1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duasnue Joyiny vd-HIN

s NIH Public Access
Y,

Author Manuscript

Published in final edited form as:
Soft Matter. 2010 January 1; 6(11): 2539-2545. doi:10.1039/b925274f.

Influence of dendrimer surface charge on the bioactivity of 2-
methoxyestradiol complexed with dendrimers

Xiangyang Shi®P, Inhan LeeC, Xisui Chend, Mingwu ShenP, Shili XiaoP, Meifang zhu?, James
R. Baker er, and Su He Wangd

a State Key Laboratory for Modification of Chemical Fibers and Polymer Materials, Donghua
University, Shanghai, 201620, P. R. China. xshi@dhu.edu.cn

b College of Chemistry, Chemical Engineering and Biotechnology, Shanghai, 201620, P. R. China
¢ miRcore, Ann Arbor, MI, 48105, USA. inhanlee99@gmail.com

d Michigan Nanotechnology Institute for Medicine and Biological Sciences, University of Michigan,
Ann Arbor, MI, 48109, USA. shidasui@umich.edu

Abstract

We report the complexation of a potential anticancer agent 2-methoxyestradiol (2-ME) with
generation 5 (G5) poly(amidoamine) dendrimers having different surface functional groups for
therapeutic applications. The complexation experiment shows that approximately 6-8 drug
molecules can be complexed with one dendrimer molecule regardless the type of the dendrimer
terminal groups. The bioactivity of 2-ME complexed with dendrimers was found to be significantly
dependent on the surface charge of G5 dendrimers. In vitro cell biological assays show that amine,
hydroxyl, and acetamide-terminated G5 dendrimers with positive, slightly positive, and close to
neutral surface charges, respectively are able to deliver 2-ME to inhibit cancer cell growth. In contrast,
2-ME complexed with carboxyl-terminated G5 dendrimers with negative surface charges does not
show its inherent bioactivity. Further molecular dynamics simulation studies show that the compact
structure of carboxylated G5 dendrimers complexed with 2-ME does not allow the release of the
drug molecules even at a pH of 5.0, which is the typical pH value in lysosome. Our findings indicate
that the surface modification of dendrimers with different charges is crucial for the development of
formulations of various anticancer drugs for therapeutic applications.

Introduction

Dendrimers are a new class of highly branched, monodispersed, and synthetic macromolecules
with well-defined composition and architecture.! The tailored core, interior structure, surface
groups, and generation-dependent geometric properties of den-drimers make them a quite
unique material for a range of applications in catalysis,? sensors,3~> optics,® electronics,”:8
environmental remediation,®11 and drug delivery.12-14 Recent advances in dendrimer-based
nanomedicine show that dendrimers have been used in two different ways for drug delivery
applications: (1) dendrimers can be used as a platform to covalently conjugate drug molecules
for cancer therapeutics; 119 and (2) dendrimers or functionalized dendrimers can also be used
to physically encapsulate or complex drug molecules inside their interior to improve the water
solubility and bioavailability of the drugs.13:20-27 The former approach involves a covalent
attachment of drugs onto dendrimer surfaces, which offers stable dendrimer-drug conjugates.
However, the conjugation generally involves multi-step organic reactions and the covalent
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conjugation chemistry has to be optimized in order for the drug molecules to be cleaved and
released at the specific biological conditions. The latter approach is relatively simple; however,
the in vivo stability of the dendrimer-drug complexes could be a challenging issue. Both
approaches have received much attention for the development of various drug formulations.

