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Abstract

Chinese medicine preparations contaminated with coptisine, berberine and palmatine were studied by capillary
electrophoresis—electrospray ion trap mass spectrometry. The dubious adulterants were identified by their retention times,
molecular ions and specific fragment ions produced from collision induced dissociation. The results showed that, in
comparison with CE-UV and capillary electrophoresis—electrospray mass spectrometry (CE-ESI-MS), more reliable
identification could be achieved with CE—ESI-MS-MS using ion trap mass spectrometry. [ 2000 Elsevier Science BV.

All rights reserved.
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1. Introduction

It is not very uncommon to see traditional Chinese
medicine illegally adulterated by the addition of
synthetic chemical drugs. Recently, methods based
on high-performance liquid chromatography (HPLC)
[1-12] and capillary electrophoresis (CE) [13-20]
have been developed for the analysis of these
adulterants in Chinese medicine. In comparison with
HPLC, CE often provides excellent separation ef-
ficiency and short analysis time. However, owing to
the often-unavoidable capillary surface modification
resulting from the complex Chinese medicine prepa-
ration, reproducible migration times are difficult to
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obtain and thus reliable compound identification is
difficult.

Because of its low detection limit, high specificity
and more importantly abundant structural informa-
tion, mass spectrometry (MS) has been considered as
one of the idea methods for chromatographic de-
tection [21-23]. The merits of using MS as the
chromatographic detector are best demonstrated with
the highly successful gas chromatography (GC)—MS.
The coupling of HPLC or CE with MS has been a
much more difficult task than the interfacing of GC
with MS; however, recent developments in MS such
as electrospray ionization (ESI) [24-27] and atmos-
pheric pressure chemical ionization (APCI) make the
coupling of CE with MS much easier [28-32].

In Taiwan, the herbs used in the preparation of
Chinese medicine have to be approved and aso
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labeled clearly on the bottle. It is illegal to include
any Chinese herb which is not listed on the package.
A Chinese medicine, wuyoufun-13, was suspected to
contain coptisine, berberine and palmatine. These
compounds are active ingredients of Coptidis
rhizoma with antibacterial [33] and anticonvulsant
[34] activity. This preparation was studied by CE—
UV, CE-ESI-MS and CE-ESI-MS-MS. The merits
and limitations of the different approaches are dis-
cussed.

2. Experimental
2.1. Reagents and materials

Methanol, ammonium acetate, acetic acid were of
chromatographic grade from J.T. Baker (Phillips-
burg, NJ, USA). Deionized (18 MQ) water (Milli-Q
water system, Millipore, Bedford, MA, USA) was
used in the preparation of the samples and buffer
solution. Berberine and palmatine chloride were
obtained form Sigma (St. Louis, MO, USA), cop-
tisine chloride was obtained from Nacalai Tesque
(Kyoto, Japan). Coptisine, berberine and palmatine
standard solutions were prepared by dissolving 1.2
mg powder in 5 ml of 70% agueous methanol.

2.2. Preparation of sample extract

Powder of ““wuyoufun-13" was purchased from a
local drug store in Taipei. A sample of ca. 10 g was
extracted with 50 ml 70% methanol and filtered with
No. 1 filter paper. The extract was dried and
dissolved in 5 ml 70% methanol and filtered with a
0.45-pm filter.

2.3 CE-UV system

The CE system was constructed in the laboratory
and had been described elsewhere [35]. CE columns
were fused-silica capillaries (Polymicro Tech-
nologies, Phoenix, AZ, USA) of 85 cm (70 cm to the
detector) <50 pm 1.D.X375 pum O.D. A small area of
the polyimide coating was burned off to form a
window for UV detection. On column detection was
performed on an UV detector (UV-C Rainin,
Emeryville, CA, USA) operated at 230 nm. The

capillary column was washed with 1 M NaOH
followed by 0.1 M NaOH, water and running buffer.
The capillary column was equilibrated with running
buffer for 20 min before each run.

2.4. Mass spectrometry

A Finnigan LCQ quadrupole ion trap mass spec-
trometer equipped with an electrospray ionization
source (Finnigan MAT, San Jose, CA, USA) was
used. The spray voltage was set to +4.5 kV and the
capillary temperature was set to 200°C. Standards
were infused with a syringe pump at a flow-rate of 5
pl/min.

