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bstract

An approach was proposed to develop binary chromatographic fingerprints by means of high performance liquid chromatography/diode array
etector (HPLC/DAD) and gas chromatography/mass spectrometry (GC/MS). HPLC fingerprint and GC/MS fingerprint that, respectively, represent
hemical characteristics of aporphinoid and quinolizidine alkaloids of the total alkaloids from Caulophyllum robustum were developed, which
ere used to construct binary chromatographic fingerprints of the total alkaloids. Moreover, the authentication and validation of the binary
ngerprints were performed. Then, a data-level information fusion method was employed to capture the chemical information encoded in two
hromatographic fingerprints. Finally, based on the fusion results, the quality of 10 batches of the total alkaloids samples was further evaluated
y similarity measure and cluster analysis method. In comparison with conventional fingerprint, the binary chromatographic fingerprints which
epresent the characteristics of more constitutions can comprehensively and properly reveal the quality characteristics of the total alkaloids. The

inary chromatographic fingerprints can reach more objective conclusions in the practice of quality control of the total alkaloids. In conclusion,
he binary chromatographic fingerprints are suitable for quality control of the total alkaloids. The presented approach is a powerful and meaningful
ool to comprehensively conduct the quality control of traditional Chinese medicine (TCM).

2007 Elsevier B.V. All rights reserved.
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. Introduction

Traditional Chinese medicine (TCM) has a long therapeutic
istory over thousands of years, and currently it is still attract-
ng considerable attention worldwide because of its low toxicity
nd good therapeutical performance [1–3]. Therefore, quality
ontrol of herbal medicines is an important concern for both
he health authorities and the public [1,4]. The fingerprint of
erbal medicines, especially the chromatographic fingerprint,
as gained rising attentions in recent years and been interna-

ionally accepted as a feasible means for the quality control
f herbal medicines [5–11]. Lately, Chinese manufacturers are
lso required by Chinese State Food and Drug Administration
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liquid chromatography; Gas chromatography/mass spectrometry

SFDA) to standardize injections made from TCM and their raw
aterials using chromatographic fingerprinting [12].
Several chromatographic techniques such as high per-

ormance liquid chromatography (HPLC) [13–19], gas
hromatography (GC) [20], thin layer chromatography (TLC)
21], capillary electrophoresis (CE) [22], can be applied for
ngerprinting. It is well known that TCM is a complex mixture
ontaining hundreds of chemically different constituents which
re usually responsible for the therapeutic effects [23]. There-
ore, it is almost impossible to develop appropriate analytical
ethod to represent all chemical characteristics of constituents

n a chromatogram. Under these circumstances, it is meaningful
o develop novel fingerprint based on various chromatographic

pproaches and additional information for the quality control of
CM. Among chromatographic fingerprint methods, “multiple
hromatographic fingerprints” is an effective method [24],
nd it has been recommended by Food and Drug Adminis-
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ration (FDA) and SFDA [6,12]. Multiple chromatographic
ngerprints is just a combined chromatographic fingerprints,
hich consist of more than one fingerprint and represent the
hole characteristics of chemical constitutions of the complex
edicine by using different separation principles or test

onditions.
In this study, the raw materials total alkaloids from

aulophyllum robustum was investigated to develop binary
hromatographic fingerprinting for quality control by high per-
ormance liquid chromatography and gas chromatography/mass
pectrometry. In our previous research, it was demonstrated that
he total alkaloids from Caulophyllum robustum could signifi-
antly inhibit proliferation of ECV304 cells in MTT test [25].
ow the total alkaloids from Caulophyllum robustum are inves-

igated to a new drug for anti-tumor as an angiogenetic inhibitor.
urrently, the total content of alkaloids was determined by spec-

rophotometric method with total alkaloid content set at >50%
n the raw materials. Apparently, this standard is not suffi-
ient for quality control. The total alkaloids from Caulophyllum
obustum principally contain two kinds of alkaloids, quino-
izidine and aporphinoid alkaloids [26]. In this study, HPLC
nd GC/MS fingerprints that, respectively, represent chemical
haracteristics of aporphinoid alkaloids and quinolizidine alka-
oids in raw materials were developed, which constructed binary
hromatographic fingerprints of the total alkaloids from Caulo-
hyllum robustum. Furthermore, the binary chromatographic
ngerprints were applied to evaluate the quality of various sam-
les. The proposed methods are more likely to be accepted as
n effective tool in the quality control of other complex herbal
edicines.

