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Abstract Saussurea laniceps (Compositae), commonly known as “cotton-headed snow lotus”, is the 

most effective “snow lotus” used in both Tibetan and Chinese folk medicine. It performs outstandingly 

in treating rheumatoid arthritis, which mainly is credited for its anti-inflammatory and anti-nociceptive 

efficacy, as explained by modern pharmacological studies. Extracts of the herb, including 

umbelliferone and scopoletin, exert such effects in various in vivo and in vitro studies. Besides the two 

chemicals above, more than 100 organic compounds have been found in S. laniceps, and 58 of them 

are presented here in molecular structure, including cynaropicrin, mokko lactone, apigenin, acacetin, 

and luteolin, all contributing to different bioactivities, such as analgesic, antioxidant, 

immunomodulatory, anti-microbial and anticancer effects. We provide a natural product library of S. 

laniceps, giving inspirations for structure modification and bioactivity-oriented screening, enabling 

sustainable use of this valuable plant. The ethnomedical applications and pharmacological discoveries 

are compared and crosslinked, revealing modern evidence for traditional usages. Despite that S. 

laniceps is a representative “snow lotus” herb, its material medica records and clinical applications are 

complicated; there is considerable confusion with the different snow lotuses in the academic 

community and on the market. This review also aims at clearing such confusion, and improving 

quality assessment and control of the herb. To better utilize the valuable plant, further comparison 

among the chemical constitutions, pharmacological activities and therapeutic mechanisms of different 

snow lotuses are needed. 

 

Keywords Anti-inflammatory; Chinese medicine; Saussurea laniceps; scopoletin; umbelliferone. 
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Introduction 

 Several Saussurea herbs have been used as “snow lotus” preparations, including a Tibetan 

“Cagoesuba” ("snow lotus” in English). According to the Ministry of Health of the People's Republic of 

China, the two source species of “Cagoesuba” are Saussurea laniceps Hand.-Mazz. and S. medusa 

Maxim. (Committee of Chinese Pharmacopoeia 1995). They have a cooling medicinal property according 

to the traditional theory of Chinese medicine, and are effective to remove toxic heat, in order to treat 

rheumatoid arthritis, epilepsy, head sores, anthrax, and dermatitis, as well as to reduce swelling, as 

recorded in Jingzhu Bencao and Dêqên Tibetan Medicine (Tendzin Phüntshog 1989; Yang et al. 1989). 

Saussurea involucrata (Kar. et Kir.) Sch.Bip. is recorded as a traditional Chinese medicine and Uighur 

medicine “Tianshanxuelian” ("snow lotus in Mt. Tianshan” in English) in the Chinese Pharmacopeia 

(Committee of Chinese Pharmacopoeia 2015). Different from the above two herbs, it has a warming 

effect, invigorating “Yang” to treat rheumatism, impotence, and irregular menses, mainly used in Xinjiang 

of China (Editorial Group of Quanguo Zhongcaoyao Huibian 1975; Health Bureau of Xinjiang Uygur 

Autonomous Region et al. 1975; Xiao 2007). Therefore, S. laniceps, S. medusa, and S. involucrata are the 

three species that can be considered authentic snow lotuses, with different therapeutic effects (Table 1) 

(Jia et al. 2005; Health Bureau of Xinjiang Uygur Autonomous Region et al. 1975; Xie 2008; Liu 2006; 

Editorial Board of Chinese Materia Medica 2002, 2004, 2005; Xiao 2007; Chik et al. 2015; Fan et al. 

2015). 

Table 1. An outlined comparison among the three representative snow lotus herbs 

Name of herb S. laniceps S. medusa S. involucrata 

Medical system Tibetan medicine Tibetan and Mongolian medicine Traditional Chinese medicine; Uighur, 

Mongolian and Kazakhstan medicine  

Medical name Caegosuba (恰果蘇巴) Tianshanxuelian (天山雪蓮) 

Medicinal property Cool Warm, with slight toxicity 

Therapeutic effects Remove toxic heat; reduce swelling and pain. Dispel internal coldness; invigorate 

Yang and the kidney. 

Medicinal 

applications 

Rheumatoid arthritis; irregular 

menstrual cycles; asthma; epilepsy; 

head sores; anthrax; dermatitis. 

Anthrax; spasm in limbs; 

neuropathic pain; rheumatoid 

arthritis; head trauma; concussion; 

pregnancy termination. 

Rheumatism; irregular menstruation; 

impotence; cough; measles; blood 

stanching. 

Pharmacological 

effects 

Anti-inflammatory and anti-

nociceptive; antioxidant and 

Anti-inflammatory; analgesic; anti-

fungal; antitumor; anti-anoxia; anti-

Anti-neoplastic; anti-arthritic; anti-

oxidative and anti-aging; anti-fatigue; 
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immunomodulatory; anti-

microbial; anti-asthmatic and 

antispasmodic; anticancer. 

oxidative; anti-fatigue; uterus, 

intestine, tracheal smooth muscle 

cardiovascular system and immune 

system affecting. 

neuro-protective and anti-hypoxic; 

immunodulative. 

 

 Studies have given evidence that S. laniceps performs the best in various pharmacological models 

among the three snow lotuses (Yi et al. 2010, Yi et al. 2014), very likely due to its distinct chemical 

compositions from the other two (Shi et al. 2013a; Shi et al. 2013b; Yi et al. 2009a), making the herb a 

promising natural remedy. However, the two “Cagoesuba” and the “Tianshanxuelian” are often simply 

jointly regarded as “snow lotus” and confused with each other (Li 1999). Some literatures have even 

mistaken that the three species show no differences (Wang et al. 2003; Yuan et al. 2004; Chen et al. 2005; 

Xie et al. 2007; Huang et al. 2002; Chen et al. 1999; Zhao et al. 1996; Wang et al. 2001; Cheng et al. 

2004). 

 In need of distinguishing the confused species, two reviews have given focus on S. medusa and S. 

involucrata, respectively. The flavonoids of S. medusa not only are the most abundant chemical 

constituents in the herb, but also contribute most to the pharmacological activities; their production levels, 

along with those of other chemicals including jaceodisin and syringin, can be regulated by various tissue 

culture manipulations (Fan et al. 2015). Chlorogenic acid and rutin accounting for the pharmacological 

effects of S. involucrata, the quality evaluation and composition monitoring system of the herb needs 

further sophistication; other active components and mechanisms of action remain to be elucidated, 

including those in treating various cancers (Chik et al. 2015).  

 Proved as the outstanding but frequently mistaken and overlooked snow lotus herb, it is of significant 

necessity that S. laniceps be formally introduced. To further clear the confusion, enhance the quality of 

medical usage of S. laniceps, and shed light on its development as a potential herbal agent, we are 

herewith presenting an organized ethnomedical literature summary, an updated natural product library, 

comprehensive comparisons of bioactivities of constituents, and discussion on quality control of the herb. 

Botany 

Occurence 

The plant can be found in alpine areas of rock debris and crevices at altitudes between 4200-5300 m in 

the Himalayas (The Comprehensive Scientific Expedition to the Qinghai-Xizang Plateau 1985; Chinese 
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Medicinal Materials Company 1994), including western Sichuan, northwestern Yunnan, and southwestern 

Tibet in China (Yunnan Medicinal Materials Company Limited 1993; Institute of Botany of Chinese 

Academy of Science 1975), Sikkim in India, and northern Myanmar (Shi et al.). 

Botanical Description 

S. laniceps is a perennial monocarpic herb 15–30 cm tall (Editorial Board of Chinese Materia Medica 

1999). Rhizomes are stout, with brown petiole remnants (Delectis Florae Reipublicae Popularis Sinicae 

Agendae Academiae Sinicae Edita 1999). Stems are sturdy and erect, 6.4–8.5 cm in diameter (Yang et al. 

1997), with white hairs on top. Leaves are crowded, ovate-lanceolate to spathulate, 8–15 cm in length, 

1.5–2 cm in width, with attenuate-acuminate apices and repand margins; arachnoid hairs are on adaxial 

sides, and dense brown tomentum are on abaxial sides (Yang et al. 1997). Bracteal leaves are linear-

lanceolate, with both surfaces covered with white tomentum. Involucral bracts are broad-campanulate, 15 

mm in diameter, in 3 to 4 layers; bracts of outer layers are lanceolate to linear-lanceolate, 6 mm in length 

and 1 mm in width, with white or brown hairs; bracts of inner layers are lanceolate, apices are acuminate, 

9 mm in length and 4 mm in width, with dense, long, dark brown hairs (Chen et al. 2014). Inflorescences 

are spicate, arranged along the upper stem, 6.4–8.5 cm in diameter, with bristles on receptacles (Yang et 

al. 1997). All flowers are tubular, white, 8–12 mm in length; limbs are 3 times longer than tubes; anthers 

are light purple, fused into a tube, bases of anthers are obtuse; stigmata are 2-lobed (Chen et al. 2014); 

ovaries are inferior, each with one ovule in a locule. Pappi are gray, in two layers; outer layers are coarse 

and short, and inner layers are feathery and long. The whole plant has a faint odor (Institute of Botany of 

Chinese Academy of Science 1975) and a slightly bitter taste like raw sunflower seeds (Chen et al. 1995). 