The drug 2-ME is present in the serum of women during the ovulatory and luteal phases of the
menstrual cycle and during pregnancy. As a metabolite of 17-p estradiol, 2-ME has been
demonstrated to be a potential anticancer agent.28:2% 2-ME neither displays considerable
estrogenic activity at clinically efficacious doses, nor seems to promote carcinogenesis.
Moreover, it has been found to be active in inhibiting tumor growth in phase I/1l clinical trials.
30,31 In our previous studies, we have shown that 2-ME can be encapsulated into polymer
multilayer capsules through a layer-by-layer (LbL) assembly approach and display similar
bioactivity to the conventional formulation of 2-ME, which is a concentrated ethanol solution.
32,33 Although high payload of 2-ME can be achieved using the LbL assembly approach, the
size of the final formed 2-ME particles is relatively large. It is anticipated that a nanoscale,
injectable formulation of 2-ME is feasible by encapsulating or complexing it within
dendrimers.

In this present study, we utilized generation 5 (G5) poly(amidoamine) (PAMAM) dendrimers
with amine, hydroxyl, acetamide, and carboxyl terminal groups to complex the drug 2-ME.
The influence of the dendrimer surface charge on the bioactivity of 2-ME complexed with
dendrimers was investigated by testing the cytotoxicity of a tumor cell line (KB cells, a human
epithelial carcinoma cell line) treated with the dendrimer-drug complexes. To further
understand the therapeutic efficacy of the 2-ME drug complexed with dendrimers, molecular
dynamics simulation studies were performed to simulate the molecular morphology of the
complexes under the specific cellular environment. As compared with other published
dendrimer work relating to drug delivery applications in literature, to our knowledge this study
is the first report relating to the complexation of 2-ME using dendrimers for therapeutic
applications, also the first report systematically investigating the influence of dendrimer
surface charge on the bioactivity of the drug molecules complexed with dendrimers. The results
generated from this study provide a basis for a rational design of functional dendrimer/drug
complexes for various therapeutic applications.

Experimental section

Materials

Amine-terminated PAMAM dendrimers of generation 5 (G5.NH,) with ethylenediamine core
were purchased from Dendritech (Midland, MI) in methanol solution. The surfaces of
G5.NH,, dendrimers were converted to acetyl, hydroxyl, and carboxyl groups by reacting with
acetic anhydride, glycidol, and succinic anhydride, respectively (Scheme 1). The synthesized
carboxyl, acetyl, and hydroxyl-terminated G5 PAMAM dendrimers are denoted as G5.SAH,
G5.Ac, and G5.NGIyOH, respectively and were characterized using nuclear magnetic
resonance, high-performance liquid chromatography (HPLC), size exclusion chromatography
(SEC), and matrix-assisted laser desorption ionization-time of flight mass spectrometry.
Details of the conversion procedure and characterization can be found elsewhere.34=36 The
molecular weights of the G5 dendrimers are shown in Table 1. 2-ME (molecular structure is
shown in Scheme 1) was purchased from Sigma. All other chemicals were obtained from
Aldrich and used as received. The water used in all experiments was passed through a Millipore
Milli-Q Plus 185 purification system and had a resistivity exceeding 18.2 M Q.cm.
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Complexation of dendrimers with 2-ME

G5 dendrimers (10 mg) with different terminal groups (amine, acetamide, hydroxyl, and
carboxyl) were dissolved in 1.5 mL water. 2-ME with 10 molar equivalents of each dendrimer
derivative was dissolved in 300 uL methanol, and then mixed with the 1.5 mL dendrimer
aqueous solution. The mixture solution was vigorously stirred overnight to allow the
evaporation of the methanol solvent. The dendrimer-2-ME mixture solution was centrifuged
(7,000 rpm for 10 min) to remove the precipitates related to non-complexed free 2-ME, which
isinsoluble in water. The precipitate was collected and dissolved into 1 mL methanol for HPLC
analysis. The supernatant was lyophilized for 3 days to obtain the dendrimer-2-ME complexes.