. Experimental

.1. Regents and materials

Standard chemicals N-methylcytisine, lupanine, argentamin,
nagyrine, �-isolupanine, magnoflorine and taspine were pur-
hased from the National Institute of China for the Control of
harmaceutical and Biological Products and Sigma (Sigma Inc.,
SA). Methanol and acetonitrile were of HPLC grade (Sigma

nc., USA). Ultrapure water was prepared with Milli-Q water
urification system (Millipore, France). Other chemicals were
f analytical-reagent grade.

Totally 10 samples of the total alkaloids from Caulophyllum
obustum (marked as 1–10) were collected from two Chinese
edicine manufacturers. Samples 1–5 were from manufacturer
, and samples 6–10 were from manufacturer B. The names
f the manufacturers had been removed in order to preserve
onfidentially.

.2. Sample preparation

The total alkaloids from Caulophyllum robustum were pre-

ared in Chinese medicine manufacturers as follow. Powdered
aulophyllum robustum was refluxed with 95% ethanol three

imes. Following evaporation of the ethanol in vacuo, the aque-
us residue was extracted with 1% hydrochloric acid three times

d
m
p
d
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vernight while being stirred. The combined acidic fraction was
assed through positive ion exchange resin column (Lanxiao,
hina) and was washed with 4% ammonia water-ethanol until

he eluate was tested negative for alkaloids in the Dragendorff
est. The total alkaloids were obtained following the concentra-
ion of the eluate in vacuo.

0.10 g total alkaloids was dissolved in 10 mL methanol with
supersonic process for 15 min, and then filtered through a

.45 �m Econofilter (Agilent, USA) prior to injection into the
PLC and GC/MS system.

.3. Chromatographic analysis

.3.1. HPLC analysis
The HPLC analysis was performed using a Shimadzu 2010

igh performance liquid chromatograph (Shimadzu Inc., Japan)
quipped with a SPM-10Avp diode array detector (Shimadzu
nc., Japan), an intelligent quaternary pump, and a Shimadzu
lass vp 6.0 software. The column used was a Zorbax SB-
18 column (250 mm × 4.6 mm, 5 �m, Agilent, USA) coupled
ith Agilent C18 guard column (7.5 mm × 4.6 mm, 5 �m). The
obile phase was solvent A (H3PO4:H2O = 0.01:100) and sol-

ent B (CH3OH:CH3CN = 3:1) in the gradient mode as follows:
0% B at 0–5 min, 10–30% B at 5–20 min, 30–65% B at
0–70 min. The flow-rate was 1.0 mL/min. The sample injec-
ion volume was 10 �L. The column compartment was kept at
he temperature of 30 ◦C, and DAD detection was performed in
he range of 200–594 nm at 1 nm/step.

.3.2. GC/MS analysis
The GC/MS analysis was performed with Shimadzu GC-

7A gas chromatography instrument (Shimadzu Inc., Japan)
oupled to a Shimadzu QP2010 mass spectrometer (Shimadzu
nc., Japan), NIST mass spectrometer database (Shimadzu Inc.,
apan), and a GC/MS solution workstation. The column used
as a DB-5MS (30 m × 0.25 mm) capillary column coated
ith 0.25 �m film 5% phenyl methyl siloxane (Agilent, USA).
he column temperature was maintained at 100 ◦C for 2 min
fter injection, then programmed at 10 ◦C/min to 200 ◦C, then
◦C/min to 280 ◦C and maintained for 6 min. Split injection
as conducted with a split ratio of 1:10 and helium was used

s carrier gas of 2.0 mL/min flow-rate. The spectrometers were
perated in electron-impact (EI) mode, the scan range was
0–400 amu, the ionization energy was 70 eV and the scan rate
as 0.2 s per scan. The inlet and ionization source temperature
ere 280 and 230 ◦C, respectively.

.4. Method validation

The validation of the analytical method was carried out with
ample solutions. The instrument/injection precision (repeata-
ility) was obtained by analyzing the variations of relative
etention time and relative peak area of six injections. The intra-

ay and inter-day precisions of the method were evaluated using
ultiple preparations of the same sample. Five replicate sam-

les were prepared and analyzed in a single day and on three
ifferent days.
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Fig. 1. HPLC chromatogram of the total alkaloids from Caulophyllum robus-
tum: (a) 220 nm; (b) 245 nm; (c) 267 nm; (d) 306 nm; (e) standard chemicals
at 267 nm; numbers 1–17 stand for peaks at 267 nm, 1. N-methylcytisine 2.
argentamin 3. lupanine 4. �-isolupanine 6. anagyrine 11. magnoflorine 14.
taspine.
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such as magnoflorine and taspine.

