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Abstract 

Herbal healthcare products are used worldwide as relatively safe and effective alternatives to 

allopathic drugs. Saussurea laniceps Hand.-Mazz.(SL), S. medusa Maxim. (SM) and S. involucrata 

(Kar. et Kir.) Sch.Bip. (SI) are three sources of the renowned “snow lotus” Chinese Materia Medica 

for treating inflammatory diseases. The three species have different therapeutic effects, among 

which SL has been proved to be the most potent, but they are frequently confused on the market and 

in the academic community. An ultra-high performance liquid chromatography-diode array 

detector-quadrupole time of flight-mass spectrometry (UPLC-DAD-QTOF-MS) method was 

developed and used to analyze 49 herbal samples for species analysis and overall quality evaluation. 

With 25 simultaneously identified constituents, of which twelve were quantified, the three herbs 

showed different chemical profiles. Four-dimensional principle component analysis (4D-PCA) and 

orthogonal hierarchical cluster analysis (2D-HCA) results illustrated that SL should be grouped 

away from SM and SI, contradicting the botanical record in Flora of China. The present chemical 

determination and pattern recognition results directly explained the therapeutic potency of SL and 

distinguished the three confused snow lotus herbs. Furthermore, the findings suggested a possible 

extensive quality evaluation model for multi-origin medicinal plants and helped monitor 

falsification of “snow lotus” herbal products on the market, contributing to a more regulated 

pharmaceutical industry. 
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Introduction 

Herbal drugs have been traditionally used as natural remedies for various ailments and are playing 

an important role in the healthcare and pharmaceutics industry. “Snow lotus”, a famous Chinese 

Materia Medica derived from dried aerial parts of species of the genus Saussurea (Compositae), has 

been widely used mainly for inflammatory diseases.[1] For the Tibetan snow lotus medicine 

“Cagoesuba”, two source species are Saussurea laniceps Hand.-Mazz. (SL) and S. medusa Maxim. 

(SM); both are said to have cooling properties that remove toxic heat.[2,3] A traditional Chinese 

medicine and Uighur medicine “Tianshanxuelian” is derived from Saussurea involucrata (Kar. et 

Kir.) Sch.Bip. (SI) as recorded in Chinese Pharmacopeia (ChP).[4] Unlike the above two herbs, it is 

mainly used in Xinjiang province of China; it is said to have a warming effect, which can invigorate 

Yang. Therefore, SL, SM and SI are three authentic sources of the snow lotus medicine, with 

different medicinal qualities and clinical effects (Fig. 1). It has been reported that SL is the most 

potent snow lotus herb, with outstanding anti-inflammatory and anti-nociceptive capacities.[5] ChP’s 

only mentioning SI not only undermines the medicinal significance of SL but also potentially 

misinforms the public that SI is the sole source of the snow lotus medicine. One of our aims in the 

present study was to search for chemical evidence of SL’s distinctive pharmacological potency.  

Comprehensive authentication and quality evaluation is always essential for studying multi-

origin medicinal herbs – materia medica based on more than one species.[6] There is serious 

confusion surrounding these three closely related but different snow lotus herbs. On the market, the 

three herbs are usually jointly regarded as “snow lotus”, misleading consumers and resulting in 

misuse of the herbs.[7] Some “snow lotus” healthcare products are even adulterated with other herbs, 

causing an inevitable concern to public health. The situation is similar in the academic community 

in that some materia medica, floras and published papers have mistaken the species with one 

another, mostly taking different snow lotus species as SI.[8–10] Some studies have authenticated 

different botanical origins of snow lotus medicines by observing macroscopic and microscopic 

features[7,11,12]; others have preliminary analyzed chemical components and compared their 

pharmacological effects.[5,13] We have also reviewed literatures of the three representative snow 

lotus herbs with regard to their botany, phytochemistry, and pharmacology, aiming to distinguish 

the three species from a comprehensive perspective.[14–16] The more we looked into the three 

medicinal sources, the more we were convinced of the need for an in-depth investigation of the 

chemical constituents of such raw herbal products as the basis for extending their medical 
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applications[17–19] as well as preventing falsification of the products on the market[20]. This report is 

our attempt to meet this need. 

 

Fig. 1 Plants (above) and medicinal materials (below) of the three snow lotuses (A1, A2: Saussurea laniceps Hand.-

Mazz.; B1, B2: S. medusa Maxim.; C1, C2: S. involucrata (Kar. et Kir.) Sch.Bip.; Scale: 5 cm). 

 

In order to determine chemicals from the three herbs, gas chromatography (GC), high 

performance liquid chromatography (HPLC) and ultra-high performance liquid chromatography 

(UPLC) have been applied as separation methods, coupled with various detectors including diode 

array detector (DAD) and electrospray ionization mass spectrometry detector (ESI-MS).[13,21,22] Due 

to the inconsistent analyzing conditions and limitation of marker compounds in these studies, a 

simultaneous, rapid, sensitive and informative chemical determination of the three herbs is 

necessary for overall quality evaluation. LC-tandem MS has been proved to be able to achieve 

satisfactory resolution of complex samples, with improved separation capacity and accurate mass 

information generation.[23–25] Therefore, UPLC-DAD coupled with quadrupole time-of-flight 

(QTOF) MS has been chosen as an advanced and appropriate analytical method for efficient 

qualitative and quantitative analysis of the medicinal herbs. 

