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Original Paper

Development of a capillary electrophoresis method
for the characterization of “palo azul” (Eysenhardtia
polystachya)

The tree Eysenhardtia polystachya (Ortega) Sarg. has quite a wide popular use within
the traditional Mexican medicine as herbal remedy. Popular practices constitute a
relevant enough basis to design optimum analytical methods in order to determine
basic principles of diverse medicinal plants. This has become one of the essentials
needed to characterize such products, for which it is fundamentally important to
develop an efficient and reliable separation method. This work presents the results
concerning the development and optimization of a novel CE method for the separa-
tion of components from water/etanol (1:1) extracts of E. polystachya, using the fol-
lowing conditions, considered the best obtained: phosphate buffer 10 mM, 20 kV
voltage, and pH 8.1 at 214 nm and 50 mM, 12.5 kV voltage with pH 8.1 at 426 nm.
The optimization takes into account the parameters associated in the resulting elec-
tropherograms, such as number of peaks, migration times, and the Dtm of the neigh-
boring peaks. Under optimal conditions the separation intended was attained
within 15 and 20 min for 214 and 426 nm, respectively. The characterization
method developed was applied to the analysis of diverse extracts of E. polystachya.

Keywords: Characterization method / CZE / Eysenhardtia polystachya / Fingerprints / Mexican “palo
azul” /

Received: August 2, 2007; revised: November 23, 2007; accepted: November 24, 2007

DOI 10.1002/jssc.200700368

1 Introduction

Presently, natural medicine constitutes a valid option
closely associated to the need to achieve further progress
on predictive and preventive measures to strengthen
world public health. Recently, the World Health Organi-
zation has estimated that herbalism is recognized as
three or four times as widespread compared to tradi-
tional medicine. Further, it has been considered that half
of the modern medicaments come from the vegetal king-
dom [1], which is indeed an incontrovertible fact.

On consideration of the aforementioned, optimal ana-
lytic methods are thus required to characterize and
determine basic components of medicinal plants in
order to proceed to viable extraction and separation of
diverse basic principles for the manufacture of new phar-
maceuticals, which as a matter of course, is a growing
need.

The tree known as Eysenhardtia polystachya belonging to
the Leguminosae family, is fairly small and is mostly dis-
tributed in a large region of the American continent,
from the southern part of Arizona state in the United
States, down to Oaxaca state in the southwestern part of
M�xico [2]. Commonly known in Spanish as palo azul
(blue wood), is also known as tlapalezpatli in Nahuatl dia-
lect, urza in Otomi dialect, the latter two being other
names given in various localities [3], has widespread use
in the traditional Mexican medicine as herbal remedy
[4]. The plant has been used in traditional treatments of
nephrolithiasis or urolithiasis [2], lumbalgia, arthritis,
rheumatism, sciatica, and as blood depurative because it
eliminates uric acid, of which application the palo azul
derives its diuretic and antirheumatic fame. For inges-
tion purposes, the wood chips are brought to boil in
water to produce a golden-colored liquor having a light
blue fluorescence, from which the sick can take two or
three cups a day [3].

Among the E. polystachya components, there can be
found polyphenol compounds, tannins, or flavonoid
compounds [5, 6], which are a variable and complex mix-
ture of bitter, astringent chemicals, although in general
these are esters from one kind of sugar having a variable
number of phenol acids [7].
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The E. polystachya has been the subject of diverse physi-
cochemical studies [8–10], in part because the Eysenhard-
tia species is more widely used for medicinal purposes
[11]. The chemical studies on this species have facilitated
the isolation of several isoflavones [5–10], the separation
of which from the remainder of the constituents is done
through silica gel chromatographic column, repeating
the procedure several times. Thus, this is a lengthy,
expensive method that uses considerable amounts of sol-
vent. The structures of the compounds were identified
through HPLC and spectroscopic methods such as 1H and
13C NMR.

The CE is basically a separation technique based on the
differential mobility or migration rate of charged par-
ticles under the influence of an electric field. The CE is a
fairly recent technique surprisingly not much used yet to
characterize herbal extracts [12, 13], although CE has
basic advantages over other traditional separation tech-
niques, including HPLC, because among other things, it
requires quite a small amount of sample and small solute
concentrations; apart from the fact that is very simple
because it just measures migration time, it does not
require treatment compounds having high purity. The
development of a rapid, efficient, and selective separa-
tion method requires optimization of the separation con-
ditions; once the optimized parameters are obtained, the
application of the method is rapidly and easily done to
characterize samples by means of the CE fingerprints.
Therefore, this work aims to propose a CE method to
exert the separation of the extracts of the E. polystachya.

2 Experimental

2.1 Reagents

The wood of the E. polystachya tree used was obtained
from the Laboratory of Herbal Remedies, Fabrication of
Fluid and Dried Extracts, Rosa Elena Due�as (LHRFFDE),
and also from the plants market of Oaxaca, Mexico.
Extracts were prepared using ethanol/water (1:1), ace-
tone/water (70:30), and water as extracting agents, sus-
pending 5 g of the wood chips and 100 mL of each sol-
vent at reflux temperature; thereafter it was cooled, fil-
tered, and stored in amber bottles at 48C.

