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Abstract

This work developed a simple and sensitive method for simultaneous determination of three effective ingredients,
atropine, scopolamine and anisodamine, in Flos daturae based on capillary electrophoresis coupled with electro-
chemiluminescence detection. 3-Cyclodextrin was used as an additive to the running buffer for obtaining the absolute
separation. The proposed method displayed the linear ranges from 0.2 to 100, 0.2 to 100 and 20 to 200 uM for
anisodamine, atropine and scopolamine with correlation coefficients more than 0.99, respectively. This method
showed the relative standard deviations less than 4% and 6% for detection of migration time and peak height,
respectively, and was suitable for the determination of these tropane alkaloids in plants and valuable in clinical and

biochemical laboratories for quality control.
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1. Introduction

The tropane alkaloids: atropine, scopolamine and anisod-
amine (shown in Fig. 1) are main effective ingredients in the
Chinese herb Flos daturae and other solanaceous plants [1,
2]. They have similar structures and are of considerable
therapeutic importance as parasympatolytic, anticholiner-
gic and antiemetic drugs. These drugs have been extensively
used in clinic, especially in cases of toxic shock and
organophosphorus intoxication [3, 4]. Therefore, it is very
important to develop a rapid, simple, sensitive and accurate
method for the determination of these alkaloids. A review
on the current methods for detection of tropane alkaloids
has been published [5]. These methods include different
separation techniques such as thin layer chromatography
(TLC) [6, 7], gas chromatography (GC) [8, 9] and high
performance liquid chromatography (HPLC) [10-15].
However, both the TLC and the GC methods show low
resolution and poor reproducibility. Although the HPLC for
detection of these tropane alkaloids has relatively high
efficiency, it needs a large amount of organic solvent as
mobile phase, and unknown ingredients in Chinese tradi-
tional medicine easily contaminate the chromatographic
column. Also, a basic component has to be added into the
mobile phase as a masking agent in order to reduce the peak
tailing and improve the column efficiency. Furthermore,
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some complex sample purification steps are frequently
needed.

In recent years, capillary electrophoresis (CE) has been
widely applied for the analysis of pharmaceutical com-
pounds because of its efficiency, flexibility, accuracy and
high resolution. Some reports have been dedicated to
tropane alkaloids analysis by capillary electrophoresis
[16-27]. A validated capillary zone electrophoresis method
coupled with ultraviolet detection has been described for
the determinations of atropine and scopolamine in oph-
thalmic solutions [18] and the main tropane alkaloids in
Hyoscyamus muticus [24-26], Datura metel [27] or Flos
daturae [28] plants. Hyoscyamine and scopolamine in plant
extracts can also be detected using micellar electrokinetic
chromatographic method with ultraviolet detection [22, 23].
This work proposed a novel method for simultaneous
determination of atropine, scopolamine and anisodamine
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Fig. 1. Structures of atropine, scopolamine and anisodamine.
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in Flos daturae plants with CE coupled with electrochemi-
luminescence (ECL) detection using fB-cyclodextrin as a
buffer additive to improve their separation.

ECL method has been developed for the determination of
atropine [29] and anisodamine [30]. Although a CE-ECL
method based on Ru(bpy),**/tertiary amine system has
been established for simultaneous determination of atro-
pine and scopolamine in Flos daturae [31], to our best
knowledge the simultaneous CE-ECL determination of
these three compounds has not been reported yet, the
sensitivity, separation efficiency and practicability for
tropane alkaloids also need to be further improved. Here
three main effective ingredients, atropine, scopolamine and
anisodamine, were completely separated by adding -cyclo-
dextrin to the CE running buffer, which changed the
electroosmotic flow (EOF) of analytes inside capillary [20,
21, 32—-34], and sensitively detected by using Ru(bpy);**
ECL system. This method could be used in rapid and highly
selective monitoring anisodamine, atropine and scopol-
amine in small volume of plant extracts, indicating that it
was practical and valuable in clinical and biochemical
laboratories for pharmaceuticals analysis and quality con-
trol.

2. Experimental

2.1. Materials

All reagents and chemicals used were commercially avail-
able and of analytical grade. Scopolamine hydrobromide,
anisodamine hydrobromide, atropine sulfate and Flos
daturae samples were purchased from the National Institute
for the Control of Pharmaceutical and Biological Products
(Beijing, China). Tris (2,2'-bipyridyl)ruthenium(II) chloride
were purchased from Sigma-Aldrich (St. Louis, MO, USA).
[B-Cyclodextrin (recrystallization before use) was obtained
from Shanghai Biochemical Co. All solutions were prepared
with water purified in a Milli-Q System (Millipore, Bedford,
MA). The stock solutions were stored in the refrigerator (4
°C). Standard solutions of atropine, scopolamine and
anisodamine were prepared by appropriate dilution of the
stock solution with water. All standard solutions and
phosphate buffers were weekly prepared and filtered
through 0.22 pm cellulose acetate filters (Shanghai Xinya
Purification Material Factory) prior to injection.