Principal component analysis (PCA) and hierarchical cluster analysis (HCA) are useful 

chemometric models making high-throughput data analysis of samples possible.[25,26] Four-
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dimensional (4D) PCA can successfully transform multiple correlated variables into a set of linearly 

uncorrelated ones, simplifying the comparison among subjects while avoiding data distortion by 

achieving a larger cumulative percentage variance (CPV) than the ones with less dimensions. Two-

dimension (2D) HCA revealed distances between subjects as well as variables, for example, 

showing an orthogonal network of chemical profiles of the three herbs in the present research. A 

combination of these techniques separates classes precisely and gives a comprehensive comparison 

of the three species. 

Saussurea is a diversified genus that challenges taxonomic evaluation. According to Flora of 

China (FOC), SI, with capitula enclosed by broad involucral bracts, is assigned to Subgen. 

Amphilaena (Stscheglejew) Lipschitz, while SL and SM, lacking broad involucral bracts 

surrounding capitula, are assigned to Subgen. Eriocoryne (Wallich ex Candolle).[27] FOC covers the 

largest number of plant species in the world[28] and uses the classical evolution-based Engler system 

of classification[29]. Recently, new findings of botanical phylogeny, for example, those of the three 

snow lotuses, have revealed plant relationships in conflict with that described in FOC.[12,30] More 

classification systems have been introduced, providing new angles on plant phylogeny and 

taxonomy.[31,32] In order to clear the confusion among the three snow lotus species and even in the 

genus of Saussurea, we here present a detailed chemical profiling and integrative pattern 

recognition of the herbs, revealing inadequacies of the traditional system as well as the feasibility of 

using other feature for taxonomic discrimination. 

In this study, we have developed and validated a UPLC-DAD-QTOF-MS method for 

simultaneous chemical profiling of multiple botanical samples; we have used this method to analyze 

three snow lotus species, followed by chemometric tools including 4D-PCA and 2D-HCA as 

unsupervised pattern recognition. The strategy combining chemical determination and 

multidimensional chemometric analysis contributed to explain the therapeutic potency of SL, 

distinguish the three confused snow lotus herbs, and provide a possible extensive quality evaluation 

model for multi-origin medicinal herbs. 
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Materials and methods 

Chemicals and materials 

Chemical standards of skimmin, scopolin, scopoletin, luteolin and apigenin were purchased from 

Phytomarker Ltd. (Tianjin, China); chlorogenic acid, 1,5-dicaffeoylquinic acid, 3,5-dicaffeoylquinic 

acid and 4,5-dicaffeoylquinic acid from the Biopurity Phytochemicals Ltd. (Chengdu, China); 

syringin and arctiin from the National Institute for the Control of Pharmaceutical and Biological 

Products (Beijing, China); umbelliferone and acacetin from Fluka (St. Louis, MO, USA); rutin, 

isoquercetin and apigenin 7-O-β-D-glucoside from Chengdu Must Bio-Technology Ltd. (Chengdu, 

China), Sigma-Aldrich (St. Louis, MO, USA) and Chengdu Pufei De Biotech Ltd. (Chengdu, 

China), respectively. Methanol of analytical grade and acetonitrile of chromatography grade were 

purchased from Lab-scan (Bangkok, Thailand); formic acid of analytical grade from Merck 

(Darmstadt, Germany). The water used in the experiments was obtained with a Milli-Q ultrapure 

water system (Millipore; Bedford, MA, USA). Other chemicals (analytical grade) were purchased 

from Sigma-Aldrich (St. Louis, MO, USA). 

The sources of 49 batches of snow lotus samples are listed in supplementary Table S1. The 

herbal samples were authenticated by Prof. Hubiao Chen, School of Chinese Medicine, Hong Kong 

Baptist University (HKBU), and were deposited in the Bank of China (HK) Chinese Medicines 

Centre of HKBU. Stock solutions of reference standards (1 mg/mL) were prepared in 70% 

methanol and stored at 4℃ until use. They were diluted to a series of working solutions with 70% 

methanol. 

Sample preparation 

Plant materials were cut into small pieces and mixed thoroughly. A representative portion of the 

sample pieces was ground into powder with a Fargo RT-04 grinder (Century Equipment Ltd., 

Kowloon, HK). The powder was passed through a 20 mesh (0.9 mm) sieve. Powdered plant sample 

(0.5 g) was ultrasonically extracted with 10 mL 70% methanol for 30 mins, twice. The residue was 

washed with 4 mL fresh extraction solvent. Total extracts were combined into a 25-mL volumetric 

flask and filled up to the calibration mark with the solvent before being filtered through a syringe 

filter (0.2 µm, Alltech, Deerfield, IL, USA). 
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In order to ensure that the analyte concentrations fell within the linear range of the analytical 

equipment, samples of SL, SM and SI were diluted with 70% methanol by 20, 5, and 5 times, 

respectively. SI samples were diluted by 50 times for rutin content analysis. 