The plant shows a violet florescence under daylight in water (Chen et al. 1995). Fig. 1 shows herbal and 

medicinal samples of the species. 

 

Fig. 1 Photos of S. laniceps plant (left) and medicinal material (right). 
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Overall, S. laniceps is very similar to S. gosssypiphora D. Don in appearance, except that the shapes 

of their inflorescences and involucral bracts, and the color of their hairs and pappi are slightly different 

(The Comprehensive Scientific Expedition to the Qinghai-Xizang Plateau 1985). Some books have 

confused one with the other (The Comprehensive Scientific Expedition to the Qinghai-Xizang Plateau 

1985; Chinese Medicinal Materials Company 1994; Cheng et al. 2004; Editorial Committee of Flora of 

China 1999; Editorial Group of Quanguo Zhongcaoyao Huibian 1975). 

Propagation and Harvesting 

 The flowering and fruiting period of S. laniceps is generally between June and October (Editorial 

Board of Chinese Materia Medica 1999; Editorial Committee of Flora of China 1999; National Institutes 

for Food and Drug Control et al. 1984; Luo 1997). The inflorescences of S. laniceps are highly adapted to 

entomophily for cross-pollination: anthers mature before pistils; sepals metamorphosed into 2-layered 

pappi; the pappi in the outer layer are short and readily fall off, while the one in the inner layer are 

feathery, enabling the long-distance propagation of fruits (Law et al. 2010). 

 To harvest S. laniceps, the entire plant in generally pulled up, cleaned, dried, divided into bundles, and 

preserved in a cool and dry area (Zhu 2002). In most cases, plants are collected at the flowering period 

before setting seed, so that they look robust thus more enticing as specimens for medicine or for sale. 

When harvested prior to setting seed, no new genetic material is introduced into the population, leaving 

weaker individual to continue seeding (Lee et al. 2007). There is little cultivation of S. laniceps; almost all 

material in commerce has been collected from the wild. Therefore, the population vitality and survival of 

the species is threatened by heavy and illegal harvesting of the plant (Law 2007; Law et al. 2005). 

Phytochemistry 

 Chemicals of different classes have been isolated from and identified in S. laniceps. Most of the 

phytochemical research of the species are qualitative, apart from which a few quantitative studies of 

certain chemical constituents were carried out (Table 2). The quantification results from different 

researches of a same compound varied from each other, probably attributing to the difference in 

identification methods and herbal samples tested. 
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Table 2. Quantitative phytochemical studies of S. laniceps 

Chemical class Chemical name Detection method Content (mg g-1 unless specified) References 

Flavonoid Total flavonoids Colorimetric method 9.47 Shi et al. (2013b) 

Apigenin (15) HPLC–DAD–ESI–MSn 0.91 Dawa et al. (2010) 

HPLC–DAD–ESI–MS 0.23–0.44 Yi et al. (2009) 

Apigenin 7-O-β-D-glucoside (16) HPLC–DAD–ESI–MSn 1.80 Dawa et al. (2010) 

Apigenin 7-O-β-D-lutinoside (18) HPLC–DAD–ESI–MSn 0.80 Dawa et al. (2010) 

Luteolin (23) HPLC–DAD–ESI–MSn 0.01 Dawa et al. (2010) 

Luteolin 7-O-β-D-glucoside (24) HPLC–DAD–ESI–MSn 0.09 Dawa et al. (2010) 

Coumarin Umbelliferone (39) HPLC–DAD–ESI–MSn 9.69 Dawa et al. (2010) 

HPLC–DAD–ESI–MS 3.16–7.03 Yi et al. (2009) 

UPLC-PDA-ESI/MS ESL: 23.43 ± 0.45 

WSL: 15.52 ± 0.48 

Yi et al. (2012) 

Scopoletin (43) HPLC–DAD–ESI–MSn 13.24 Dawa et al. (2010) 

HPLC–DAD–ESI–MS 4.32–9.76 Yi et al. (2009) 

UPLC-PDA-ESI/MS ESL: 35.82 ± 0.29; WSL: 24.20 ± 0.87 Yi et al. (2012) 

Scopolin (44) HPLC–DAD–ESI–MSn 1.49 Dawa et al. (2010) 

Phenylpropanoid Syringin (45) HPLC–DAD–ESI–MS 0.61–2.53 Yi et al. (2009) 

UPLC-PDA-ESI/MS ESL: 6.38 ± 0.13 

WSL: 5.41 ± 0.15 

Yi et al. (2012) 

Chlorogenic acid (46) HPLC–DAD–ESI–MS 2.30–6.97 Yi et al. (2009) 

UPLC-PDA-ESI/MS ESL: 24.60 ± 0.74; WSL: 18.2 ± 20.33 Yi et al. (2012) 

1,3-Dicaffeoylquinic acid (47) UPLC-PDA-ESI/MS ESL: 0.45 ± 0.01; WSL: 0.82 ± 0.02 Yi et al. (2012) 

1,5-Dicaffeoylquinic acid (48) HPLC–DAD–ESI–MS 0.88–3.00 Yi et al. (2009) 

UPLC-PDA-ESI/MS ESL: 8.54 ± 0.16; WSL: 3.80 ± 0.13 Yi et al. (2012) 

Polysaccharides 

and 

monosaccharides  

Polysaccharides Anthrone-sulfuric acid colorimetric method 14.5% (w/w) Chen et al. (2006) 

Galacturonic acid HPLC–DAD–ESI–MS 72.87 Shi et al. (2013a) 

Glucose + Galactose HPLC–DAD–ESI–MS 67.10 Shi et al. (2013a) 

Rhamnose HPLC–DAD–ESI–MS 31.98 Shi et al. (2013a) 

Mannose HPLC–DAD–ESI–MS 12.94 Shi et al. (2013a) 
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Arabinose HPLC–DAD–ESI–MS 11.21 Shi et al. (2013a) 

Xylose HPLC–DAD–ESI–MS 5.64 Shi et al. (2013a) 

Fucrose HPLC–DAD–ESI–MS 4.57 Shi et al. (2013a) 

Total fatty acid Saturated fatty acids HPLC-FLD-APCI-MS 997.10 μg g-1 Jing et al. (2012) 

Monounsaturated fatty acids HPLC-FLD-APCI-MS 88.54 μg g-1 Jing et al. (2012) 

Polyunsaturated fatty acids HPLC-FLD-APCI-MS 330.82μg g-1 Jing et al. (2012) 

Representative 

volatile oil 

Caryophyllene oxide GC-MS 6.39% Dawa et al. (2008a) 

β-Eucalyptol GC-MS 5.06% Dawa et al. (2008a) 

Phytone GC-MS 4.61% Dawa et al. (2008a) 

Palmic acid GC-MS 4.09% Dawa et al. (2008a) 

HPLC: High performance liquid chromatography; DAD: Diode array detector; ESI: Electrospray ionization; MS: Mass spextrometry; UPLC: Ultra-high performance liquid chroma-

tography; PDA: Photo-Diode Array; ESL: Ethanol extract of S. laniceps; WSL: Water extract of S. laniceps; FLD: Fluorescence detector; APCI: Atmospheric pressure chemical ionization; 

GC: Gas chromatography. 
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Terpenes 

Sesquiterpene Constituents 

 S. laniceps has many sesquiterpenecontituents, most of which are the guaiane-type, as forms of 

lactones, glucosides, and alkaloids (Fig. 2) (Wang et al. 2005a). This type of sesquiterpene includes 

xuelianlactone (1) (Dawa et al. 2008b), xuelianlactone 8-O-β-D-glucopyranoside (2) (Dawa et al. 2008b), 

mokko lactone (3) (Wang et al. 2008), 3α,8α-dihydroxy-11βH-11,13-dihydrodehydrocostuslactone (4) 

(Wang et al. 2008), 8α-hydroxy-11βH-11,13-dihydrodehydrocostuslactone (5) (Zhou et al. 2007), 3α-

hydroxy-11βH-11,13-dihydrodehydrocostuslactone 8-O-β-D-glucoside (6) (Wang et al. 2008), 3α,8α-

dihydroxy-11βH-11,13-dihydrodehydrocostuslactone 8-O-β-D-glucopyranoside (7) (Zhou et al. 2007), 

3α,8α-dihydroxy-1αH,5αH,6βH,11βH-guai-4(15),10(14)-dien-12,6-olide 8-O-2-hydroxymethylacrylate 

(8) (Wang et al. 2005b), 3α,8α-dihydroxy-1αH,5αH,6βH,11βH-guai-4(15),10(14)-dien-12,6-olide 8-O-2-

methylacrylate (9) (Wang et al. 2005b), cynaropicrin (10) (Wang et al. 2008) and lanicepomine A (11) 

(Wang et al. 2010). An eudesmane-type sesquiterpene, 3α,7α,12-trihydroxyeudesm-4(15),11(13)-diene 

(12), has also been isolated (Wang et al. 2005b). 