HPLC analysis

The reverse phase-HPLC system used in this work consisted of a Waters Delta 600 separation
module, a model 717 auto sampler equipped with a 100 uL loop, and a model 2996 PDA
detector (Waters Corporation, Milford, MA). A Jupiter C5 silica-based HPLC column (250 x
4.6 mm, 300 A) was purchased from Phenomenex (Torrance, CA). Two Phenomenex
Widepore C5 safety guards (4x3 mm) were installed ahead of the Jupiter column. The mobile
phase was a linear gradient beginning with 66 : 34 (v/v) water-acetonitrile (ACN) to 30 : 70
water/ACN within 20 min at a flow rate of 1 mL min~2. The injection volume was 35 pL. The
detection of eluted samples was performed at 205 nm. The non-complexed 2-ME was analyzed
based on a free 2-ME calibration curve.

Zeta potential analysis

Zeta-potential measurements were carried out using a Zetasizer Nano ZS system (Malvern,
UK) equipped with a standard 633 nm laser. Each component of the dendrimer/drug complexes
at different pH conditions (5.0, 7.0, and 10.0) was measured. The G5 dendrimers with a
concentration of 1 mg mL~1 were prepared before measurement. The 2-ME drug has very
limited water solubility (5.34 nM in water).3” Therefore, for 2-ME, a saturated water solution
was used for the measurement.

Cell biological evaluation

KB cells (ATCC, CLL17, Rockville, MD) were continuously grown in RPMI 1640 medium
supplemented with 10% heat-inactivated FBS, and 2.5 uM FA. One day before experiments,
cells (1 x 104 cells per well) were plated into a 96-well plate in complete medium. The next
day, 2-ME (10 (uM) in ethanol (1 pL) and 2-ME/dendrimer complexes with the same 2-ME
concentration were added to cells and then incubated for 48 h at 37 °C. An MTT (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay was used to quantify the
viability of cells. After 48 h incubation with 2-ME or 2-ME/dendrimer complexes, the
metabolically active cells were then detected by adding MTT to each well. Then, the plates
were read at 570 nm. Mean and standard deviation for the triplicate wells were reported. One
way ANOVA statistical analysis was performed using statistical software SAS (SAS Institute
Inc., Cary, North Carolina).

After treatment with 2-ME or 2-ME/dendrimer complexes, the cell morphology was also
observed by phase-contrast microscopy (Leica DMIRB fluorescent inverted microscope). The
magnification was set at 200 x for all samples.

Molecular dynamics (MD) simulations

G5 dendrimers with different surface functional groups were modeled and simulated at pH 5.0
simulation condition using parameters similar to those used in previous studies (pH = 7.0).38
These parameters used best mimicked explicit water environment for PAMAM dendrimers at
pH 5.0, 7.0, 10.0 simulation conditions according to our previous study and the details will be
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followed.3? Seven 2-ME drug molecules were randomly incorporated inside the dendrimer
interior after the G5 dendrimers were equilibrated. All models were built on an Onyx
workstation (Silicon Graphics, Inc.; Mountain View, CA) using the Insight 11 software package
(Accelrys, Inc.; San Diego, CA). Insight Il software calculates total energy as bonded
(Uponded: empirical potential energy terms describing chemical bonds) and non-bonded
(Unonbonded: Lennard-Jones and Coulomb potential energy) interactions in MD simulations.
In the case of a consistent valence force field (CVFF), the non-bonded terms are expressed
as follows:

