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This study describes the development and validation of a method for quantification of the antiulcer
experimental drug xanthatin in tablets by capillary electrophoresis (CE). Solid oral dosage forms
based on xanthatin were designed and assayed on rats. A CE methodology was developed; the para-
meters evaluated were: background electrolyte composition, concentration and pH, applied voltage
and sample preparation. The method was validated in terms of range of linearity, limits of detection
(LOD) and quantification (LOQ), accuracy, precision and selectivity and then applied to the pharma-
ceutical dosage forms. Xanthatin determination was carried out in less than 3 min with a 20 mM so-
dium tetraborate buffer, pH 9.20. Drug concentration per tablet found was 2.97 � 0.2 mg. Calibration
plots were linear over at least three orders of magnitude of analyte concentrations, LOD and LOQ
were 7.6 and 26 mg mL�1 respectively. For accuracy evaluation a recovery test was performed, the
values being better than 98.6%. With respect to precision, the results obtained were better than 1.02
RSD% (repeatability) and 1.54% (intermediate precision). After the manufacturing process the result-
ing tablets were biologically active. The methodology developed is useful, simple and rapid for xantha-
tin determination in tablets.

1. Introduction

Xanthatin is a natural product isolated from Xanthium ca-
vanillesii Schouw (Asteraceae) that has shown high antiul-
cerogenic activity in rats and low toxicity in cell line tu-
mors (Favier et al. 2005). Chemically, xanthatin is a
sesquiterpene lactone (The Merck Index 1989) and the ma-
jor component found in the plant after successive extrac-
tions with organic solvents. In the present work the purified
drug was used as the active principle of tablets prepared by
direct compression (Tabletting Specification Manual 1981).
Given that not all drugs currently exhibit the appropriate
rheology and compressibility required to be manufactured
by direct compression, these studies were carried out on
three formulations processed with different excipients.
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Natural xanthanolides have been reported to have antil-
eishmanial, antimicrobial and antifungal activities (The
Merck Index 1989; Lavault et al. 2005). Taking into ac-
count the promising results obtained in the bioassays re-
ported and since xanthatin is not included in official com-
pendia we sought an adequate analytical methodology
which allowed us to quantify the active principle present

in a pharmaceutical oral dosage form. Moreover, the litera-
ture does not offer any method for xanthatin determina-
tion.
Due to its low sample consumption, short analysis time
and high separation efficiency, capillary electrophoresis
(CE) has become an important analytical technique, parti-
cularly for the analysis and separation of herbal sample
constituents (Hu and Dovichi 2002; Chen et al. 2002; Sun
et al. 2003).
With the aim of carrying out quality control of the tablets
designed in a reliable, fast and economical way, a CE
method was developed for xanthatin quantification. The
present methodology was validated in terms of range of
linearity, limits of detection (LOD) and quantification
(LOQ), accuracy, precision and selectivity as previously
reported in the literature (Houzéet al. 2005; Fongea et al.
2004; Gomez et al. 2002).

2. Investigations and results

2.1. Evaluation of purity and physical properties

In order to obtain more detailed information of the drug
compound various studies were carried out. A sample of
xanthatin in fully deuterated chloroform was recorded and
no impurity was detected. Structural elucidation was car-
ried out in comparison with the genuine compound (Fa-
vier et al. 2005).
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Approximate solubility properties were evaluated in de-
scriptive terms according to the USP XXVIII; the drug
showed to be sparingly soluble, 30 to 100 parts of solvent
being required to dissolve 1 part of solute. This result
agrees well with the absence of hydrophilic functionalities
in the xanthatin molecule.
The X-ray powder diffractometry results indicate from its
diffraction pattern that xanthatin posseses a crystal line
structure (Fig. 1).
DSC thermograms of the sample are shown in Fig. 2.
Xanthatin gave an endothermic peak at 115.15 �C due to
melting and showed no weight loss in the TG curve. At
212.4 �C there is an exothermic peak in DSC with loss of
weight observed in TG which would suggest decomposi-
tion.

2.2. Capillary electrophoresis

2.2.1. Method development

In the first place, the analytical method was optimized
with the aim of achieving the best experimental condi-
tions. The migration behavior of xanthatin was investi-
gated by capillary zone electrophoresis (CZE). The influ-