Instrumentation and operating conditions 

An Agilent 6540 Ultra High Definition (UHD) Accurate-Mass Q-TOF LC/MS system (Agilent 

Technologies, Santa Clara, CA, USA) was used for chemical profiling. The compounds were 

separated on a Waters BEH C18 column (1.8 m, 2.1  100 mm, Waters Corp.) with a VanGuardTM 

pre-column (HSS, C18, 1.7 μm, 2.1  5 mm) at 0.3 mL/min of flow, column temperature at 40℃, 

with a detection wavelength at 280 nm and a mobile phase consisting of 0.1% formic acid in water 

(A) and 0.1% formic acid in acetonitrile (B) in gradient from 2% B at 0–2 min, 2–10% B at 2–14 

min, 10–18% B at 14–22 min, 18–25% B at 22–30 min, and 25–55% B at 30–40 min. The injection 

volume was 2 µL for standard and samples. The mass spectrometer parameters were set as follows: 

electrospray ionization (ESI) source in negative mode; drying gas (N2) flow rate, 8 L/min; gas 

temperature, 300℃; nebulizer, 40 psi; sheath gas temperature, 350℃; sheath gas flow rate, 8 L/min; 

capillary, 4.0 kV; end plate offset, -500 V fragmentor, 150 V; skimmer, 65 V; Oct RF Vpp, 600 V; 

scan range, 100–1700 m/z. Data analysis was carried out on softwares Agilent MassHunter 

Qualitative Analysis B.06.00 and Agilent MassHunter Quantitative Analysis B.04.00 (Agilent 

Technologies). 

Validation of UPLC-DAD-QTOF-MS quantitation 

The method for quantitative analysis was validated in terms of linearity, sensitivity, accuracy, 

precision and stability. 

Five concentrations of each reference standard diluted from stock solutions were run and the 

calibration curve (y = ax + b) was constructed by plotting the peak area versus concentration. Limits 

of detection (LODs) and limits of quantitation (LOQs) were determined as sensitivity at signal-to-

noise ratios (S/N) of 3 and 10, respectively. Recovery test was performed to evaluate the accuracy 

by spiking a representative sample (SL-11) with mixed quantitative analytes. Triplicate parallel 

experiments were carried out, and the recovery rate was calculated using the following formula: 

recovery (%) = (detected amount - original amount) / spiked amount × 100%. Variations were 

expressed as relative standard variations (RSD, %): RSD (%) = (standard deviation / mean) × 100%. 
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Intra- and inter-day variations as well as repeatability were chosen to evaluate the precision of 

the developed method. For intra-day variability test, the SL-11 sample extract was analyzed three 

times within one day. For inter-day variability testing, the same sample was examined three times 

on three consecutive days. Variations of peak areas and retention times (tR) were expressed as RSD 

of the data. The repeatability test was conducted by analyzing five independently prepared extracts 

obtained from SL-11 sample powder; their variations were expressed as RSD of the data. Precision 

variations below 5% were considered acceptable. 

The stability test was conducted by analyzing the lab-prepared standard mixture of which the 

content of the twelve analytes were all 500 ng/mL. It was analyzed over periods of 0 h, 2 h, 4 h, 8 h, 

12 h, and 24 h. The RSDs of the peak areas of each compound were taken for the measures of 

stability. 

Statistical analysis 

The results are expressed as the mean ± standard error of mean (SEM) unless specified. Principal 

component analysis (PCA) and hierarchical cluster analysis (HCA) were applied as unsupervised 

methods to identify informative subgroups within a large data set. PCA was performed on IBM 

SPSS Statistics 20 (SPSS, Chicago, IL, USA). HCA was performed across 49 snow lotus samples 

and twelve quantified chemical analytes “arrays” with Cluster 3.0 (University of Tokyo, Japan), 

using Spearman rank correlation as similarity metric, and average linkage as clustering method. 

Clustering results were visualized as a dendrogram and colored “array” in Java TreeView 

(University of Glasgow, UK). 

 

Results 

Optimization of sample extraction 

Extraction methods, solvents and times were optimized. Among possible extraction methods, 

namely, sonication, reflux and soxhlet extraction, sonication was found to be the easiest and most 

efficient.[33] Different concentrations of methanol along with other aqueous solvents were compared, 

where 70% methanol produced the highest yield for the desired analytes. The extraction procedure, 

including times and cycles, was further optimized via comparative tests. 
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Optimization of analysis conditions 

The conditions for chemical analysis were optimized based on previous related studies.[5,34,35] The 

columns for chromatographic separation were tested using VanGuardTM HSS C18 column (1.8 m, 

2.1  100 mm, Waters Corp.) and VanGuardTM BEH C18 column (1.7 μm, 2.1  100 mm, Waters 

Corp.) in 30℃, 40℃ and 50℃. It was found that VanGuardTM HSS C18 column with VanGuardTM 

pre-column (HSS, C18, 1.7 μm, 2.1  5 mm) under 30℃ gave the best separation. Various mobile 

phase compositions were tested, where water and acetonitrile achieved the best separation at a 

lower column pressure, with better resolution and a smoother baseline. An assortment of linear 

gradients of water and acetonitrile at a flow rate of 0.3 mL/min were tried to distinctly separate all 

of the characteristic peaks. The sample chromatograms were recorded at wavelengths within 200–

500 nm, and it was found that 280 nm could represent the profile of the major constituents in the 

samples. With regard to mass spectrometric conditions, both positive and negative ionization modes 

were investigated simultaneously; the negative mode had much more electrospray ion information 

and, therefore, was chosen for subsequent experiments. 

Validation of analysis method 

The developed UPLC-DAD-QTOF-MS method showed good linearity, sensitivity, accuracy, 

precision and stability for quantitation (Table 1). All calibration curves showed high linearity (R2≥ 

0.999). The LODs and LOQs were less than 0.17 and 0.58 ng, respectively. The overall recovery 

rates ranged from 95.06 to 104.80% (Supplementary Table S2). The RSDs of peak areas and 

retention times of the 12 analytes for the intra-day viability test were below 4.71% and 0.65%, 

respectively; those for the inter-day test were below 5.99% and 0.32%, respectively; repeatability 

variations were below 4.93%; variations of the stability test were all no more than 3.75% 

(Supplementary Table S3–S6). These results demonstrated that the UPLC-DAD-QTOF-MS method 

was suitable and successfully achieved simultaneous quantitation of the twelve chosen chemicals in 

the three snow lotus species. 
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Table 1. The results of method validation in terms of linearity, sensitivity, accuracy, precision and stability. 