2.2. Apparatus and Procedures

A programmable high-voltage power supply (0-20kV,
Remax Electronic Co., Ltd., Xi’an, China) was applied to
perform the electrokinetic sample injection and electro-
phoretic separation. An uncoated fused-silica capillary with
50 cm length, 25 um i.d. and 360 pm o.d. was used for
separation (Yongnian Optical Fiber Factory, Hebei, China).
Before use, the capillary was flushed with 0.1 M sodium
hydroxide solution over night. The electrochemical meas-
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urements in CE-ECL experiments were carried out on a
MPI-A multifunctional electrochemical analytical system
(Xi’an Remex Electronic and Technological Co.) with a
three-electrode system comprising platinum wire as coun-
ter, Ag/AgCl (3.0 M NaCl) as reference and a 500-pm
platinum disk as working electrodes. The ECL emission was
detected with a Model BPCL Ultraweak Chemilumines-
cence Analyzer (Institute of Biophysics, Beijing) in a pulse
mode, which was sensitive to photons with a wavelength
range of 200 to 800 nm. The working electrode was adjusted
and fixed by three screws from three different directions to
align with the capillary under the microscope. The gap
between working electrode and capillary was controlled at
70+ 5 pum [35, 36]. The reference and counter electrodes
were inserted into the solution above both the capillary and
the working electrode. The lower layer of cell was made of a
piece of optical glass through which the photons were
captured by PMT, which was biased at 800 V. 450 uL. 50 mM
pH 7.0 phosphate buffer containing 5.0 mM Ru(bpy),>* was
added to the cell for CE-ECL detection.

Electrophoresis in the capillary was driven by a high-
voltage power supply (16 kV, 5 uA), which was applied at
the injection end with the detection cell held at ground
potential through the separation capillary guide. During the
experiment, the separation voltage was applied at the
injection end, with the reservoir in the ECL detection cell
held at ground potential, and the detection potential was
applied at the working electrode. In all experiments, sample
introduction was accomplished by electrokinetic injection
for 10s at 10kV (about 4.5 uL) [35]. Before use, the
capillary was flushed with purified water and the running
buffer for 15 min by means of a syringe. The running buffer
(pH 7.0) contained 20 mM phosphate and 4.0 mM f-cyclo-
dextrin. After each run the electrode was treated with a
cyclic voltammetric scan in a potential range of —0.5to 0 V
at 100 mV/s for 2 min [35, 37], ascertaining to get better
resolution and reproducibility. After a stable baseline ECL
signal was reached, the sample introduction was performed
and the electropherogram was recorded.

2.3. Sample Preparation

The extraction procedure of Flos daturae used here was a
modification of the technique reported by Kursinszki [15]
and Mateus etal. [22]. About 0.5g powdered herbal
medicine was weighted accurately and transferred to
20 mL tube. 8 mL mixture of chloroform-ethanol-concen-
trated ammonium hydroxide (15:5:1, v/v/v) was added to
the tube with sonication for 20 min followed with centrifu-
gation (3000 rpm x 10 min). The extraction step was re-
peated for three times. The supernatants were collected and
evaporated under reduced pressure to dryness. The ob-
tained residue was dissolved with water and the solution was
filtered through a 0.22 pm cellulose acetate filter for CE-
ECL detection.
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3. Results and Discussion
3.1. Effect of Applied Potential on ECL

The applied potential was investigated towards scopol-
amine, atropine and anisodamine by changing from +1.10
to +1.50 V (vs. Ag/AgCl). When the applied potential was
less than +1.10 V, light emission was not observed since
Ru(bpy) ;*" was not oxidized on the electrode. With the
increasing of applied potential from +1.10 V, the ECL
intensities for scopolamine, atropine and anisodamine
increased and then reached the maximum value, respec-
tively. Anisodamine and atropine were more sensitive than
scopolamine, which could be contributed to the stability of
epoxy binding structure in scopolamine. The ECL intensity
for both atropine and anisodamine reached the maximum
values at +1.25 'V, while the applied potential for scopol-
amine was from +1.25 to +1.30 V. More positive applied
potential led to the decrease in their ECL responses. Thus,
+1.25V was selected as the optimum potential for the
simultaneous ECL detection of anisodamine, atropine and
scopolamine. When the working electrode showed an
obvious decrease in ECL signal, a cyclic voltammetric
treatment of the electrode with a potential range of — 0.5 to
0V at 100 mV/s for 2 min could regenerate the electrode.
With this treatment the electrode kept excellent stability of
the ECL signal for two months without polishing or any
other pretreatment step.

