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Abstract

A reversed phase high-performance liquid chromatography method was established for the first time to simultaneously qualify the seven major
diterpenoids in Pseudolarix kaempferi, namely pseudolaric acid B O-B-p-glucopyranoside (1), pseudolaric acid C, (2), pseudolaric acid C; (3),
deacetylpseudolaric acid A (4), pseudolaric acid A O-B-D-glucopyranoside (5), pseudolaric acid B (6) and pseudolaric acid A (7). The optimal
conditions of separation and detection were achieved on an Inertsil ODS-3 column with gradient elution of methanol and 0.5% aqueous acetic acid
(v/v) at the flow rate of 0.6 mlmin~! within 40 min and detection wavelength set at 262 nm. All calibration curves showed good linear regression
(r*>0.9999) within test ranges. This method provided good accuracy with recoveries in the range of 94.3-106.1% and good precision with R.S.D.s
of repeatability and intermediate precision less than 0.57% and 4.67%, respectively. The method was successfully applied to qualitative and
quantitative determination of 20 P. kaempferi among the 54 samples collected from different areas. The results revealed that the commercial crude
drugs were seriously confused and the developed HPLC assay could be used as a suitable qualitative and quantitative determination method for P,

kaempferi.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

The root and trunk bark of Pseudolarix kaempferi Gord.
(Pinaceae), known as “Tu-Jing-Pi” in traditional Chinese
medicine, have been historically used for treatment of skin dis-
eases caused by fungal infections in China. In the past few
decades, systematic chemical studies have been performed on
the bark, seeds and leaves of P. kaempferi and more than 60
compounds have been isolated including diterpenoids [1-3],
triterpenoids [4,5], triterpene lactones [6—8] and phenolic com-
pounds [9,10]. Among them, the characteristic diterpenoids
obtained from the bark were reported to be responsible for the
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antifungal [3,11] and antifertility [12] activities. They were also
found to have significant in vitro cytotoxic activities [2], as well
as potent in vivo antitumor effects [13]. In recent years, exten-
sive investigations on the mechanism of their cytotoxic activities
were conducted and the cytotoxicities were found to be mediated
by inhibition of angiogenesis [14], induction of cell apoptosis
[15] and microtubule destabilization [13]. Therefore, the quality
control of P. kaempferi should be focused on the determination
of the diterpenoids, which are of great significance for the quality
of this crude drug. However, previous research was insufficient
to control the quality of P. kaempferi because only a single chem-
ical marker was determined by TLC [16] or HPLC [17]. The aim
of the present paper was to develop a simple and rapid HPLC
method to simultaneously qualify the seven major diterpenoids
in P. kaempferi. At the same time, it was also found that this
method can be used to identify the authenticity of P. kaempferi
in view of the confusion of the source of the commercial crude
drug.
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2. Experimental
2.1. Materials and chemicals

Crude drugs were purchased from local drug stores in differ-
ent provinces. Authentic crude drugs were purchased from the
National Institute for the Control of Pharmaceutical and Biolog-
ical Products (Beijing, China). HPLC grade methanol, analytical
grade acetic acid and other solvents used for compound isolation
were all purchased from Beijing Chemical Engineering Factory
(Beijing, China). The deionized water was prepared from Milli-
pore water purification system (Millipore, Milford, MA, USA)
and was filtered with 0.45 wm membranes.

The bark of P. kaempferi (15kg) was refluxed with 45 L
95% EtOH for twice. The resulting EtOH extract was concen-
trated (2kg), suspended in H,O and partitioned successively
with petroleum ether (PE), EtOAc and n-BuOH. The EtOAc
fraction (154.7 g) was then subjected to silica gel column chro-
matography (CC) eluted by CHCl3-MeOH to furnish fractions
A-G. Fraction B was applied to silica gel using a gradient solvent
system of PE-EtOAc, a ODS open CC and then recrystallized
with MeOH to afford 7 (0.6023 g) and 6 (5.0615 g), respectively.
Fraction D was subjected to silica gel CC and the major frac-
tion recrystallized with MeOH to afford 3 (1.7654 g), then the
filtrate and other fractions of D were combined and subjected to
ODS open CC using a gradient elution with MeOH-H» O and fur-
ther purified with HPLC to furnish 4 (108 mg) and 2 (120 mg),
respectively. Fraction F was subjected to silica gel CC eluted
by EtOAc-Me,CO and ODS open CC then HPLC to obtain §
(20 mg) and 1 (150 mg), respectively. Their structures (Fig. 1)
were confirmed by comparison of UV, ESIMS and NMR spec-
troscopic data with published values [1,18,19], and their purities
were not less than 97% by HPLC analysis.

