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Ondansetron is a carbazol with antiemetic properties that acts as a competitive and selective antago-
nist for the 5 HT3 serotonin receptors. It is used primarily to control nausea and vomiting caused by
cytotoxic chemotherapy and radiotherapy, as well as in postoperative vomiting in gynecological sur-
gery. The main aim of this work was to obtain a stable, long-acting oral suspension of ondansetron.
To prolong the action, latexes are used as transport vehicles, specifically we tested, Aquateric1,
which comprises mainly cellulose acetophthalate. We prepared a complex drug-polymer, and the re-
lease profile of ondansetron was evaluated at acid, basic and acid-basic pH. This complex is addi-
tioned to a vehicle with xanthan gum and sodium carboxymethylcellulose (CMCNa) as thickeners to
retard as much as possible particle sedimentation and thus increase physical stability of the suspen-
sion. The results obtained for sediment volume and degree of flocculation suggest that xanthan gum
provides the best results, with better organoleptic characteristics, appearance, physical stability and
easy redispersability.

1. Introduction

In recent years, interest has grown considerably in suspen-
sions, particularly those based on polymers, as alternative
to administering tablets orally (Gallardo et al. 2000).
Although it is apparently easy to prepare suspensions, pit-
falls can be found in the attempt to obtain a pharmaceuti-
cal form that satisfies the needs of current therapeutics.
Since a suspension is a thermodynamically unstable sys-
tem, from the galenic viewpoint it is of interest to design
and formulate a suspension that does not sediment out
quickly and that can be easily re-homogenised by shaking.
Moreover, the redispersion by shaking should result in a
homogenous-looking product. Finally, there should be no
crystal growth during storage. In short, the suspension
must be physically stable (Gallardo et al. 1990).
Ondansetron is a carbazol with anti-emetic properties that
acts as a competitive and selective antagonist of the 5-HT3

receptors of serotonin. Ondansetron is used to control the
nausea and vomiting induced by chemotherapy and cyto-
toxic radiotherapy, as well as in prophylaxis and the treat-
ment of vomiting in gynecological surgery (Blackwell and
Harding 1989; Freeman et al. 1991; Roita and Favero
1995), the elimination half-life of the drug is 3–4 hours.
Long-acting forms are intended to increase the dose inter-
val and thus facilitate dosing schedules.
The main aim of this work was to obtain a stable, long-
acting oral suspension of ondansetron (no such product is
currently marketed). To prolong the action of the active
principle, latexes are used as transport vehicles, specifi-
cally (in this work) Aquateric1 (FMC Corporation 1987),
which comprises mainly cellulose acetophthalate. Xanthan
gum (Bonferoni et al. 1993; Talukdar and Plaizier 1993)

and sodium carboxymethylcellulose (CMCNa), were used
as thickeners to retard particle sedimentation for as long
as possible, and thus increase physical stability of the sus-
pension.

2. Investigations, results and discussion

2.1. Formulation preparation

The therapeutic dosage of ondansetron is 8 mg according
to the literature, so the formulations were prepared with
3 mg of free ondansetron. To prolong the action and com-
plete the dosage, 5.4 mg of ondansetron were added as a
sediment complex with cellulose acetophthalate latex
(Ruiz et al. 2004). In any “ideal” suspension, certain con-
ditions must be met and substances used so that the distri-
bution of the internal phase and its initial properties re-
main the same nearly indefinitely (Gyselink et al. 1981,
1982). Therefore, apart from the dosage, a series of fac-
tors and substances that are extremely important in the
preparation of a suspension must be taken into account
since they confer the optimal characteristics of the final
formula for administration. To this end, a thickener is
added to the ondansetron-cellulose acetophthalate latex
complex in order to retard as much as possible particle
sedimentation and thus increase suspension stability.
The Table presents the compositions of the two formulae
analysed. Formula A contains the pseudoplastic sodium
carboxymethylcellulose (CMCNa) as a thickener and 1%
Avicel1, which provides excellent stability and flow. Gly-
cerine is included as a wetting agent and Kathon1 CG as
a preservative, which acts at an acid pH and thereby en-
dows the formula with stability over time.
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In formula B CMCNa was replaced by xanthan gum (E-
415), (Nakano and Ogata 1984) an anionic polysaccharide
with a high molecular weight that gives the suspension a
more acceptable appearance from the organoleptic proper-
ties. In both formulations the final pH is 4.2, which is
optimal for the stability of the active principle.