Ufotal = Ubonded + Unonbondfd
=Ubonded+U 1 pmuni-sones T U coutoms

:Ub0)1dcd+zz {8[(%)12—2(%)6J +%} N
i

where ¢ is the minimum energy of the Lennard-Jones potential, o the distance yielding
minimum Lennard-Jones potential, g the partial charge of the atom, D the dielectric constant
(1 for vacuum), r the distance between i and j, and i,j non-bonded atom pairs. Based on previous
findings, we used distance-dependent dielectric constant D = r without a long-range interaction
cut-off in the simulations.3° Thus dielectric constant D was not fixed, but was changing with
the distance r. After 5000 steps of steepest descent minimization, MD simulations were
performed at 1000 K for 5 ps followed by 100 ps runs with 1 fsec step at 300 K, using a CVFF.
The potential energies stabilized much earlier than 50 ps and the mean values were calculated
in simulation from 40 ps to 100 ps. The equilibration has been confirmed by monitoring not
only the potential energy but also the time evolution of the radius of gyration. The radius of
gyrations, radial distribution, and surface areas of the complexes were calculated using the
Decipher module in the Insight 11 software. We note that the force field is optimized for a poor
solvent system, a vacuum. The Insight 1l software provides several force fields with empirical
parameters for individual atoms. The combination of Lennard-Jones and Coulomb inthe CVFF
force field will naturally provide hydrogen bonds. Therefore, when there is a solvent such as
water molecules, it calculates as if water molecules are filled in the vacuum (a poor solvent).
We have found that the CVFF force field works very well (results similar to those in
experiments) in our system (see below).

Results and discussion

In this study, we have demonstrated that similar to the complexation of other hydrophobic
drugs using dendrimers,22-24 2-ME can also be complexed within dendrimers having different
terminal groups (Scheme 1). The formation of 2-ME/dendrimer complexes is primarily based
on hydrophobic interactions between dendrimers and 2-ME drug molecules. The dendrimer
interior is proven to be hydrophobic,2224 enabling effective encapsulation of hydrophobic 2-
ME drug molecules.3” The payload of 2-ME within G5 dendrimers was evaluated using HPLC
(Table 1). Approximately 6-9 2-ME molecules can be complexed within each G5 dendrimer
molecule regardless of the type of their terminal groups. The formed 2-ME/dendrimer
complexes are soluble in water and PBS buffer after lyophilization. The aqueous complex
solution stored in 4 °C is stable for at least 12 months.

The surface potential changes of each component of the dendrimer/drug complexes at different
pH conditions are listed in Table 2. This information is crucial for understanding the cellular
interactions of the complexes. As a structually neutral molecule, the surface potential of 2-ME
is close to neutral at all pH conditions. For G5.NH,, G5.NHAc, and G5.NGlyOH dendrimers,
at the pH 7.0 and pH 5.0 conditions, the surface potential reasonably follows the order of

G5.NH, > G5.NGlyOH > G5.NHAc due to the surface modifications.#! The larger values at
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pH 5.0 for all three dendrimers compared to those at pH 7.0 should be ascribed to the pronation
of a portion of the dendrimer tertiary amines.*2 For G5.SAH dendrimers, the surface potential
at pH 5.0 is close to zero, while at pH 7.0 and 10.0, the surface potentials are negative due to
the deprotonation of the terminal carboxyl groups.

The therapeutic efficacy of 2-ME complexed with G5 dendrimers was tested using KB cells,
a human epithelial carcinoma cell line. 2-ME generally exerts its function through the induction
of G2/M cycle arrest of the cells.2? The G2/M cycle starts to appear around 48 h after cell
incubation. Therefore, after incubation of the 2s-ME/dendrimer complexes with cells for 48 h,
an MTT assay was performed to evaluate the viability of KB cells (Fig. 1). It appeared that
both free 2-ME and 2-ME/G5.NH,, 2-ME/G5.NHACc, 2-ME/G5.NGlyOH complexes caused
a significant loss of cell viability in KB cells when compared with the untreated control cells
(p value <0.0001 for each). In contrast, 2-ME/G5.SAH complex does not display the
anticipated bioactivity. The ethanol (1 pL) used to dissolve free 2-ME drug in the culture media
does not exert any favorable influence on the cell viability (p = 0.99), in agreement with our
previous work.33

To exclude the possible inherent toxicity of the dendrimers, G5 dendrimers with amine, acetyl,
hydroxyl, and carboxyl terminal groups without the complexation of 2-ME were also tested.
The concentrations of the G5 dendrimers tested were similar to those complexed with 2-ME
used for MTT assay. It is clear that except G5.NH, dendrimers, G5.NHAc, G5.NGIyOH, and
G5.SAH are non-toxic (p < 0.0001, 0.22, 0.71, 0.99, respectively). It implies that the toxic
effect of 2-ME/G5.NH, complex may involve in both the 2-ME drug and the G5.NH
dendrimers.#1:43 However, the therapeutic activity of 2-ME/G5.NHAc and 2-ME/G5.NGlyOH
complexes are solely related to the drug 2-ME.

