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Estimation of PAMAM Dendrimers’ Binding Capacity
by Fluorescent Probe ANS
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Dendrimers are globular, hyperbranched polymers which possess a high concentration of surface func-
tional groups and internal cavities. These unique features make them very useful to many biomedical
applications, especially as carrier molecules. This study presents results of estimation of polyami-
doamine (PAMAM) dendrimers and human serum albumin (HSA) binding capacity of fluorescent
probe 1-anilinonaphthalene-8-sulfonic acid (ANS). It has been shown that fluorescent probes can be
used for quantitative analysis of dendrimers’ binding capacity.
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INTRODUCTION

Dendrimers are a new class of polymers with a well-
defined molecular structure [1–3]. They are monodisperse,
globular macromolecules. Dendrimers are synthesized in
a stepwise manner from branched monomer units. In the
first step branched monomers react with a polyfunctional
core, in turn leaving end groups on a surface that can re-
act again. The number of terminal groups increases after
the addition of the layer of monomers. The more layers
of monomers are attached, the higher generation of den-
drimer is obtained.

Polyamidoamine (PAMAM) dendrimers are based
on an ethylenediamine core and branched units are
built from methyl acrylate and ethylenediamine. The
fourth generation of PAMAM dendrimers (PAMAM
G4) possesses 64 amino groups on a surface whereas
PAMAM-OH G4 dendrimers have the same number
of hydroxy groups at chain-ends. Molecular weight for
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PAMAM G4 and PAMAM-OH G4 equals 14215 and
14279 Da, respectively.

Due to a specific synthesis dendrimers have some
interesting properties which distinguish them from classi-
cal linear polymers. Dendrimers possess many functional
end groups which are responsible for high solubility and
reactivity and empty internal cavities. These specific prop-
erties make dendrimers suitable for drug delivery systems.
Drug molecules can either be attached to dendrimers’
end groups, or encapsulated in the macromolecule inte-
rior [4,5]. Both strategies are very promising in targeted
antitumor therapy. When one thinks about dendrimers as
possible drug delivery agents it is important to know their
ability to bind small ligands.

In living organisms the main transporting function
is played by serum albumins which are the most abun-
dant proteins in plasma (50–60% of the total amount of
plasma proteins) [6–10]. Human serum albumin (HSA)
is one polypeptide chain convoluted into three domains
and looking like prolate ellipsoid 110× 38× 38 Å [11]
with molecular weight of 65 kDa [10]. This protein binds
many endogenous and exogenous ligands and for many
drugs binding to serum albumin is a critical determinant
of their distribution and pharmacokinetics. In spite of neg-
ative surface charge the molecule of HSA has a high affin-
ity to anionic ligands because of the presence of cationic
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groups and hydrophobic pocket in a structure of albumin
binding centers [12,13]. The albumin capacity of bind-
ing anionic ligands was measured by different fluorescent
probes (ANS, K-35, Pyrrone Red) [6–14].

Thus, it was very interesting to clear up the questions:
Is it possible to apply the technique mentioned above for
estimation of dendrimers’ binding capacity? What is their
binding capacity? To elucidate these questions was the aim
of this work. In our studies we used anionic fluorescent
probe ANS to examine the binding capacities of cationic
PAMAM G4 and neutral PAMAM-OH G4 dendrimers and
compare them with HSA.

MATERIALS AND METHODS

PAMAM and PAMAM-OH dendrimers (gener-
ation 4) were purchased from Aldrich (UK). 1-
anilinonaphthalene-8-sulfonic acid (ANS) was obtained
from Sigma (USA). All the other chemicals were of ana-
lytical grade. Double-distilled water was used to prepare
the solutions. ANS was dissolved in dimethylsulfox-
ide (DMSO). For fluorescent measurements phosphate-
buffered saline (PBS: 150 mmol/L NaCl, 1.9-mmol/L
NaH2PO4, 8.1 mmol/L Na2HPO4, pH 7.4) was used. Flu-
orescence spectra were taken with a Perkin-Elmer LS-50B
spectrofluorometer at room temperature (20◦C). The ex-
citation wavelength was set at 370 nm and the emission
range was set between 400 and 600 nm. The excitation
and emission slit widths were 5 nm and 2.5 nm, respec-
tively. Samples were contained in 1-cm path length quartz
cuvettes and were continuously stirred.

