was used to prepare all solutions; 0.15 mol/l Na-phosphate
buffer (pH 7.4) was used.

All fluorescence measurements were taken with a
Perkin-Elmer LS-50B spectrofluorimeter at 37°C.

Dendrimer synthesis

The dendrimers used in this study were cationic carbosilane
dendrimers with peripheral ammonium groups. They were
prepared according by reported methods [28, 29]. These
dendrimers were 2G-[Si(OCH2-CH2NMe3

+I−)]8 (1), 2G-[Si
(OCH2CH2NMe3

+I−)2]8 (2), 2G-[Si{O(CH2)2N(Me)
(CH2)2NMe3

+I−}]8 (3 ) and 2G-[S i{O(CH2)2N
(Me)2

+(CH2)2NMe3
+(I−)2}]8 (4). The abbreviation 2G

means second generation. We have adopted the convention
that each generation is formed on the basis of shell of
silicon atoms. Then, starting from the core, this will be
generation zero. The following four silicon atoms form the
generation 1, and finally the eight terminal silicon atoms
form the generation 2. This is independently of the number
of terminal groups. We can have a second generation with

eight or 16 groups. They contain one nitrogen atom (N) per
branch (dendrimers 1, 2, called N group dendrimers) or two
nitrogens (NN) per branch (dendrimers 3, 4, called NN
group dendrimers). See Fig. 1 for molecular structures.

Double fluorimetric titration assay by ANS

ANS was dissolved in phosphate buffer. The excitation and
emission wavelengths were set at 370 nm and between 400
and 600 nm respectively. It was established that the
dendrimers alone were not excited by 370 nm irradiation
and did not emit fluorescence. The excitation and emission
slit widths were 5 and 2.5 nm, respectively. During measure-
ments the samples were continuously stirred in 1-cm path
length quartz cuvettes.

The binding constant (Kb) and the number of binding
sites per dendrimer molecule (n) were estimated using
double fluorimetric titration [32]. In the first fluorimetric
titration, increasing concentrations of dendrimer were
added to ANS solution at constant concentration and the
maximum intensity (Fmax) of ANS fluorescence was
recorded. This corresponded to the binding of all the ANS
molecules by the dendrimer. The maximum fluorescence

Fig. 1 The molecular structure
of the dendrimers
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intensity of ANS divided by its concentration gave the
specific fluorescence intensity for the bound probe (Fsp):

Fsp ¼ Fmax

C1
ANS

; ð1Þ

where (C1
ANS) is the ANS concentration during the first

fluorimetric titration.
In the second titration, the dendrimer concentration (CD)

was constant while the ANS concentration was increased
(C2

ANS). The fluorescence intensity (F) was then measured.
The concentration of ANS bound by dendrimers was
calculated using the equation:

Cbound
ANS ¼ F

Fsp
; ð2Þ

The concentration of free ANS molecules was deter-
mined as follows:

Cfree
ANS ¼ C2

ANS � Cbound
ANS : ð3Þ

The binding constants for the fluorescent probe mole-
cules (Kb) and the number of ANS binding centers in the
solution (N) could be can be calculated using the formula:

1

Cbound
ANS

¼ 1

Kb � N � Cfree
ANS

þ 1

N
; ð4Þ

Equation 4 was modified by replacing the number of
binding centers in solution (N) with the number of binding
centers per dendrimer molecule (n), yielding the final
equation:

CD

Cbound
ANS

¼ 1

Kb � n � Cfree
ANS

þ 1

n
; ð5Þ

where

n ¼ N

CD
ð6Þ

and the constants were determined from the initial (linear)
portions of a graph of CD

Cbound
ANS

versus 1
Cfree
ANS

(Fig. 1c).

