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bstract

An analytical method incorporating high-performance liquid chromatography (HPLC) with MS and UV-detection was developed for the qual-
tative and quantitative determination of alkaloids in Corydalis yanhusuo. Ten alkaloids, including seven tertiary alkaloids and three quaternary
lkaloids, were identified by comparing their retention times, UV and MS spectra with those of authentic compounds. Furthermore, the collision-
nduced dissociations of the [M + H]+ and [M]+ ions were studied to clarify the MS behavior of the different types of alkaloids. In positive ion
lectrospray ionization tandem mass spectrometry (ESI-MS) all the tertiary alkaloids yielded prominent [M + H]+ ions and quaternary alkaloids

+
ielded prominent [M] ions in the first order mass spectra. Fragments involving losses of H, CH3, CO, H2O and OCH3 were observed in the
S/MS spectra. In addition, quantification of the 10 alkaloids in Corydalis yanhusuo from methanol and ethyl acetate extract of different origins
ere performed by this method, which provides a new tool for the assessment of quality of Corydalis yanhusuo preparations. The method provides

he best sensitivity and specificity for characterization and quantitative determination of the alkaloids in Corydalis yanhusuo so far.
2007 Elsevier B.V. All rights reserved.
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. Introduction

Corydalis yanhusuo also called Rhizoma corydalis is well
nown as a traditional Chinese herbal medicine, prepared from
he dried tubers of Corydalis yanhusuo W.T. Wang [1,2]. It has
ained ever-increasing popularity in today’s world because of
ts therapeutic effects for promoting blood circulation, reinforc-
ng vital energy and alleviating pain such as headache, chest
ain, epigastric pain, abdominal pain, backache, arthralgia or
rauma [1,3]. Also it has been shown to be a traditional Chinese

edicine in the treatment of cardiac arrhythmia disease, gastric

nd duodenal ulcer and menorrhalgia [4,5].
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The chemical constituents of Corydalis yanhusuo have been
nvestigated in some detail like tertiary and quaternary alka-
oids [2,3]. Nearly 20 alkaloids of these two types have been
solated from Corydalis yanhusuo so far, which may be respon-
ible for the biological activities of this drug [6]. Previous
hytochemical studies have shown that alkaloids have been
dentified as the active secondary metabolites of the plant.
etrahydropalmatine, the major active alkaloid in the plant,
as been found to be a neuroactive alkaloid with analgesic
nd hypnotic action. Tetrahydropalmatine, corydaline and pro-
opine have been found to be effective on allevitating pain, and
he efficiency decreases in order [6–9]. Therefore, their rapid
nd accurate identification is of great significance in the qual-
ty control of this natural medicine and its formulations [10].
igh-performance liquid chromatography (HPLC) had been
sed to analysis alkaloids in Corydalis yanhusuo in some pre-

ious studies [6,11–19]. However, none of the above analyses
ealt with tertiary alkaloids and quaternary alkaloids simultane-
usly in one run process. Meanwhile, little reference concerning
he simultaneous characterization of both tertiary alkaloids and

mailto:guorfan@yahoo.com.cn
dx.doi.org/10.1016/j.jpba.2007.06.009
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uaternary alkaloids could be found. It is obvious that they are
ot sufficient for authenticating this herb since the two types of
lkaloids are pharmacologically active components in Corydalis
anhusuo.

In this paper, the HPLC–ESI–MS/MS technique in positive
on mode was used to identify 10 alkaloids including seven ter-
iary alkaloids and three quaternary alkaloids in the extract of
orydalis yanhusuo, based on direct comparison with authentic

tandards. The proposed fragmentation rules could facilitate the
onvenient and rapid identification of Corydalis yanhusuo and
lso adjust to other alkaloids in Corydalis species. In addition,
uantification of the 10 alkaloids in Corydalis yanhusuo from
he crude extract and ethyl acetate extract was performed and
amples from 10 different origins have been analyzed, which
rovides a new tool for the assessment of extraction procedure
f Corydalis yanhusuo.