3.2. Effect of pH of ECL Solution and Running Buffer on
ECL

The effects of pH value of both the ECL solution and the
running buffer on ECL intensity were investigated from
pH 5.0 to 10.0. At the same pH of the running buffer and
detection solution, with the increasing pH value of the
detection solution the ECL intensity increased and showed
the maximum values in the pH ranges of 6.5 to 7.5,7.0 to 8.0
and 7.0 to 8.5 for anisodamine, atropine and scopolamine,
respectively (Fig. 2). When pH value was higher than these
ranges, the ECL intensity decreased. Therefore, pH 7.0 was
selected for their simultaneous detection.

The pH of running buffer is one of the most important
parameters for improving selectivity in CE, especially for
closely related compounds. When the buffers with pH from
5.0 to 8.0 in absence of B-CD were used, the peaks of
atropine and scopolamine overlapped completely. Upon
addition of B-CD in running buffer, the separation efficiency
would be greatly improved, and the best result occurred at
the pH 7.0. The pH of running buffer influenced not only the
net charge of the analytes and the electroosmotic flow inside
the capillary, but also the interaction between the hydroxyl
groups on the rim of B-CD and substituents near the
asymmetric center of the analyte, thus, the analytes showed
different migration times at various pHs. In order to obtain
high response and good separation, pH 7.0 was selected as
the pH value of running buffer for following experiments.
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Fig.2. Effects of pH of ECL cell on ECL responses of 1) 20 uM
scopolamine, 2) 5.0 uM atropine, and 3) 5.0 uM anisodamine.
Applied potential, +1.25V; injection, 10 kV for 10s; running
buffer, pH 7.0 20 mM PBS; separation voltage, 16 kV; ECL cell,
5.0 mM Ru(bpy),”" +pH 7.0 50 mM PBS; PMT voltage, —800 V.

The concentration of running buffer at 20 mM was found to
be the best condition for the separation of these alkaloids in
CE - ECL system to obtain low baseline noise.

3.3. Effect of Concentration of -CD Additive on
Resolution

The separation selectivity depends on the relative concen-
tration of 3-CD [20, 34]. Figure 3 shows the effect of 3-CD
concentration on the CE-ECL electropherograms of ani-
sodamine, atropine and scopolamine. The concentration of
B-CD in the buffer influenced the selectivity as well as the
migration time. With the increasing concentration of
additive, the migration time increased and the separation
resolution was improved. The separation principle was
based on the complexation difference with 3-CD among the
studied alkaloids. The formation of these complexes re-
duced the electrophoretic mobility due to their higher mass
[20]. The selectivity of atropine and scopolamine was
particularly altered. The electropherogram showed the
best resolution occurred at the B-CD concentration of
4.0 mM. When the concentration of 3-CD was higher than
6.0 mM, the migration times increased to an extent and the
EOF of analytes inside capillary changed greatly, which
made the peak shape broader [34].

3.4. Effect of Separation Voltage on CE Separation

The increase of separation voltage would increase the
current and shorten the analysis time. However, too high
separation voltage produced the Joule’s heat, which affected
the separation of the tested tropane alkaloids. The separa-
tion voltage was optimized in the range of 10-18kV
(Fig. 4A). With the increasing separation voltage, the EOF
increased and the migration time decreased. The short
migration time made more analytes in the effluent arrived in
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Fig.3. Effects of f-CD concentration (1: 0 mM, 2: 1 mM, 3:
2mM, 4: 4 mM, 5: 6 mM, 6: 8 mM, 7: 10 mM) in running buffer on
separation of 5.0 uM anisodamine (a), 5.0 uM atropine (b) and
20 uM scopolamine (c) under other optimal conditions.

the diffusion layer of working electrode within a given
period [39], thus produced higher ECL signal and better
peak shape. This observation was in agreement with the
results reported previously [37—40]. Considering the effect
of applied voltage on Joule’s heat, we selected 16 kV as the
separation voltage in this work.