In order to obtain a large amount of detectable peaks in
the HPLC chromatogram, the spectra of all peaks in the
chromatogram of the total alkaloids were investigated with

Table 1
Identification of constituents of HPLC analysis of the total alkaloids

Peak no. Retention time Identity UV-λmax

1 3.34 N-Methylcytisine 306, 230
2 3.87 Argentamin 302, 230
3 6.03 Lupanine 220
Y. Li et al. / Journal of Pharmaceutical a

.5. Similarity of binary chromatographic fingerprints

It is well established that the samples with similar chromato-
raphic fingerprint likely have similar properties. Therefore, the
onsistency of herbal medicines can be tested through com-
aring the similarity between the chromatographic fingerprints
f samples and the reference/standard fingerprints. However,
he reported methods which were employed to quantitatively

easure the similarity were based on a single chromatogram
13,14,22]. Therefore, the information contained in the binary
ngerprints should be combined.

In this study, a data fusion-based method [24,27] was
mployed to evaluate the similarity of binary chromatographic
ngerprints. To accurately capture the information encoded in a
hromatogram, a chromatographic fingerprint was usually math-
matically represented by a vector of response value of signal,
rea or height of the peak, etc. Thus, to binary chromatographic
ngerprints, assume that vector X and vector Y represent fin-
erprint of HPLC and fingerprint of GC/MS, respectively,

= [X1, . . . , Xi, . . . , Xm]T, Y = [Y1, . . . , Yj, . . . , Yn]T

here Xi denotes absolute area of the ith peak of fingerprint
f HPLC, Yj denotes absolute area of the jth peak of finger-
rint of GC/MS, and the superscript T indicates the transpose of
atrix. To minimize the variability in different chromatographic
ethods, fingerprint of HPLC and fingerprint of GC/MS were

ormalized using the following equation:

′
i = Xi

∑n
i=1Xi

(1)

here X′
i is the normalized peak area, and Xi is the absolute area

f peak i in the fingerprint of HPLC or fingerprint of GC/MS.
The new fused vector Z′ representing integral chemical char-

cteristics of binary fingerprints is formed by Z′ = [X′, θY′],
here θ is the combined coefficient. The combined coefficient

θ) is weight coefficient of two vectors combined. Consequently,
he similarity between binary chromatographic fingerprints can
e easily determined by comparing their fusion vector using
ommonly used similarity measures, e.g. cosine, correlation
oefficient, etc. [28].

.6. Data analysis

Data analysis was performed on a Pentium IV 1.7G processor.
imilarity evaluation system for chromatographic fingerprint of
CM (Chinese Pharmacopoeia Committee, 2004A) was used

o the similarity evaluation and SPSS 12.0 for windows (SPSS
nc., USA) was employed to statistical analysis.

. Results and discussion

.1. HPLC and GC/MS analysis of the total alkaloids
The resulting chromatograms are shown in Figs. 1 and 2.
n the basis of the comparison of the recorded UV spectra

nd mass spectra with reference to standard compound or
iteratures [26,29,30] and a MS library (NIST), the main peaks

1
1

ig. 2. GC/MS total ion chromatogram of the total alkaloids from Caulophyllum
obustum: (a) the total alkaloids; (b) standard chemicals; numbers 1–21 stand
or peaks, 6. N-methylcytisine 7. cytosine 8. �-isolupanine 9. 5,6-dehydro-�-
solupanine 10. lupanine 13. anagyrine 14. boldine 16. argentamin.

f two chromatograms were identified in Tables 1 and 2.
he total alkaloids from Caulophyllum robustum principally
ontain two kinds of alkaloids, quinolizidine alkaloids, such
s N-methylcytisine and lupanine, and aporphinoid alkaloids,
4 7.76 �-Isolupanine 220
6 13.74 Anagyrine 310, 233
1 29.51 Magnoflorine 267, 300, 220
4 39.76 Taspine 245, 348, 332
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Table 2
Identification of constituents of GC/MS analysis of the total alkaloids

Peak no. Retention time Identity [M+] Similarity (%)

6 14.17 N-Methylcytisine 204 93
7 14.72 Cytisine 190 90
8 15.86 �-Isolupanine 248 90
9 16.11 5,6-Dehydro-�-

isolupanine
246 89

10 16.67 Lupanine 248 95
13 19.89 Anagyrine 244 93
1
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4 20.86 Boldine 326 90
6 23.99 Argentamin 260 91

iode array detector. The chromatograms of the total alka-
oids were also obtained at wavelengths of 220, 245, 267 and
06 nm (shown in Fig. 1), which respectively were maximal
V absorption wavelengths of the principle components of the

otal alkaloid, such as lupanine, taspine, magnoflorine and N-
ethylcytisine. As shown in Fig. 1, due to low concentration

r weak UV absorption of quinolizidine alkaloids, quinolizidine
nd aporphinoid alkaloids cannot be well represented in a HPLC
hromatogram. Therefore, 267 nm was selected as detection
avelength so that the chromatogram contained the maximum

mount of detectable peaks and aporphinoid alkaloids can be
ell represented.
Because of low boil point of quinolizidine alkaloids, GC

as employed to analyze quinolizidine alkaloids. As shown in
ig. 2, quinolizidine alkaloids can be well represented. There-
ore, HPLC chromatogram and GC chromatogram collectively
epresent the main chemical characteristic components of the
otal alkaloids.