Ethidium bromide intercalation assay

Ethidium bromide and ctDNA were used at final concen-
trations of 1 μg/ml and 3 μg/ml, respectively, in 0.15 mol/l
Na-phosphate buffer, pH 7.4. The fluorescence spectra of pure
EB and of EB in the presence of DNA were recorded before
and after addition of dendrimers. An excitation wavelength of
477 nm was used. The emission spectra were recorded from
500 to 800 nm. Under these conditions the fluorescence
intensity of pure EB at the emission maximum (618 nm) was
∼100 relative units of the device. The fluorescence intensity of
EB in the presence of DNA before and after the dendrimers
were addedwasmeasured at 604 nm (the emission maximum).
The excitation and emission slit widths were set to 14.0 and

8.0 nm, respectively. The samples were contained in 1 cm path
length quartz cuvettes and were continuously stirred. Before
the fluorescent properties of the DNA–EB–dendrimer complex
were examined, it was established that the dendrimers do not
interact with EB.

The data were used to calculate the apparent dendrimer–
ctDNA binding (association) constants (KDEN

ass ) using two
different equations. The first equation is

KDEN
ass ¼ KEB

ass �
EB½ �0
D½ �50

ð7Þ

where KEB
ass is the association constant of EB with ctDNA,

[EB]0 is the total concentration of EB in solution and [D]50
is the concentration that generates a 50% decrease in the
initial fluorescence intensity of the EB–DNA complex [33].
The second equation is

1

KI
ass

¼ IC50

1þ LT � KL
ass

ð8Þ

where KI
ass is the inhibitor association constant (¼ KDEN

ass ),
IC50 is the concentration of inhibitor (I=dendrimer)
necessary to displace 50% of the labeled ligand, LT is the
total concentration of the labeled ligand (EB) and KL

ass is the
association constant for the labeled ligand (¼ KEB

ass ) [34, 35].
It follows from these equations that

D½ �50¼ IC50 ð9Þ
In 0.2 mol/l Na-phosphate buffer (pH 7.4), KEB

ass was (1.70±
0.04)×105 (mol/l)−1 [36].

To calculate the constants, the data graphs were modified
so that the changes in fluorescence intensity of the EB–
ctDNA complex when dendrimers were added were
presented as

F rev ¼ Fcomplex � FpureEB

Fcomplex
0 � FpureEB

ð10Þ

where Fcomplex is the fluorescence of EB–ctDNA in the
absence and presence of dendrimer, FpureEB is the fluores-
cence of pure (free) EB, and Fcomplex

0 is the fluorescence of
the EB–ctDNA complex in the absence of dendrimer when
EB is fully bound by the ctDNA.

Fluorescence quenching

BSA was dissolved in 0.15 mol/l Na-phosphate buffer
(pH 7.4) at 5 μmol/l. A neutral fluorescence quencher,
acrylamide, and two ionic quenchers, potassium iodide
(quenching ion I−) and cesium chloride (quenching ion
Cs+), were used for these studies. Increasing aliquots of the
quencher were added to 5 μmol/l BSA from a stock
solution in water. The stock solutions of acrylamide, KI and
CsCl were 1, 5 and 10 mol/l, respectively. The stock KI
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solution contained 0.1 mmol/l Na2S2O3 to prevent oxida-
tion of I− to I3

−. The fluorescence intensity at the emission
maximum (350 nm) was measured after excitation at
295 nm. The emission slit width was kept at 10 nm and
the excitation slit width was 3.4 nm. Quenching data were
collected for native BSA dissolved in buffer and for BSA
supplemented with 0.1 mmol/l dendrimers.

The quenching results for acrylamide were analyzed by
the Stern–Volmer equation:

F0

F
¼ 1þ KSV � Q½ � ð11Þ

where F0 and F are, respectively, fluorescence intensities in
the absence and presence of quencher, KSV is the Stern–
Volmer dynamic quenching constant and [Q] is the
concentration of the quencher. The equation assumes a
linear relationship between F0/F and [Q] with a slope of
KSV. The Stern–Volmer constants express the accessibility
of the chromophore to the quencher [37].