Peak Chemical name 

Linearity Sensitivity 
Recovery 

(RSD, %, n=3) 
Precision (RSD, %) 

Stability 
(RSD, %, 

n=5) Equation 
Range 
(µg/m

L) 
R2 

LO
D 

(ng) 

LOQ 
(ng) 

High 
Mediu

m. 
Low 

Intra-
day (n 
= 3) 

Inter-
day (n 
= 9) 

Repeat-
ability 
(n = 5) RSD 

(%) 
RSD 
(%) 

2 Skimmin y = 69.040x + 1.394 2–14 0.9994 0.09 0.25 104.46 
(0.67) 

101.82 
(1.42) 

104.80 
(2.08) 

0.59 1.42 3.61 1.39 

3 Chlorogenic 
acid 

y = 6.6785x + 1.692 0.5–16 0.9995 0.17 0.54 103.18 
(1.14) 

97.85 
(0.93) 

102.15 
(1.17) 

2.13 5.99 1.87 1.79 

4 Scopolin y = 6.0512x + 1.575 0.1–16 0.9992 0.06 0.18 104.10 
(0.27) 

91.64 
(1.21) 

100.94 
(1.43) 

0.31 2.01 3.55 5.05 

5 Syringin y = 6.2013x – 0.138 0.5–12 0.9993 0.13 0.46 101.52 
(1.99) 

95.87 
(1.19) 

104.07 
(1.26) 

0.43 3.52 4.02 0.85 

9 Umbelliferone y = 34.751x + 32.83 2–8 0.9991 0.05 0.27 104.37 
(1.38) 

102.20 
(2.88) 

100.42 
(2.63) 

1.52 4.20 3.26 3.86 

10 Scopoletin y = 8.1879x + 1.812 0.5–5 0.9995 0.10 0.29 95.06 
(1.42) 

99.69 
(0.87) 

95.21 
(1.13) 

1.81 4.39 2.34 5.66 

11 Rutin y = 5.1208x - 0.311 0.5–5 0.9994 0.09 0.30 96.09 
(1.57) 

101.39 
(2.46) 

96.13 
(0.85) 

0.59 0.91 2.18 0.59 

12 Isoquercetin y = 75.611x – 1.282 1–5 0.9994 0.06 0.23 102.68 
(1.24) 

101.90 
(1.30) 

101.40 
(4.31) 

1.00 1.81 0.71 0.98 

13 1,5-
Dicaffeoylquini
c acid 

y = 4.827x – 0.462 1–14. 0.9998 0.11 0.37 99.64 
(0.44) 

98.04 
(3.02) 

101.97 
(0.91) 

1.15 1.46 2.60 3.75 

15 Apigenin 7-O-β-
D-glucoside 

y = 10.516x + 0.480 1–5 0.9997 0.13 0.40 98.46 
(2.76) 

102.12 
(1.27) 

101.01 
(2.42) 

0.67 2.54 4.43 0.98 

18 Luteolin y = 20.871x + 0.929 0.25–5 0.9995 0.15 0.58 95.96 
(0.87) 

95.28 
(0.48) 

104.07 
(1.64) 

2.39 4.10 3.88 2.82 

22 Apigenin y = 48.218x – 0.535 0.05–4 0.9999 0.03 0.10 99.06 
(3.49) 

99.54 
(2.11) 

99.80 
(3.95) 

1.90 3.43 4.93 0.60 
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Qualitative analysis 

The extracts were qualitatively characterized by determining the retention time, molecular weight, 

mass fragments, UV-absorbance maxima, reported data, and pure standards confirmation of 

reference compounds. Typical chromatograms of the three snow lotus herbs are shown in 

supplementary Fig. S1. 

A total of 25 compounds were detected, among which 16 peaks were unambiguously identified 

with reference standards, and five were tentatively identified (Table 2). Chemical structures of the 

proposed compounds are shown in Fig. 2. The mass spectrometry and UV data of the 25 

compounds are shown in supplementary Fig. S2–S6. 

Among the identified peaks, peaks 2–5, 9–15, 17–19, 22 and 25 were unambiguously identified 

by comparing the retention time and mass spectrum with that of respective marker compounds, 

while the others tentatively indentified according to the reported data. Peak 1 was attributed as an 

acetophenone glycoside picein, with a main fragment formiate ion at m/z 343.1056, along with a 

deprotonated ion at m/z 297.0993 and another fragment at m/z 135.0460, indicating a loss of the 

glucosyl moiety.[36] Peak 7 was identified as 4-hydroxyacetophenone with a main deprotonated ion 

at m/z 135.0460, in accordance with the reported spectral data.[37] Peak 6 and 8 were two 

sesquiterpenoid derivatives, with formiate ions both at m/z 471.1942, as previously reported.[38]  

Peak 16 showed a base peak at m/z 461.1116, which was assigned as a deprotonated product of 

homoplantaginin.[22] Peak 20 showed base peaks at m/z 455.1988, 819.3888 and 409.1950, in 

accordance with fragmentations of involucratolactone-β-D-glucoside.[39] Peak 21 was identified as 

another sesquiternene, displaying a quasi-molecular ion m/z 411.2095 and a formiate ion m/z 

457.2153.[40] Peak 23 was attributed to a hispidulin due to its precursor ion m/z 299.0571 and 

resulted fragment m/z 284.0373 after losing a methyl moiety.[21] Peak 24 showed base peaks of 

deprotonated and formiate ions of arctigenin at m/z 371 and 417, corresponding to the reported 

data.[34] 
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Table 2. Chromatogram and mass spectrum data (negative mode) of potential marker compounds of the three snow lotus herbs. 