All substances used through the studies herein
reported were of analytical grade. Acetone, ethanol, and
HCl were supplied by J. T. Baker; the extra pure grade tan-
nic acid and the hydrated epicatechin, catechin, and flor-
etin were supplied by Aldrich. The borate buffer contain-
ing 98.3% water, 0.4 boric acid, and 0.3 sodium borate,
was supplied by Beckman Coulter. The phosphate buffer
was made from Na2HPO4 0.5 M solution and NaH2PO4

0.5 M solution, both from Fluka 99% purity. All solutions
were prepared with deionized water, with a resistivity of
18 MX cm, free from organic matter.

2.2 Equipment and CE

The CE experiments were performed with the aid of a
P/ACE MDQ CE System (Beckman Coulter) equipped with
a photodiode array detector (PAD) module from 190 to
600 nm, controlled through the 32 Karat software in an
IBM PC with Pentium 4. The fused-silica capillary tubes
were supplied by Beckman Coulter with 60.2 cm overall
length (50 cm to the detector) and 50 lm id. The pH was
determined by means of a Mettler-Toledo MP230 pH-
meter.

The detection was performed on the cathodic side,
applying a normal polarity voltage. Borate and phos-
phate buffers were used. The capillary was cleansed daily
during 5 min with NaOH 0.1 M, 5 min with H2O and
5 min with buffer. In between each run, the capillary was
also conditioned for 1 min with NaOH, 1 min with H2O
at 258C, 1.5 min with the borate or the phosphates buf-
fer, and at the end of the day, the capillary was washed
with NaOH 0.1 M and with H2O for 5 min, leaving the
capillary filled with water.

2.3 Electrophoretic analysis

For the electrophoretic analysis both buffers, borates and
phosphates, were used to determine which gave the best
resolution. In order to obtain the best electropherograms
of the extract, a silica column was used with a pH 8.1
imposed through either the borates or phosphates buf-
fer, monitoring the UV–Vis spectra in the range of 190–
600 nm.

2.4 Optimization parameters and repeatability

As the E. polystachya extracts exhibit a red color, the anal-
ysis were performed in the UV (214 nm) and in the visible
(426 nm) regions, for which the optimization parameters
were determined on each. For each zone of interest the
voltage as well as the buffer concentration was varied.

For the analysis of the CE, both the phosphate and
borate buffers were tested: their concentrations varied
from 10 to 50 mM and the voltage also varied in the
range of 10 –25 kV. Various peak parameters were
assessed, namely, migration time and Dtm for the neigh-
boring peaks. The resolution was optimized by obtaining
the maximum of the difference of the migration time of
the nearest peaks versus voltage and buffer concentra-
tion. Repeatability was evaluated by using one-way
ANOVA test of the migration time of the peaks.

3 Results and discussion

A test run was carried out for each of three extracts,
namely ethanol/water (1:1), acetone/water (7:3), and
water. Further, in order to decide which of the buffers
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was going to be employed for the determinations with
the best extract, both the borate and phosphates buffers
were used; subsequently, the resulting electrophero-
grams from every extract were duly analyzed. The phos-
phate buffer for the ethanol/water (1:1) extract gave a bet-
ter CE fingerprint, because it exhibited the largest poly-
phenol or flavonoid content and the greatest number of
peaks; thus these were the extract and buffer to be used
further.

The E. polystachya extract is a complex mixture of poly-
phenol compounds [5–10], which are difficult to identify
satisfactorily through conventional chromatography
methods; thus, it is of great importance to obtain opti-
mum parameters for their analysis. Once these param-
eters were fixed, every analysis became more efficient
with respect to the resolution of the corresponding elec-
tropherograms.

For the optimization of a CE method, there is a series
of parameters that need to be considered such as voltage,
pH, and the buffer concentration, which should provide
the means for a good separation with a large enough
number of peaks having significant migration times dif-
ferences, Dtm, with respect to their neighboring peaks;
needless to say, the exactness of the experimental meas-
urements, or mobility, is largely dependent on such fac-
tors.

The study consisted in finding out the most appropri-
ate concentration for the analysis of the extracts, capable
of providing neither very long nor short migration times,
which is equivalent to say giving good peak resolution.
The electropherograms obtained allowed determination
of the optimal parameters for analyzing the extracts.
When the electropherograms were being analyzed, it

was observed that in the 214 nm wavelength of the UV
region, there appeared some peaks which were not so
easily detected in the 426 nm visible region, or con-
versely, as it can be seen in Fig. 1.

Optimum conditions were determined for each region
of interest, namely, UV and visible at the 214 and
426 nm, respectively, at a pH = 8.1, as it can be seen in
Fig. 2. For the former region, the optimum parameters
were 10 mM buffer concentration and 20 kV (Fig. 2a). For
the latter region, the optimum parameters were 50 mM
buffer concentration and 12.5 kV (Fig. 2b).