2.2. HPLC apparatus and conditions

An Agilent 1100 liquid chromatograph system (Agilent Tech-
nologies, Palo Alto, CA, USA) consisting of a quaternary
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Fig. 1. Structures of seven marker compounds.

pump, an autosampler and a photodiode array detector cou-
pled with Agilent Chemstation was used. Separations were
carried out with an Inertsili ODS-3 reversed-phase column
(250mm x 4.6 mm, 5pum) (GL Sciences Inc., Japan). The
mobile phase was gradient of methanol-0.5% aqueous acetic
acid (v/v) (Omin, 55:45; 40 min, 90:10). The flow rate was
0.6mlmin~!. The UV detection wavelength was set at 262 nm,
and absorption spectra of compounds were recorded between
200 and 400 nm. The column temperature was at 40 °C, and
the sample injection volume was 10 wl. Those compounds were
identified by comparing their retention times and UV spectra
with those of the markers.

2.3. Calibration curve

Each marker compound, 1-7, was accurately weighed
and dissolved in 60% methanol to give eight concentrations
within the ranges of 184.80-9.24 wgml~!, 6.12-0.31 pgml~!,
47.60-2.38 pgml~!, 7.60-0.38 ugml~!, 37.36-1.87 wgml~!,
263.74-13.19 pgml~! and 50.80-2.54 pgml~!, respectively.
All calibration curves were obtained from peak areas of the stan-
dard solutions over the concentrations. Concentrations of these
compounds in samples were calculated from this regression
analysis.

2.4. Sample preparations

The dried powders of P. kaempferi samples (0.2 g, 60 mesh)
were accurately weighed and soaked in 10 ml 60% methanol
solution at room temperature for 0.5 h then extracted at 80 °C for
0.5 h. The resultant mixture was adjusted to the original weight
and filtered through filter paper and then 0.45 pm membrane.

3. Results and discussion
3.1. Extraction method

Varied extraction methods, solvents, temperatures and times
were evaluated so as to obtain the best extraction efficiency.
The results revealed that refluxing was better than ultrasonic
bath extraction, so the further experiments were carried out with
refluxing. Various solvents including water, 20%, 40%, 60%,
80% and 100% methanol were screened successively and 60%
methanol exhibited complete extraction of all the major con-
stituents. The samples were then extracted with 60% methanol
at room temperature, 40, 60, 80 and 100 °C, respectively. It was
found that the best extraction temperature was at 80 °C, which
assured the maximum extraction of the target compounds. The
samples were then refluxed with 60% methanol at 80 °C for 0.5,
1 and 2 h, respectively. There was no obvious difference among
the three extraction times and therefore 0.5 h was selected to be
the extraction time with a view to convenience.

3.2. Optimization of separation conditions

An appropriate chromatographic condition was particularly
required in this method for the considerable structure similari-
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ties of the marker compounds. Firstly, different chromatographic
columns were tested including ODS Hypersil, Zorbax Extend
C18, Zorbax Eclipsed XDB C8, Waters Xterra Rpg and Inertsil
ODS-3 columns. There were two pairs of peaks that had close
retention times in the chromatogram of crude drug, viz. marker
2 and 3, as well as marker 7 and an interfered peak. Only the uti-
lization of Inertsil ODS-3 column could simultaneously obtain
the baseline separation. Secondly, the composition of mobile
phase was investigated. Methanol possessed better resolution
of the peaks than acetonitrile and acetic acid was better than
phosphoric acid and trifluoroacetic acid in separation. It was
also found that the concentration of acetic acid was crucial for
the simultaneous baseline separation of the aforementioned two
pairs of peaks and the ratio of 0.5% (v/v) was screened as the
best concentration. Finally, the monitoring wavelength was set at
262 nm, which is the characteristic and maximum absorption of
this type of diterpenoid according to their 3D ultraviolet absorp-
tion spectra. The relative higher column temperature (40 °C) and
lower flow rate (0.6 ml min~!) were employed to obtain better
resolution based on the analyses of different conditions.

3.3. Linearity and Range

In this method, linearity was determined by constructing
seven calibration curves with external standard method at eight
concentration levels. All seven calibration curves exhibited good
linearity (2>0.9999) under the established chromatographic
conditions (Table 1). The ranges of the calibration curves were
specified as approximately 80—120% of the test concentration of
the samples. These ranges covered the amounts of the analytes
of all samples and provided suitable level of linearity, accuracy
and precision.

