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Several triterpenoid saponins from root of Pulsatilla koreana Nakai (Ranunculaceae) were studied and their biological 
activities were reported. It is difficult to analyze triterpenoid saponins using HPLC-UV due to the lack of chromophores. 
So, evaporative light scattering detection (ELSD) is used as a valuable alternative to UV detection. More recently, a 
charged aerosol detection (CAD) has been developed to improve the sensitivity and reproducibility of ELSD. In this 
study, we developed and validated a novel method of high performance liquid chromatography coupled with a charged 
aerosol detector for the simultaneous determination of four triterpenoid saponins: pulsatilloside E, pulsatilla saponin H, 
anemoside B4 and cussosaponin C. Analytes were separated by the Supelco Ascentis® Express C18 column (4.6 mm × 
150 mm, 2.7 µm) with gradient elution of methanol and water at a flow rate of 0.8 mL/min at 30 oC. We examined various 
factors that could affect the sensitivity of the detectors, including various concentrations of additives, the pH of the 
mobile phase, and the CAD range. Linear calibration curves were obtained within the concentration ranges of 2 - 200 
µg/mL for pulsatilloside E, anemoside B4 and cussosaponin C, and 5 - 500 µg/mL for pulsatilla saponin H with correla-
tion coefficient (R2) greater than 0.995. The limit of detection (LOD) and quantification (LOQ) were 0.04 - 0.2 and 
2 - 5 µg/mL, respectively. The validity of the developed HPLC-CAD method was confirmed by satisfactory values of 
linearity, intra- and inter-day accuracy and precision. This method could be successfully applied to quality evaluation, 
quality control and monitoring of Pulsatilla koreana.

Key Words: High performance liquid chromatography, Charged aerosol detection, Pulsatilla koreana, Triter-
penoid saponins, Method validation
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                  Lupane-type                  Oleanane-type

Name Aglycon R1 R2  R3

Pulsatilloside E lupane -ara[(2→1)rha][(4→1)glc] -glc(6→1)glc(4→1)rha -OH
Pulsatilla saponin H oleanane -ara[(2→1)rha][(4→1)glc] -glc(6→1)glc(4→1)rha -OH
Anemoside B4 lupane -ara(2→1)rha -glc(6→1)glc(4→1)rha -OH
Cussosaponin C lupane -ara(2→1)rha -glc(6→1)glc(4→1)rha -H

Figure 1. Structures of the four triterpenoid saponins analyzed in this study. (ara : α-L-arabinose, rha : α-L-rhamnose, glc : β-D-glucose)

Introduction

Pulsatilla Radix, the dried root of Pulsatilla koreana Nakai 
(Ranunculaceae), is a traditional Korean herbal medicine used 
to treat leucorrhoea, dysentery, and scrofula, and as an antipara-
sitic, anti-inflammatory and contraceptive agent.1 Pulsatilla 
Radix has been investigated extensively, and ranunculin, ane-
monin, protoanemonin, and various saponins and triterpenes 

have been isolated.2-7 Previous chemical and pharmacological 
investigations have revealed that triterpenoid saponins are its 
main biologically active components, exhibiting antitumor, cy-
totoxic, cognition-enhancing and other effects.8-10 Recently, the 
saponin fraction of P. koreana was reported to improve memory 
impairments, and clinical trials for treatment of Alzheimer’s 
disease using this fraction are in progress in Korea.11,12 

As noted above, triterpenoid saponins represent the major 
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biological activities of P. koreana and these saponins could be 
used as chemical markers for quality control. There are many 
reports of analysis of saponins such as ginsenosides, but few 
methods are published13 for the qualitative or quantitative an-
alysis of polyglycoside triterpenoid saponins such as pulsatillo-
side E, pulsatilla saponin H, anemoside B4 and cussosaponin C 
from P. koreana (Figure 1). Cheng et al.14 developed a LC-ESI- 
MSn method for differentiation of two types of triterpenoid sa-
ponins by formation of silver-saponin complexes in positive 
ion mode. The identified saponins could be divided into lupine- 
and oleanane-type, but were not quantified for quality control 
of Pulsatilla chinensis. 