Statistical analysis

All data are expressed as mean ± S.E.M. of 6 independent
experiments. Statistical calculations were done by Origin
7.0 (OriginLab Corp., USA). The Shapiro–Wilk test was
used to ensure normal distributions. Statistical analysis of
the results was done with Student–Fischer test. Also, the

statistical significance of curves was assessed using statis-
tical Box plots including mean, 5% and 95% Wisker lines,
25 and 75 percentiles, and lower and upper confidence
intervals (at a=0.05).

Results and discussion

Double fluorimetric titration using ANS

An aqueous solution of pure ANS fluoresced weakly in the
range 400–600 nm with a maximum at 520 nm; its
fluorescence yield in a polar environment is low [38].
Figure 2 shows the results of double fluorimetric titration of
ANS and dendrimer 3. Figure 2a, b show that the

Fig. 2 Double fluorimetric titra-
tion of ANS vs dendrimer 3: a
The dependence of ANS fluo-
rescence intensity on the con-
centration of dendrimer 3 at
constant ANS concentration
(5 μmol/l). b The dependence of
ANS fluorescence intensity on
ANS concentration at constant
concentration of dendrimer 3
(10 μmol/l). c Scatchard–Klotz
plot of [3]/[ANS bound] vs 1/
[ANS free]. lexc.=370 nm,
lem.=480 nm

Table 1 Binding constants, number of binding centers per molecule
and blue shift of ANS fluorescence emission maximum for binding
between ANS and water-soluble carbosilane dendrimers

Kb×10
−5

(mol/l)−1
N (μmol/l) n Dendrimer/

ANS
Δl (from
520 nm to …)

1 0.7–2.0 1–3 0.1–0.3 ∼8:1 473±1.9 nm
2 0.6–2.1 3–4 0.3–0.4 ∼3:1 470±1.7 nm
3 1.0–1.5 8–10 0.8–1.2 ∼1:1 481±1.4 nm
4 1.0–1.4 7–13 0.7–1.3 ∼1:1 481±1.2 nm

Fig. 3 Fluorescence emission spectra of pure EB (6), EB complexed
with ctDNA (1) and EB–ctDNA complex in the presence of dendrimer
4 at 0.4 μmol/l (2), 1 μmol/l (3), 2 μmol/l (4) and 5 μmol/l (5). The
spectra at 0.2, 0.6, 3 and 4 μmol/l are not presented. Inset shows the
dependence of the fluorescence emission maximum of the EB–ctDNA
complex on the concentration of dendrimer 4 (triangles). The
fluorescence emission maximum of pure EB is shown as a circle.
[EB]=1 μg/ml, [DNA]=3 μg/ml, lex.=477 nm, 0.15 mol/l Na-
phosphate buffer, pH 7.4, 37°C
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fluorescence intensity increases non-linearly and reaches a
plateau at high dendrimer and ANS concentrations. The
Scatchard curve is approximately linear. Table 1 presents
the binding constants, the number of binding centers, the
approximate ANS:dendrimer molar ratio and the spectral
shift in ANS for all the dendrimers studied. Adding
carbosilane dendrimers led to both a sharp increase in
fluorescence intensity (Fig. 2) and a blue shift of the
emission maximum (λmax; Table 1). These changes indicate
that ANS interacts with the dendrimers. When the ANS
probe is bound to hydrophobic sites in membranes or
proteins it fluoresces strongly [39], so the results may
suggest that the bound ANS is located in a more
hydrophobic environment in the dendrimer. On the other
hand, some authors claim that ANS binds to cationic
groups in proteins and that its binding depends on ion-pair
formation [40]. The binding data show that one molecule of
an NN group dendrimer binds one molecule of ANS with a
Kb of 105. Second generation dendrimers have open,
asymmetric structures capable of encapsulating ANS. In
contrast, the parameter n ranged from 0.1 to 0.3 for the N
group dendrimers, suggesting that micelle formation rather
then true molecular binding takes place. In this case, three
or ten dendrimer molecules surround one ANS molecule,

changing its fluorescence parameters. These data show that
the NN group dendrimers bind more effectively than the
less reactive N group dendrimers.