3.4. Accuracy

The ratio of observed concentration and nominal concentra-
tion of the mixed standard solutions at three concentration levels
(low, medium and high) were in the range of 98.97-104.43%
(Table 2), indicating the good accuracy of the method.

Recovery tests were carried out to further investigate the accu-
racy of the method by adding three concentration levels of the
mixed standard solutions to known amounts of P. kaempferi sam-
ples. The resultant samples were then extracted and analyzed
with the described method. The results were calculated with
the value detected versus added amounts. The recoveries of the

method were in the range of 94.3—106.1%, with R.S.D. less than
2.949% as shown in Table 3, suggesting the good accuracy of the
method.

3.5. Precision

Repeatability, viz. intra-assay precision for each marker com-
pound at three concentration levels was listed in Table 2. The
R.S.D.s of the intra-assay precision data were in the range of
0.09-0.57%.

Intermediate precision was performed by utilizing different
instruments to determine the same sample with the developed
method by different analysts and the R.S.D. values were less
than 4.67%. Inter-day precision for each marker compound at
three concentration levels was also investigated with R.S.D.s
in the range of 0.26—1.18% as listed in Table 2. All these data
revealed that the described method has an accepted degree of
precision.

3.6. LOD and LOQ

LOD and LOQ were the concentrations of a compound at
which its signal-to-noise ratios were detected as 3:1 and 10:1,
respectively. They were determined by serial dilution of standard
solution using the described HPLC conditions. The results were
showed in Table 1.

3.7. Sample analysis

The established method was applied to determine 54 commer-
cial samples collected from all over the country. It was found
that only 20 of them are P. kaempferi, as well as 9 of them are
Cleistocalyx operculatus (Myrtaceae), which were confirmed
by comparison of the chromatograms of the samples with those
of the authentic crude drugs of P. kaempferi and C. opercula-
tus, respectively. The bark of C. operculatus is also used for
treatment of dermal infections in certain area of China with
name of “Tu-jin-pi” [20], which can easily be confused with P.
kaempferi. The other 25 samples could not be identified solely
based on the chromatograms. The result suggested that the com-
mercial crude drugs of P. kaempferi were seriously confused in
the market. The described procedure therefore provides a feasi-
ble chromatographic method for the qualitative identification of
the confusable crude drugs (Fig. 2).

Table 1

Linear relation between peak area and concentration (n = 8)

Marker compounds Regression equation P Range (pgml™') LOD (ungml~!) LOQ (ngml~h)
1 y=47.567x+3.078 0.9999 184.80-9.24 0.028 0.083

2 y=54.200x — 2.8784 0.9999 6.12-0.31 0.046 0.153

3 y=63.978x — 9.5067 1.0000 47.60-2.38 0.036 0.119

4 y=79.262x — 1.0467 0.9999 7.60-0.38 0.033 0.095

5 y=34.604x — 1.6053 0.9999 37.36-1.87 0.066 0.249

6 y=67.898x+69.878 0.9999 263.74-13.19 0.035 0.176

7 y=70.995x — 1.1428 0.9999 50.80-2.54 0.038 0.111

y=peak area, x = concentration (pg ml~"). Triplicate assay about the different concentration (n=8).
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Fig. 2. Representative HPLC chromatograms of (A) standard solution at medium concentration, (B) P. kaempferi (Hengshui, Hebei province), (C) P. kaempferi
(Jilin province), (D) C. operculatus (authentic crude drug). 1, Pseudolaric acid B O-B-p-glucopyranoside; 2, pseudolaric acid C,; 3, pseudolaric acid C;; 4,
deacetylpseudolaric acid A; 5, pseudolaric acid A O-B-b-glucopyranoside; 6, pseudolaric acid B; 7, pseudolaric acid A.
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Table 2
Accuracy and precision data for the HPLC method