 

Fig. 2 Sesquiterpenes in S. laniceps. 
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Triterpenes 

 β-Amyrin (13) (Wang et al. 2008) has been identified in the plant (Fig. 3).. 

 

Fig. 3 Triterpene in S. laniceps. 

Flavonoids 

 Fourteen flavonoids and their derivatives have been isolated from this species (Fig. 4), including 5,6,7-

trihydroxy-4’-methoxyflavone (14) (Zhou et al. 2007), apigenin (15) (Dawa et al. 2008b; Dawa et al. 

2010; Yi et al. 2009a), apigenin 7-O-β-D-glucoside (16) (Dawa et al. 2008b; Dawa et al. 2010; Yi et al. 

2009a; Yi et al. 2014), apigenin 7-O-α-L-rhamnosyl-(1→2)-β-D-glucoside (17) (Yi et al. 2009a; Yi et al. 

2014), apigenin 7-O-β-D-lutinoside (18) (Dawa et al. 2008b; Dawa et al. 2010), homoplantaginin (19) 

(Dawa et al. 2010), acacetin (20) (Wang et al. 2008), acacetin 7-O-β-D-glucoside (21) (Yi et al. 2009a), 

isoquercetin (22) (Yi et al. 2009a; Yi et al. 2014), luteolin (23) (Dawa et al. 2008b; Dawa et al. 2010), 

luteolin 7-O-β-D-glucoside (24) (Dawa et al. 2008b; Dawa et al. 2010), luteolin 7-O-β-D-lutinoside (25) 

(Dawa et al. 2008b; Dawa et al. 2010), chrysoeriol (26) (Yi et al. 2009a), chrysoeriol 7-O-β-D-glucoside 

(27) (Yi et al. 2009a). 
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Fig. 4 Flavonoids in S. laniceps. 

Lignans 

Dibenzyltyrolactones 

 Dibenzyltyrolactones in the species (Fig. 5) include arctigenin (28) (Li et al. 2013) and arctiin (29) 

(Zhou et al. 2007; Yi et al. 2009a). 

 

Fig. 5 Dibenzyltyrolactones in S. laniceps. 

Arylnaphthalenes 

 Isolariciresinol (30), (+)-lyoniresinol (31) and cycloolivil (32) are three arylnaphthalenallignans found 

in S. laniceps (Fig. 6) (Li et al. 2013). 
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Fig. 6 Arylnaphthalenalenes in S. laniceps. 

Tetrahydrofurans 

 Two tetrahydrofurans are discovered in the species, namely, lanicepsides A and B (33 and 34, Fig. 7) 

(Zhou et al. 2007). 

 

Fig. 7 Tetrahydrofurans in S. laniceps. 

Furofurans 

 Pinoresinol (35) (Li et al. 2013), 8α-hydroxypinoresinol (36) (Li et al. 2013), (+)-syringaresinol (37) 

(Li et al. 2013), and epipinoresinol (38) (Zhou et al. 2007) have been isolated from the plant (Fig. 8). 
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Fig. 8 Furofurans in S. laniceps. 

Coumarins 

 Simple coumarins and their derivatives have been identified in the species (Fig. 9), namely, 

umbelliferone (39) (Dawa et al. 2008b; Dawa et al. 2010; Yi et al. 2009a; Yi et al. 2014; Yi et al. 2010), , 

skimmin (40) (Yi et al. 2014), malonyl umbelliferone 7-O-β-D-glucoside (41) (Yi et al. 2009a), 

isoscopoletin (42) (Dawa et al. 2008b), scopoletin (43) (Dawa et al. 2008b; Dawa et al. 2010; Yi et al. 

2009a; Yi et al. 2014; Zhao et al. 1986; Yi et al. 2010), and scopolin (44) (Dawa et al. 2008b; Dawa et al. 

2010; Yi et al. 2014; Yi et al. 2010). 

 

Fig. 9 Coumarins in S. lanieps. 

Phenylpropanoids 

 Syringin (45) (Dawa et al. 2008b; Wang et al. 2008; Zhou et al. 2007; Dawa et al. 2010; Yi et al. 2014; 

Yi et al. 2009a; Li et al. 2013; Yi et al. 2010), chlorogenic acid (46) (Yi et al. 2009a; Yi et al. 2014; Yi et 

al. 2012; Yi et al. 2010), 1,3-dicaffeoylquinic acid (47) (Yi et al. 2012), 1,5-dicaffeoylquinic acid (48) (Yi 
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et al. 2009a; Yi et al. 2014; Yi et al. 2010; Yi et al. 2012), 3,4-dicaffeoylquinic acid (49) (Yi et al. 2014), 

3,5-dicaffeoylquinic acid (50) (Yi et al. 2014) and 4,5-dicaffeoylquinic acid (51) (Yi et al. 2014) are found 

in the herbal extract (Fig. 10). Particularly, Yi et al. reported that 1,3-dicaffeoylquinic acid (52) is not only 

one of the constituents in the extract, but also a transesterification product of 1,5-dicaffeoylquinic acid 

(48) during heating in water (Yi et al. 2012). Two phenolic esters, ethyl caffeate (52) (Zhou et al. 2007) 

and methyl-3-(2,4-dihydroxy phenyl) propanoate (53) (Dawa et al. 2008b; Li et al. 2013) have also been 

identified in the species. 

 

Fig. 10 Phenylpropanoids in S. laniceps. 

Phytosterols 

 β-Sitosterol (54) (Zhao et al. 1986; Dawa et al. 2008b), daucosterol (55) (Dawa et al. 2008b; Wang et al. 

2008), stigmastanol (56) (Zhu 2002) and stigmastan-7-en-5-ol (57) (Zhu 2002) have been reported in S. 

laniceps. The former two are of sitosterol-type, and the latter two are of stigmasterol-type (Fig. 11). 
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Fig. 11 Phytosterols in S. laniceps. 

Anthraquinone 

 Physcion (58, Fig. 12) (Zhao et al. 1986) is the sole anthraquinone found in S. laniceps. 

 

Fig. 12 Anthraquinone in S. laniceps. 

Alkaloid 

 An indole alkaloid, neoechinulin A (59) (Dawa et al. 2008b), are reported in the plant (Fig. 13). 
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Fig. 13 Alkaloid in S. laniceps. 

Monosaccharides and Polysaccharides 

 Shi et al. found that monosaccharides and derivatives of polysaccharides in S. laniceps include, in 

descending order of concentration, galacturonic acid, glucose and galactose, rhamnose, mannose, 

arabinose, xylose and fucrose (Shi et al. 2013a). 

Fatty Acids 

 Jing et al. reported that the content of total fatty acids (FA) of S. laniceps is significantly lower than 

those of S. involucrata and S. medusa, and that thirteen FAs have been determined in S. laniceps, 

including saturated FAs such as capric acid (C10:0), lauric acid (C12:0), myristic acid (C14:0), palmitic 

acid (C16:0), heptadecanoic acid (C17:0), stearic acid (C18:0), arachidic acid (C20:0), heneicosoic acid 

(C21:0), and behemic acid (C22:0), monounsaturated FA such as leicaicd (C18:1), and polyunsaturated 

FAs such as linoleic acid (C18:2), linolenic acid (C18:3) and arachidomic acid (C20:4) (Jing et al. 2012). 

Phenolic Constituents 

 Phenolic chemicals in the species include two phenolic acids, protocatechuic acid (Yi et al. 2009a) and 

4-hydroxyacetophenone (Wang et al. 2008; Li et al. 2013; Zhao et al. 1986; Dawa et al. 2008b), and 

another phenolic compound 4-methylphenol (Wang et al. 2008). 

Volatile Oil 

 Eighty-three chemicals were identified in the volatile oil of S. laniceps by Dawa et al. using GC-MS, 

including sesquiterpenes, FAs and their esters, aromatic compounds, as well as long chain alkanes, alkyl 

alcohols, and alkyl aldehydes (Dawa et al. 2008a). According to their study, major volatile oil constituents 
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(exceeding 2% in amount) are caryophyllene oxide, β-eucalyptol, phytone, palmic acid, 

dihydroagarofuran, phytol, 3-methyl-4,6-hexadecene, spathulenol, β-selinene and caryothyllene. 