In the absence of a chromophore, evaporative light scattering 
detector (ELSD) or charged aerosol detector (CAD) could be 
alternatives to the UV detector in detection of triterpenoid 
saponins.15,16 Both ELSD and CAD are universal detectors with 
stable baseline for the analysis of non-chromophoric and non- 
volatile compounds. Mass spectrometric detection can be also 
employed for non- or weak-UV-absorbing compounds, but this 
technique is still expensive for widespread routine use and is 
less robust due to the complex ionization process. Therefore, 
the use of ELSD and CAD is continuously increasing for the 
analysis of various compounds.17-20

Both detection methods share similar principles and use a 
pneumatic nebulizer, a heated tube where the solvent evaporates 
and a detection chamber. However, instead of measuring light 
scattering as in ELSD, CAD uses an electrometer to measure 
the electrical charge of charged particles using a secondary 
stream of nitrogen passing through a corona discharge needle.16 
The principle of ELSD was described in the 1970s whereas 
CAD is a more recent development.21 Generally, CAD is more 
sensitive than ELSD,16 but this difference in sensitivity is strong-
ly influenced by the HPLC mobile phase additives.22 Recently, 
there was a report of simultaneous detection of triterpenoid 
saponins from P. koreana using HPLC-ELSD,13 however the 
sensitivity was not good. To the best of our knowledge, CAD 
has not been used for the analysis of active saponin constituents 
of P. koreana extract.

In the present study, we developed a HPLC-CAD method that 
was used to simultaneously analyze four triterpenoid saponins 
(pulsatilloside E, pulsatilla saponin H, anemoside B4 and cusso-
saponin C) in P. koreana for the first time. Optimized chromato-
graphic conditions resulted in the complete resolution of all 
four compounds with high sensitivity within 26 min of analysis. 
The validity of the developed HPLC-CAD method was con-
firmed by estimating linearity, precision, accuracy, limit of de-
tection (LOD) and limit of quantification (LOQ).

Experimental

Chemicals and materials. Four triterpenoid saponins, pulsa-
tilloside E, pulsatilla saponin H, anemoside B4 and cussosaponin 
C, were provided by the College of Pharmacy, Seoul National 
University (Seoul, South Korea). The purity of these analytes 
was determined to be more than 99% by normalization of the 
peak areas detected by HPLC-ELSD. Acetic acid (≥ 99.7%) and 
ammonium formate (≥ 97%) were purchased from Sigma-Ald-
rich (St. Louis, MO, USA). Formic acid and ammonium ace-

tate (≥98%) were purchased from Fluka (Buchs, Switzerland) 
and Merck (Darmstadt, Germany), respectively. HPLC-grade 
acetonitrile, methanol and water were purchased from Fisher 
Scientific (Fair Lawn, NJ, USA). Nylon membrane filters (0.45 
µm) were purchased from Whatman (Maidstone, England).

HPLC-CAD analysis. All HPLC experiments were perform-
ed on a PerkinElmer series 200 pump (Waltham, MA, USA), a 
PerkinElmer series 200 column oven and a Waters 717 plus auto-
sampler (Milford, MA, USA) equipped with an ESA Corona 
charged aerosol detector (Chelmsford, MA, USA). Analytes 
were separated on a Supelco Ascentis® Express C18 column 
(4.6 mm × 150 mm, 2.7 µm, Bellefonte, PA, USA) and a Pheno-
menex Security Guard C18 column (4.0 × 3.0 mm, Torrance, 
CA, USA). The binary gradient system consisted of methanol 
(eluent A) and water (eluent B) with fixed flow rate of 0.8 mL/ 
min. The linear gradient elution was performed with the follow-
ing elution program: 0 - 12 min, 50% A to 65% A; 12 - 20 min, 
65% A; 20 - 21 min, 65% A to 100% A; 21 - 26 min, 100% A and 
then returning to 50% A for column equilibration. All eluents 
were filtered through a 0.45-µm polytetrafluoroethylene (PTFE) 
membrane filter. The injection volume was 20 µL, and the co-
lumn and autosampler temperatures were kept at 30 oC and 4 oC, 
respectively. The nitrogen inlet pressure for the CAD was set to 
35 psi with a CAD range of 200 pA. The data were obtained with 
the software, Empower (Ver. 5.00.00.00, Waters).