. Experimental

.1. Material and reagents

Acetonitrile for HPLC analysis was of chromatographic
rade (Merck, Germany); acetic acid, ethanol, HCl, NaOH, ethyl
cetate and triethylamine were of AR grade from WuLian Chem-

cal Factory (Shanghai, China); 0.45 �m membrane filter was
urchased from Millipore Corporation (USA); Water for HPLC
nalysis was purified by a Milli-Q academic water purification
ystem (Millipore, USA). The Corydalis yanhusuo was pur-

t
t
a
b

Fig. 1. Chemical structure
Biomedical Analysis 45 (2007) 219–226

hased from a local drug store and identified by Dr. Luping
in (Department of Pharmacognosy, College of Pharmacy, the
econd Military Medical University, Shanghai, China). Refer-
nce compounds, protopine, tetrahydrocolumbamine, glaucine,
almatine, berberine, dehydrocorydaline, tetrahydropalmatine,
anadine, corydaline, and tetrahydrocoptisine (see Fig. 1) were
solated from plants “Corydalis yanhusuo W.T. Wang” by our-
elves, and their purity was checked by reversed-phase HPLC.
he identities of the isolates were characterized by 1H-NMR,
S spectra and the comparison with the literature data [10].

amples of Corydalis yanhusuo W.T. Wang were purchased from
0 different provinces of China.

.2. Sample preparation

About 5 g of dried tuber of Corydalis yanhusuo was chopped
nd extracted 3 times by reflux with 100 ml volumes of 70%
thanol in a round bottom flask for 1 h. After filtration, the extract
as combined and evaporated to 10 ml by rotary evaporation at
0 ◦C under reduced pressure to yield the crude extract. The pH
f the solution was set to 2 with HCl and filtered. Then the pH
alue of the filtrate was raised to 12 with NaOH and extracted
ith ethyl acetate. The extract was collected and evaporated to
ryness by rotary evaporation at 50 ◦C under reduced pressure

o obtain the ethyl acetate extract. The ethyl acetate extract was
hen dissolved in 10 ml methanol. The crude extract and the ethyl
cetate extract were filtered through 0.45-�m membrane filter
efore HPLC analysis.

s of alkaloids 1–10.
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.3. HPLC–DAD–ESI–MS/MS system

A Varian ProStar HPLC instrument (Varian Corporation,
SA), equipped with a ProStar 210 solvent delivery module,
ProStar 410 autosampler and a Prostar 330 photodiode array
etector (DAD) was used. For HPLC–MS analysis, a Varian
200 l triple quadrupole mass spectrometer was connected to
he HPLC instrument via an ESI source in a post-column split-
ing ratio of 4:1. Data acquisition and analyses were performed
sing the Varian 1200 l workstation software.

The mass spectrometer was run in the positive ion mode
ESI+) and set up in the multiple reaction monitoring (MRM)
ode. The electrospray capillary potential was set to −40 V.
itrogen was used as a drying gas for solvent evaporation.
he API housing and drying gas temperatures were kept at
0 and 350 ◦C, respectively. The full-scan mode over the mass
ange of m/z 100–400 spectra of the ethanolic extract solu-
ion was obtained. Argon was used as the collision gas. The
can time was 1 s and the detector multiplier voltage was set to
090 V.

DAD detection was achieved in the range of 190–400 nm.
DiamonsilTM C18 column (4.6 mm × 200 mm, 5 �m, Dikma

echnologies, Beijing, China) was used along with a pre-column
lled with the same stationary phase. A linear gradient elution
f A (0.2% acetic acid solution, adjusted with triethylamine to
H 5.0) and B (acetonitrile) was used according to the follow-
ng profile: 0–15 min, 20% B; 15–35 min linear increase to 80%
; 35–37 min linear decrease to 20% B. The mobile phase was
ltered through a 0.45 �m membrane filter and degassed before
elivered into the system. The solvent flow rate was 1.0 ml/min
nd the column temperature was set at 25 ◦C. The injection vol-
me was 20 �l. The HPLC chromatogram was monitored at
80 nm.