Peak 
tR 

(min) 
Identification 

Molecular 

formula 

Major fragment 

Other fragments (m/z) 
λmax

(nm) 
SL SM SI Ref. 

m/z calc. 
m/z 

exp. 

Error 

(ppm) 
Adduct ion 

1 8.74 Picein C14H18O7 343.1035 343.10

56 

6.12 [M+HCOO]
- 

297.0993 [M-H]- 

135.0460 [M-H-Glc]- 

217 √ -b - [36] 

2a 9.89 Skimmin C15H16O8 369.0827 369.08

50 

6.23 [M+HCOO]
- 

161.0257 [M-H-Glc]- 

647.1653 [2M-H]- 

198, 

215, 

318 

√ - - [35] 

3a 11.54 Chlorogenic acid C16H18O9 353.0878 353.09

00 

6.23 [M-H]- 191.0573 [C7H11O6]
- 

707.1872 [2M-H]- 

218, 

326 

√ √ √ [35] 

4a 12.20 Scopolin C16H18O9 399.0933 399.09

54 

5.26 [M+HCOO]
- 

191.0363 [M-H-Glc]- 

707.1849 [2M-H]- 

218, 

340 

√ √ √ [5] 

5a 12.62 Syringin C17H24O9 417.1402 417.14

23 

5.03 [M+HCOO]
- 

209.0826 [M-H-Glc]- 217, 

270 

√ √ √ [22] 

6 13.38 3α-Hydroxy-11βH-

11,13-dihydrodehydro-

costuslactone 8-O-β-

D-glucoside 

C21H30O9 471.1929 471.19

42 

2.76 [M+HCOO]
- 

887.3565 [C63H51O5]
-, 

353.0947 [C27H13O]- 

218 - - √ [38] 

7 14.67 4-

Hydroxyacetophenone 

C8H8O2 135.0452 135.04

60 

5.92 [M-H]- 119.0365 [M-H-OH]- 220, 

280 

√ - - [43] 

8 16.49 3α,8α-

Dihydroxy,11βH-

11,13-dihydrodehydro-

cotuslactone 

C21H30O9 471.1929 471.19

42 

2.76 [M+HCOO]
- 

165.0591 [C9H9O3]
-, 

591.2518 [C41H35O4]
-, 

887.3560 [C63H51O5]
- 

220 - - √ [38] 

9a 17.00 Umbelliferone C9H6O3 161.0244 161.02

52 

4.97 [M-H]- 206.9728 

[M+HCOO]- 

198, 

324 

√ - - [35] 

10a 18.27 Scopoletin C10H8O4 191.0350 191.03

62 

6.28 [M-H]- 176.0125 [M-H-Me]- 

223.0269 

[M+HCOO]- 

228, 

344 

√ - - [35] 

11a 20.94 Rutin C27H30O16 609.1461 609.14

88 

4.43 [M-H]- 1219.3006 [2M-H]- 220, 

360 

√ √ √ [44] 

12a 21.38 Isoquercetin C21H20O12 463.0882 463.09 3.89 [M-H]- 531.0790 [C24H19O14]
- 218 √ √ √ [34] 
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00 

13a 23.49 1,5-Dicaffeoylquinic 

acid 

C25H24O12 515.1195 515.12

22 

5.24 [M-H]- 1031.2502 [2M-H]- 218, 

328 

√ √ √ [34] 

14a 23.65 3,5-Dicaffeoylquinic 

acid 

C25H24O12 515.1195 515.12

24 

5.63 [M-H]- 353.0899 [C16H17O9]
- 

1031.2505 [2M-H]- 

218, 

328 

√ √ √ [35] 

15a 24.25 Apigenin 7-O-β-D-

glucoside 

C21H20O10 431.0984 431.10

15 

7.19 [M-H]- 863.2075 [2M-H]- 220 √ √ - [34] 

16 25.04 Homoplantaginin C22H22O11 461.1089 461.11

16 

5.86 [M-H]- 713.4763 [C37H29O15]
- 221 √ √ √ [22] 

17a 25.30 4,5-Dicaffeoylquinic 

acid 

C25H24O12 515.1195 515.12

21 

5.05 [M-H]- 353.0901 [C16H17O9]
- 218, 

328 

√ √ √ [35] 

18a 29.3 Luteolin C15H10O6 285.0405 285.04

21 

5.61 [M-H]- 571.0920 [2M-H]- 220 √ √ √ [44] 

19a 29.77 Arctiin C27H34O11 579.2083 579.21

10 

4.66 [M-H]- 285.0418 [C16H13O5]
- 222 - √ - [34] 

20 30.27 Involucratolactone-β-

D-glucoside 

C21H30O8 455.1957 455.19

88 

6.81 [M+HCOO]
- 

819.3888 [2M-H]-, 

409.1950 [M-H]- 

220 √ - √ [39] 

21 31.03 6α-Hydroxycostic acid 

6-β-D-glucopyranoside 

C21H32O8 411.2083 411.20

95 

2.92 [M-H]- 457.2153 

[M+HCOO]- 

222 - - √ [40] 

22a 32.85 Apigenin C15H10O5 269.0455 269.04

72 

6.32 [M-H]- 539.1016 [2M-H]- 220 √ √ √ [44] 