Preparation of standard solutions and sample solutions. The 
stock solutions (1,000 µg/mL) of four saponins (pulsatilloside E, 
pulsatilla saponin H, anemoside B4, and cussosaponin C) were 
prepared by dissolving 3 mg of each standard into 3 mL of me-
thanol and filtering through 0.45-µm nylon membrane filters; 
these solutions were stored at ‒70 oC until further use. Stock 
solutions were mixed to obtain the desired concentrations. The 
mixed stock solutions were then diluted in 50% methanol in 
the concentration ranges of 2 - 200 µg/mL (2, 4, 8, 20, 40, 80 and 
200 µg/mL) for pulsatilloside E, anemoside B4, and cusso-
saponin C, and 5 - 500 µg/mL (5, 10, 20, 50, 100, 200 and 500 
µg/mL) for pulsatilla saponin H. All solutions were stored at 5 
oC.

Pulsatilla Radix sample was finely ground to powder and 
about 5.0 g was weighed accurately. One hundred milliliters of 
50% methanol was used for extraction at 90 oC, refluxing for 
2 hours. The extract was centrifuged and the supernatant was 
filtered and evaporated under vacuum, and then suspended to 
100 mL with 50% methanol in a volumetric flask. The final sam-
ple solution was filtered through 0.45-µm nylon membrane 
filter and analyzed with HPLC.

Analytical method validation. The calibration curves of the 
four triterpenoid saponins were constructed by plotting the 
logarithm of the peak areas versus the logarithm of seven dif-
ferent concentrations of each saponin. The limit of detection 
(LOD) and limit of quantification (LOQ) were calculated based 
on signal-to-noise ratios of ≥ 3 and ≥ 10, respectively.

The intra- and inter-day accuracy and precision were examin-
ed within the linear range of the calibration curve from 2 - 200 
µg/mL for pulsatilloside E, anemoside B4, and cussosaponin C, 
and 5 - 500 µg/mL for pulsatilla saponin H. The intra-day ac-
curacy and precision was determined within one day by analyz-
ing five replicates of the four concentrations of the standard 
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Figure 2. Comparison of the peak areas with different concentrations of (A) acetic acid and (B) formic acid (n = 3).
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Figure 3. Comparison of the peak areas with different concentrations of (A) ammonium acetate buffer (pH 4.0) and (B) ammonium formate 
buffer (pH 4.0) (n = 3).

solution, while, for the inter-day accuracy and precision, the 
four concentrations of the standard solution was analyzed for 
five sequential days. The accuracy was expressed as the observ-
ed value relative to the true value and the precision was express-
ed as relative standard deviation (coefficient of variation, CV).

The recovery assay was determined according to the standard 
addition procedure at three different concentration levels (20, 
50, 100 µg/mL for pulsatilloside E, anemoside B4, and cusso-
saponin C, and 40, 100, 200 µg/mL for pulsatilla saponin H). 
Five grams of sample was spiked with four standards and prepar-
ed as described in the previous section. Recovery was evaluated 
by calculating the ratios of the amount difference between stan-
dard-spiked sample and sample versus standard alone which 
concentration was same as those spiked into the sample. Three 
determinations were replicated for each addition level. 