Ethidium bromide intercalation assay

EB, a fluorescent phenanthridine dye, is widely used for
visualizing nucleic acids [41]. When the dye interacts with
nucleic acids its λmax is blue-shifted and its fluorescence
intensity is enhanced. It has been confirmed that EB binds
to DNA by intercalation [42]. Analytical techniques
including circular dichroism, laser flash photolysis, fluo-
rescence and molecular absorption have been used to study
the intercalation of EB in DNA [43–45]. The extent of
fluorescence quenching of DNA-bound EB has been used
to determine the extent of binding between DNA and other
ligands such as metal complexes [46], tannic and ellagic
acids [47] and cationic polymers [48, 49].

The emission spectra of DNA-bound EB in the absence
and presence of dendrimer 4 are shown in Fig. 3. To
exclude interactions between EB and dendrimers, it was
shown that the dendrimers did not affect the shape or
intensity of the EB spectrum even at the highest concen-
trations used.

The addition of dendrimer to the DNA–EB complex
lowered the EB fluorescence emission intensity, indicating
that dendrimer 4 competes with EB for DNA binding. The
fluorescence emission maximum of free EB was 618 nm
and that of the EB–DNA complex was 604 nm. Increasing
amounts of 4 caused a concentration-dependent red shift of
this maximum from 604 to 618 nm.

Similar results were obtained for all the other den-
drimers. In all cases (except for 1) the EB fluorescence
emission intensity was decreased and the EB fluorescence
emission maximum was red-shifted. The results show that
all the dendrimers bound to DNA and displaced EB from its
sites of intercalation (Fig. 4).

On the basis of the results in Fig. 4, the apparent
association (binding) constants of three carbosilane den-
drimers were calculated using two similar approaches.
These constants are given in Table 2.

The data show that 3 had an association constant
comparable with that of EB while the interaction of 1 with

Fig. 4 The displacement of EB from DNA by carbosilane den-
drimers. For details see “Materials and methods”. [EB]=1 μg/ml
(2.54 μmol/l), [DNA]=3 μg/ml, 0.15 mol/l Na-phosphate buffer,
pH 7.4, 37°C. lex.=477 nm, lem.=604 nm

Table 2 The association constants of carbosilane dendrimers 2, 3, 4 with ctDNA

Dendrimer LogIC50

(see Fig. 4)
IC50 (=[D]50), μmol/l KDEN

ass � 10�5 , (mol/l)−1 KI
ass � 10�5, (mol/l)−1

2 3.16 (3.06–3.26)a 1.45 (1.15–1.82) 2.98 (2.38–3.76) 3.67 (2.92–4.62)
3 3.76 (3.6–3.93)a 5.75 (3.98–8.51) 0.75 (0.51–1.09) 0.92 (0.62–1.34)
4 2.95 (2.83–3.08)a 0.89 (0.68–1.2) 4.85 (3.6–6.36) 5.98 (4.43–7.82)

a The upper and lower intervals were obtained from B-splines of two curves (F±SD) vs Log[Dendrimer] in the same manner as for F vs Log
[Dendrimer] (see “Materials and methods”).
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ctDNA was so weak that it was impossible to estimate its
association constant using EB. In contrast, dendrimers with
16 end groups had greater association constants than EB; 4
showed the greatest constant among all the dendrimers
studied. This indirect means of determining binding affinity
may be misleading, however, because multiple mechanisms
for the displacement have been suggested, including
conformational changes that modify base stacking and
charge repulsion between the dye and polyamine polymers.