ence of different parameters (nature and concentration of
the running buffer, pH, applied voltage, capillary tempera-
ture, injection time and pressure and sample preparation)
on migration time and efficiency was systematically inves-
tigated.
Different background electrolytes (BGEs) were tested;
from the results it was found that a very efficient and
stable electrophoretic system for determination of the ana-
lyte was achieved by using sodium tetraborate BGE.
Subsequently, the effect of buffer pH was investigated
at a fixed buffer concentration (10 mM), within the
range 6.0–10.0, adjusted with 0.1 mol � l�1 NaOH and
0.1 mol � l�1 HCl. At pH 9.20 analysis times were ade-
quate for xanthatin assay.
Buffer concentration also has a significant effect on se-
paration performance through its influence on electroos-
motic flow (EOF) and the current produced in the capil-
lary. Keeping other parameters constant (pH: 9.20, 30 kV,
25 �C) the buffer concentration was varied from 5–75 mM.
Sodium tetraborate 20 mM was selected for further stu-
dies.
Electrophoretic parameters were then optimized consecu-
tively; the best results with regard to selectivity, reproduci-
bility, baseline behaviour and current performance were
obtained with sodium tetraborate solution (20 mM), pH
9.20 as running buffer. The capillary temperature was
maintained at 25 �C. Samples were maintained at 25 �C
and pressure-injected on the anodic side at 3.5 kPa for
5 s; the applied voltage was 30 kV and detection was per-
formed at 212 and 250 nm.

2.2.2. Quantitative xanthatin determination

The weight variation test would be a satisfactory method
of determining the drug content uniformity of tablets if
they comprised essentially all (90 to 95%) active ingredi-
ent. To assure uniform potency for tablets of low-dose
drugs, a content uniformity test was used (United States
Pharmacopeia 2003).
Once the conditions for separation were established, the
CE method was applied to the determination of xanthatin
in tablets (Fig. 3). The electropherogram shows no inter-
ference between active principle and tablet excipients un-
der the optimized experimental conditions. Elution of
xanthatin occurred before 3 min. The final concentration
determined in each tablet was 2.97 � 0.2 mg.

2.2.3. Method validation

Validation was carried out as recommended in the litera-
ture (United States Pharmacopeia 2003; ICH Harmonised
Tripartite Guideline 1994; Fabre and Altria 2001; Breier
et al. 2005). The linear relationship between the concentra-
tion of the analyte and the corresponding corrected peak
area was studied. A calibration graph was constructed by
plotting concentration (mg mL�1) versus corrected peak
area. The slopes and intercepts of regression equations,
linearity range, correlation coefficient and limits of de-
tection (LOD) and quantification (LOQ) are listed in the
Table.
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Fig. 1: X-ray diffraction pattern of xanthatin

Fig. 2: Thermoanalysis plots: differential scanning calorimetry (DSC) and
thermogravimetry (TG)

Table: Linear regression data for analysis of xanthatin

Concentration
range (mg mL�1)

R2 (n ¼ 6) Slope Intercept LOQ
(mg mL�1)

LOD
(mg mL�1)

10–100 0.999 70251.17 2368.33 26 7.6



The method was validated for precision with respect to
the migration time and the peak area of the analyte. Preci-
sion was tested at two levels: repeatability and intermedi-
ate precision. Repeatability refers to the dispersion ob-
served in a short period of time (0.17 RSD% for the time
1.02 RSD% for the peak area). Intermediate precision was
measured by varying the capillary, the operator and the
day of work. In all cases the values were better than 0.51
RSD% for the time and 1.54 RSD% for the peak area.
Accuracy was found by performing a recovery test. An
analyte standard solution was added to different aliquots
of xanthatin sample. The final concentration of xanthatin
was measured and the recovery was calculated as: meas-
ured value – base value in the sample/added value. The
recoveries were in all cases better than 98.6%.
The recovery results demonstrated the separation of
xanthatin from related substances (potential impurities);
thus selectivity of the present method was found to be
adequate. In addition, the sample peaks were monitored in
the UV range from 200–400 nm with a DAD-detector and
assessment of peak purity showed peak homogeneity indi-
cating the specificity of the method (ICH Harmonised Tri-
partite Guideline 1994; Fabre and Altria 2001; Mikus
et al. 2004). It was shown that the major peak at approxi-
mately 3.0 min was only xanthatin without interference by
any excipient from the formulation.

2.3. Determination of cytoprotective gastric activity of
xanthatin tablets in rats

Previous studies have demonstrated that the a-methylene-
g-butyrolactone ring, presented in a series of sesquiterpene
lactones and synthetic related compounds having a com-
mon Michael acceptor, plays a key role in antiulcerogenic
bioactivity in rats (Marı́a et al. 2000). It has been reported
that xanthatin showed significant protective activity against
ulcer induced by absolute ethanol (Favier et al. 2005).

In order to evaluate the bioactivity of xanthatin when it is
present in a complex mixture of excipients, a dosage of
9 mg/animal in tablet form was given to rats 60 min prior
to the necrotizing agent. Absolute ethanol (1 mL) adminis-
tered orally was employed as the necrotizing agent, and
1 h later the animals were decapitated. The stomachs were
removed, opened along the greater curvature, and washed
gently with saline solution. The degree of erosion in the
glandular part of the stomach was assessed from a scoring
system designed by Marazzi-Uberti and Turba (Giordano
et al. 1992) from 0 (no erosions) to 5 (maximal damage).
A value of 0.62 � 0.37 was observed, corresponding to
87.2% ulcer inhibition.