.4. Validation of the quantitative analysis

.4.1. Calibration curves
A stock solution containing 10 analytes was prepared by dis-

olving the reference compounds in methanol and then diluted

ith methanol to appropriate concentrations for establishing cal-

bration curves. Solutions containing different concentrations of
he 10 analytes were injected in triplicate. Calibration curves
ere peak area versus concentration for each analyte.

e
i
w
a

able 1
etention times (tR),MS data and UVλmax values for the main alkaloids present in C

o Retention time (min) Identification UV �

1 11.13 Protopine 286.6
2 12.46 Tetrahydrocolumbamine 279.8
3 13.51 Glaucine 280.2
4 17.05 Palmatine 272.0
5 18.23 Berberine 277.3
6 19.28 Dehydrocorydaline 263.3
7 21.17 Tetrahydropalmatine 279.9
8 28.28 Canadine 271.3
9 31.67 Corydaline 280.6
0 34.18 Tetrahydrocoptisine 287.5
Biomedical Analysis 45 (2007) 219–226 221

.4.2. Limits of detection and quantitation
Stock solution containing 10 reference compounds was

iluted to a series of appropriate concentrations with methanol
nd an aliquot of the diluted solutions was injected into HPLC
or analysis, the limit of detection (LOD) and limit of quantifica-
ion (LOQ) for each analyte was calculated with corresponding
tandard solution on the basis of signal-to-noise ratio (S/N) of 3
nd 10, respectively.

.4.3. Precision, stability and accuracy
To assess the precision, stability and accuracy of the devel-

ped method, Batch No. 2 was selected randomly to be extracted
nd injected for HPLC analysis.

Intra- and inter-day variations were determined for precision.
ertain concentrations of standard and sample solutions were

ested. For intra-day variability test, the standard solution was
nalyzed 6 times within 1 day (n = 6), and the inter-day repro-
ucibility was determined with six individual sample solutions
or three consecutive days (n = 6).

Stability study was performed with sample solution on two
onsecutive days (n = 8). Variations were expressed by relative
tandard deviations (R.S.D.).

To determine the recovery, the contents of the 10 analytes in a
ample were calculated according to their respective calibration
urves. The same volume of each analyte presented in the sample
as spiked into the sample for 6 times. Then the fortified samples
ere extracted, disposed as described above, and analyzed with

he procedure. The average recoveries were estimated by the for-
ula: recovery(%) = (amount found − original amount)/amount

piked × 100%, and R.S.D. (%) = (S.D./mean) × 100%.

. Results and discussion

.1. HPLC–DAD–MS/MS analysis

The chemical structures of the 10 alkaloids were character-
zed based on their retention behavior and their UV spectra
btained on-line (Table 1). Different types of compounds
howed different UV absorption characteristics. Alkaloids

xhibited maximum absorption at 260–300 nm. This character-
stic facilitated their preliminary identification, and 10 peaks
ith suitable maximum absorptions were selected as the major

lkaloids in Corydalis.

orydalis yanhusuo W.T. Wang

max (nm) [M + H]+ m/z [M]+ m/z ESI-MS/MS m/z

354 – 206,188,149
342 – 178,165,151
356 – 324,294,279

– 352 337,336,322,308
– 336 321,306,292,278
– 366 351,350,334,322

356 – 192,165,151
340 – 176,165,149
370 – 192,165,151
324 – 176,149
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nhusuo (gradient elution); diode array UV-detection (λ = 280 nm).
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Fig. 2. HPLC–DAD chromatogram of extract of Corydalis ya

For MS analysis the positive ion mode of ESI was selected
n the present study, as it easily provided extensive information
ia collision-induced dissociation (CID) fragmentations. Under
he optimized HPLC and MS/MS conditions all 10 alkaloids
ould be unequivocally identified in Corydalis yanhusuo W.T.
ang by comparing their retention times and their UV and MS

ata with those of the reference standards. The structures were
urther characterized mainly based on their MS fragmentation
ehavior (see Table 1, Figs. 2 and 3).