Results and Discussion

Optimization of HPLC method. The response of the charged 
aerosol detector (CAD) is influenced by the size of the mist aero-
sols generated in the nebulizer,21 as it is in ELSD. Since the aero-
sol size is dependent on the mobile phase density, viscosity and 
interfacial tension, the CAD is sensitive to the type and con-
centration of buffer added to the mobile phase. Appropriate 
mobile phase buffers for CAD are volatile additives such as ace-
tic acid, formic acid, acetate buffer and formate buffer. 

The influence of various concentrations of acids and buffers, 
including acetic acid (0.01, 0.05 and 0.1%, v/v), formic acid 
(0.01, 0.05 and 0.1%, v/v), ammonium acetate buffer (0.1, 0.5, 

1, 2 and 5 mM) and ammonium formate buffer (0.1, 0.5, 1, 2 and 
5 mM), were tested at pH 3.0, 4.0 and 5.0 in order to optimize the 
mobile phase. In this study, the optimal mobile phase of the CAD 
system was evaluated by comparing the peak areas at the same 
concentrations of the four saponins. 

The sensitivity of the CAD was reduced by increasing the 
acid concentration in the mobile phase and was slightly better 
with acetic acid than with formic acid (Figure 2). However, the 
best peak shapes and peak areas were achieved when no acid 
(neither acetic acid nor formic acid) was added. The effects of 
ammonium acetate and ammonium formate buffer concentra-
tion on the CAD response were also tested (Figure 3). In both 
cases, the peak areas of all triterpenoid saponins were diminish-
ed by increasing the buffer concentration. The peak area of 
pulsatilla saponin H was reduced markedly by addition of acids 
and buffers. The peak area decrease with 5 mM ammonium ace-
tate buffer was about 27% compared to water (no buffer salts). 
Similarly, the response of the CAD was improved by decreasing 
the buffer concentrations, and the best sensitivity was obtained 
with the mobile phase that had no buffer salts. 

Optimal concentrations of ammonium acetate and ammo-
nium formate at pH 4.0 were selected first and then pH condi-
tions were further tested at pH 4.0 and 5.0 for ammonium acetate 
and at pH 3.0 and 4.0 for ammonium formate. Excluding the 
mobile phase with no additives, the optimal concentrations of 
ammonium acetate and ammonium formate were 0.1 mM and 
the optimal sensitivity was achieved at pH 4.0 for both buffer 
salts.

As a result, mobile phase modifiers such as acetic acid, formic 
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Figure 5. HPLC-CAD chromatograms of (A) extract from Pulsatilla
koreana and (B) standards at concentrations of 200 µg/mL for pulsa-
tilloside E, anemoside B4, cussosaponin C and 500 µg/mL for pulsatilla
saponin H (compound numbering: 1. pulsatilloside E, 2. pulsatilla 
saponin H, 3. anemoside B4, and 4. cussosaponin C).
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Figure 4. Comparison of the S/N ratios for different CAD ranges (n = 3).

acid, acetate buffer and formate buffer did not help the detector 
response in the determination of the four triterpenoid saponins 
in the CAD system. More studies are needed to fully investigate 
the effects of these additives on the response of the CAD system.

Optimization of the CAD range. The range of the detector 
signal output is an important parameter that affects the sensitivi-
ty of CAD. Therefore, the CAD signal was set at 10, 50, 100 and 
200 pA to test the effects on sensitivity by determining the sig-
nal-to-noise (S/N) ratios of the four saponins (Figure 4). The 
high responses were obtained in the lowest pA ranges, but these 
values were practically unusable due to the low S/N ratio. The 
highest S/N ratios were obtained with 10 pA and 200 pA, but 
200 pA was slightly better than 10 pA because of the high noise 
at 10 pA. As a result, the optimum performance with CAD could 
be achieved with a CAD signal of 200 pA. 

One of the advantages of the CAD system is its simple opera-
tion. However, there is only one controllable parameter, the 
CAD range, in the CAD system, which limits the chance to opti-
mize the detector performance by changing the temperature, 
nebulizing gas pressure and voltage of corona charge.