Quenching of BSA fluorescence emission in presence
of dendrimers

BSA has two tryptophan residues. One is located at the
bottom of the hydrophobic pocket in subdomain IIA
(Trp213), and the other is on the surface of the molecule in
subdomain IB (Trp134) [50]. Three different quenchers,
acrylamide, caesium chloride and potassium iodide, were
used for experiments on BSA fluorescence quenching in the
absence and presence of dendrimers. Acrylamide is a
neutral polar quencher that can penetrate the interior of
proteins by diffusion because of fluctuations in polypeptide
conformation. Both tryptophanyls, Trp134 (at the BSA
surface) and Trp213 (in a hydrophobic pocket), are
accessible to acrylamide. Ionic quenchers suppress trypto-
phan fluorescence by a heavy ion effect, requiring a direct
collision between the ions (I− or Cs+) and the excited indole
ring. Ionic quenchers are not expected to penetrate into the
protein matrix, so they can only quench tryptophan residues
are located on the protein surface [51]. Because both Trps
are accessible to acrylamide the quenching results were
analyzed using the Stern–Volmer equation (11).

Figure 5a shows the quenching of BSA fluorescence by
acrylamide in the absence and presence of dendrimers. The
quenching curves are linear. Quenching was maximal in
dendrimer-free media. In the presence of N group den-
drimers, the quenching process was close to that in
controls. In contrast, the presence of NN group dendrimers
decreased the effect of acrylamide. The quenching con-
stants are presented in Table 3. A possible reason is the
attachment of NN group dendrimers to the protein surface,
generating a layer that restricts the accessibility of the
protein to the quencher. N group dendrimers apparently
cannot interact effectively with the protein. Figure 5b

shows the quenching of BSA fluorescence by the anionic
quencher KI in the absence and presence of dendrimer. The
data show that the quenching process is complex and quasi-
linear; it is non-linear in the initial step (0–0.025 mol/l) but
linear over the concentration range 0.025–0.15 mol/l,
showing that quenching has both a static and dynamic
nature. Collisional quenching is dynamic while the attach-
ment of the quencher to the protein may be static. As for
acrylamide, N and NN type dendrimers differ. N group
dendrimers affect the quenching process only slightly. In
contrast, the addition of NN group dendrimers at initial
concentrations sharply decreases the quenching induced by
KI. The explanation may be the same as for acrylamide:
NN group dendrimers attached to the protein surface
prevent any interaction between protein and quencher.
Figure 5c shows the quenching of BSA fluorescence
emission by CsCl in the absence and presence of
dendrimers. As in the case of KI, the quenching process
is non-linear. CsCl quenches BSA fluorescence only
slightly. Addition of N group dendrimers prevented
quenching while addition of NN group dendrimers led to
negative quenching, i.e. the fluorescence intensity increased
when CsCl was added. The most likely reason for this
effect is a direct interaction between the CsCl and the NN
group dendrimers.

Thus, the results show first that carbosilane dendrimers
can bind small molecules. Secondly, carbosilane den-
drimers can interact with DNA and displace EB from it.
Thirdly, carbosilane dendrimers can bind to a protein and
decrease its accessibility to other molecules. Taking into
account that ODN–carbosilane dendrimer complexes do not
interact with BSA [30], it can be concluded that NN group
carbosilane dendrimers are good candidates for ODN and
DNA delivery.

Fig. 5 Curves of BSA fluores-
cence quenching by acrylamide
(a), KI (b) and CsCl (c) in the
absence and presence of
carbosilane dendrimers.
[BSA]=5 μmol/l, [Dendrimer]=
100 μmol/l. lexc.=295 nm,
lem.=350 nm

Table 3 The constants of BSA fluorescence quenching by acrylamide
in the absence and presence of carbosilane dendrimers

KSV (Ac), (mol/l)−1

No dendrimer 9.92±1.01
1 9.19±0.94
2 8.89±1.1
3 7.07±0.61
4 6.05±0.71
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