23 33.34 Hispidulin C16H12O6 299.0561 299.05

71 

3.34 [M-H]- 284.0373 [M-H-Me]- 222 - - √ [44] 

24 35.76 Arctigenin C21H24O6 371.1500 371.15

22 

5.93 [M-H]- 417.1574 

[M+HCOO]- 

225 - √ - [34] 

25a 37.77 Acacetin C16H12O5 283.0612 283.06

22 

3.53 [M-H]- 452.8224 [C26H13O8]
-, 

588.8986 [C34H21O10]
- 

225 √ - - [43] 

Glc: glucose; 

Me: methyl group. 

a Unambiguously identified with standard compounds; 

b Not detected (values below LOD). 
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Fig. 1 Chemical structures of identified compounds from Saussurea laniceps, S. medusa and S. involucrata. 

 

Quantitative analysis 

Among the compounds identified in the three snow lotus herbs, twelve were selected as chemical 

markers for quantitation. The chosen compounds were either shared or major constituents of the 

three studied species. Respective concentrations of twelve markers were calculated according to the 

formula: concentration (mg/g) = calculated concentration (ng/mL) × dilution factor × 25 mL / 0.5 g 

× 10-6 mg/ng, where the calculated concentration was obtained from the calibration curve without 

considering ion suppression. Respective concentrations of twelve analytes in 49 snow lotus samples 

are listed in supplementary Table S7, and average concentrations of each analyte in the three 

species are shown in Table 3. Quantitative results of the three snow lotus herbs revealed certain 

variation in their chemical profiles, including absence of some compounds in some batches of 
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samples. Skimmin (peak 2), umbelliferone (peak 9), and scopoletin (peak 10) were found as 

peculiar chemicals in SL, in accordance with the qualitative results. Among the common 

constituents of the three snow lotuses, SL samples contained much more chlorogenic acid (peak 3), 

scopolin (peak 4), syringin (peak 5), 1,5-dicaffeoylquinic acid (peak 13) and apigenin (peak 22) 

than the other two species, while SM samples had more isoquercetin (peak 12) than others. SI 

samples featured high rutin (peak 11) content, which was approximately 10 and 80 times that of SL 

and SM samples, respectively. 

Table 3. Average concentrations of twelve constituents in the three snow lotus herbs (mg/g). 

Peak Chemical name SL SM SI 

2 Skimmin 5.322 ± 0.450 -a - 

3 Chlorogenic acid 7.530 ± 1.048 0.749 ± 0.151 3.766 ± 0.217 

4 Scopolin 6.022 ± 1.067 0.037 ± 0.009 - 

5 Syringin 1.663 ± 0.413 0.078 ± 0.010 0.412 ± 0.043 

9 Umbelliferone 5.635 ± 0.060 - - 

10 Scopoletin 3.962 ± 0.053 - - 

11 Rutin 0.856 ± 0.250 0.174 ± 0.060 7.729 ± 0.484 

12 Isoquercetin 1.067 ± 0.473 0.418 ± 0.107 0.288 ± 0.029 

13 1,5-Dicaffeoylquinic acid 5.876 ± 0.964 0.458 ± 0.090 1.981 ± 0.135 

15 Apigenin 7-O-β-D-

glucoside 

1.727 ± 0.614 0.159 ± 0.022 - 

18 Luteolin 0.406 ± 0.142 0.142 ± 0.028 - 

22 Apigenin 0.413 ± 0.098 0.145 ± 0.033 0.014 ± 0.002 

Values of average concentrations of analytes are expressed as mean ± SEM (n = 18, 20 and 11, for 

SL, SM and SI, respectively). 

aNot detected (values below LOD). 

 

Principal component analysis 

Principal component analysis (PCA) is a statistical data reduction method that extracts the 

important information from data as new orthogonal variables as principal components (PC). As 

shown in supplementary Table S8, the PCA results showed that the cumulative percentage variance 

(CPV) of the four-component PCA model accounted for 84.45% of the total variance. 
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According to the component matrix (Supplementary Table S8), PC1 relied heavily on the 

abundance of umbelliferone (peak 9; 93.9%) and scopoletin (peak 10; 93.6%); syringin (peak 5; 

54.2%) played a significant role in an opposite direction to luteolin (peak 18; -68.7%) in PC2; PC3 

leaned to apigenin (peak 22; -72.7%) and apigenin 7-O-B-D-glucoside (peak 15; -68.4%); rutin 

(peak 11; 64.8%) and isoquercetin (peak 12; 54.9%) had greater impact than other chemicals did on 

PC4. 

Clear separation of the three species can be observed in the 4D-PCA scores plot, where each 

coordinate represents a sample (Fig. 3). The first three PCs are indicated by the three axes; the 

fourth one by color. Despite a certain amount of variation within the SL samples, they can be easily 

grouped together according to their relatively high PC1 scores. Based on the PC2 and PC3 scores of 

SM and SI samples, the two species can be seen clustering as two close groups. Compared to SM 

and SL samples, SI herbs showed eminent PC4 scores. The distinguishing of the three species via 

the 4D-PCA plot echos the respective outstanding components of the herbs: SL with its featured 

coumarins umbelliferone (peak 9) and scopoletin (peak 10), and SI with its characteristic rutin 

(peak 11) content. 