The binding constant (Kb) and the number of binding
centers per one molecule (n) for dendrimers and human
serum albumin were determined by a double fluoromet-
ric titration technique [9,10,14]. In the first fluorometric
titration of ANS increasing concentrations of the binding
agent (BA) were added to constant concentration of ANS
and the extreme intensity (Fmax) of ANS fluorescence was
determined. It corresponded to the state where all ANS
molecules were bound by the binding agent. The extreme
fluorescence intensity of ANS divided by its concentra-
tion gave the specific fluorescence intensity for the bound
probe (Fsp):

Fsp= Fmax

C1
ANS

(1)

where:
C1

ANS—ANS concentration during the first fluorometric
titration.

In the second fluorometric titration the binding agent
had a constant concentration (CBA). Increasing concentra-

tions of ANS (CANS) were added to the binding agent and
the fluorescence intensity (F) was measured. The concen-
tration of ANS bound by the binding agent was calculated
as:

Cbound
ANS =

F

Fsp
, (2)

and concentration of free ANS as:

Cfree
ANS = CANS− Cbound

ANS . (3)

The binding constant (Kb) and the number of binding cen-
ters in solution (N) can be determined from the plot of
1/Cbound

ANS on the ordinate versus 1/Cfree
ANS on the abscissa,

according to the equation:

1

Cbound
ANS

= 1

Kb · N · Cfree
ANS

+ 1

N
. (4)

The initial region of the curve is a straight line. We
modified the Eq. (4) by replacingN by the number of
binding centers per one molecule of the binding agent (n):

n = N

CBA
, (5)

where:
CBA—a molar concentration of the binding agent.

Thus, the final version of Eq. (4) was:

CBA

Cbound
ANS

= 1

Kb · n · Cfree
ANS

+ 1

n
. (6)

RESULTS AND DISCUSSION

The pure ANS probe in aqueous solution had a weak
fluorescence in a range 400–600 nm with a maximum at
520 nm. It is a consequence of its low fluorescence yield in
polar environment [15]. Adding PAMAM G4 dendrimer
led both to a sharp increase in fluorescence intensity and
the blue shift of the position of emission maximum (λmax)
(Fig. 1). The dependences ofλmax position and ANS flu-
orescence intensity upon a concentration of PAMAM G4
dendrimer are shown in Fig. 2 and Fig. 3, respectively. It is
known that PAMAM dendrimers do not absorb in a spec-
tral range 250–500 nm [16]. On the other hand, the blue
shift of fluorescence emission spectra and the increase of
fluorescence intensity in the presence of serum albumin
are for solvatochromic fluorescent probes (i.e. ANS) the
main features of their binding by albumin molecules [6–
14]. Thus, we can conclude that observed results were
the consequence of binding of ANS by PAMAM G4
dendrimers.
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Fig. 1. Fluorescence emission spectra of ANS (CANS = 20 µmol/L)
in the absence (1) and in the presence of PAMAM G4 dendrimer
(CPAMAM G4 = 105µmol/L) (2). λexc= 370 nm.

The binding constant (Kb) and the number of bind-
ing centers per one molecule (n) for PAMAM G4 den-
drimer were determined by the double fluorometric titra-
tion method according to Eqs. (1–6). To determine the
exact value ofFmax the approximation of experimental
points was made by the Hill function:

y = Vmax · xm

km + xm
, (7)

where:

Vmax,m, andk—fitting parameters, (see Fig. 3).

Fmax was calculated as a tangent and equalled to 47.7.
Kb and n for PAMAM G4 dendrimer were determined
from the initial linear region of the dependence of ANS
fluorescence intensity on its concentration in the pres-
ence of 50µM PAMAM G4 dendrimer. As follows from
Fig. 4, the linearity was observed for ANS concentra-

Fig. 2. The dependence ofλmax position of ANS fluorescence emis-
sion maximum on concentration of PAMAM G4 dendrimer.CANS =
20µmol/L; λexc= 370 nm.

Fig. 3. The dependence of ANS fluorescence intensity on concentra-
tion of PAMAM G4 dendrimer.CANS = 20 µmol/L; λexc= 370 nm.
(1)—experimental points; (2)—theoretical approximation of experimen-
tal points by Hill function (see text).

tion between 0 and 10µM. Moreover, in this region the
possible influence of free ANS fluorescence (curve 2) on
bound ANS fluorescence (curve 1) was minimal. For these
concentrations the plotCPAMAM G4/Cbound

ANS on the ordi-
nate versus 1/Cfree

ANS on the abscissa was drawn and linear
regression gave the values ofKb ∼ 5.6× 104 M−1 and
n ∼ 0.31 per one molecule of PAMAM G4 dendrimer
(Fig. 5).