Others 

 Other compounds reported but not categorized above are listed below: succinic acid (Li et al. 2013), 

uridine (Wang et al. 2008), benzylglucopyranoside (Wang et al. 2008), 3β-hydroxy-5α,6α-epoxy-7-

megastigmen-9-one (Wang et al. 2008) and n-hentriacontane (Wang et al. 2005b; Li et al. 1998; Zhao et 

al. 1986). 

Ethnopharmacology 

 S. laniceps has been used as one of the source species of “snow lotus” medicine and has various local 

names and medical applications in different ethnomedical systems (Table 3). In both Tibetan medicine 

and Chinese folk medicine, S. laniceps, sometimes along with other local replacements, is applied in 

treatments of rheumatoid arthritis and menoxenia, and is also considered effective to cure anthrax and 

head sore in Tibet and to heal impotence and leukorrhea as well as to stanch bleeding by Chinese herbal 

practitioners. The Pumi and Naxi people in Yunnan province of China mainly use it to ease dizziness. 

 There has been a confusion of various snow lotus species in China, leading to disorienting flora and 

medica records. For instance, S. laniceps is officially recorded by Ministry of Health of the People's 

Republic of China as a Tibetan medicine with a cooling medicinal property (Committee of Chinese 

Pharmacopoeia 1995), explaining its efficacies to relieve head sore and toothache, while another 

renowned snow lotus, S. involucrata, has a warming effect, enabling itself to invigorate the “Yang” and to 

treat impotence (Committee of Chinese Pharmacopoeia 2010); however, some books have misleadingly 

mixed these two herbs with opposite therapeutic strategies and varied clinical applications under one 

“Xuelianhua” item (Jiangsu New Medical College 2006; Zhao 1997),  which may cause misusages of the 

respective herbs. Therefore it is essential to distinguish and clarify the major Saussurea species in order to 

utilize the snow lotus medicine wisely. Yet despite the opposite medicinal properties of S. laniceps and S. 

involucrata, they can both cure rheumatism and regularize menstruation cycles, drawing interest in further 

investigation into their dual-directional treatment mechanisms. 

 There are other Saussurea species used as local replacements of “snow lotus”, especially in Tibet, 

Sichuan, Yunnan, Inner Mongolia, Qinghai and Gansu of China, such as S. gossypiphora D. Don, S. 
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gnaphalodes (Royle ex Royle) Sch.Bip., S. quercifolia W. W. Sm., S. leucoma Diels, S. tridactyla Sch. 

Bip. ex Hook. f., and S. eriocephala Franch. (Xie 2008; Editorial Group of Quanguo Zhongcaoyao 

Huibian 1975). Other herbs are used under the folk name of “snow lotus” in China; however, they have 

totally different medicinal uses and the distinctions need to be clarified (Xie 2008). In the Emei Mountains 

of Sichuan, Primula sonchifolia Franch. is used by local people to clear heat and drain dampness in the 

body. In Xichang, Sichuan, P. poissonii Franch. is used to accelerate blood circulation and relieve cough. 

In Zoigê of Sichuan, herbs in the Soroseris genus are used for removing toxic heat, soothing the liver, and 

reducing blood pressure. In Heilongjiang province, Adonis amurensis Regel et Radde is used as a herbal 

cardiotonic and diuresis medicine. All of these herbs are known to the locals as “snow lotus”. 

 Our focused species in this study, S. laniceps, has a reputation for being effective in treating various 

diseases such as rheumatoid arthritis, gynaecopathia, anthrax and asthma. These efficacies are supported 

by modern pharmacology studies showing that the plant does indeed exert multiple bioactivities, including 

anti-inflammatory, anti-nociceptive, antioxidant, immunomodulatory, anti-microbial, anti-asthmatic, 

antispasmodic, anticancer, and cytotoxicity. 
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Table 3. Records of S. laniceps in different ethnomedical systems 

Ethnomedi-

cinal 

system 

Medicinal name Source 

species 

Clinical applications References 

By oral administration External use 
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id

 arth
ritis 

Irreg
u
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n
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eu
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D
izzin

ess; tin
n

itu
s; d

azzlin
g

 

Others T
rau

m
atism

; b
leed

in
g

 

S
w

ellin
g
 

Tibetan 

medicine 

Cagoesuba 

(恰果蘇巴) 

SL √ √ √ √ √ √  √ Stroke  √ Jia et al. (2005) 

Medoganla 

(美朵岡拉) 

SL √ √    √   Altitude sickness; cough; asthma; 

cold uterus and infertility 

√  Jia et al. (2005) 

Miantou Xuetuzi 

(綿頭雪兔子) 

SL √ √    √   Altitude sickness; cough; asthma √  Luo (1997) 

Miantou 

Xuelianhua 

(綿頭雪蓮花); 

Miantou Xuetuzi 

SL √ √ √ √   √  Neurasthenia √  Xie (2008) 

Xuelianhua 

(雪蓮花) 

SL; SM √    √ √     √ Tendzin Phüntshog (1989) 

Xuelianhua; 

Cagoesuba 

SL; SM √ √ √  √ √     √ Committee of Chinese 

Pharmacopoeia (1995) 

Xuelianhua SL; SM; SI √ √   √ √   Epilepsy; dermatosis; induce 

labor 

 √ Yang et al. (1989) 

Cagoesuba SL; SM; ST √ √ √ √ √ √   Stroke; dysmenorrhea; retained 

afterbirth 

  National Institutes for Food 

and Drug Control and Food & 

Drug Inspection Institute of 
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Yunnan (NIFDC and FDIIY) 

(1984) 

Chinese 

folk 

medicine 

Miantou 

Xuelianhua 

SL √ √ √ √        Yunnan Medicinal Materials 

Company Limited (1993) 

Miantou 

Xuelianhua 

SL √ √ √ √   √   √  Chinese Medicinal Materials 

Company (1994) 

Xuelianhua SL; SM √ √ √    √     Xie et al. (2001) 

Xuelianhua SL; SM  √ √ √        Food and Drug 

Administration of Guizhou 

Province (2003) 

Xuelianhua SL; SE √ √ √ √   √   √  Editorial Group of Quanguo 

Zhongcaoyao Huibian (1975) 

Xuelianhua SL; SM; SI √ √ √ √   √   √  Zhao (1997)  

Xuelianhua SL; SM; SI; 

ST; SQ 

√ √ √ √   √   √  Jiangsu New Medical College 

(2006) 

Xuelianhua SL; SM; ST; 

SQ; SG 

√ √ √ √      √  Editorial Board of Chinese 

Materia Medica (1999) 

Xuelianhua SL; SM; ST; 

SQ; SG 

√ √ √ √      √  Cheng et al. (2004) 

Pumi 

medicine 

Xuelenhua 

(楔楞花) 

SL        √    Jia et al. (2005) 

Xuelenhua SL; SM; ST        √    NIFDC and FDIIY (1984) 

Naxi 

medicine 

Mbetole 

(杯唾勒) 

SL  √ √     √    Jia et al. (2005) 

Mbetole SL; SM; ST  √ √         NIFDC and FDIIY (1984) 

SL: S. laniceps; SM: S. medusa; SI: S. involucrata; ST: S. tridactyla; SE: S. eriocephala; SQ: S. quercilofia; SG: S. gnaphaloides.
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Bioactivity 

Anti-inflammatory and Anti-nociceptive Activities 

 Proved throughout centuries, S. laniceps performs outstandingly in treating rheumatoid arthritis, a 

chronic inflammatory disorder, with joint pain as its leading symptom. Evidence have been given that S. 

laniceps exerted much better  anti-inflammatory and anti-nociceptive efficacies than the other two major 

snow lotus species, S. medusa and S. involucrata, did (Yi et al. 2010), and that its ethanol extract 

outmatched the aqueous one (Yi et al. 2012). More researches has been done to discover that different 

extracts of S. laniceps (Table 4), sesquiterpenes like cynaropicrin (9) (Table 5), flavonoids including 

apigenin (15) and isoquercetin (22) (Table 6), as well as representative coumarins umbelliferone (39), 

scopoletin (43) and scopolin (44) (Table 7) all showed evident inflammatory effects, and that its 50% 

ethanol extract and aqueous extract (Table 4) along with umbelliferone (39) and scopoletin (43) (Table 7) 

show pain-killing potentials. 

 Classic and widely accepted models with clear indication of anti-inflammatory and analgesic 

capabilities have been employed in previous studies. To look into anti-inflammatory effects of small 

molecules of S. laniceps, RAW264.7 cells (Kim et al. 2004), mouse bone marrow derived cells (mBMMC) 

(Kim et al. 2006) and mouse peritoneal macrophages (mPM) (Silván et al. 1996) have been tested. 

Combined anti-inflammatory bioactivities of extracts have been evaluated on gut immunity of fruit flies 

(Zhu et al. 2014) along with on murine models, including carrageenan-induced rat paw edema (Yi et al. 