Marker Nominal concentration Observed concentration (ugml~!) +S.D. Accuracy (%) Precision R.S.D. (%)
compounds (wgml™l) b
Intra-assay® Inter-day Intra-assay Inter-day Intra-assay Inter-day
1 36.96 36.75 £ 0.10 36.86 + 0.14 99.44 99.72 0.27 0.38
92.40 92.65 £+ 0.37 93.16 £ 0.73 100.27 100.82 0.40 0.78
147.84 148.84 £ 0.22 149.56 £ 0.85 100.68 101.16 0.15 0.57
2 1.22 1.28 £ 0.01 1.28 £+ 0.01 104.43 104.25 0.55 0.89
3.06 3.18 £ 0.02 3.20 £ 0.02 103.76 104.44 0.57 0.75
4.90 5.10 £ 0.01 5.12 £ 0.03 104.10 104.62 0.09 0.59
3 9.52 9.57 £ 0.03 9.60 £ 0.04 100.50 100.82 0.30 0.39
23.80 2393 £ 0.10 24.07 £ 0.20 100.55 101.13 0.42 0.83
38.08 38.40 £ 0.07 38.62 £ 0.25 100.83 101.41 0.18 0.64
4 1.52 1.51 £ 0.01 1.51 £ 0.01 99.38 99.45 0.42 0.36
3.80 3.80 £ 0.02 3.82 £+ 0.03 100.04 100.54 0.53 0.75
6.08 6.13 £ 0.02 6.16 £+ 0.04 100.88 101.27 0.27 0.68
5 7.47 7.43 £ 0.04 7.44 £+ 0.02 99.38 99.52 0.55 0.26
18.68 18.69 £+ 0.08 18.79 £+ 0.14 100.05 100.57 0.42 0.74
29.89 30.06 £ 0.04 30.21 £ 0.19 100.57 101.08 0.15 0.61
6 52.75 52.20 £ 0.15 52.45 £ 0.20 98.97 99.43 0.30 0.39
131.87 132.73 £ 0.57 133.49 £ 1.07 100.65 101.23 0.43 0.80
210.99 212.15 £ 0.36 213.37 £ 1.37 100.55 101.13 0.17 0.64
7 10.16 10.12 £ 0.04 10.20 + 0.07 99.58 100.41 0.35 0.71
25.40 25.49 £ 0.09 25.78 £ 0.28 100.36 101.50 0.36 1.07
40.64 40.92 + 0.07 41.34 £ 0.49 100.68 101.73 0.17 1.18
2 Intra-assay precision test at six times in 1 day.
b Inter-day precision on 5 different days.
Table 3
Recoveries of seven marker compounds?®
Marker compounds Initial amount (mg) Added amount (mg) Detected amount (mg) Recovery (%) R.S.D. (%)
1 0.7171 0.2004 0.9296 106.1 0.57
0.4008 1.0951 94.3 0.35
0.6012 1.3198 100.2 1.28
2 0.0273 0.0069 0.0339 96.4 2.94
0.0138 0.0414 102.4 1.96
0.0207 0.0480 100.0 2.74
3 0.3280 0.0414 0.3696 100.5 2.74
0.0828 0.4105 99.6 0.73
0.1242 0.4584 105.0 2.28
4 0.0304 0.0095 0.0398 98.8 2.57
0.0190 0.0500 103.0 2.40
0.0285 0.0600 103.7 2.41
5 0.1064 0.0208 0.1279 103.6 2.80
0.0415 0.1499 104.9 0.78
0.0519 0.1609 105.1 2.76
6 0.9839 0.2355 1.2274 103.4 1.43
0.4710 1.4345 95.7 1.26
0.7065 1.6969 100.9 1.77
7 0.1101 0.0468 0.1575 101.2 0.12
0.0936 0.2076 104.2 2.85
0.1404 0.2545 102.8 2.15

2 Triplicate assay at each concentration level.
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Table 4
Contents of seven analytes in different P. kaempferi samples®