The cytotoxic effect of 2-ME drug/dendrimer complexes was further confirmed by phase
contrast microscopic visualization of the cell morphology change after treatment with 2-ME
with different formulations. Fig. 2 shows the morphology of the untreated KB cells, KB cells
treated with 2-ME in ethanol solution, and KB cells treated 2-ME/dendrimer complexes,
respectively. 2-ME in ethanol (Fig. 2e), 2-ME/G5.NGIyOH, 2-ME/G5.NHAc, and 2-ME/
G5.NH, complexes (Fig. 2a, 2b and 2 with similar 2-ME concentration (10 uM) induced similar
cell morphology changes. A significant portion of the cells became rounded and non-adherent,
indicative of the fact that cells have undergone apoptosis (Fig. 2). In contrast, no rounded and
detached cells can be visualized in control cells without 2-ME treatment (Fig. 2f) and cells
treated with 1 pL ethanol (Fig. 2g). In addition, KB cells treated with 2-ME/G5.SAH complex
do not show any morphology changes when compared to the untreated control cells.

The KB cells were also treated with G5 dendrimers (without the complexation of 2-ME) with
dendrimer concentrations similar to those in the used drug complexes. Except G5.NH,, all
other dendrimers (G5.NGlyOH, G5.NHAc, and G5.SAH) do not exhibit any toxic effect (Fig.
3). This suggests that the bioactivity of 2-ME/G5.NGlyOH and 2-ME/G5.NHAc complexes
are solely related to the drug 2-ME. G5.NH> displays its inherent cytotoxicity related to the
high local concentration of the surface amine groups (Fig. 3d).! These results are consistent
with the above MTT assay data.

Literature data show that the dendrimers or dendrimer-metal nanocomposites with amine,
acetyl, hydroxyl, and carboxyl groups can all be internalized regardless of the dendrimer
surface groups.*44° For dendrimers not functionalized with targeting molecules, the cellular
internalization process mainly involves two different mechanisms: phagocytosis and diffusion
via the cell membranes. It is reasonable to understand that 2-ME/G5.NHAc and 2-ME/
G5.NGlyOH complexes with close to neutral and slightly positive charge (at pH 7.0) can be
internalized by cells. After the initial lysosomal uptake of the drug complexes, the 2-ME drug
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is then dissociated from the complexes in the lysosomes of the cells under acidic pH conditions
(pH 5.0) and exerts its therapeutic effect. The non-toxic effect of 2-ME/G5.SAH complex is
rather surprising (p = 0.024). We believe that this may be due to the strong interaction between
the dendrimer surface carboxyl groups with its internal tertiary amines, which significantly
compact the morphology of the dendritic structure, hence inhibiting the release of 2-ME drug
molecules even at the acidic lysosomal environment.