2.2. In-vitro release of ondansetron from the formulae

The results for the release of ondansetron in Formula A at
an acid, acid-basic and basic pH can be seen in Fig. 1.
The release varies over time and is also dependent on the
release medium. Thus, at an acid pH, 70% of the active
principle have been released by the second hour, increas-
ing to nearly 95% by the end of the test, which is a suffi-
cient quantity to obtain a good pharmacological response.
However, in an alkaline medium, only 7% of the ondanse-
tron are released in the first 7 h, reaching a maximum of
12% at 24 h, obviously an insufficient amount for an ade-
quate therapeutic response.
The percentage of active principle released in formula B,
where xanthan gum is used as a thickener, is presented in
Fig. 2. A very similar performance can be noted, with the
greatest release at an acid pH, in which 50% of the ondan-
setron is released in the first 2 h and 97% by the end of
the test. Likewise, at an alkaline pH, barely 7% are re-
leased in the first 7 h and less than 10% at 24 h. The poor
performance at a basic pH is due to the destruction of the

polymer, which traps the drugs and thus hinders its re-
lease. Consequently, only the free ondansetron remains in
the medium (Ruiz et al. 1998).
We also studied the release for both formulations simulat-
ing the physiological conditions of the gastrointestinal
tract, that is, at an acid-basic pH. As can be observed in
the two figures (Figs. 1 and 2), the release was similar in
both cases to that obtained at an acidic pH, although al-
ways 5–10% lower than the results at pH 1.5. Nonethe-
less, by the end of the process, the release is nearly the
same.
Figure 3 shows for three pH values studied the percentage
of active principle released of the complex obtained with
ondansetron-aquateric, without incorporation of any com-
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Table 1: Compositions of formulations A and B

Formulations A B

Ondansetron HCl 3 mg 3 mg
Ondansetron-Aquateric1 sediment 135 mg 135 mg
Avicel1 1% 1%
Kathon1 CG 0.1% 0.1%
Glycerine 10% 10 %
Sodium carboxymethylcellulose (CMCNa) 1.5% �
Xanthan1 Gum CG (E-415) � 0.75%
Destilled water cs 5 ml 5 ml

Fig. 1: Percentage of ondansetron released of the formulation A

Fig. 2: Percentage of ondansetron released of the formulation B

Fig. 3: The percentage of active principle released of complex ondanse-
tron-Aquateric1



ponent of the suspension. The profile of liberation is simi-
lar to that obtained with both formulations, i.e. major
release in acid and acid-basic pH, being again lower
than 10% in alkaline medium, demonstrating that the
complex formed is responsible for the prolongation of
the effect.
In the research reported here we used colloidal particle
size latex, which allows the drug to be adsorbed both on
the inside and on the outside of the hollow, porous parti-
cles. The supporting illustrations now include micrographs
of the complex ondansetron-Aquateric1 particles (Figs. 4
and 5). Release occurs via diffusion of the drug, at alka-
line pH values release occurs through erosion of the parti-
cles: at pH 7 latex particles are disrupted.

2.3. Stability study

The stability of suspensions was experimentally character-
ized determining the volume of sedimented drug 24 h
after the suspension was prepared and studying sedimenta-

tion over a period of 30 days. The study revealed that
formula A darkened, becoming a disagreeable brown col-
our, whereas formula B retained its original white colour.
The sediment volume of both formulae over time is pre-
sented in Fig. 6. The formulations both show “hindered”
sedimentation, with sediment volume decreasing over time
(Delgado et al. 1990). Qualitatively there is evidently a
certain similarity, but quantitatively there are clear differ-
ences, as demonstrated by the greater compaction of the
sediment in formula A over time. The degree of floccula-
tion (Fig. 7), however, is much lower in formula A
(CMCNa), making the formula B (xanthan gum) much
more stable (Gallardo et al. 2005).
After studying the sedimentation process, the sediments
were redispersed to complete homogeneity by light shak-
ing. Formula B redispersed much more easily and quickly
than formula A, which had a slightly more compact sedi-
ment.
In short, the stability study leads us to conclude that for-
mula B is a more suitable vehicle for ondansetron due to
its more appealing aspect, much slower sedimentation and
much easier and quicker redispersion.
The results of this study to determine a suitable oral sus-
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Fig. 4: SEM of complex ondansetron-Aquateric

Fig. 5: SEM of complex ondansetron-Aquateric

Fig. 6: Sediment volume of both formulations

Fig. 7: Degree of flocculation of both formulations



pension for ondansetron indicate that xanthan gum pro-
vides the best results, with better appearance, stability, and
long-acting. Its ease of administration to cancer patients
makes it an attractive alternative to current drugs.