3.1 Repeatability

Repeatability of the electropherograms was evaluated
for the E. polystachya extract, for which seven samples of
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Figure 1. Electropherograms of the extract prepared using
5 g of the vegetal material and 100 mL of ethanol/water (1:1)
as extracting agent; with 15 kV, and 50 mM phosphate buffer
at pH = 8.1. (a) Electropherogram recorded at 214 nm. (b)
Electropherogram recorded at 426 nm.

Figure 2. Dtm of the neighboring peaks of each electrophero-
gram obtained as a function of the buffer concentration and
of the voltage for the E. polystachya extract. (a) In the UV
region at the 214 nm wavelength with 10 mM buffer concen-
tration, voltage 20 kV and pH = 8.1. (b) In the visible region
at the 426 nm wavelength with 50 mM buffer concentration,
voltage 12.5 kV and pH = 8.1.
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each wood were injected under optimum conditions as
defined above for each region UV and visible, respec-
tively. Figure 3 shows the results obtained for repeatabil-
ity of LHRFFDE extract.

One-way ANOVA considering the migration times of
all the peaks are shown in Table 1. These results allowed
assuring that the method optimized is reproducible for
both optimized electropherograms that may be consid-
ered as fingerpritns of E. polystachya extracts.

3.2 Application

The method developed was applied to the analysis of the
commercial wood E. polystachya. The extract was obtained
using 5 g of vegetal material and 100 mL of the mixture

of ethanol/water (1:1) as extracting agent. The extract
was cooled, filtered, and stored in amber bottles at 48C.
An aliquot from the extract was taken to obtain a solu-
tion with a concentration 50 mg/mL. The electrophero-
grams obtained at 214 or 426 nm displayed a close simi-
larity, except for small shifts in migration times of some
of the peaks, but some of them are greater in the first or
in the second case, as shown in Figs. 4 and 5. Further-
more, peaks I and II shown in Fig. 4, could be assigned to
catechins or other flavonoid compounds (such as flore-
tin), as well as peak III in Fig. 5. This preliminary assigna-
tion was obtained by the analysis and comparison of
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Figure 3. Repeatability of the electrophoretic separation of
the analyses of 50 mg/mL of E. polystachya extract of
LHRFFDE sample under optimum conditions. (a) Electo-
pherograms for the UV region at a wavelength of 214 nm
with an RSD of 0.019. (b) Electropherograms for the visible
region at a wavelength of 426 nm with an RSD of 0.005.

Figure 4. (a) Electropherogram of the 50 mg/mL extract of
E. polystachya at 214 nm wavelength in the UV region,
under optimum conditions: 10 mM phosphate buffer,
20.0 kV, and pH = 8.1, 1 s hydrodynamic injection, at 258C.
(b) Electropherogram of the E. polystachya extract supplied
by the LHRFFDE under optimum conditions at 214 nm wave-
length of the UV region. Peaks I and II may be due to cate-
chins or other flavonoid compounds. Tannic acid could be
into the samples at a migration time about 6 min.
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migration times of the peaks in corresponding electro-
pherograms of samples with known standards in opti-
mal conditions. There may be some peaks at a migration

time of about 6 min in Fig. 4a (optimal conditions for
214 nm) which could be assigned to tannic acid.

Figures 4 and 5 also show that all the corresponding
peaks are present at same migration times of the two
different samples of E. polystachya studied in the present
work. The only difference between them is observed in
the height and area of the peaks, as expected by concen-
tration of each component in different natural samples
of the same plant.

4 Concluding remarks

The method developed in this study was successfully
applied to analyze samples of E. polystachya, allowing sep-
aration of its main constituents of extracts obtained with
mixtures of water/etanol (1:1). Nevertheless, we propose
to obtain two fingerprints to characterize the samples of
E. polystachya; these fingerprints are shown in Figs. 4 and 5.
The knowledge of these behavior patterns allows identifi-
cation provided a given extract belongs to this kind of
wood and to give a powerful tool to the quality control
and normalization of natural extracts. The identification
of each one of the peaks of both fingerprints and optimiza-
tion studies by ED-ANN approach of these and other Mexi-
can herbal extracts will be a matter of further studies.
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Table 1. Results of one way ANOVA for the migration times
of the peaks for electropherograms recorded at 214 and
426 nm

Wavelength
(nm)

Freedom
degrees

SS MS RSD of tm

214 6 0.263 5.749 0.019
426 6 0.417 15.084 0.005

The separation conditions are the optimal for each case.

Figure 5. (a) Electropherogram of the 50 mg/mL extract of
E. polystachya at 426 nm wavelength in the visible region,
under optimum conditions: 50 mM phosphate buffer,
12.5 kV, and pH = 8.1, 1 s hydrodynamic injection, at 258C.
(b) Electropherogram of the E. polystachya wood supplied
by the LHRFFDE under optimum conditions at 426 nm wave-
length of the visible region. Peak III may be due to catechins
or other flavonoid compounds.