3.5. Limit of Detection, Linearity, and Reproducibility

Using the optimized experimental conditions: applied
potential, +1.25 V; separation buffer, 20 mM pH 7.0 PBS
containing 4.0 mM f-cyclodextrin; 16 kV separation volt-
age; sample injection, 10 kV for 10 s; 5 mM Ru(bpy);" in
50 mM pH 7.0 PBS, a typical electropherogram with a good
separation of the three standard analytes was shown in
Figure 4B. The migration time of three compounds was
within 14 min. The theoretical plate numbers (N) for
anisodamine, atropine and scopolamine were 57262, 24132
and 56934 plates/m, respectively, calculated with N=5.54
(ta/W,,)%, where ty, is the retention time of the analyte and
W, is the width of half peak. In the concentration range of

0.2 to 100.0 pM, 0.2 to 100.0 uM and 2.0 to 200.0 uM for
anisodamine, atropine and scopolamine, the ECL intensity
was proportional to the concentration with the correlation
coefficients more than 0.99, respectively. The limits of
detection were determined to be 1.0 x 108 M (45 amol) for
anisodamine, 1.6 x 107 M (72 amol) for atropine and 2.0 x

107"M (0.9 fmol) for scopolamine at a signal to noise ratio of
3, respectively. Although a compromise for simultaneous
determination of three tropane alkaloids was needed, the
limits of detection were lower than those of 2.0 pg/mL (4 x

10~°M) for anisodamine using microchip CE [30],5.0 x 10
M for atropine and 1.0 x 10~ for scopolamine [31] with CE-
ECL system. A standard mixture solution containing 5 x

107° M anisodamine, 5 x 107 M atropine and 2 x 107> M
scopolamine was injected consecutively five times to
determine the repeatability of ECL intensity based on
peak height and migration time for the alkaloids. Relative
standard derivations of the ECL peak intensity and the
migration time were 2.8% and 1.7% for anisodamine, 5.3%
and 3.6% for atropine and 3.4% and 2.5% for scopolamine,
respectively. The high reproducibility indicated that this
approach was validated for detection of tropane alkaloids.

3.6. Application

The developed method was applied to the analysis of
anisodamine, atropine and scopolamine in the extract of
Flos daturae under the optimized conditions. Identification
of the analytes in herbal extracts was confirmed by
comparing the electropherogram of diluted extract with
that of the extract spiked with anisodamine (a), atropine (b)
and scopolamine (c), where the increase of peak height at
certain migration time is directly proportional to the amount
spiked anisodamine, atropine or scopolamine. The typical
electropherograms were shown in Figure 5, displaying a
baseline separation for anisodamine, atropine and scopol-
amine, which was more effective than that with 80% ethanol
as extraction solvent [28, 31]. Thus the mixture of chloro-
form-ethanol-concentrated ammonium hydroxide in
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Fig.4. CE-ECL electropherograms for separation of 5.0 uM anisodamine (a), 5.0 uM atropine (b), and 20 uM scopolamine (c) at
different separation voltages (A) and typical electropherogram of 5.0 uM anisodamine (a), 5.0 uM atropine (b) and 20 uM scopolamine

(c) under optimal conditions (B).
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Fig.5. CE-ECL electropherograms of (1) extract sample of Flos
daturae and (2) the extract sample spiked with 1.5 uM anisod-
amine (a), 1.5 uM atropine (b), and 5.0 uM scopolamine (c) under
optimal conditions.

15:5:1 (v/vIv) was effective for the extraction of these main
effective ingredients in the Chinese herb Flos daturae. The
other peaks such as peaks d and e observed in the electro-
pherograms of the extract of Flos daturae were ascribed to
other unknown compounds. Using a standard spike method,
the recovery of these compounds was in the range of 83% to
95%, and the contents of the individual constituents in Flos
daturae were obtained to be 0.82, 1.89 and 4.15 mg/g for
anisodamine, atropine and scopolamine, respectively.

4. Conclusions

In this work, a rapid, sensitive and highly selective CE
method with simultaneous ECL detection of anisodamine,
atropine and scopolamine in the extract of Flos daturae is
developed. To obtain the good separation for similar
structure of these tropane alkaloids, P-cyclodextrin is
presently used as a running buffer additive. The optimal
conditions are an applied detection potential of +1.25V, a
separation voltage of 16 kV, a sample injection of 10 s at
10 kV, a running buffer of 20 mM pH 7.0 PBS containing
4.0 mM B-CD and a detection solution of 5.0 mM Ru(bpy)
;*7in 50 mM pH 7.0 PBS. Owing to the fast separation, low
limits of detection, good selectivity, high sensitivity and
powerful resolution, the developed method is suitable and
accurate for the detection of tropane alkaloids in plant
extract and valuable in clinical and biochemical laboratories
for quality control.
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