2010), xylene-induced mouse ear edema (Yi et al. 2010) and croton oil-induced mouse ear edema (Yi et 

al. 2012), respectively taking increase in paw size (Winyard et al. 2003), weight of ear edema (Atta et al. 

1998), and difference in weight between the two plugs (Gianagaspero et al. 2009) as anti-phlogistic 

measurements. With an attempt to quantify anti-nociceptive responses of the tested rodents, acetic acid-

induced abdominal constriction and hot-plate methods were employed to comprehensively elucidate 

peripheral and central activity, respectively (Yi et al. 2010, 2012; Tanaka et al. 1977; Lino et al. 1997; 

Meotti et al. 2006).  

 However, there is scope to further de-convolute disease pathways of rheumatoid arthritis and 

therapeutic approaches of potential agents isolated from S. laniceps, which anti-arthritic effects can be 

investigated on rats and mice models such as type-II collagen-induced arthritis (CIA) (Shaw et al. 2011) 

and adjuvant-induced arthritis (AIA) (Mcnamee et al. 2015). However, attention has to be paid on the 



22 
 

pathological similarities of adopted models to human rheumatoid arthritis and their consequential 

predictive power. 

Antioxidant and Immunomodulatory Activities 

 The antioxidant and immunomodulatory potencies of S. laniceps have been reported to be closely 

correlated with activities on antiaging and antifatigue as well as enhancement of immune function, 

contributing to various therapeutic effects of the herb (Shi et al. 2013a; Yi et al. 2012). In vitro and in vivo 

experiments came to conclusions that ethanol and aqueous extracts, polysaccharides, flavonoids and a 

coumarin scopoletin (43) have strong reducibility (Tables 4, 6 and 7); murine cell models revealed 

immunomodulatory activities of sesquiterpenes such as cynaropicrin (9), and flavonoids including 

acacetin (18) (Tables 5 and 6). According to the theory of traditional Chinese medicine, the above findings 

go hand in hand with invigorating both essence of “Yin” and “Yang”, maintaining a dynamic equilibrium 

in human body (Liu et al. 2010). This supports the traditional belief that S. laniceps, as one of the source 

material of snow lotus medicine, help strengthen the body and refrain from diverse diseases (Chik et al. 

2015). 

 A coumarin scopoletin (43) exhibited outstanding antioxidant potency due to its aromatic hydroxyl 

group (Ng et al. 2003). In Ng’s research, compounds with an aromatic ring with hydroxyl group(s) were 

endowed with relatively high antioxidant activity, while those lacking such functional group failed to 

show reducing power, indicating a strong structure-activity relationship. Besides efficacies of anti-

oxidation and immunomodulation, scopoletin (43) exhibited a hepatoprotective effect, being able to 

preserve rat hepatocytes (Kang et al. 1998), showing even more potential as a novel drug compound. 
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Table 4. Pharmacological activities of extracts of S. laniceps 

Extract Bioactivity Target Experimental model/protocol Result Dose Ref 

50% 

Ethanol 

extract 

Anti-

inflammatory 

Rats Carrageenan-induced paw edema Inhibition by 55.1% 400 mg kg-1; i.g.; 5 d Yi et al. (2010) 

Mice Xylene-induced ear edema Inhibition by 40.9% 400 mg kg-1; i.g.; 5 d Yi et al. (2010) 

Croton oil-induced ear edema Inhibition by 42.2% 400 mg kg-1; i.g. ; 5 d Yi et al. (2012) 

Anti-

nociceptive 

Mice Writhing test Inhibition by 43.5% 400 mg kg-1; i.g.; 5 d Yi et al. (2010) 

Hot plate test Promotion by 52.7% 400 mg kg-1; i.g.; 5 d Yi et al. (2010) 

Anti-oxidant - DPPH assay Exhibited free radical scavenging activity IC50 409.6 mg L-1 Yi et al. (2012) 

80% 

Ethanol 

extract 

Anti-oxidant D-galactose 

induced senile 

mice 

TBA colorimetric method Inhibition of MDA in blood, liver and kidney 0.42–3.36 g kg-1 d-1; i.g.; 7 weeks Zhang et al. (2005b) 

Nitrite method Promotion of SOD in blood, liver and kidney 0.42–3.36 g kg-1 d-1; i.g.; 7 weeks Zhang et al. (2005b) 

DTNB photometric method Promotion of GSH-Px in liver and kidney 0.42–3.36 g kg-1 d-1; i.g.; 7 weeks Zhang et al. (2005b) 

Sohal method Inhibition of LF in brain 0.42–3.36 g kg-1 d-1; i.g.; 7 weeks Zhang et al. (2005b) 

Aqueous 

extract 

Anti-

inflammatory 

Mice Croton oil-induced ear edema Inhibition by 37.8% 400 mg kg-1; i.g.; 5 d Yi et al. (2012) 

Fruit flies Pretreated with fungus Beauveria 

bassaiana, SDS, NaCl, and 

KAl(SO4)2 respectively 

Increased survival rate; reduced intestinal epithelium 

cell death; remained intact intestinal wall 

0.05 g ml-1; i.g.; 6 d Zhu et al. (2014) 

Anti-

nociceptice 

Mice Writhing test Inhibition by 35.1% 400 mg kg-1; i.g.; 5 d Yi et al. (2012) 

Hot plate test Promotion by 40.8% 400 mg kg-1; i.g.; 5 d Yi et al. (2012) 

Anti-oxidant - DPPH assay Exhibited free radical scavenging activity IC50 523.4 mg Yi et al. (2012) 

D-galactose 

induced senile 

mice 

TBA colorimetric method Inhibition of MDA in heart, liver and kidney 0.56–2.24 g kg-1 d-1; i.g.; 7 weeks Zhang et al. (2005a) 

Nitrite method Promotion of SOD in heart, liver and kidney 0.56–2.24 g kg-1 d-1; i.g.; 7 weeks Zhang et al. (2005a) 

DTNB photometric method Promotion of GSH-Px in heart, liver and kidney 0.56–2.24 g kg-1 d-1; i.g.; 7 weeks Zhang et al. (2005a) 

Sohal method Inhibition of LF in brain 0.56–2.24 g kg-1 d-1; i.g.; 7 weeks Zhang et al. (2005a) 

Fe2+ and 

vitamin C-

induced rat 

homogenates 

TBA colorimetric method Inhibition of MDA in heart, liver and kidney Heart: IC50 29.4 μg l-1; liver: IC50 

32.9 μg l-1; kidney: IC50 31.4 μg l-

1 

Gao et al. (2005) 

NBT reduction method Inhibition of superoxide (·O2
-) induced by zymosan-

stimulated neutrophils 

IC50 24.6 μg l-1 Gao et al. (2005) 

Spectrometric assay Inhibition of H2O2-caused hemolysis of erythrocyte IC50 57.6 μg l-1 Gao et al. (2005) 

Anti- Recombinant RNA-dependent RNA Inhibition by 55.8% IC50 35.0 μg ml-1 Jo et al. (2006) 
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microbial HCV-RdRp polymerase (RdRp) assay 

Polysac-

charides 

Anti-oxidant - ABTS assay; ferric 

reducing/antioxidant power assay 

Exhibited free radical scavenging activity and 

reducing power 

 Shi et al. (2013a) 

DPPH: 2,2-Diphenyl-1-picrylhydrazyl; TBA: Thiobarbituric acid; DTNB: 5,5'-Dithiobis-(2-nitrobenzoic acid); NBT: Tetranitroblue tetrazolium chloride; ABTS: 2,2'-Azino-bis(3-

ethylbenzothiazoline-6-sulphonic acid; MDA: Malonic dialdehyde; SOD: Superoxide dismutase; GSH-Px: Glutathione peroxidase; LF: Lipofuscin.
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Table 5. Outstanding pharmacological activities of representative sesquiterpenes of S. laniceps 

Chemical Bioactivity Target Experimental model/protocol Result Dose Ref 

Mokko lactone (3) Anticancer HL-60 cells MTT assay; western blot; flow cytometric 

analysis 

Inhibition Dose-dependent Yun et al. (2004) 

Human recombinant PTP1B In vitro PTP1B inhibition assay Inhibition by 93.1% IC50 1.4 μg ml-1 Choi et al. (2009b) 

Cynaropicrim (9) Anti-

inflammatory 

RAW264.7 cells LPS stimulation; TNF-α production assay Inhibition IC50 2.86 mg ml-1 (8.24 

mM) 

Cho et al. (1998) 

Interferon-γ stimulation; NO production assay Inhibition Dose-dependent Cho et al. (2000) 

U937 cells Cell differentiation; TNF-α production assay Inhibition Dose-dependent Cho et al. (2000) 

CTLL-2 cells LPS, con A, phytohemagglutinin and IL-2 

stimulation respectively; lymphocyte 

proliferation assessment 

Inhibition Dose-dependent Cho et al. (2000) 

Immunomodul-

atory 

U937 cells Quantitative CD29-induced homotypic cell 

aggregation assay; MTT assay 

Inhibition IC50 3.46 μM Cho et al. (2004a) 

Quantitative CD98-induced homotypic cell 

aggregation assay; MTT assay 

Inhibition IC50 2.98 μM Cho et al. (2004a) 

Flow cytometric analysis; MTT assay Inhibition of CD29 

and CD147 

10 μM Cho et al. (2004a) 

Anti-microbial Trypanosoma brucei 

rhodesiense 

In vitro cultivation Inhibition IC50 0.3 μM Zimmermann et al. 