.2. Validation of binary chromatographic fingerprints

The analytical methods of binary fingerprinting have been
alidated based on the relative retention time and the relative
eak area of each peak. In HPLC and GC/MS chromatogram,
aspine and lupanine indicated high and stable content, respec-
ively, therefore they were chosen as the reference substance.
ll peaks’ relative retention time and relative peak area were
btained with reference to these two substances. The precisions
ere represented by the relative standard deviation (R.S.D.).
The instrument/injection precision (repeatability) of HPLC

as below 0.38% (n = 6) for relative retention times and within
.20–1.37% (n = 6) for relative peak areas. The intra-day pre-
isions of HPLC were 0.21–0.41% (n = 5) for relative retention
imes and 1.16–2.23% (n = 5) for relative peak areas, while the
nter-day precisions were 0.27–0.40% (n = 5) for relative reten-
ion times and 1.69–3.54% (n = 5) for relative peak areas.

The injection precision of GC/MS was in the range of
.02–0.33% (n = 6) for relative retention times and 0.15–0.34%
n = 6) for relative peak areas. The intra-day precisions of
C/MS were 0.03–0.35% (n = 5) for relative retention times and

.19–2.37% (n = 5) for relative peak areas, while the inter-day
recisions were within the range of 0.02–0.35% (n = 5) for rel-
tive retention times and 1.39–3.18% (n = 5) for relative peak
reas, respectively.

c

f
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The results indicated that the proposed method is precise
nd repeatable. The proposed binary fingerprinting, therefore,
s acceptable.

.3. Binary chromatographic fingerprints of the total
lkaloids

According to the definition of fingerprints of TCM, a
hromatographic fingerprint is in practice a chromatographic
attern of some common kinds of pharmacologically active and
hemically characteristic components in the TCM. This chro-
atographic profile should feature the fundamental attributions

f “integrity” and “fuzziness”, in other words, “sameness” and
differences”. The chromatographic fingerprints could demon-
trate both the “sameness” and “differences” between various
amples successfully.

With HPLC and GC/MS methods, 10 batches of the total
lkaloids samples from two different factories in China were
nalyzed in the optimum conditions, respectively. Peaks existed
n all chromatograms of 10 samples were assigned as “com-

on peaks”, indicating the sameness among various samples.
he HPLC chromatograms from 10 samples consisted of 14
ommon peaks within 70 min, shown in Fig. 3A. The GC/MS
hromatograms from 10 samples consisted of 14 common peaks
ithin 35 min, shown in Fig. 3B. R.S.D. values of 14 common
eaks in HPLC chromatograms among 10 batches of samples
ere less than 1.68% for relative retention time and less than
.87% for relative peak area, while R.S.D. values of 14 common
eaks in GC/MS chromatograms among 10 batches of sam-
les were less than 0.41% for relative retention time and less
han 4.25% for relative peak area, which means the common
eaks were in good correspondence in all samples. Besides the
ommon peaks, there were about 20–25 non-common peaks in
ach HPLC chromatogram and about 25–30 non-common peaks
n each GC/MS chromatogram, which represents the fuzziness
mong 10 batches of samples. The amount of the non-common
eak areas is about 4.7%, less than the national standard of 10%
12].

So, the peak profile of the 14 components analyzed by
PLC and the 14 components analyzed by GC/MS made up

he binary fingerprints of the total alkaloids. The average HPLC
nd GC/MS chromatograms from 10 samples were regarded as
ub-fingerprints of the standardized characteristic binary chro-
atographic fingerprints of the total alkaloids as suggested by
FDA [12].

It is well known that, many of the constituents of TCM,
hether active or inactive, exert synergistic activity and hence

he fingerprint should ideally include the most of the possible
onstituents of TCM. In the sense, the developed binary chro-
atographic fingerprints show superiority to conventional single
PLC or GC/MS fingerprint in the quality control.