Similarly as for PAMAM G4 dendrimers, the addi-
tion of PAMAM-OH G4 dendrimers to ANS solution led
both to sharp increase of ANS fluorescence intensity and
to the blue shift of the position of ANS emission maxi-
mumλmax (Figs. 6 and 7) which indicated binding of ANS
by PAMAM-OH G4 dendrimers.

The constant of binding (Kb) and the number of bind-
ing centers per molecule (n) for PAMAM-OH G4 den-
drimer were determined analogously as for PAMAM G4

Fig. 4. The dependence of ANS fluorescence intensity on its con-
centration in the absence (2) and presence of PAMAM G4 dendrimer
(CPAMAM G4 = 50µmol/L) (1).λexc= 370 nm. (1): λem= 505 nm; (2):
λem= 520 nm.
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Fig. 5. The determination ofKb andn for PAMAM G4 dendrimer in
the double inverse coordinates. (1)—experimental values; (2)—linear fit.

dendrimers. To determineFmax value Hill function was
employed (Eq. 7) (Fig. 6).Fmax was calculated as a tan-
gent and came to 37. TheKb andn for PAMAM-OH G4
dendrimer were determined from the initial linear region
of the dependence of ANS fluorescence intensity upon its
concentration in the presence of 50µM PAMAM-OH G4
dendrimer (Fig. 8). As is shown, the linearity and the min-
imal contribution of free ANS was observed in the ANS
concentration range between 0 and 10µM. The linear fit in
double inverse coordinates allowed to determine the val-
ues ofKb ∼ 5.17× 104 M−1, n ∼ 0.32 per one molecule
of PAMAM-OH G4 dendrimer (Fig. 9).

For comparison studies, the estimation of human
serum albumin binding capacity was also conducted.
Figure 10 shows the influence of growing HSA con-
centration on ANS fluorescence intensity. The effect of
ANS binding is shown in Figs. 10, 11, and 12. The con-
stant of binding (Kb) and the number of binding centers
per molecule (n) for HSA were determined by double

Fig. 6. The dependence of ANS fluorescence intensity on concentration
of PAMAM-OH G4 dendrimer.CANS = 20 µmol/L; λexc= 370 nm.
(1)—experimental points; (2)—theoretical approximation of experimen-
tal points by Hill function (see text).

Fig. 7. The dependence ofλmax position of ANS fluorescence emis-
sion maximum on concentration of PAMAM G4 dendrimer.CANS =
20µmol/L; λexc= 370 nm.

fluorometric titration method according to Eqs. (1–6) for
initial linear region of the dependence of ANS fluores-
cence intensity on its concentration in the presence of 5
µM HSA (Fig. 12). As follows from the figure, the linear-
ity was observed for concentrations of 0–5µM ANS. The
linear fit in double inverse coordinates gave the values of
Kb ∼ 1.1× 106 M−1 n ∼ 1.82 per one molecule for HSA
(Fig. 13).

The obtained data show that both types of dendrimers
(PAMAM G4 and PAMAM-OH G4) are capable of bind-
ing ANS. Binding of ANS by dendrimer due to nonco-
valent forces led to a sharp increase of ANS fluorescence
intensity and the blue shift of its fluorescence emission
maximum. These results are in a good agreement with
our previous results [17]. On the other hand, the com-
parison of ANS-dendrimer binding with ANS-HSA bind-
ing shows that interactions between ANS and dendrimer
are significantly weaker than for the pair ANS–HSA. It
was revealed by both 15–20 times bigger fluorescence

Fig. 8. The dependence of ANS fluorescence intensity on its concen-
tration in the absence (2) and presence of PAMAM-OH G4 dendrimer
(CPAMAM−OH G4= 50µmol/L) (1).λexc= 370 nm. (1): λem= 505 nm;
(2): λem= 520 nm.