(2012) 

T. b. gambiense In vitro cultivation Inhibition IC50 0.2 μM Zimmermann et al. 

(2012) 

T. cruzi In vitro cultivation Inhibition IC50 4.4 μM Zimmermann et al. 

(2012) 

Plasmodium 0falciparum In vitro cultivation Inhibition IC50 3.0 μM Zimmermann et al. 

(2012) 

Mice Trypanosoma brucei rhodesiense STIB 900 acute 

mouse model 

Inhibition by 92% 20 mg kg-1 d-1; i.p.; 1 

week 

Zimmermann et al. 

(2012) 

Trypanosoma cruzi In vitro cultivation Inhibition IC50 93.5 μg ml-1 Schinor et al. (2004) 

Anticancer Rat substantia nigra cells MTT assay Inhibition Dose-dependent Cheng et al. (1992) 
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U937, Eol-1, Jurkat T cells Flow cytometric analysis, DNA fragmentation; 

morphological analyses 

Inhibition Dose-dependent Cho et al. (2004b) 

S180 sarcoma, Ehrlich 

ascites carcinoma cells 

MTT assay Inhibition Dose-dependent Zong et al. (1994) 

Antispasmodic Guinea pig ileum In vitro acetylcholine-induced contractions Inhibition IC50 0.065 mg ml-1 Emendörfer et al. 

(2005) 

3α,7α,12-

Trihydroxyeudesm-

4(15),11(13)-diene 

(11) 

Immunomodul-

atory 

Murine T cells 5 µg/ml Con A stimulation; MTT assay Inhibition 1×106, 1×105, 1×104 M Wang et al. (2005b) 

Mutine B cells 10 µg/ml LPS stimulation; MTT assay Inhibition 1×104 M Wang et al. (2005b) 

MTT: 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; PTP1B: Potein tyrosine phosphatase-1B; LPS: Lipopolysaccharide; TNF-α: Tumor necrosis factor-α; con A: 

Concanavalin A. 
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Table 6. Outstanding pharmacological activities of representative flavonoids of S. laniceps 

Extract/ 

chemical 

Bioactivity Target Experimental model/protocol Result Dose Ref 

Total 

flavonoids 

Anti-oxidant - DPPH assay; ABTS assay; 

ferric reducing/antioxidant 

power assay 

Exhibited free radicals scavenging 

activities and reducing power 

25–500 µg ml-1 Shi et al. (2013b) 

Apigenin 

(15) 

Anti-inflammatory mBMMC Enzyme immunoassay kits for 

PGD2 and LTC4 

determination 

Inhibition of COX-2 and 5-LOX - Kim et al. (2006) 

Anti-asthmatic Lungs and hearts 

of male guinea 

pigs 

Cyclic nucleotide PDE assay Inhibition of PDE1-3 IC50 10–25 µM Ko et al. (2004) 

Anticancer Human umbilical 

vein endothelial 

cells (HUVEC) 

Cell adhesion assay; western 

blot; RT-PCR analysis; NF-

κB localization 

Inhibition of TNF-α-induced 

upregulation of THP-1 adhesion and 

vascular cell adhesion molecule-1 

(VCAM-1) expression; complete 

abolishment of the cell adhesion 

molecule (CAM) protein and mRNA 

1–50 µmol l-1 Choi et al. (2004) 

SENCAR mouse ODC assay Inhibition of TPA-induced epidermal 

ornithine decarboxylase; inhibition of 

skin papilloma 

1–20 µmol l-1 Wei et al. (1990) 

Acacetin 

(18) 

Immunomodulatory BALB/C mouse 

spleen cells 

2.5 µg/ml Con A stimulation; 

MTT assay 

Promotion 10 µg ml-1 Li et al. (1998) 

Anti-oxidant mouse liver 

homogenate 

NBT reduction method Inhibition of lipid peroxidation IC50 1×10-5 M Chen et al. (1990) 

Anticancer KB cells; KSv200 

cells 

MTT assay Inhibition Respective IC50 41.33 

and 49.04 µM 

Zhang et al. (2013) 

Isoquercetin 

(22) 

Immunomodulatory BALB/C mouse 

spleen cells 

2.5 µg/ml Con A stimulation; 

MTT assay 

Inhibition 50 µg ml-1 Li et al. (1998) 

Luteolin Anti-inflammatory mBMMC Enzyme immunoassay kits for Inhibition of COX-2 and 5-LOX - Kim et al. (2006) 
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(23) PGD2 and LTC4 

determination 

Anti-asthmatic Lungs and hearts 

of guinea pigs 

Cyclic nucleotide PDE assay Inhibition of PDE3-5 IC50 10-20 µM Ko et al. (2004) 

Anticancer HUVEC Cell adhesion assay; western 

blot; RT-PCR analysis; NF-

κB localization 

Inhibition of TNF-α-induced 

upregulation of THP-1 adhesion and 

VCAM-1 expression; complete 

abolishment of the CAM protein and 

mRNA 

1–50 µmol l-1 Choi et al. (2004) 

mBMMC: Mouse bone marrow derived mast cells; COX-2: Cyclooxygenase 2; 5-LOX: 5-Lipoxygenase; PGD2: Prostaglandin D2; LTC4:Leukotrienes C4; ODC: Ornithine decarboxylase; 

TPA: 12-O-tetradecanoylphorbol-13-acetate; THP-1: Human acute monocytic leukemia cell line.  



29 
 

Table 7. Outstanding pharmacological activities of representative coumarins of S. laniceps 

Chemical Bioactivity Target Experimental model/protocol Result Dose Ref 

Umbelliferone 

(39) 

Anti-

inflammatory 

mBMMC Enzyme immunoassay kits for 

PGD2 and LTC4 

determination 

Inhibition of COX-2 and 5-LOX - Kim et al. (2006) 

Rats Carrageenan-induce paw 

edema 

Inhibition - Lino et al. (1997) 

Anti-nociceptive Mice Writhing test Inhibition Dose-dependent Tanaka et al. (1977) 

Lino et al. (1997) 

Anti-microbial Escherichia coli Bactericidal kinetic assay Inhibition MIC 6.2 μM (1000 µg ml-1), 24h Kayser et al. (1999) 

Pseudomonas aeruginosa Bactericidal kinetic assay Inhibition MIC 3.1 μM (500 µg ml-1l), 24h Kayser et al. (1999) 

 Anticancer HepG2 cells MTT assay; flow cytometry; 

cell cycle analysis; Annexin 

V and PI staining 

Induction and apoptosis, cell cycle 

arrest and DNA fragmentation 

0-50 μM Yu et al. (2015) 

Scopoletin (43) Anti-

inflammatory 

mBMMC Enzyme immunoassay kits for 

PGD2 and LTC4 

determination 

Inhibition of COX-2 and 5-LOX - Kim et al. (2006) 

mPM Adjuvant-carrageen-induced 

inflammation in Wistar rats; 

in vitro eicosanoid-release 

assay (ionophore stimulation); 

enzyme immunoassay 

Inhibition of 2.60 ng/ml PGE2 by 

77.39% 

IC50 5 μM Silván et al. (1996) 

RAW264.7 cells 0.1 mg/ml LPS stimulation; 

MTT assay; cytokine assay 

kits; western blot 

Inhibition of PGE2, TNF-a, IL-1b, 

IL-6 and COX-2 

1–50 µg ml-1; dose-dependent Kim et al. (2004) 

mBMMC TPA-induced ear edema Inhibition by 59.8% 1 mg ear-1 Muschietti et al. 