3. Experimental

3.1. Materials

Ondansetron [dihydrated (1,2,3,9-tetrahydro-9-methyl-3-[(2-methyl-1H-imi-
dazole-1-yl)methyl]-4H-carbazol-4-one(C18H19N3O) was provided by la-
boratories Vita S.A. (Barcelona, Spain). Aquateric1, provided by Foret
S.A. (Spain), is a white powder insoluble in water. It consists of 69.7%
cellulose acetophthalate, 20% Pluronic F-68 (anionic surfactant), 10% My-
vacet 940 (monoglyceride component), and 0.3% Tween 60. The prepara-
tion of the ondansetron-Aquateric1 complexes is described in a previous
work (Llácer et al. 2000).
Xanthan gum (E-415) was provided by SBI System Bio-Industries S.A.
(Spain). It is soluble in water, producing a very viscous solution that is
practically insoluble in organic solvents. Sodium carboxymethylcellulose
(CMCNa) was provided by Roig-Farma S.A. (Barcelona, Spain). It is used
at concentrations of 0.25–1%. Avicel1, provided by Roig-Farma S.A.
(Barcelona, Spain), is purified, partially depolymerized cellulose occurring
as a colloidal powder dispersable in water. Glycerine, also provided by
Roig-Farma S.A. (Barcelona, Spain). Kathon1 CG, provided by Tennero
S.A. (Barcelona, Spain) is a mixture of 2 isothiazolones (5-chloro-2methyl-
4-isothiazolin-3one and 2 methyl-4-isothiazolin-3 one). In this study Ka-
thon1 CG was used as a preservative to prevent the growth of microbial
agents and fungi in the suspension. It acts in a pH range of 3.5–5 and the
recommended to use it at concentrations of 0.04–0.1% (Kim et al. 2002).
The pH studies were performed with solutions of 0.1 N of HCl and with
NaOH, using a Crison Micro pH 2001 pHmeter. Spectrophotometric deter-
minations were carried out with a Perkin-Elmer Running Lambda 2 appa-
ratus (Ueberlingen, Germany).

3.2. Methods

3.2.1. Preparation of the complex

The complexes were prepared after the best adsorption conditions had
been determined. The cellulose acetophthalate latex-ondansetron complex
was prepared from a solution of 30% ondansetron, 60% cellulose acet-
ophthalate latex. This complex was then incubated in a 25 �C thermostatic
bath with 60 rpm shaking for 24 h. It was afterwards centrifuged for
50 min at 14000 rpm to separate the sediment and supernatant. Spectro-
photometry was used (at l 310 nm, maximum wavelength at which the
active principle is absorbed), to determine the amount of active principle in
the supernatant, deducing the quantity remaining in the sediment by the
difference. Surface characteristics, of the final particles were investigated
by scanning electron microscopy (SEM).

3.2.2. Preparation of formulations

The stock suspensions were prepared by suspending ondansetron ClH and
sediment of ondansetron-cellulose acetophthalate (Aquateric1) in water,
and allowing the mixture to settle for 4 h in order to obtain a suspension
of the homogeneous particle size fraction. To these suspensions were
added appropriate volumes of thickener, wetting, Avicel1 which provides
excellent stability (Peng et al. 2007) and flow, and preservative to obtain
the desired volume

3.2.3. In vitro release

Each of the two formulations prepared were subjected to an in vitro re-
lease study as a function of pH. The desorption study simulated physiolo-
gical conditions (Kubo et al 2003; Morales et al. 2004) in order to evaluate
the suitability of the ondansetron-latex complex as a vehicle for drug re-
lease. To simulate these conditions, the formulations were placed in a
37 �C bath at 60 rpm in the release media (acid, basic and acid-basic). In
all the tests sink conditions are fulfilled. In the acid-basic medium, the
formulations were kept at pH 1.5 for 2 h (the approximate residence time
in the stomach) and then changed to pH 7.4 (intestinal pH). We thus repro-
duced the conditions that the complex would undergo in the stomach and
intestine (Domenech 1998; Ratsimbazafy et al. 1997). The evaluation of
the release was measured by spectrophotometry and at a wavelength of
310 nm, which is where ondansetron undergoes maximum absorption. The
same formulations without any active principle were used as a control.

3.2.4. Stability study

Stability was studied primarily on the basis of measurements of sedimenta-
tion, flocculation and redispersion of the formulations (Rigamonti and
Rugginenti 1969). Sedimentation was determined by the sediment volume
of the various suspensions over time for the entire pH range studied. All

tests were run in triplicate. The suspensions were placed in 100 ml test-
tubes with a 4 cm inner diameter, large enough to avoid wall effects during
sedimentation. The experimental error in volume determination was
0.5 cm3. The ratio Vs/Vo proposed by several authors were used as a suita-
ble value for quantifying flocculation; Vs is the volume of sedimented
solids, and Vo is the initial total volume of the suspension. Another para-
meter we consider interesting and which we determined is the flocculation
ratio, B, defined by the following expression: B¼ F / F1 which gives the
relation between the sediment volume of a flocculated suspension (F) and
that of a stable suspension (F1). The redispersion properties of the sedi-
mented suspensions were investigated using a simple and reproducible
technique. The samples were subjected to a 75 rev min�1 agitation for
2 min to determine the difficulty of each in re-attaining their initial state.
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