The CE-MS interface utilizes a triaxial flow
arrangement whereby CE eluent is mixed with a
suitable sheath liquid at the tip and nebulized by
nitrogen gas. CE columns were 70 cm long. High
voltage applied on the buffer reservoir was 24.5 kV.
With a +4.5 kV ESI voltage applied on the outlet of
the separation column, the potential difference dur-
ing the analysis was about 20 kV for CE-ESI-MS
analysis. For the purpose of electrical contact, a
sheath liquid was delivered at a flow-rate of 5 wl/
min by a syringe pump. The mass spectrometer was
operated in the positive ion mode and data were
collected by selected ion monitoring (SIM) for CE—
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Fig. 1. CE-UV electropherogram of coptisine, berberine and
pamatine. A 85 cm (70 cm effective length) x50 pwm |.D. fused-
silica capillary tubing was used with 50 mM ammonium acetate at
pH 3.8 as running buffer. The potentiad was +20 kV and the
detection wavelength was 230 nm. Sample (33 ppm) was injected
hydrodynamically 15 mbar for 10 s. Peaks were assigned as (1)
coptisine, (2) berberine and (3) palmatine.



Y.R. Chen et al. / J. Chromatogr. A 866 (2000) 273—280 275

PR T )

9oueqlosqe
{

5 10 15 20 25 30 35 40 45 50 55 60
Minutes

Fig. 2. CE-UV dectropherogram of Chinese medicine possibly contaminated with coptisine, berberine and palmatine. Conditions asin Fig.
1.
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Fig. 3. CE-ESI-MS electropherograms of coptisine, berberine and pamatine. Sheath liquid composition was methanol—water (80:20)
containing 1% acetic acid. The potential used for CE separation was +24 kV and the ES| voltage was +4.5 kV. SIM=Selected ion
monitoring; TIC=total ion current.
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ESI-MS analysis and selected reaction monitoring
(SRM) for CE-ESI-MS-MS analysis.

3. Results and discussion
31 CE-UV analysis

CE-UV analysis of coptisine, berberine and pal-
matine has been reported using sodium acetate as the
running buffer [20]. For ESI-MS analysis, sodium
acetate was replaced with a more volatile buffer,
ammonium acetate. As can be seen, coptisine, ber-
berine and palmatine were baseline resolved by CE
using ammonium acetate as the running buffer (Fig.
1). CE-UV analysis of the crude extract that was
possibly contaminated with small amount of cop-
tisine, berberine and palmatine is shown in Fig. 2.
Although the electropherogram of the extract was
more complicated than the standards, two peaks with
similar a retention time to berberine (about 18 min)
and palmatine (about 19 min) were observed. The
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addition of authentic standards into the extract before
CE-UV analysis suggests that these two peaks are
very likely berberine and palmatine. Based on UV
absorbance, the abundance of palmatine (about 19
min) is significantly higher than berberine (about 18
min). Two drawbacks were found resulting from the
complexity of crude extract. In addition to the
complexity of electropherogram which makes the
assignment difficult, the migration time also changes
significantly if the column is not washed extensively
after each analysis. In order to provide a more
conclusive answer, the extract was further studied
with CE-ESI-MS.

3.2, CE-ES-MS and CE-ES-MS-MS analysis

ESI is a soft ionization method and the ESI mass
spectra of coptisine, berberine and pamatine are
characterized with molecular ions with fragment ions
of low abundance. CE—ESI-MS analysis of coptisine,
berberine and palmatine is shown in Fig. 3. Three
peaks were observed in the ion electropherogram of

SIMTIC

100 (b) Coptisine

50

m/z=320

O —L

100~ (c) Berberine

99UBpUNQY SALRIOY

50

m/z=336

0

1007 (d) Palmatine

w
o

\
T I S

| m/z=352

o
[e]

15 25 30

Time (min)

