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Choline kinase inhibitors have recently been identified as potentially useful antitumoral agents. Here
we determine the best conditions for obtaining drug-polymer complexes with 5-fluorouracil (5-FU), and
JCR791B, a new drug representing a significant advance in the development of new molecules to
inhibit tumour proliferation. As polymers we used the cellulose derivatives Aquacoat� and Aquateric�.
The variables in the adsorption process measured were time to adsorbent-adsorbate equilibrium, pH
and concentration. The drug-polymer complexes were characterized by differential scanning calorime-
try and microphotography. Our results show that adsorption of 5-FU and JCR was similar with both
polymers although slightly greater with Aquacoat�. The chemical structure of the drug and its solubility
in water and oil are fundamental characteristics that determine the performance of polymers as drug
carriers able to provide controlled release.

1. Introduction

For at least 40 years, 5-fluorouracil (5-FU) has been the
mainstay of treatment for patients with metastatic colorec-
tal cancer. The mechanism of action of 5-FU involves the
incorporation of fluorouridine 50-triphosphate (FUTP) into
RNAm, which interferes with gene expression, or the inhi-
bition of thymidylate synthase (TS) by the active metabo-
lite 5-fluorouridine monophosphate (FdUMP) (Carrico and
Glazer 1997; Parker and Cheng 1990).
At present the development of new drugs to treat cancer is
a fundamental task. The successful development of newer
drugs requires extensive theoretical groundwork to eluci-
date the mechanism of action of these compounds. Cho-
line kinase (ChoK) is responsible for the generation of
phosphorylcholine, a proposed second messenger required
for DNA synthesis induced by growth factors. We recently
reviewed the significance of ChoK inhibitors as a novel
approach to the development of antiproliferative agents.
Choline kinase inhibition has a drastic inhibitory effect on
cell proliferation and prevents tumour growth in mice
(Campos et al. 2003; Hernández-Alcoceba et al. 1999).
The compound JCR791B was recently reported to be a
potentially useful antitumour agent against the HT-29 hu-
man colon cancer cell line (Campos et al. 2002).
Polymers are now widely used in the biomedical field
(Donini et al. 2002), for example in the manufacture of
controlled-release pharmaceuticals (Foss et al. 2004). La-
texes are colloidal dispersions with particles smaller than
one micron (Gurny 1983). Particular attention must be
paid to how the particles for these dispersions are ob-
tained, since the properties of the resulting dispersions
will depend not only on their composition and chemical

structure, but also on the method used for their manufac-
ture, which affects both the final particle size and the
stability of the system. Latex-drug preparations are based
on mechanisms of adsorption of the drug on the latex
surface (Zouaki et al. 1998; Llácer et al. 2000; Pamujala
et al. 2004), with which it must be biocompatible. The
large specific surface of these systems (Gallardo et al.
2001) makes them capable of transporting large amounts
of drug, as well as providing slow, steady release of the
active ingredient. To prepare the latex carriers we used
the polymers Aquateric1 and Aquacoat1, (cellulose deri-
vatives) because they are approved for use in the body
and are suitable drug vehicles owing to their high specific
surface area, which allows the absorption of large
amounts of drug compounds (Ruiz et al. 1994; Vera et al.
1996).
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The aim of this study was to test polymer-drug complexes
prepared by adsorption of the antineoplastic agents 5-FU
and JCR791B on Aquateric1 and Aquacoat1 latexes. We
report here the results of studies on adsorption kinetics,
pH and concentration. Sediments obtained by centrifuga-
tion were characterized by differential scanning calorime-
try (DSC) and microphotography to provide complemen-
tary morphological information.

2. Investigations, results and discussion

The evaluation of latex particles for possible use as a sys-
tem for the transport and release of drugs (Vanderhoff and
El-Aaser 1979; Llacer et al. 2000) should include, among
other analyses of drug-latex interaction, direct measure-
ment of adsorption on the particle surface and determina-
tion of the environmental conditions that optimize the pro-
cess (Pott and Guy 1992).
The time to adsorbate-adsorbent equilibrium was deter-
mined as an element of the adsorption kinetics of the drug
in different formulations. Fig. 1 shows that maximum ad-
sorption was reached after 24 h in all cases, with no sig-
nificant differences between the two types of latex carrier
for 5-FU. The difference between the two types of latex
was significant, however, for JCR, which was adsorbed in
lower amounts on Aquacoat1. In all cases approximately
80% of the total maximum adsorption took place during
the first 30 min.
The effects of drug concentration on adsorption are shown
in Figs. 2 and 3. In all four preparations the amount of
adsorbate (drug) retained by the adsorbent (latex) was pro-
portional to the initial concentration of the drug.
Mathematical models were used to estimate the probable
adsorption kinetics. The Table shows the equilibrium equa-
tion and approximate equilibrium constant (kc), as well as
the maximum amount of drug adsorbed per gram of adsor-
bent (saturation point, ns) for each adsorption isotherm. The
amounts adsorbed on the particle surface of both types of
latex were greater for 5-FU than for JCR791B. This finding
is not unexpected since adsorption of 5-FU (130.08 g/mol)