(2001) 

Anti-nociceptive Mice Writhing test Inhibition Dose-dependent Tanaka et al. (1977) 

Inhibition by 96±2% IC50 0.06 mg kg-1 Meotti et al. (2006) 
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Anti-oxidant Rat erythrocytes 2,2'-Azobis (2-

amidinopropane) 

dihydrochloride (AAPH) 

induced erythrocyte 

hemolysis 

Inhibition by 15.4% 1.0 mM Ng et al. (2003) 

Rat brain homogenates FeSO4-ascorbic acid system; 

TBA colorimetric method 

Inhibition of lipid peroxidation by 

58.7% 

1.0 mM Ng et al. (2003) 

- Phenazine methosulfate 

(PBS)-nicotinamide adenine 

dinucleotide (NADH) system; 

NBT reduction method 

Inhibition of superoxide radical 

generation by 93.9% 

0.1 mM Ng et al. (2003) 

Hepatoprotective Carbon tetrachloride-

intoxicated rat hepatocytes 

Reitman-Frankel 

transaminase method; 

enzymatic assay 

Inhibition of glutamic pyruvic and 

sorbitol dehydrogenase by 53% and 

58%, respectively 

1–50 μM Kang et al. (1998) 

Glutathione, SOD and MDA 

determination assays 

Preserved glutathione content by 

50%, the activity of SOD by 36%, 

and inhibited MDA production to 

the control level 

10 μM Kang et al. (1998) 

Anti-microbial Escherichia coli  Bactericidal kinetic assay Inhibition MIC 2.6 μM (500 μg ml-1), 24h; 

MIC 5.2 μM (1000 μg ml-1), 18h 

Kayser et al. (1999) 

Souza et al. (2005) 

Klebsiella pneumonia Bactericidal kinetic assay Inhibition MIC 2.6 μM (500 μg ml-1) Kayser et al. (1999) 

Proteus mirabilis Bactericidal kinetic assay Inhibition MIC 2.6 μM (500 μg ml-1) Kayser et al. (1999) 

Pseudomonas aeruginosa Bactericidal kinetic assay Inhibition MIC 2.1 μM (400 μg ml-1), 24h; 

MIC 5.2 μM (1000 μg ml-1), 18h 

Kayser et al. (1999) 

Souza et al. (2005) 

Haemophilus influenza Bactericidal kinetic assay Inhibition MIC 2.1 μM (400 μg ml-1), 24h Kayser et al. (1999) 

Staphylococcus aureus Bactericidal kinetic assay Inhibition MIC 5.2 μM (1000 μg ml-1, 18h and 

24h 

 

Kayser et al. (1999) 

Souza et al. (2005) 

β-hemolytic Strepococcus Bactericidal kinetic assay Inhibition MIC 5.2 μM (1000 μg ml-1), 24h Kayser et al. (1999) 

Streptococcus pneumonia Bactericidal kinetic assay Inhibition MIC 5.2 μM (1000 μg ml-1), 24h Kayser et al. (1999) 
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Bacillus cereus Bactericidal kinetic assay Inhibition MIC 5.2 μM (1000 μg ml-1), 18h Souza et al. (2005) 

Scopolin (44) Anti-

inflammatory 

mPM Adjuvant-carrageen-induced 

inflammation in Wistar rats; 

in vitro eicosanoid-release 

assay (ionophore stimulation); 

enzyme immunoassay 

Inhibition of 2.80 ng ml-1 PGE2 by 

75.65%; of 4.59 ng ml-1 LTC4 by 

55.00% 

Respective IC50 5 μM,100 μM Silván et al. (1996) 

mPM: Mouse peritoneal macrophages.
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Anti-microbial Activities 

 Numerous medicinal literatures have claimed the unique efficacy of S. laniceps towards anthrax, an 

acute disease caused by a Gram-positive bacterium Bacillus anthracis (Table 3). Little statistics is 

published indicating its exact effectiveness against the bacterium, however there are reports of anti-

microbial activities of constituents of the herb, interestingly linking with their specific structure properties. 

 Antibacterial activities of umbelliferone (39) and scopoletin (43) varied against Gram-positive and 

Gram-negative bacteria due to their molecular physical features (Table 7). Particularly, scopoletin (43) 

demonstrated relatively pronounced inhibitory activity against a panel of bacteria with an hydroxyl group 

at C-7 and a methoxy function at C-6 in the parent coumarin (Kayser et al. 1999). Compounds with 

greater lipophilicity and planar molecular structures may penetrate intro Gram-positive bacteria more 

easily (Rauckman et al. 1989), therefore their structure-antibacterial activity relationship are considered 

largely depending on the positions of polar (hydroxyl group) and less polar (methoxyl group) oxygen 

substitutions on the parent skeleton. 

 Polyhydroxy chemicals also exhibit high antibacterial ability, since the vibration of polyhydroxy 

chemical bonds emit radiant energy of certain wavelengths, killing bacteria by resonating with them 

(Huang 2010). With two hydroxyl groups, physcion (50) showed inhibitory effects against 26 bacteria 

including Bacillus shigae (MIC < 25 µg/ml, 18h) (Chen et al. 1962) as well as several plant pathogenic 

fungi, namely, Sphaerotheca fuliginea (Schlecht.) Poll., Blumeria graminis f. sp. tritic Speer, Pyricularia 

grisea (Cooke) Sacc. and Botrytis cinerea Pers., with EC50 values of 0.33, 0.68, 1.14 and 3.74 mg/L, 

respectively (Yang et al. 2010). 

 Besides, cynaropicrin (9) potently inhibited Trypanosoma brucei parasites in vitro (Table 5), believably 

correlated with its 2-hydroxymethyl-2-propenoyl moiety, without which a loss of toxicity towards T. b. 

rhodesiense was resulted (Zimmermann et al. 2012). 

 It is likely that the action of such molecules against microorganisms, especially bacteria, is attributable, 

at least in part, to interactions with the cell membrane. The specific structure-activity relationships remain 

to be explicated, with a prospect to develop effective anti-microbial agents via structure modification of 

potential compounds derived from S. laniceps. 

Anti-asthmatic and Antispasmodic Activities 
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 In Tibet, decoction of S. laniceps is sometimes applied to relieve asthma (Jia et al. 2005; Luo 1997). 

One pharmacological elucidations of which may be the representative flavonoids in the herb, apigenin (15) 

and luteolin (23). The two chemicals have been proven to have inhibitory effect against 

phosphodiesterases (PDE), which are isozymes that can be found in human bronchi (De Boer et al 1992), 

and inhibitors of which can be used as agents to treat asthma (Underwoord et al 1994) (Table 6). There are 

strong structure-activity relationships between the two flavonoids and their inhibitory effects against PDEs. 

The double bond between C-2 and C-3, and hydroxyl groups on C-3, C-3’, C-5 and C-7 have different 

influence on inhibition of PDE1-5 (Ko et al 2004). 

 Cynaropicrin (9) may also contributes to the therapeutic effect. Tested on acetylcholine-induced 

contractions of guinea pig ileum, the chemical exhibited comparable antispasmodic effect to that of 

papaverine, a commercial potent antispasmodic compound (Emendörfer et al. 2005). There is limited 

understanding of the exact mechanism of action, however, it is probably due to the potentially reactive α-

methylene function of cynaropicrin (9), resulting in a decrease in calcium concentration available for 

contractile machinery in smooth muscle, which undergoes a biphasic mechanical response when exposed 

to acetycholine (Hay et al. 1994) (Table 5). Nevertheless, further studies regarding its effecting pathway 

and toxicity are required. 

Anticancer and Cytotoxicity Activities 

 There still lacks evidence for the extract of S. laniceps showing efficacy against cancer, yet there are 

plenty of studies confirming anticancer or cytotoxicity effects of constituents of the herb. In recent years, 

two sesquiterpenes in S. laniceps, mokko lactone (3) and cynaropicrin (9) has been found to exert evident 

cytotoxicity towards cancer cells (Table 5). The two of them act against human leukemia cells (HL-60) by 

inducing apoptosis via triggering mitochondrial permeability transition (Yun et al. 2004);  mokko lactone 

(3) potently inhibit protein tyrosine phosphatase 1B (PTP1B) (Choi et al. 2009b; Choi et al. 2009a), a 

therapeutic target for diabetes, obesity, and perhaps breast cancer (Yip et al. 2010). A coumarin 

umbelliferone (39) has been reported to have significant effect against HepG2 hepatocellular carcinoma 

cells by inducing apoptosis and cell cycle arrest (Yu et al 2015). 

 Two flavonoids, apigenin (15) and luteolin (23), also have promising anticancer effects (Table 6). The 

anticancer activities may be linked to their anti-inflammatory effectiveness, through various molecular 

signaling effects. Shukla and Gupta (2010) and Lin et al (2010) summarized that apigenin (15) and 

luteolin (23), respectively, are potential anticancer and cancer chemopreventing agents with a broad range 
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of molecular targets. For example, they both exert dose-related suppression of TNF-α-induced NF-κB 

activation in human umbilical vein endothelial cells (Choi et al 2004). In particular, apigenin (15) 

undoubtedly suppresses mouse skin cancer mediated by 12-0-tetradecanoyl-phorbol-13-acetate (TPA), 

probably resulting from its suppressing protein kinase C (PKC) activity and nuclear oncogene expression 

(Wei et al 1990; Lin et al 1997).  

 While studies of S. laniceps extract’s anticancer ability still need to be done, it can be deducted from 

the examples of the two flavonoids that biological effects of such chemicals could be functionally 

interlinked with each other. Cancer therapy and prevention may involve processes of anti-oxidantion, anti-

inflammation and hormone regulation, which gives a more solid basis for the proposed anticancer activitiy 

of S. laniceps (Lin et al 2008). 