P1: GXB

Journal of Fluorescence [JOFL] PH240-jofl-477895 December 4, 2003 2:13 Style file version 29 Aug, 2003

PAMAM Dendrimers’ Binding Capacity of ANS 523

Fig. 9. The determination ofKb andn for PAMAM-OH G4 dendrimer in
the double inverse coordinates. (1)—experimental values; (2)—linear fit.

intensity for ANS bound by HSA than for a complex ANS-
dendrimer and by a greater blue shift of ANS emission
maximumλmax (from 520 nm to 465 nm for ANS–HSA
in comparison with the shift from 520 nm to 500–505
nm for ANS-dendrimer). The differences in binding of
ANS by HSA or by dendrimer are clearly shown in their
binding constants and the number of binding centers per
one molecule. HSA has a binding constant 20 times big-
ger and 6 times more binding centers than dendrimers.
It indicates that ANS has a bigger affinity toward HSA
than dendrimers. This is due to differences in the size and
structure between HSA and dendrimers. HSA surface pos-
sesses specific hydrophobic pockets containing cationic
groups [12,13]. As a result the interactions between ANS
and albumin are determined by both electrostatic and hy-
drophobic forces. The fourth generation of PAMAM den-
drimers is characterized by a spherical shape with uni-
formly distributed terminal groups on the surface, but its
structure is flexible. That is why it is believed that these
polymers are capable of encapsulating host molecules,
whereas lower dendrimer generations have open, asym-
metric structure, and the higher generations (above 7) are

Fig. 10. The dependence of ANS fluorescence intensity on
concentration of HSA.CANS = 10µmol/L; λexc= 370 nm.

Fig. 11. The dependence ofλmax position of ANS fluorescence emis-
sion maximum on concentration of HSA.CANS = 10 µmol/L; λexc=
370 nm.

too densely packed on the surface [18]. However, our stud-
ies showed that ANS could not penetrate inside the inter-
nal, hydrophobic regions of dendrimers as it is in the case
of HSA. On the other hand, enhancement of ANS fluo-
rescence yield and a blue shift of the spectrum observed
after addition of dendrimers indicate that ANS aromatic
rings were placed in less hydrophilic environment. It is
interesting that similar binding capacity was found for
cationic PAMAM G4 dendrimers (terminal amino groups
are ionized at pH 7.4) and for neutral PAMAM-OH G4
dendrimers. The earlier results have shown no incorpora-
tion effect for anionic PAMAM G3.5 dendrimers that pos-
sess carboxylate groups on their surfaces [17]. It is likely
that electrostatic forces between dendrimer surface and an-
ionic sulphonate group of ANS protect the probe from the
incorporation. To conclude, the electrostatic attractions
are important at the first stage of interaction but they are not
the only determinants of binding capacity. Another signif-
icant difference between dendimers and HSA is their size.
The molecule of dendrimer is much smaller. Its diameter

Fig. 12. The dependence of ANS fluorescence intensity on its concen-
tration in the presence of HSA (CHSA = 5 µmol/L). λexc= 370 nm;
λem= 465 nm.
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Fig. 13. The determination ofKb andn HSA in the double inverse
coordinates.(1)—experimental values; (2)—linear fit.

equals∼40Å. Surface area of HSA isS∼ 430 nm2 (cal-
culations based on its dimensions [11]) whereas for the
fourth generation of PAMAM dendrimers the surface is
S∼ 50 nm2 (calculated from a diameter [1]. Thus, it is un-
likely that ANS can penetrate inside the internal hydropho-
bic regions of PAMAM G4 dendrimers because of its quite
a big size. It means that the number of binding centers in
a dendrimer increases with the enhancement of its surface
area (for higher generations). Moreover, the increase of the
generation number may also increase the holes inside hy-
drophobic regions of a dendrimer, so the fluorescent probe
(ligand) can penetrate deeper into dendrimer. It should in-
crease bothn andKb values.

CONCLUSIONS

The obtained results allowed us to draw some con-
clusions:

a) The technique of double fluorometric titration is
applicable for the estimation of dendrimers’ bind-
ing capacity. It is a fast and easy method for bind-
ing studies of fluorescent ligands which allows
to determine the binding constant (Kb) and the
number of binding centers (n). Thus, it is a good
approach in comparative studies.

b) ANS has a lower affinity toward polyamidoamine
dendrimers than for HSA. It is due to differences
in the size and the surface structure between the
protein and the polymer.

c) The similarKb and n values were obtained for
cationic PAMAM G4 dendrimers and for neu-
tral PAMAM-OH G4 dendrimers. It indicates that
only electrostatic forces are not responsible for in-
teractions between ANS and dendrimers.
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