was favoured by its lower molecular weight in comparison
to JCR791B (556.34 g/mol) (McCarron et al. 2000).
In addition, 5-FU is less soluble in water than JCR791B
(log P5-FU ¼ �0.68, log PJCR791B ¼ �4.67). Because of the
lipophilic nature of the polymer particles (Mamuhold et al.
1995), drug retention is favoured as adsorption is greater
between two surfaces with the same charge.
It is difficult to predict the behaviour of a potential adsor-
bate in response to a given adsorbent, as adsorption de-
pends on the physicochemical properties of the adsorbent
surface, and on the chemical nature of the adsorbate and
solvent (Scout and Peppas 1999). According to the Reh-
binder rule, the greater the difference in polarity between
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Fig. 1: Adsorption of 5-FU and JCR791B in Aquateric1 and Aquacoat1
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Fig. 2: Density of adsorption versus concentration for 5-FU in Aquateric1

and Aquacoat1
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Fig. 3: Density of adsorption versus concentration for JCR791B in Aqua-
teric1 and Aquacoat1



adsorbate and solvent (i.e., the lower the solubility of the
adsorbent), the greater the adsorption of the adsorbate
(Gallardo et al. 2003; Wiechers et al. 2005). The beha-
viour of 5-FU was more consistent with the rule than was
the behaviour of JCR791B: the difference in polarity be-
tween 5-FU and the solvent (distilled water) was greater,
and this drug was adsorbed in larger amounts on both
types of latex than was JCR791B.

Other properties potentially able to influence the adsorp-
tion of the active principles tested here are:
� Flexibility of the molecule, i.e., its ability to fold into a

configuration that presents a smaller surface area than
in its extended state. The surface area of JCR is esti-
mated at 424.27 �A2, and that of 5-FU, whose structure
is rigid, is estimated at 119.77 �A2.

� Type of bonds that the JCR791B molecule can form
through charge transfer and because of the presence
of a polar and an apolar chain (a property lacking in
5-FU).

Despite its smaller specific surface (2 m2/g), Aquateric1

adsorbed larger amounts of the active principles than
Aquacoat1 (specific surface 16 m2/g), with the difference
being especially obvious for JCR791B. This finding re-
flected the lower lipophilicity of Aquateric1 in compari-
son to Aquacoat1 (Gallardo et al. 1996).
The effect of pH on adsorption of the two antineoplastic
drugs on the two types of latex particles is shown in
Fig. 4, which plots the amount of each drug adsorbed in
ns �mg �g�1 against different pH values for the drug in so-
lution.
Adsorption was similar in qualitative terms for all four
latex-drug complexes: maximal adsorption was seen at
acid pH values between 2 and 4, i.e., below the natural
pH value of approximately 5. At higher pH values, drug
retention decreased considerably, especially in Aquateric1

complexes. This finding was consistent with the results of
earlier electrophoretic mobility findings for these com-
plexes (Gallardo et al. 1993).
We obtained DSC profiles for each of the two polymers
separately, for each of the antineoplastic drugs, and for
each of the latex-drug complexes. Fig. 5 shows the ther-
mogram of pure 5-FU, which was characterized by an en-
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Table: Mathematical models used to estimate adsorption kinetics

Adsorption isotherm
adsorbate/adsorbent

Probable
kinetics

Equilibrium equation Kc

approximate
ns (mg/g)

5-FU/Aquacoat Order 2 Cn /ns ¼ [1/(kc � ns0)] þ (1/ns0) � cn 905 5.57
5-FU/Aquateric Order 2 Cn /ns ¼ [1/(kc � ns0)] þ (1/ns0) � cn 342 6.19
JCR791B/Aquacoat Order 3 Cn /ns ¼ [1/(kc � ns0)] þ (1/ns0) � cn 3.8� 106 1.43
JCR791B/Aquateric Order 4 Cn /ns ¼ [1/(kc � ns0)] þ (1/ns0) � cn 2.3� 107 3.54
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Fig. 4: Density of adsorption in Aquateric1 and Aquacoat1 versus pH

Fig. 5:
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dothermal melting peak at 284 �C. The thermogram of
JCR791B showed an endothermal melting peak at ap-
proximately 256 �C and another slightly endothermal zone
at 69 �C, which may reflect the water of crystallization in
this product. Fig. 6 shows the DSC profile of Aquacoat1,
which produced an endothermal dip at approximately
54 �C and an exothermal peak at about 160 �C. The ther-
mogram for Aquateric1 showed an endothermal zone at
approximately 69 �C and an evident exothermal peak at
173.3 �C. Fig. 7 shows thermograms for the Aquacoat1

complexes. The first endothermal zone for this latex at
54 �C was shifted slightly to the left in both drug com-
plexes, although the shift was more evident for the JCR-
containing complex, where the dip in the curve appeared
at approximately 39 �C. The exothermal zone at 160 �C
was shifted slightly to the left (158 �C) in the JCR-con-
taining complex, and disappeared completely in the com-
plex that contained 5-FU.
The thermograms of the Aquacoat1-5-FU and Aquacoat1-
JCR791B complexes were more similar to the DSC curves
for the latex alone than to those for the drug alone.
The thermogram for Aquateric1 (Fig. 8) differed from the
curve obtained for Aquacoat1. In the first place an en-
dothermal peak for Aquateric1 it remains without scarcely
modifications in complexes with both drugs, whereas the

exothermal zone evident at 173 �C disappeared almost
completely.
Analysis of scanning electron micrographs of Aquacoat1