Confused Snow Lotus Species: Difference should be Told 

Confusion of various snow lotuses is a major problem in published literatures concerning S. laniceps. 

In a number of previous reports, pharmacological findings of S. involucrata, the species recorded in 

Chinese Pharmacopeia (Committee of Chinese Pharmacopoeia 2010), have been wrongly categorized 

under S. laniceps and other less known species. For instance, a series of Li’s studies from Chinese 

Academy of Medical Sciences discovered anti-arthritis, anticancer and anti-spasm activity of S. 

involucrata (Li et al. 1980; He et al. 1990; Li et al. 1978; Li et al. 1979), however, these features were 

mistaken as of other Saussurea herbs (Xie et al. 2007; Yuan et al. 2004; Huang et al. 2002; Chen et al. 

1999; Wang et al. 2001). Some references alleged that alkaloids of S. laniceps showed anticancer effect 

(Huang et al. 2002; Zhao et al. 1996), based on an experiment on S. involucrata (Xiao et al. 1986). Other 

references claimed that alkaloids and flavonoids of S. laniceps could both lower blood pressure of 

anaesthetized rabbits and dogs (Chen et al. 2005; Xie et al. 2007; Huang et al. 2002), which is again an 

experimental result of S. involucrata (Huang et al. 1996). The bewilderment about the academic records is 

serious because i) S. laniceps and S. involucrata have distinguishable therapeutic effects and medicinal 

applications (Jia et al. 2005; Region et al. 1975; Xie 2008; Editorial Board of Chinese Materia Medica 

2005); ii) for anti-inflammatory and anti-nociceptive effects, the two main pharmacological explanations 

for the treatment of rheumatoid arthritis, S. laniceps functions best among all major snow lotuses and 

should not be equivalent to S. involucrata (Yi et al. 2010; Yi et al. 2012); iii) S. laniceps exhibits better 

anti-oxidant efficacy than S. involucrata does (Shi et al. 2013b; Shi et al. 2013a); iv) such confusion of 

snow lotus species  leads to a lack of authentic literature support towards S. laniceps. To better utilize the 
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valuable and effective snow lotuses and to further expatiate on their therapeutic approaches, a detailed 

clarification and comparison among the phytochemical composition, pharmacological performances, as 

well as therapeutic mechanisms of different snow lotuses are undoubtedly desired. Making an effort to 

fulfill such a desire, we have investigated the metabolism and pharmacokinetic process of S. laniceps 

when it is orally taken (Yi et al. 2014). 

 

Quality Control: Setting Yardsticks 

Morphological Studies 

There had not been a systemic quality control protocol of Tibetan snow lotus medicines until the 

Ministry of Health of the People's Republic of China announced their standard morphological 

characteristics, unique processing, medical properties and applications, and storage (Committee of 

Chinese Pharmacopoeia 1995). However, these can only serve as identification guidance and are not clear 

enough for authenticating and assessing qualities of such related but differentiated Saussurea species. 

It is almost impossible to identify the herbal origins of Saussurea herbs solely by observing their 

external looks, since they are easily broken during harvesting and further processing. Thus, there are 

reports comparing their internal transections of leaf, stem and rhizome, herbal powders under microscope, 

and physiochemical characteristics (Chen et al. 1995; Yang et al. 1997). 

Having provided a comparative authentication of three representative snow lotus herbs, S. laniceps, S. 

medusa and S. involucrata, by analyzing their macroscopic and microscopic characteristics, we can 

confidently conclude that S. laniceps features its capitula situation and arrangement, as well as 

microscopic appearances of pollen grains, nonglandular hairs and glandular hairs (Chen et al. 2014). 

Improved experimental techniques was employed: firstly, color photos were presented as much more 

authentic and straightforward illustrations instead of ink drawings; secondly, more morphological items 

were observed apart from those in the previous studies, leading to more credible conclusions; thirdly, 

various microscopes were applied for the observation, i.e., the ordinary light microscope for basic 

microscopic features, the polarized light microscope for cuticle properties and the crystal distribution of 

plant tissue cells, and scanning electron microscope for detailed information of pollen surfaces. The 

combined use of microscopes revealed plenty of independent characteristics of the herbal powders, 

resulting in an efficient and accurate authentication. 
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Major Constituents vs. Bioactive Constituents 

Phytochemical quality evaluation of snow lotuses has been taking shape since the 1980s. The analytical 

instrumentation have been evolving; constituents have been characterized and quantitated for thorough 

chemical profiling of the herbs. 

Chemicals were preliminarily separated and purified by thin-layer chromatography (TLC) in early 

phytochemical studies of S. laniceps (Zhao et al. 1986; He et al. 1999). Later, various chromatography and 

spectrometry methods were used to isolate and identify chemical constituents of the herb, among which 

most of them were categorized as essential oil, flavonoids, terpenes, fatty acids, lignans, phenylpropanoids 

and coumarins (Fig. 14). Quantitative research was also carried out to discover that monosaccharides 

derived from polysaccharides, coumarins, phenylpropanoids and flavonoids account for most of the 

content of identified compounds from the plant (Table 2). 

When markers are to be chosen for quality control of S. laniceps, a satisfying high content value should 

be an important criteria but not the only one. Chlorogenic acid (46) is existing in relatively high amount in 

S. laniceps, but is even in outstanding value in S. involucrata (Yi et al. 2009b), and is also contributing 

effectively to many other herbs’ chemical contents, therefore it is not characteristic enough for S. laniceps 

and probably fail to account for the herb’s representative bioactivities. This poses a question for picking 

appropriate animal models for investigation with pathological similarities to human conditions. Through 

comprehensively employing classic anti-inflammatory and anti-nociceptive rodent models, umbelliferone 

(39) and scopoletin (43) were confirmed to play an important role after administration (Yi et al. 2014; Yi 

et al. 2010). Moreover, with difference in the levels of target knockdown achievable in vivo, it is also 

essential to deliberate the molecules and their metabolites involved in the metabolism process. For 

instance, we have discovered from a pharmacokinetic study of S. laniceps that skimmin (40) were found 

peculiar and that scopolin (44) existing in high concentration in the herb, will be turned into their 

respective aglycons, umbelliferone (39) and scopoletin (43), through hydrolysis of phase I metabolism (Yi 

et al. 2014). Therefore, it is reasonable to value the four coumarins as representative markers for quality 

control of the herb. 
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Fig. 14 Choosing representative markers of S. laniceps: linking qualitative and quantitative phytochemical studies with 

pharmacological researches. 

Besides small molecules, biomacromolecules in S. laniceps. such as polysaccharides, are believed to 

benefit human health as well (Shi et al. 2013a). A few attempts have been made to analyze the 

compositions and contents of polysaccharides in snow lotuses (Shi et al. 2013a; Chen et al. 2006); yet 

there is still room for technique improvement to achieve greater reliability and simplicity. One convincing 

quality control of the plant under study may be a combined determination of both small molecules and 

macromolecules, for example, taking representative coumarins, terpenes, flavonoids and polysaccharides 

as qualitative and quantitative standards. 

Protocols regarding determination methods should also be set. In general, an ultra-high performance 

liquid chromatography (UPLC) leads to a more sensitive and accurate separation of chemicals than high 

performance liquid chromatography (HPLC) does, and a better identification of compounds can be given 

by a multistage mass spectrometry (MSn) other than a single-stage MS. Chemical profiling of the herb 

using UPLC coupled to diode array detector with quadruple time-of-flight mass spectrometer (UPLC-

DAD-QTOF-MSn) can be a competitive choice.  

Concluding Remarks and Perspectives 

 This review has documented the botanical information, ethnopharmacology, phytochemistry and 

bioactivities of the Tibetan and Chinese folk medicine S. laniceps, which has been proved to be the most 
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potent snow lotus herb with outstanding anti-inflammatory and anti-nociceptive efficacies. The herb is 

generally used for rheumatoid arthritis, gynaecopathia, and asthma. We have also discussed in depth about 

current methods and possible improvements of quality assessment and quality control of the herb. 

 With a perplexing record with other Saussurea species, it is of great necessity to distinguish S. laniceps 

by detailed morphological authentication, thorough chemical profiling, and reliable pharmacological 

studies. Grown solely in the wild and renowned for treating rheumatism, it is under threat due to over-

exploiting; therefore a clear elucidation of its therapeutic mechanism and a more economical and target-

oriented pathway administrating herbal decoction or modified medical agents developed from the herb is 

undoubtedly desired. A convincing study evaluating anti-rheumatic effect of S. laniceps is still to be 

carried out, which requires suitable animal models translating various classical features of the disease 

involving complex systems and multiple tissues. More potential therapeutic efficacies of the herb remain 

to be discovered but certainly merits further investigation. 
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