 

Fig. 3 Four-dimension PCA score plot of the three snow lotus herbs. 
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Hierarchical cluster analysis 

A 2D hierarchical cluster analysis (HCA) was conducted to reveal relationships within and between 

chemical components and snow lotus samples. To standardize measurement values, mean 

concentration and standard deviation of each compound contained by all the samples was calculated; 

z-score was generated by subtracting the cohort’s mean from the experimental data and dividing by 

the standard deviation. The z-score indicates the intensity (positive or negative) that the amount of 

chemical in a sample herb relative to the average abundance level of such constituent of all samples 

(Supplementary Table S9). In the clustergram, each grid represents the relative value in standard 

deviations (yellow – higher, blue – lower than average) for each sample (Fig. 4). 

The 49 snow lotus samples were clearly clustered in two main groups, reconfirming the PCA 

scores plot. The SL samples are all grouped in cluster A, away from the SM and SI samples in 

cluster B. Grids of SL samples are generally yellow, indicating relatively higher content of the 

analyzed components, especially umbelliferone (peak 9) and scopoletin (peak 10). At the critical 

value of 15, cluster B was divided into two groups, where sub-cluster a includes all SI samples 

while sub-cluster b consists of SM samples. SI samples contained unconditionally higher rutin 

(peak 11) and chlorogenic acid (peak 3) concentrations than SM samples did; SM samples had more 

isoquercetin (peak 12) and luteolin (peak 18) than SI herbs did. 

The twelve quantified chemicals were also clustered to reveal their interrelationships. Analytes 

were separated into four groups, based on their respective abundance levels in every sample, 

interestingly corresponding to their chemical structures. Sub-cluster I includes four coumarins, 

scopolin (peak 4), skimmin (peak 2), umbelliferone (peak 9) and scopoletin (peak 10), all of which 

have been proved to be major components and potent agents for anti-inflammation and 

antinociception in SL herbs.[14,35] Sub-cluster II consists of three phenylpropanoids, chlorogenic 

acid (peak 3), syringin (peak 5) and 1,5-dicaffeoylquinic acid (peak 13), content levels of which, in 

decreasing sequence, are SL, SI and SM. Three flavonoids, luteolin (peak 18), apigenin 7-O-β-D-

glucoside (peak 15) and apigenin (peak 22) are grouped in sub-cluster III. The three have similar 

chemical structures except that luteolin (peak 18) has a hydroxyl substitution on C-3’ while the 

other two have not; luteolin (peak 18) and apigenin (peak 22) are proposed to be two main 

flavonoids accounting for the anti-asthmatic and anticancer effects in SL.[14] Two other flavonoids 

rutin (peak 11) and isoquercetin (peak 12) are in sub-cluster IV; they share a same quercetin parent 

core, respectively substituted with rutinoside and glucoside at C-3, differentiating from the ones in 

sub-cluster III with no substitution at the site. The four categories of analytes have distinctive 
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structural characteristics and bioactivities. The correlation of these chemical signatures with 

therapeutic effects of the three snow lotus species merits further investigation. 

 

Fig. 4 Two-dimension HCA clustergram of the three snow lotus herbs. Rows represent samples (Species-Batch No.) 

and columns represent quantitated chemicals (Peak No.). RD: relative distance. 

 



19 

 

Discussion 

Chemical profiling aids efficient species authentication and explains therapeutic effects 

To the best of our knowledge, this is the first study to simultaneously characterize the three 

representative snow lotus herbs using UPLC-DAD-QTOF-MS. In total, 25 constituents were 

identified in the three snow lotus species. Of these 25, twelve were quantified (Table 3). The 

phytochemical analysis revealed that the main constituents of the snow lotus extracts are flavonoids, 

phenylpropanoids, coumarins, and lignans (Fig. 2). Characteristic chemicals of SL were found 

including picein, skimmin, 4-hydroxyacetophenone, umbelliferone, scopoletin, and acacetin. 

Arctiin and arctigenin were found peculiar to SM. Three sesquiterpenoid derivatives were found 

only in SI samples, namely 3α-hydroxy-11βH-11,13-dihydrodehydro-costuslactone 8-O-β-D-

glucoside, 3α,8α-dihydroxy,11βH-11,13-dihydrodehydro-cotuslactone, and 6α-hydroxycostic acid 

6-β-D-glucopyranoside. Among the common constituents, chlorogenic acid, syringin, isoquercetin, 

1,5-dicaffeoylquinic acid and apigenin were found in the highest concentrations in SL; rutin was 

present most abundantly in SI (Table 3). Given the current serious confusion about the different 

plants used as snow lotus herbs, the results of this qualitative and quantitative phytochemical 

analysis may serve as a reliable reference for efficient authentication of the three species. 

Studies have shown that SL is the most medicinally potent herb among the three species.[5] The 

present results help explain such findings. Umbelliferone and scopoletin are two compounds that 

have been proved to have anti-inflammatory and anti-nociceptive properties.[5,35] These two 

compounds were found in high concentrations uniquely in SL. Skimmin and scopolin, which were 

found either peculiar to or existing in high amount in SL, are converted into their respective 

aglycons, umbelliferone and scopoletin, through hydrolysis of phase I metabolism, contributing to 

increased concentrations of the two pharmacologically effective coumarins.[35] It is estimated that a 

polar substitution at 5-, 6-, or 7-position on such coumarins inhibits lipoxygenase and may incur 

anti-inflammatory effect.[41] Therefore, this study provides a chemical basis for the outstanding 

therapeutic effects of SL. 