(Fig. 9A) and Aquateric1 (Fig. 9B) showed Aquacoat1

particles to be spherical and homogeneous in size, with a
mean diameter of 339 nm (s.d. 61 nm). Aquateric1 parti-
cles were of two well differentiated types: those measur-
ing 25–30 nm in diameter, and a much smaller population
of larger particles measuring approximately 4 mm in dia-
meter. Aquateric1 particles were hollow and had a rough
outer surface; the inner walls appeared spongy.
Scanning electron micrographs of the two active principles
are shown in Fig. 9C (5-FU) and 9D (JCR). Particles of 5-
FU were irregularly shaped, and formed aggregates that
varied considerably in size and overall shape. In contrast,
JCR791B particles formed spongy aggregates of different
sizes.
The appearance of the latex-drug complexes is illustrated
in Fig. 10. The Aquacoat1-drug complexes (Fig. 10A)
formed a homogeneous field of aggregates in which the
latex particles themselves could not be distinguished, pos-
sibly because the drug completely coated the surface of the
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Fig. 6: Thermograms of Aquacoat1 and Aquateric1

Fig. 7: Thermograms of Aquacoat1 and drug-Aquacoat1 complex

Fig. 8: Thermograms of Aquateric1 and drug-Aquateric1 complex
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Fig. 9: Typical scanning electron micrographs of Aquacoat1 latex (A),
Aquateric1 (B), 5-FU (C) and JCR791B (D)



latex particles. In Aquateric1-drug complexes (Fig. 10B)
the latex particles were clearly visible, and the drug could
be seen adsorbed on the outer surface and on the inner
walls of the particles.

3. Experimental

3.1. Material

5-Fluorouracil (5-FU), supplied by Sigma-Aldrich Quı́mica S.A. (Spain).
JCR791B, a synthetic compound designed and supplied by the Department
of Pharmaceutical Chemistry, School of Pharmacy, University of Granada
(Spain). Aquacoat1, provided by Foret S.A. (Spain), is an aqueous ethyl-
cellulose dispersion obtained by polymerization, with a solids content of
30%. Aquateric1, provided by Foret S.A. (Spain), is a white powder inso-
luble in water. It consists of 69.7% cellulose acetophthalate, 20% Pluronic
F-68 (cationic surfactant), 10% Myvacet 940 (monoglyceride component),
and 0.3% Tween 60.
Before use both polymers were washed with distilled water to remove con-
taminating particles in the medium acquired during synthesis, and to
achieve maximal colloidal dispersion. Washing was done by repeated centri-
fugation and redispersion until the supernatant had a constant conductivity.
pH was determined with 0.1 N HCl and NaOH using a Crison model Mi-
cropH 2001 pH meter.

3.2. Methods

3.2.1. Preparation of drug-latex complexes

Adsorption kinetics were studied as a function of time, pH and concentra-
tion of the drug. Each active principle was placed in contact with each
latex at a constant temperature of 25 �C and with shaking at 60 rpm, fol-
lowed by 30 min of centrifugation at 14 000 rpm to separate the sediment
and the supernatant. Solubilized drug in the supernatant was measured by
spectrophotometry at the maximum wavelength for absorption of the drug,
l ¼ 272 (JCR791B) and 266 (5-FU) nm. The concentration of drug was
calculated from calibration curves obtained with standard aqueous solu-
tions of the drug at a known concentration. The complexes were prepared
once the best adsorption conditions had been determined (time ¼ 24 h
pH ¼ 2–4). The latex-drug complex was prepared from a solution of 30%
5-FU or JCR791B and 60% latex. However, the Aquacoat1-drug complex
was prepared with only 10% latex due to the high solids content of this
polymer. These complexes were then incubated in a 25 �C thermostatic
bath with shaking at 30 rpm for 24 h. Subsequently, the samples were
centrifuged for 50 min at 14000 rpm to separate the sediment and super-
natant. Spectrophotometry was used to determine the amount of drug in
the supernatant, and the amount remaining in the sediment was found by
subtracting the amount in the supernatant from the initial value.
Differential scanning calorimetric analysis of the samples was performed
with a Mettler FP85 DSC apparatus (Zurich, Switzerland) at a heating rate
of 5 �C min�1 and a temperature range of 30 �C to 325 �C. Sample weight
was between 5 and 6 mg.
Particle sizes in the dispersion were determined by field emission scanning
electron microscopy (FESEM) (Leo 1530, Gemini, Oberkochen, Germany).
Samples for micrographic examination were coated with gold, and to de-
termine particle size the maximum horizontal diameter was measured in
several photographic fields to sample a representative number of particles
(at least 600).
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Fig. 10: Typical scanning electron micrographs of drug-latex complex:
drug-Aquacoat1 (A), drug-Aquateric1 (B)