In order to delineate the molecular structures of dendrimer/drug complexes and to verify our
hypothesis related to the drug release characteristics, MD simulations were performed to
compare the structural difference of the dendrimer/drug complexes with different dendrimer
terminal groups at the simulated lysosomal pH conditions (pH = 5.0). Table 3 lists the average
characteristic values of the simulations. The radius of gyration (Rq) of G5. NHp, G5.NHAC,
G5.NGIlyOH, and G5.SAH dendrimers were 3.8, 3.2, 4.1, and 2.1 nm, respectively. Under
acidic conditions, the protonation process leads to a relatively large geometry of G5.NHo,
G5.NGIlyOH, and G5.NHAc dendrimers with terminal primary (for G5.NH, dendrimers), a
portion of terminal primary or secondary amines (for G5.NGlyOH dendrimers),3® or a small
amount of terminal primary amines (for G5.NHAc dendrimers)3* when comparing to G5.SAH
dendrimers. The average drug positions from the center of the mass (CM) of the geometry for
2-ME/G5.NH5 and 2-ME/G5.NGlyOH complexes are farther than those of 2-ME/G5.SAH and
2-ME/G5.NHAc complexes. In addition, some drug molecules existed at a position farther than
10 nm from the CM of 2-ME/G5.NH> and that of 2-ME/G5.NGIlyOH complexes. How then
can drugs within 2-ME/G5.NHAc complexes be effective when they are close to the CM? A
representative configuration of the dendrimer/drug complexes with different dendrimer
terminal groups is shown in Fig. 4. For the 2-ME/G5.SAH complex (Fig. 4d), it is clear that
2-ME drug molecules are completely entrapped within the compacted G5.SAH dendrimer
molecule. The compact structure of G5.SAH could be related to the strong interaction between
the surface carboxyl groups and the internal tertiary amine groups. In contrast, for all the other
3 types of 2-ME/dendrimer complexes with amine (Fig. 4a), acetyl (Fig. 4b), and hydroxyl
(Fig. 4c) groups, the molecular structures are quite open, allowing for the release of drug
molecules under acidic conditions. Therefore, in the complexes of 2-ME/G5.NH», 2-ME/
G5.NHACc, and 2-ME/G5.NGIlyOH, 2-ME can be released and exert its therapeutic effect (Fig.
1 and 2). Noting that for the complex of 2-ME/G5.NH,, the dendrimer G5.NH, shows its
inherent cytotoxicity.

The MD simulation results enhanced our understanding of the experimental results (Fig. 1 and
2). In our previous studies,3® we found that simulation results of dendrimer Rg correspond to
the experimental results reasonably well. Here, we used the MD simulations to obtain the
overall characteristics of each model, which are difficult to obtain in experiments such as to
determine drug distribution characteristics in individual dendrimers as shown in Table 3 or
configurations of dendrimer-drug complexes as shown in Fig. 4. The snapshots presented in
Fig. 4 are actually representative of many ensembles for each model. Data shown in Table 3
are also average values of 300 ensembles (during the last 60 ps of simulations) and are in
accordance with Fig. 4.

Using 2-ME/dendrimer complexes as a formulation could overcome the water-insolubility and
improve the bioavailability of the drug. It is anticipated that, in in vivo studies, the side effect
should be significantly decreased because of the protection of dendrimers. From this study, we
show that 2-ME/G5.NGIyOH and 2-ME/G5.NHAc complexes with respective slightly positive
and close to neutral surface charges (at pH 7.0) should be ideal delivery vehicles for enhanced
antitumor therapy. 2-ME/G5.SAH and 2-ME/G5.NH, complexes with extremely negative and
positive charge at pH 7.0 are not suitable delivery vehicles, since the negative 2-ME/G5.SAH
complex does not allow the delivery of 2-ME and the positive 2-ME/G5.NH, complex exhibits
the inherent toxicity of the G5.NH, dendrimers. It indicates that the surface charge of
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dendrimers significantly affects the efficacy of the drug complexed with dendrimers. Further
detailed studies related to the release profiles of the dendrimer/drug complexes as well as the
intracellular drug retention at different time points may be necessary to delineate the relevant
mechanisms.