This is also the first study to identify picein and homoplantaginin in SL; 1,5-dicaffeoyl-qunic 

acid, 3,5-dicaffeoylquinic acid and 4,5-dicaffeoylquinic acid in SM; and 3,5-dicaffeoylquinic acid 

in SI, thereby updating the chemical databases for all the three herbs. It is one step forward in the 

phytochemical research of snow lotuses. The present UPLC-DAD-QTOF-MS conditions are 
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sufficiently sensitive and accurate to detect a much greater range and percentage of chemical 

constituents, including those of relatively low concentrations. 

Multi-origin medicinal herbs need comprehensive quality evaluation 

When it comes to authenticating and evaluating multi-origin medicine, it is essential to develop a 

sophisticated and extensive quality assessment system in the interest of public health and safety.[6,42] 

Besides morphology as an inevitable indicator of herb quality, chemical composition plays a 

significant role in quality evaluation of medicinal plants. Therefore, a comprehensive yet 

representative chemical profile should be considered, involving multiple marker compounds. 

Criteria for choosing marker compounds should include 1) their relatively high and stable content 

levels across samples, and 2) their distinctive bioactivities contributing to herbal therapeutic effects. 

There has not yet been a chemical evaluation standard for the species of SL as one of the 

official sources of the Tibetan “Cagoesuba” medicine.[2] According to our previous and present 

research, we propose that umbelliferone and scopoletin, and their respective glycosides, skimmin 

and scopolin, should be recognized as marker compounds of the herb.[35] The present clustering 

patterns of the three herbs (Fig. 3 and 4) have brought our attention to the distinctive chemical 

composition of SL, and certain variation within the species: all SL samples showed similarly high 

contents of umbelliferone and scopoletin, while they differed in concentrations of other compounds. 

It has been proved that umbelliferone and scopoletin are two major pharmacologically active 

compounds of the herb, mainly responsible for anti-inflammatory and anti-nociceptive 

bioactivities[34,35]; contributions from other minor constituents are yet to be discovered. Based on 

these two considerations, the two coumarins and their respective glycosides should be marker 

compounds of SL. 

According to ChP, the official chemical standard of dried SI is no less than 0.15% of 

chlorogenic acid and 0.15% of rutin.[4] Although the two compounds were found abundant in all SI 

samples, the standard still lacks specificity because both chemicals are commonly found in most 

Compositae herbs. We suggest more characteristic constituents be taken into consideration as 

markers for this species, including the characteristic sesquiterpenes that we have identified in the 

present study. Simultaneously, comprehensive chemical profiling of SI and subsequent bioactivity 

screening should be carried on. 
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Unsupervised pattern recognition gives interesting insight to herbal classification 

The 4D-PCA and 2D-HCA results based on chemical constituents showed that among the three 

snow lotus species, SL was essentially unique, with its indicative components umbelliferone and 

scopoletin. SM and SI exhibited phytochemical similarities; the two can be distinguished from each 

other by the characteristic arctiin and arctigenin of SM and the high rutin content of SI (Fig. 3 and 

4). Analytes of the three herbs can be categorized in four groups according to their chemical 

structures. 

The chemical clustering pattern separating SL from the other two species interestingly differed 

from the botanical classification in FOC, where the three herbs were assigned in two subgenera of 

genus Saussurea based on their different capitula arrangements: SI in Subgen. Amphilaena 

(Stscheglejew) Lipschitz; SL and SM in Subgen. Eriocoryne (Wallich ex Candolle).[27] In the flora, 

the evolutionary sequence, from most developed to most primitive, was SI, SL and SM.[27] We have 

previously found that microscopic characteristics of the three species, such as pollen grain 

morphology, suggest that SL is probably the most advanced, which contradicts the record in 

FOC.[12] We have also discovered that SL evidently exerts better anti-inflammatory and anti-

nociceptive effects than the other two herbs.[5] The present chemical profiling results are in 

accordance with our previous morphological and pharmacological studies. 

The current botanical classification system is mainly based on macroscopic features, which 

probably do not represent the totality of phylogenetic development. Integrated consideration of 

morphological, chemical and even pharmacological data of species makes an overall identification 

and classification possible. A comprehensive botanical taxonomy system provides meaningful 

reference to quality control and evaluation of herbs and is therefore playing a significant role in the 

chemical analysis study. 

 

Conclusions 

This is the first study to carry out simultaneous in-depth analysis and comparison of chemical 

compositions of the three representative snow lotus herbs; it is one step forward from our previous 

studies comparing macroscopic and microscopic features and pharmacological effects.[5,12] 4D-PCA 

and 2D-HCA jointly provided an innovative prospective to the quantification results, illustrating an 

unambiguous chemical classification of the three herbs, with SL being the most distinctive. Based 
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on the present study, our analytical method using UPLC-DAD-QTOF-MS followed by 

unsupervised pattern recognition was successful in analyzing the three snow lotuses. This method 

can serve as a preferable choice for classifying and evaluating other closely related or confused 

herbal species, especially those of traditional medicines with multiple origins. 

Our chemical profiling of SL provided a phytochemical basis for explaining its outstanding 

pharmacological and clinical effects. 4D-PCA and 2D-HCA results of the three snow lotuses 

showed a different categorization pattern from the traditional classification system. Along with our 

previous findings, we suggest that, when determining hypothetical evolutionary relationships of 

plants, combinational analysis of traditional botanical taxonomic characters as well as microscopic 

features, phytochemical profiles and pharmacological efficacies can be considered. Combining an 

in-depth chemical profile determination, integrative chemometric analysis, and comprehensive 

herbal classification system, quality control and evaluation of herbal products of “snow lotus” as 

well as other multi-origin medicinal materials can be achieved. 
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