Fig. 4. CE-ESI-MS analysis of Chinese medicine possibly contaminated with coptisine, berberine and palmatine. Conditions as in Fig. 3.
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Fig. 5. ESI-MS-MS spectra of (a) coptisine, (b) berberine and (c) pamatine.
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m/z 320. The major peak corresponds to the molecu-
lar ion of coptisine and the two small peaks result
from the fragmentation of berberine and palmatine.
A similar phenomenon was observed in the ion
electropherogram of m/z 336. The major peak is the
molecular ion of berberine and the minor peak is the
fragment ion of palmatine. Since the retention time
may change due to the surface modification, the
observation of more than one peak in the ion
electropherogram can be a problem in the analysis of
these compounds in the crude extract (Fig. 4). In
order to overcome the potential interference in the
analysis of crude extract, CE was coupled with
ESI-MS-MS in the SRM mode.

The ESI-MS-MS spectra of coptisine, berberine
and palmatine are shown in Fig. 5. The three most
abundant and also characteristic fragment ions were
selected for CE-ESI-MS-MS analysis. The anaysis
of coptisine, berberine and palmatine by CE-ESI-
MS-MS is shown in Fig. 6. In comparison with the
data of CE—ESI-MS, only one peak was observed in
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the selected ion electropherogram of coptisine, ber-
berine and pamatine. This approach was then ap-
plied to the analysis of crude extract and the result is
shown in Fig. 7. In comparison with CE-ESI-MS
approach (Fig. 4), the trace of coptisine was much
cleaner in CE-ESI-MS-MS (Fig. 7).

Based on the data from Fig. 4, berberine appeared
to be the maor component with palmatine the
second and coptisine the least abundant one. These
results were inconsistent with the data from CE-UV
analysis (Fig. 2) in that pamatine was much more
abundant than berberine in CE-UV analysis. The
relative response of coptisine, berberine and pal-
matine in UV and ESI were very similar, revealed by
the similar relative intensity in Fig. 1 and Fig. 3.
This is not unexpected considering the similarity in
the structures of coptisine, berberine and palmatine.
Because of the very similar UV and ESI sensitivity
and the much higher specificity in ESI-MS-MS, the
larger peak, which was tentatively identified as
pamatine in CE-UV analysis, is very likely con-
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Fig. 6. CE-ESI-MS-MS electropherograms of coptisine, berberine and paimatine. The collision-induced dissociation (CID) fragmentation
m/z=320 to 292 was selected for coptisine, m/z=336 to 321 for berberine and m/z=352 to 337 for palmatine. Other conditions asin Fig. 3.
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Fig. 7. CE-ESI-MS-MS analysis of the Chinese medicine possibly contaminated with coptisine, berberine and palmatine. Conditions asin

Fig. 6.

taining more than one component. Another advan-
tage of using mass spectrometry as the detector is
demonstrated in the analysis of the minor com-
ponent, coptisine. This compound is identified un-
ambiguously by CE-ESI-MS-MS whereas the pres-
ence of this compound in the extract is not very clear
in CE-UV anaysis.

All the herbs listed in wuyoufun-13 had been
analyzed and no protoberberine alkaloid was found
[36]. The concentrations of coptisine, berberine and
pamatine in the sample were 14 ppm, 50 ppm and
17 ppm, respectively. These concentrations are not
high enough to have significant medical effect.
Considering the price of purchasing the isolated
alkaloids and the difficulty of organic synthesis, it is
more likely that the sample is contaminated by an
herb containing coptisine, berberine and palmatine.
Although several Chinese herbs contain protober-
berine alkaloids. The herb is believed to be Coptidis
rhizoma because only Coptidis rhizoma contains all
three alkaloids.

4. Conclusions

In this paper, a practical solution of analyzing
dubious adulterants coptisine, berberine and pal-
matine in Chinese medicine ‘‘wuyoufun-13" has
been demonstrated. Without extensive sample clean-
ing and preparation, the active ingredients of Cop-
tidis rhisoma in contaminated **wuyoufun-13" were
identified by the combination of CE with ESI-MS—
MS. The use of ESI-MS-MS instead of UV as the
detector provides qualitative analysis with higher
quality. Furthermore, the problem resulting from the
complexity of crude extract such as the complicated
electropherogram and poor retention time reproduci-
bility can be overcome by the coupling of CE with
ESI-MS-MS.
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