.4. Quality control for the total alkaloids using binary

hromatographic fingerprints

In this study, 10 samples of the total alkaloids from two dif-
erent manufacturers in China were investigated (samples 1–5
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Table 3
Similarity values of 10 batches of the total alkaloids samples

Method Sample number

1 2 3 4 5 6 7 8 9 10

B 0.962
H 0.984

w
u

a
S

F
r
(
n
f

q
c

inary chromatographic fingerprints 0.961 0.881 0.876
PLC fingerprint 0.988 0.941 0.936

ere from manufacturer A, and samples 6–10 were from man-
facturer B).
The fingerprints of HPLC and of GC/MS were represented by
vector of 14- and 14-dimensions, respectively, as described in
ection 2.5. In addition, according to the quantitative results of

ig. 3. Chromatogram of 10 batches of the total alkaloids from Caulophyllum
obustum: (A) HPLC chromatogram: numbers 1–14 stand for the common peaks;
B) GC/MS total ion chromatogram: numbers 1–14 stand for the common peaks;
umbers 1–10 stand for the different samples: 1–5 from manufacturer A; 6–10
rom manufacturer B.
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0.887 0.965 0.865 0.965 0.963 0.965
0.953 0.985 0.927 0.985 0.982 0.984

uinolizidine and aporphinoid alkaloids, we can conclude that
ontents of aporphinoid alkaloids represented in HPLC were
early 10 times that of quinolizidine alkaloids represented in
C/MS. As a consequence, the combined coefficient (θ) is 0.1.
hus, using the data fusion method described in Section 2.5,
ll the binary chromatographic fingerprints of 10 samples were
epresented by fusion vectors. Subsequently, the similarity of
ngerprints based on the standard fingerprints was quantita-

ively determined using the angel cosine measure. The results
f similarity were shown in Table 3. In order to compare with
he binary chromatographic fingerprints, the similarity of con-
entional chromatographic fingerprints only by HPLC was also
uantitatively determined using the angel cosine measure.

As shown in Table 3, similarity values of single fingerprint
nd binary fingerprint have different patterns. Similarity val-
es of 10 samples based on the single fingerprint are more than
.95, except for samples 2, 3, 7, but all more than 0.90. Using the
inary chromatographic fingerprints, similarity values of sam-
les 2, 3, 5, 7 are less than 0.90. Therefore, if 0.90 is set as an
ppropriate threshold, it is easy to find that samples 2, 3, 5, 7
re unacceptable based on the binary chromatographic finger-
rint, but all 10 samples are acceptable according to the result
f single chromatographic fingerprint. Therefore, we can more
bjectively discriminate normal samples from the frauds using
he binary chromatographic fingerprints than using single chro-

atographic fingerprint. As a consequence, it was demonstrated
hat the presented binary chromatographic fingerprinting is more
owerful and capable of identifying the consistency of samples
han the single fingerprint method only by HPLC for quality
ontrol.

In this study, hierarchical cluster analysis based on peaks
haracteristics from the binary fingerprints profiles of the tested
0 samples and the standard binary fingerprints was applied,
nd the nearest neighbor and cosine, which is a pattern simi-
arity measure, were selected as measurement for hierarchical
luster analysis. Seen from Fig. 4, samples are divided into four
ain clusters, and the samples from manufacturer A (1–5) are

ifferent from the samples from manufacturer B (6–10). Sam-
les 6, 8, 9, 10 (from manufacturer B) are clustered together
ith the standard fingerprints firstly, which suggests that the
roducts from manufacturer B are superior to those from manu-
acturer A. Samples 2, 3, 5, 7 are different from other samples,
hich are unacceptable samples for quality control. As a con-

equence, the presented binary chromatographic fingerprinting

s more likely to reveal the further qualitative characteristics of
he total alkaloids from Caulophyllum robustum, so that it has

uch more classification and discrimination power in quality
ontrol.
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ig. 4. Dendrograms resulting from single linkage between samples hierarchical
luster analysis: 1–5 from manufacturer A; 6–10 from manufacturer B; St: the
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. Conclusion

In general, binary chromatographic fingerprinting, which
onsists of fingerprint of HPLC/DAD and GC/MS, is proposed
s a strategy for quality control of the total alkaloids from
aulophyllum robustum instead of single chromatographic fin-
erprinting. The binary chromatographic fingerprints hence can
omprehensively and properly reveal the quality characteristics
f the total alkaloids, and logically it can reach more objec-
ive conclusions in the practice of quality control of the total
lkaloids. The presented approach is equally applicable to other
CM. Suffice it to say that binary chromatographic fingerprints
ould provide a powerful and meaningful tool to comprehen-

ively conduct the quality control of TCM products.
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