No. Collected place Content® (mg g~! crude drug)
1 2 3 4 5 6 7
1 Zhejiang 2.4740.01 0.1040.00 0.8140.01 0.1140.00 0.434+0.01 4.67+0.01 0.85+0.01
2 Shanghai 2.47+£0.01 0.24£0.01 0.3040.00 0.0240.00 0.3940.01 8.88 +£0.02 1.09£0.01
3 Huangshi, Hubei 2.6040.01 0.1440.00 0.664+0.01 0.08 +0.00 0.38 +£0.00 6.67+0.02 0.92+0.00
4 Shijiazhuang, Hebei 3.35+£0.01 0.14 £0.00 1.26+0.01 0.09 4 0.00 0.38+0.01 5.714+0.01 0.63+0.00
5 Liaoning 1.89+0.01 0.074+0.01 0.9240.01 0.06 +0.00 0.28+0.01 3.18+0.04 0.424+0.00
6 Hengshui, Hebei 3.55£0.03 0.13£0.00 1.59£0.02 0.1340.01 0.5240.01 4.974+0.03 0.54+0.01
7 Wuchang, Hubei 2.9740.01 0.124+0.01 0.2140.01 0.034+0.00 0.41+0.00 4.57+0.01 0.54+0.01
8 Zhangzhou, Fujian 2.94£0.02 0.10£0.01 0.4240.01 0.0540.00 0.50+0.01 4.4940.01 0.69+0.01
9 Hubei 1.79+0.01 0.1040.00 0.8240.01 0.07+0.00 0.17+0.00 6.57+0.01 0.61+0.00
10 Xuzhou, Jiangsu 1.51+0.01 0.04 4 0.00 0.3240.01 0.0340.00 0.2040.00 1.47+0.01 0.17+0.01
11 Fuzhou, Fujian 3.434+0.01 0.1140.00 0.68 +0.01 0.06 +0.00 0.53+0.01 4.97+0.01 0.64 +0.00
12 Anhui 1.044+0.01 0.1540.00 0.76 +0.01 0.09 4 0.00 0.1140.00 8.524+0.02 1.33+0.01
13 Jilin 6.80+0.03 0.08 £0.01 0.694+0.01 0.06 +0.00 0.74+0.01 4.344+0.01 0.43 +£0.00
14 Hefei, Anhui 1.06 £0.01 0.1240.00 1.80+0.01 0.284+0.01 0.25+0.01 4.3440.02 0.51+0.01
15 Sichuan 2.7140.01 0.1140.00 0.6140.01 0.04 +0.01 0.34+0.01 5.81+0.02 0.68+0.01
16 Beijing 7.0240.02 0.184+0.00 0.2140.00 0.034+0.00 1.31+0.01 7.05+0.03 1.15+0.01
17 Beijing 4.96+0.01 0.244+0.00 0.154+0.00 0.024+0.00 1.40+0.00 8.37+0.01 1.68 £0.01
18 Mudanjiang, Heilongjiang 5.8440.04 0.0740.01 0.4540.01 0.0340.00 0.55+0.01 5.0040.02 0.45+0.01
19 Liuan, Anhui 2.2440.01 0.124+0.00 1.00+0.01 0.09 +0.00 0.29 +0.00 6.19+0.01 0.71+0.01
20 Authentic drug 5.6340.01 0.1540.00 0.3040.00 0.0340.00 0.8440.01 5.88+0.01 0.69+0.01

2 Samples 1-19 were purchased from drug stores. Sample 20 was purchased from the National Institute for the Control of Pharmaceutical and Biological Products.

(Beijing, PR China).
b Content=mean + S.D., n=3.

The seven marker compounds were simultaneously detected
in the 20 samples of the title plant and their contents were deter-
mined by the external standard method (Table 4). The total
amounts of diterpenoids in 20 samples varied from 3.73 to
16.96mg g~ !, with 4.5-fold variation in conjunction with the
maximum variation of the content of single constituent with the
value of 12.4-fold, indicating the contents of diterpenoids dif-
fered greatly among samples, which may consequently result
in the difference of therapeutic effect. Therefore, the factors
influenced the quality, such as plant resource, harvesting time,
processing and storage conditions, should be standardized to
obtain steady quality so as to ensure the therapeutic effect.

In addition, only pseudolaric acid B (6) was considered as
a quantitative constituent to control the quality of P. kaempferi
in the Chinese Pharmacopoeia (Version 2005) [21] for its sig-
nificant antifungal and cytotoxic activities. According to the
content of each compound in 20 samples, the average propor-
tion of pseudolaric acid B (6) in the detected total diterpenoids
was calculated with the value of 50.58%, and those of other
active compounds including pseudolaric acid A (7), pseudolaric
acid B O-B-p-glucopyranoside (1) and pseudolaric acid A O-
B-D-glucopyranoside (5) [2,3] were expressed with the value of
40.48% in total. Therefore, all these active components should
be simultaneously qualified for the purpose of evaluating the
quality of P. kaempferi properly.

4. Conclusion

A HPLC method was developed for simultaneous determina-
tion of seven major diterpenoids in P. kaempferi for the first time.
It was proved to be simple, rapid and precise. This HPLC assay

can be readily utilized as a suitable quality control method for the
determination of the major biologically active constituents in P.
kaempferi. Moreover, it can also be used to the qualitative iden-
tification of P. kaempferi and C. operculatus in consideration of
their serious confusion in the market.
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