Conclusions

In summary, we have complexed a potential antitumor agent 2-ME with dendrimers having
different surface charges. The complexation approach significantly improves the water
solubility of the drug. The bioactivity of the 2-ME in the drug/dendrimer complexes largely
depends on the surface charge of the dendrimers. 2-ME/G5.NGlyOH and 2-ME/G5.NHAc
complexes with respective slightly positive and close to neutral surface charge seem to be ideal
vehicles to deliver 2-ME for antitumor therapy. The dependence of the therapeutic activity of
2-ME on the surface charge of the dendrimers used to complex the drug molecules was further
delineated by MD simulations. The tunable surface chemistry of dendrimers allows for
effective conjugation of cancer targeting ligands (e.g., folic acid,38:46:47 RGD peptides,*®
antibodies,*° and hormones®Y). We envision that the 2-ME should be able to be complexed
with the dendrimers modified with cancer-specific targeting ligands, thereby providing a
targeted drug delivery vehicle to enhance its antitumor activity.
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Fig. 1.

MTT assay of KB cell viability after treatment with free 2-ME (10 uM) dissolved in 1 pL
ethanol, ethanol only (1 uL), 2-ME complexed with G5.NglyOH (1), G5.NHAc (2), G5.SAH
(3), and G5.NH>, (4) dendrimers, and G5.NglyOH (5), G5.NHAc (6), G5.SAH (7), and
G5.NH> (8) dendrimers without the complexation of 2-ME for 48 h. The data are expressed
asmean = S. D.
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Fig. 2.
Phase-contrast photomicrographs of KB cells treated with 2-ME (10 uM) complexed with

G5.NglyOH (a), G5.NHACc (b), G5.SAH (c), and G5.NH> (d) dendrimers, respectively, KB
cells treated with free 2-ME (10 uM) dissolved in 1 uL ethanol (e), the control KB cells without
treatment (f), and the KB cells treated with 1 uL ethanol (g).
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Fig. 3.
Phase-contrast photomicrographs of KB cells treated with G5.NglyOH (a), G5.NHAc (b),
G5.SAH (c), and G5.NH> (d) dendrimers without the complexation of 2-ME.
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(d)

Fig. 4.

Equilibrated configurations of 2-ME/G5.NH> (a), 2-ME/G5.NHACc (b), 2-ME/G5.NGlyOH
(c), and 2-ME/G5.SAH (d) complexes after 100 ps molecular dynamics simulations. The grape-
like moieties on all configurations represent 2-ME drug molecules.
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Schematic representation of the reactions used to synthesize G5 dendrimer derivatives and the

formation of dendrimer-2-ME drug complexes.
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Table 1

Complexation capacity of 2-ME with G5 dendrimers having different terminal groups

Dendrimers G5NH; G5NHAc G5.NGIyOH G5.SAH
M, 26,010 30,990 38,382 40,330
Polydispersity 1.104 1.060 1.131 1.054
Complexation capacity@ 6.2 8.5 6.7 7.2

aNumber of drug molecules per dendrimer.
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Table 2

Surface potentials of 2-ME and G5 dendrimers with different surface functional groups in aqueous solution at
different pH conditions

Zeta potential/mV

Materials pH 5.0 pH 7.0 pH 10.0

2-ME2 —0.00997 +0.359 -1.31+0.734 -4.45+1.01
G5.NH, 39.2£1.09 362+141  0.358+0.38
G5.NHAC 19.1+1.45 9.18+123 -12.6+3.08
G5.NGlyOH 29.1+7.12 22 +£3.02 0.194 +0.523
G5.SAH —0.55 +0.282 —347+127 —-40+0.894

a . . .
2-ME is nearly water insoluble. The saturated water solution of 2-ME was prepared for measurement.
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Table 3
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Physical characteristics of dendrimer/drug complexes with different dendrimer terminal groups after MD
simulations under an acidic condition (pH 5.0)

2-ME/G5.NH;  2-ME/G5.NHAc 2-ME/ G5.NGlyOH  2-ME/G5.SAH
Rg/nm of dendrimers 3.8 3.2 4.1 21
Number of drugs > 10 nm from CM 2 0 1 0
Average drug position from CM after simulations/nm& 2.8 15 3.9 19
Average drug position from CM before simulations/nm 2.7 1.6 22 31

a . .
Drugs released from the dendrimer are not included.
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