Tertiary alkaloids gave [M + H]+ ions. The [M + H]+

ons of tetrahydrocolumbamine, tetrahydropalmatine, canadine,
orydaline and tetrahydrocoptisine eluting at 12.46, 21.17,
8.28, 31.67 and 34.18 min were observed to undergo the
etro–Diels–Alder (RDA) fragmentation reaction. Since there
as a double bond in the C-ring, which was opposite to the B-
ing, the C-ring was opened. Two fragment ions were obtained
rom the part of tetrahydroisowuinolin and the part of benzene
ing, respectively. As an example, the RDA pathway proposed
or tetrahydropalmatine is shown in Scheme 1. The same frag-

m
a

o

Scheme 1. Proposed retro-Diels-Alder (RD
ig. 3. HPLC–MS total ion chromatogram of the extract of Corydalis yanhusuo.
entation behavior can also be applied to tetra-proberberine
lkaloids.

The [M + H]+ ion at m/z 354 eluting at 11.13 min was
bserved to undergo similar Retro-Diels-Alder (RDA) fragmen-

A) pathway for tetrahydropalmatine.
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Scheme 2. Proposed fragm

ation reaction; the fragment was here observed at m/z 206 and
49. Furthermore, the neutral loss of H2O (m/z 206 → 188) was
lso observed, and the ion at m/z 188 was significant in the
S/MS spectra. The loss of H2O could be adopted to identify

he presence of a carbonyl group in ortho-positions, and hence
he [M + H]+ ion was identified as protopine. The fragmentation
athway proposed for protopine is shown in Scheme 2.

The [M + H]+ ion at m/z 356 eluting at 13.51 min gave an ion
M + H–2OCH3]+ at m/z 294 as significant ion with a further

ragment [M + H–2OCH3–CH3]+. However, [M + H–OCH3]+

nd [M + H–OCH3–CH3]+ were observed without any further
ragmentations. It was remarkable that no ring cleavage occurred
nd the loss of CH3 could be adopted to identify the presence of

f
t
u
t

Scheme 3. Proposed fragmentati
on pathway for protopine.

ethyl connected to nitrogen. The [M + H]+ ion at m/z 356 was
dentified as glaucine.

Three quaternary alkaloids eluting at 17.05, 18.23 and
9.28 min, giving [M]+ ions, were identified as palmatine,
erberine, and dehydrocorydaline. The CID spectra of the [M]+

ons were studied using MS/MS. They provided significant
M–CH3]+ fragments with characteristic m/z values as the base
eak in the product-ion spectra, in agreement with previous
eports [20,21]. In addition, [M–CH3–H]+ and [M–2CH3]+
ragments were also observed in the product-ion spectra. Fur-
hermore, these [M–CH3–H]+ and [M–2CH3]+ fragments could
ndergo subsequent CO loss. As an example, the fragmenta-
ion pathway proposed for berberine is shown in Scheme 3

on pathway for berberine.
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Table 2
Linear regression, precision of the 10 analytes in Corydalis yanhusuo

Analytes Linear regression Precision

Calibration curves Correlation coefficient Linear range (�g/ml) LOD (�g) Intra-day R.S.D. (%) Inter-day R.S.D. (%)

1 y = 69.49x + 266.97 0.9981 20–500 0.10 1.25 2.56
2 y = 56.63x + 185.00 0.9977 20–500 0.10 1.69 2.23
3 y = 65.66x + 160.50 0.9997 50–1000 0.10 1.76 3.24
4 y = 56.03x + 201.75 0.9994 20–500 0.08 1.03 2.31
5 y = 68.21x + 76.50 0.9980 20–500 0.10 2.36 3.75
6 y = 62.95x + 42.99 0.9975 20–500 0.08 1.53 2.30
7 y = 56.03x + 201.75 0.9997 20–500 0.04 2.37 2.97
8 y = 46.07x + 105.30 0.9996 10–100 0.05 1.89 3.12
9 y = 57.66x + 202.48 0.9988 20–500 0.10 1.34 2.84

10 y = 55.39x + 261.50 0.9977 10–100 0.05 2.43 3.66

y and x stand for the peak area and the concentration (�g/ml) of the analytes, respectively.