Optimization of separation. Ascentis® Express column, which 
is packed with unique 2.7-µm fused-core particles,23 showed the 
best performance, i.e., better resolution and peak sharpness with 
a low back pressure compared to other conventional particulate 
columns.24-26 Accordingly, almost all constituents of P. koreana 
extract, including the four triterpenoid saponins, were fairly 
well resolved within 26 min of elution (Figure 5).

For the consistent response of saponins with CAD, isocratic 
elution is preferred due to its constant mobile phase composi-
tion. In gradient elution, the CAD response will vary with the 
change of mobile phase composition, which is a disadvantage 
of the CAD system.22 However, in this study, various mobile 
phase proportions and gradient durations were tested for the 
complete separation of P. koreana extract. An optimum mobile 
phase in gradient mode was subsequently found as described 
in the Experimental section. Neither the flow rate of the mobile 
phase nor the column temperature significantly influenced the 
separation and CAD response.

Validation of the developed analytical method: linearity, in-
tra- and inter-day accuracy, precision, limit of detection (LOD), 
limit of quantification (LOQ) and recovery. All of the valida-
tion processes were carried out in accordance with the guidelines 

prescribed at the International Conference on Harmonization 
(ICH).27 The developed method was validated by assessing the 
linearity, intra- and inter-day accuracy and precision, limit of 
detection (LOD) and limit of quantification (LOQ).

Like an ESLD, the response of CAD is not directly linear 
over a broad concentration range. Therefore, linear regression 
curves for the triterpenoid saponin standards were constructed 
on a log-log scale for signal response versus concentration. 
Good linearity (correlation coefficients, R2, between 0.995 and 
0.996) was obtained for the four triterpenoid saponins within 
the linear range of 2 - 200 µg/mL for pulsatilloside E, anemoside 
B4 and cussosaponin C, and 5 - 500 µg/mL for pulsatilla saponin 
H (Table 1). The slopes were similar, ranging from 0.787 - 0.851 
even for the lupine-type (pulsatilloside E, anemoside B4, and 
cussosaponin C) and oleanane-type (pulsatilla saponin H). This 
result showed that CAD response was relatively independent 
of compound structure,28 within certain variations, unlike other 
“universal” detectors (RI, ELSD, MS, etc.) in which detection 
responses are dependent on the chemical structure of the mole-
cule being tested.

The limit of detection (LOD) was defined as the lowest con-
centration of the analyte that can be detected greater than three 
times the signal-to-noise ratio (S/N ≥ 3), and the limit of quan-
tification (LOQ) was defined as the concentration of analyte 
that corresponded to ten times greater the signal-to-noise ratio 
(S/N ≥ 10) with precision of ≤ 20% and accuracy between 80 - 
120%. The LODs of the four saponins were 0.04 - 0.20 µg/mL, 
whereas the LOQs of the four triterpenoid saponins were 2.0 
µg/mL for pulsatilloside E, anemoside B4, and cussosaponin 
C and 5.0 µg/mL for pulsatilla saponin H (Table 1). Compared 
to those reported by Lee et al.,13 our LOQ values improved by 
about 4-, 12-, 15- and 17-fold for pulsatilla saponin H, cusso-
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Table 1. Calibration curve parameters, LOD and LOQ for the assay of four triterpenoid saponins (n = 5)

Compounds Linear range 
(µg/mL) Regression equationa Correlation coefficient 

(R2)
LOD

(µg/mL)
LOQ

(µg/mL)

Pulsatilloside E 2 ~ 200 y = (0.787 ± 0.014) x + (4.987 ± 0.034) 0.996 0.04 2
Pulsatilla saponin H 5 ~ 500 y = (0.846 ± 0.018) x + (4.334 ± 0.053) 0.996 0.20 5
Anemoside B4 2 ~ 200 y = (0.810 ± 0.0236) x + (4.810 ± 0.054) 0.995 0.05 2
Cussosaponin C 2 ~ 200 y = (0.851 ± 0.0130) x + (4.811 ± 0.033) 0.995 0.07 2

ay = log (peak area), x = log (concentration of standards, µg/mL)