3. Discussion

Xanthatin, a sesquiterpene lactone common in Xanthium
cavanillesii Schouw (Asteraceae) was determined in less
than 3 min. The results demonstrate that the developed CE
method proposed here is a useful, simple and rapid techni-
que for xanthatin determination. The CE methodology was
successfully applied to tablets. It can be concluded that this
method may be applicable to the routine quality control of
formulations containing xanthatin. The results indicated
that the CE assay could be a helpful tool for xanthatin
quantification in common pharmaceutical analyses such as
dissolution tests, drug determination in biological fluids or
determination of the drug in Xanthium cavanillesii Schouw
(Asteraceae) and its related medicinal preparations.

4. Experimental

4.1. Instrumentation

A Beckman P/ACE MDQ instrument (Beckman Instruments, Inc. Fuller-
ton, CA) equipped with a diode array detector and a data handling system
comprising an IBM personal computer and P/ACE System MDQ Software
was utilized for the capillary electrophoresis analysis. The fused-silica ca-
pillaries were obtained from MicroSolv Technology Corporation and had
the following dimensions: 57 cm total length, 50 cm effective length,
75 mm ID, 375 mm OD. CE solutions were degassed by ultrasonication
(Testlab, Argentina), and running electrolytes and samples were filtered
through 0.45 mm Titan Syringe filters (Sri Inc., Eaton Town, NJ. USA).
The pH of the electrolytes was measured by an Orion 940 pHmeter
equipped with a glass-combined electrode.

4.2. Materials and reagents

Pure xanthatin was obtained after successive extractions with organic sol-
vents and purifications using chromatographic methods starting from
Xanthium cavanillessi Schouw (Asteraceae) collected in Argentine (Favier
et al. 2005). Although xanthatin is listed in the Merck Index, it is not
included in any official monograph, thus additional studies were carried
out. Identification and purity assays were performed by 1H and 13C NMR
(Bruker AC 200). Some physical properties of the powder were also
tested: solubility, X-ray analysis, differential scanning calorimetry (DSC)
and thermogravimetric analysis (TG).
For tablet making, an inert precompacted mix (lactose monohydrate 67%,
maize starch 28% and polyvinylpyrrolidone 5%) was used and was sup-
plied by Lab. Puntanos S.E. Magnesium stearate was used as a lubricant
and crosscarmelose sodium, microcrystalline cellulose and starch glycolate
were used as disgregant agents. For tablet manufacture the traditional pro-
cedure for direct compression was followed (Lachman 1986).
Sodium tetraborate (Na2B4O7 � 10 H2O) and sodium dihydrogenphosphate
(NaH2PO4) were supplied by Mallinckrodt (Saint Louis, USA).
The water used in all studies was ultra-high-quality water (18 MW cm)
obtained from a Barnstead Easy pure RF compact ultrapure water system.
All other reagents and solvents were of analytical grade quality. All solu-
tions were degassed by ultrasonication (Testlab, Argentina). Running elec-
trolytes and samples were filtered through 0.45 mm Titan Syringe filters
(Sri Inc., Eaton Town, NJ. USA).

4.3. Procedure

At the beginning of the day, capillary preconditioning consisted of a 5 min
flush with water, 5 min with 0.1M NaOH, 5 min with water and 10 min
with the background electrolyte (BGE). Before starting a new run, the
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Fig. 3: Electropherogram of diluted sample of xanthatin tablet under opti-
mized conditions. Conditions: 20 mM sodium tetraborate buffer,
pH 9.20; capillary, 57 cm full lengh, 50 cm effective length, 75 mm
ID, 375 mm OD; hydrodynamic injection at 3.5 kPa, 5 s; 30 kV
constant voltage; 25 �C, detection by UV absorbance at 212 nm.
Peak identification: 1, xanthatin



capillary was flushed for 2 min with water, 2 min with 0.1M NaOH and
1 min with water and equilibrated 2 min with the BGE. Flushing was per-
formed at a pressure of approximately 140 kPa.
Stock standard solutions used in the construction of calibration curves
were prepared by dissolving 10 mg of xanthatin in 100 mL of 20 mM so-
dium tetraborate buffer, pH 9.20 (0.1 mg mL�1) and then diluting to obtain
standard solutions within the concentration range: 10–100 mg l�1.
Sample solutions were prepared as follows: ten tablets (n ¼ 10) of each
formulation were finely powdered, mixed and blended. A quantity equiva-
lent to one tablet was accurately weighed and suitably diluted as required
to reach the desired final concentration. All solutions were filtered through
a 0.45 mm membrane prior to injection.
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