Table 3
Recovery of alkaloids determined by standard addition method (n = 6)

Analytes Original amount (mg) Added amount (mg) Detected amount mean (mg) Recovery mean (%) R.S.D. (%)

1 1.42 1.39 2.81 99.76 4.62
2 1.37 1.35 2.68 96.91 4.31
3 4.92 4.86 9.49 94.17 4.50
4 2.14 2.06 4.20 99.59 4.14
5 0.50 0.57 1.07 100.58 4.22
6 2.42 2.40 4.82 100.14 4.13
7 3.33 3.31 6.50 95.82 4.85
8 0.36 0.28 0.64 101.19 3.65

1.
1 0.
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1

9 0.89 0.86
0 0.25 0.22

nd its fragmentation behavior could be extended to other
lkaloids.

.2. Validation results

The experimental results showed that the peak area of each
tandard was linearly correlated to the injected concentration
ithin a particular range (Table 2). As shown in Table 2, all cal-
bration curves showed good linear regression (R2 > 0.9975) and
he LOD was less than 0.10 �g per injection, indicating that this

ethod is precise and sensitive for the quantitative evaluation of
ajor active alkaloids in Corydalis yanhusuo. Validation studies

a
t

able 4
ontents of 10 alkaloids in the crude extract (mg/g) (n = 3)a

atches

nalytes 1 2 3

1 0.493 ± 0.015 0.497 ± 0.021 0.48 ± 0.00
2 0.415 ± 0.005 0.423 ± 0.006 0.418 ± 0.01
3 1.353 ± 0.015 1.379 ± 0.028 1.315 ± 0.03
4 0.523 ± 0.015 0.533 ± 0.021 0.537 ± 0.01
5 0.183 ± 0.006 0.177 ± 0.007 0.191 ± 0.00
6 1.147 ± 0.032 1.133 ± 0.015 1.119 ± 0.00
7 0.807 ± 0.015 0.823 ± 0.025 0.827 ± 0.02
8 0.075 ± 0.003 0.078 ± 0.003 0.083 ± 0.00
9 0.221 ± 0.009 0.206 ± 0.010 0.223 ± 0.00
0 0.071 ± 0.003 0.072 ± 0.005 0.077 ± 0.00

a The value referred to the amount of certain alkaloid per crude Corydalis yanhusu
75 101.20 4.72
45 93.19 2.67

f the method proved that this assay had good reproducibility,
nd the overall intra-day and inter-day variations were less than
% for all analytes. It was also found that the analytes in the
ample solution were stable for 2 days with a relative standard
eviation less than 5%. As illustrated in Table 3, the method is
ccurate with the overall recovery of more than 93%.

.3. Quantitative determination of Corydalis yanhusuo
The results for the contents of the 10 alkaloids in crude extract
nd ethyl acetate extract from six batches in Tables 4 and 5 show
hat the sample preparation method is reliable.

4 5 6

8 0.503 ± 0.008 0.486 ± 0.006 0.487 ± 0.004
8 0.424 ± 0.006 0.423 ± 0.007 0.416 ± 0.006
8 1.323 ± 0.025 1.369 ± 0.024 1.348 ± 0.015
5 0.517 ± 0.015 0.537 ± 0.021 0.523 ± 0.015
7 0.189 ± 0.009 0.192 ± 0.010 0.181 ± 0.008
5 1.147 ± 0.025 1.133 ± 0.021 1.111 ± 0.037
1 0.807 ± 0.015 0.823 ± 0.012 0.797 ± 0.021
4 0.080 ± 0.004 0.078 ± 0.003 0.082 ± 0.003
6 0.235 ± 0.005 0.212 ± 0.012 0.224 ± 0.005
3 0.073 ± 0.004 0.071 ± 0.002 0.077 ± 0.004

o.
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Table 5
Contents of 10 alkaloids in the ethyl acetate extract (mg/g) (n = 3)