Table 2. Analytical results of intra- and inter-day accuracy and precision (n = 5)

Compounds Conc. (µg/mL)
Accuracy (%) Precision (CV, %)

Intra-day Inter-day Intra-day Inter-day

Pulsatilloside E

2
8

40
200

85.38
103.99
101.98

97.42

84.77
103.17
102.59

97.82

6.24
0.97
0.55
0.21

6.68
1.38
1.05
0.15

Pulsatilla saponin H

5
20

100
500

94.16
102.37
102.37

97.82

92.65
102.07
102.37

98.17

2.48
1.08
0.38
0.32

3.97
0.97
0.84
0.12

Anemoside B4

2
8

40
200

82.62
103.60
102.62
97.46

88.70
104.65
103.15
97.83

1.16
1.45
0.59
0.54

6.62
3.07
1.15
0.42

Cussosaponin C

2
8

40
200

84.39
103.33
103.01
97.22

85.53
104.27
103.32
97.69

1.07
1.98
0.69
0.54

3.52
1.32
0.92
0.26

Table 3. Recovery assay of four triterpenoid saponins (n = 3)

Compounds Initial concentration
(µg/mL)

Amount added
(µg/mL)

Concentration found
(µg/mL)

Recovery (%)

Mean RSDa

Pulsatilloside E 22.80
20 42.11 96.58 2.47
50 72.16 98.72 1.43

100 120.18 97.38 0.87

Pulsatilla saponin H 134.84
40 175.66 102.05 5.79

100 234.17 99.33 1.58
200 325.58 95.37 1.13

Anemoside B4 23.05
20 42.49 97.19 1.09
50 72.91 99.72 2.15

100 118.07 95.02 0.52

Cussosaponin C 37.22
20 57.46 101.21 2.76
50 87.36 100.28 1.12

100 136.23 99.01 1.15
aRelative Standard Deviation

saponin C, anemoside B4 and pulsatilloside E, respectively. 
The intra- and inter-day accuracy and precision were obtained 

by analyzing five replicates of the four saponins at four different 
concentrations. The intra-day and inter-day accuracies ranged 
from 82.62 to 103.99% and 84.77 to 104.65%, respectively. 

The intra-day and inter-day precisions were within the range 
of 0.21 - 6.24% and 0.12 - 6.68%, respectively. All the measured 
precision and accuracy values fell within the acceptable range, 
confirming the validity of our developed method (Table 2). 
Therefore, the established HPLC-CAD method could be applied 
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to the quantitative evaluation of the four triterpenoid saponins 
in P. koreana as chemical markers for quality control.

The recoveries according to standard addition procedure at 
three different concentrations were calculated on repeated ex-
periments (n = 3). The mean recoveries of all of the tested sampl-
es were from 95.02 to 102.05% (Table 3). 

Conclusion

To our knowledge, this is the first report on the simultaneous 
determination of four triterpenoid saponins, pulsatilloside E, 
pulsatilla saponin H, anemoside B4 and cussosaponin C, from 
Pulsatilla koreana using high performance liquid chromato-
graphy coupled with a charged aerosol detection system (HPLC- 
CAD). The method provided excellent resolution and sensitivity 
for the four triterpenoid saponins within 26 min of analysis time. 
The developed method was validated by assessing parameters 
such as linearity, intra- and inter-day accuracy and precision, 
limit of detection, limit of quantification and recovery. Good 
linearity was obtained for analytes within the linear ranges of 
the calibration curves, and the accuracy and precision obtained 
were within the acceptable ranges. The limits of quantification 
were also examined and the values were better than those 
previously published. In conclusion, we propose that this met-
hod could be used routinely for quality evaluation, quality con-
trol and monitoring of Pulsatilla koreana.
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