Batches

Analytes 1 2 3 4 5 6

1 20.92 ± 0.33 20.30 ± 0.34 20.60 ± 0.52 21.18 ± 0.30 20.72 ± 0.37 20.43 ± 0.77
2 18.59 ± 0.55 19.59 ± 0.73 18.68 ± 0.59 19.60 ± 0.54 20.23 ± 0.73 18.60 ± 0.41
3 69.14 ± 1.18 70.21 ± 0.89 68.96 ± 1.31 68.39 ± 1.17 68.68 ± 1.72 69.08 ± 0.92
4 30.21 ± 1.31 30.64 ± 1.19 30.42 ± 0.81 30.12 ± 0.79 30.54 ± 0.68 30.47 ± 0.68
5 7.27 ± 0.37 7.08 ± 0.09 7.09 ± 0.19 7.31 ± 0.24 7.03 ± 0.14 7.17 ± 0.22
6 34.84 ± 1.50 34.58 ± 1.50 34.64 ± 1.49 33.71 ± 1.10 34.02 ± 1.47 33.39 ± 0.82
7 46.49 ± 0.59 47.58 ± 1.57 46.17 ± 0.69 45.92 ± 1.99 46.73 ± 1.39 47.49 ± 2.37
8 5.12 ± 0.12 5.16 ± 0.27 5.06 ± 0.27 5.07 ± 0.09 4.99 ± 0.16 4.98 ± 0.18
9 12.73 ± 0.33 12.68 ± 0.55 12.92 ± 0.15 12.94 ± 0.10 12.84 ± 0.12 12.73 ± 0.83

10 3.61 ± 0.07 3.58 ± 0.15 3.58 ± 0.08 3.56 ± 0.10 3.59 ± 0.14 3.59 ± 0.15

Table 6
Contents of 10 analytes in samples of Corydalis yanhusuo (n = 3)

Sample origin Contents (mg/g)

1 2 3 4 5 6 7 8 9 10

Zhejiang 0.48 0.42 1.34 0.54 0.19 0.69 0.78 0.10 0.88 0.08
Hebei 0.32 0.45 0.98 0.72 0.22 1.05 0.61 0.09 0.71 0.07
Fujian 0.38 0.43 0.96 0.33 0.18 0.75 0.53 0.12 0.75 0.09
Anhui 0.45 0.42 1.23 0.74 0.23 0.87 0.71 0.09 0.94 0.10
Jiangsu 0.38 0.36 1.05 0.72 0.14 0.74 0.77 0.10 0.86 0.06
Shandong 0.37 0.25 0.67 0.21 0.14 0.66 0.67 0.08 1.06 0.07
Hubei 0.41 0.36 0.76 0.31 0.17 0.46 0.58 0.10 1.11 0.08
Shanxi 0.45 0.39 0.98 0.43 0.21 0.54 0.09 0.06 0.05 0.07
J 0
L 0
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ilin 0.53 0.32 0.87 nda

iaoning 0.35 0.39 0.76 nda

a Not detected.

The current method was also utilized to analyze the 10 alka-
oids in samples purchased from 10 different locations (Table 6).
t was found that there were remarkable differences, in terms of
oncentrations of the 10 alkaloids from different places. From
rovinces of Zhejiang, Hebei, Fujian, Anhui, Jiangsu, Shandong
nd Hubei in China, the content of the 10 alkaloids was found
o be similar in Corydalis yanhusuo. In sample from province
hanxi, contents of compound 7 and compound 9 were found

o be lower than those in other samples. Compound 4 and com-
ound 6 were not found in the samples from provinces of Jilin
nd Liaoning, while other 8 compounds were found to be much
ower than those in other samples.

. Conclusions

A rapid and efficient method for simultaneous identification
nd quantification of 10 alkaloids in Corydalis yanhusuo by
C–MS/MS and LC–DAD was established, which can facili-

ate the convenient and rapid quality control of the production
rocedure of Corydalis yanhusuo preparations. In addition,
amples from 10 different origins have been analyzed. The
pecific MS and MS/MS fragmentation rules based on com-

arisons with authentic standards could facilitate the rapid
creening and structural characterization of alkaloid extracts
y LC/ESI-MS. The analytical liquid chromatographic separa-
ion of 10 alkaloids of Corydalis yanhusuo with UV-detection

[
[
[

.05 nda 0.14 0.04 0.19 0.05

.17 nda 0.45 0.08 0.33 0.07

emonstrated an accurate and reproducible quantitation of these
lkaloids.
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