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Abstract

The Rhodiola L. genus (Crassulaceae) is one of the most important medicinal plant products
used by Tibetans in Chinese phytotherapy. Fourteen species were examined for their content
of salidroside. A considerable quantitative variation was observed using high-performance
liquid chromatography and this depended on species and regional factors. It was found that
all samples contained salidroside at concentrations ranging between 0.02 mg g-1 (R. sin-
uate) and 15.95 mg g-1 (R. sacra), respectively. The content of salidroside in R. sacra was
significantly higher than in other popular medicinal plants of this genus. This finding indi-
cated that there may be more Rhodiola species present in the Qinghai–Tibet Plateau which
may be used as a potential source of salidroside.
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Introduction

The Rhodiola L. genus belongs to the

Crassulaceae family [1]. Different Rho-

diola species are used in Tibetan tradi-

tional folk medicine for centuries in the

attempt to maintain body health and to

treat various diseases [2, 3]. There are

more than 43 species growing between

2,600 and 5,400 m above sea level in the

frigid zones on the mountains in the

Qinghai–Tibet Plateau. Only 2–4 species

are known to be used in the traditional

medicine of Tibet [4, 5]. As a traditional

herbal remedy Rhodiola species have

been used for the treatment of a variety

of conditions such as clearing heat in the

lungs, eliminating toxins from the body,

treating various epidemic diseases, ede-

ma of limbs, traumatic injuries and

burns. Rhodiola plants were used by lo-

cal communities in small quantities but,

in recent years, increased commerciali-

zation of some species has increased de-

mands and exploitation. Massive

harvest, loss of habitat by deforestation

and excessive grazing in high altitude

pastures in the entire Qinghai–Tibet re-

gion now threaten their survival. One

possible strategy to address this problem

is to encourage the local communities to

collect and use other species of Rhodiola

L. in the Qinghai–Tibet Plateau. A pre-

requisite for the pursuit of this policy,

however, is the evaluation of differences

and similarities between the plants with

respect to chemical compositions.

Salidroside (p-hydroxyphenethyl-b-
D-glucoside) is one of the most active

ingredients in Rhodiola plants. It has

been shown to possess a number of

medicinal properties including the ability

to reduce the effects of anoxia, micro-

wave radiation and fatigue [6–10].

Pharmacological properties have been

reported to include anti-aging, antican-
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cer, anti-inflammatory, hepatoprotective

and antioxidative effects [11–14]. Sali-

droside has also been found to be pro-

tective against neuronal cell death

induced by glutamate and hypoxia/

hypoglycemia [15, 16], mitochondria

dysfunction induced by sodium azide

[17], and against oxidative stress-induced

cell apoptosis [18]. Apart from the pres-

ence of cinnamoyl derivatives, salidro-

side is correlated with the activity of

Rhodiola extracts which makes it a

suitable marker compound. The con-

centration of salidroside in Rhodiola has

become one of the quality indicators [1,

19]. We now report an analytical com-

parison of salidroside levels in 14 Rho-

diola species using high-performance

liquid chromatography (LC).

Materials and Methods

Solvents and Chemicals

All organic solvents were of analytical

grade (Xi’an Chemical Factory, Xi’an,

China). Methanol was of HPLC grade

(Tedia Company, OH, USA). A HPLC

grade salidroside standard was pur-

chased from the National Institute for

the Control of Pharmaceutical and Bio-

logical Products, Ministry of Health,

Beijing, China.

Plant Materials

The rhizomes of 14 Rhodiola species

were collected from the Qinghai–Tibet

Plateau in September 2002 (Table 1).

The rhizome samples were cut into

fragments, dried and stored at room

temperature until extraction. All samples

were initially identified by their speci-

mens, which were simultaneously col-

lected with their rhizomes. Voucher

specimens were deposited at the Her-

barium of Northwest Plateau Institute of

Biology, the Chinese Academy of Sci-

ences, the People’s Republic of China

(HNWP).

Sample Preparation

All analyses were repeated at least four

times, using the method reported by

Linh et al. [20] and Han et al. [1]. Dry,

pulverized samples (1 g) of rhizomes of

25 plants (Table 1) were extracted five

times in a conical flask with 70% ethanol

(20 mL) for 30 min in an ultrasonic

bath. The pooled extracts were filtered in

a Buchner funnel, transferred to a

100 mL volumetric flask and adjusted to

volume with 70% ethanol. Each sample

was filtered through a 0.45 lm mem-

brane filter and 10 lL of the solution

were subjected to LC in triplicate.

Calibration

Five milligrams of salidroside standard

were dissolved in a 10 mL volumetric

flask with methanol, ultrasonicated and

filled to volume (stock solution). Cali-

bration levels were prepared by diluting

the stock solution with methanol. The

injected concentrations were 10, 60, 110,

160 and 210 lg mL-1. All calibration

levels were injected in triplicate. The

linear regression analyses of peak areas

at the various concentrations of stan-

dard solutions gave the calibration

equation and correlation coefficient for

the calibration curve.

Recovery and Precision

Recovery was evaluated by spiking a

known quantity of the references to

1.00 g of the pulverized samples of

R. kirilowii (Fig. 1). The fortified sam-

Table 1. Location and salidroside contents (mg g-1) of the rhizomes of Rhodiola

Species Location, altitude Voucher Salidroside (mg g-1)

R. sexifolia S. H. Fu Qushui, Xizang, 3,590 m Chen2002079 1.01 ± 0.44
Linzhi, Xizang, 3,130 m Chen2002123 0.32 ± 0.25

R. chrysanthemifolia (Lévl.) S. H. Fu Shangri, Xizang, 4,140 m Chen2002099 3.34 ± 0.50
Shangri, Xizang, 3,960 m Chen2002104 2.69 ± 0.21

R. alsia (Fröd.)S. H. Fu Changdu, Xizang, 4,590 m Chen2002139 1.39 ± 0.21
Linzhi, Xizang, 3,470 m Chen2002125 0.53 ± 0.20

R. bupleuroides (Wall. ex Hk. f. et Thoms.) S. H. Fu Jiacha, Xizang, 3,210 m Chen2002119 4.51 ± 3.12
Langkazi, Xizang, 4,480 m Chen2002095 3.05 ± 2.35

R. macrocarpa (Praeg.) S. H. Fu Dege, Xizang, 3,620 m Chen2002147 0.06 ± 0.03
R. sacra (Prain ex Hamet) S. H. Fu Changdu Xizang, 3,960 m Chen2002132 15.95 ± 2.31
R. kirilowii (Regel) Maxim Linzhi, Xizang, 4,220 m Chen2002127 2.68 ± 0.37

Changdu, Xizang, 4,620 m Chen2002138 2.24 ± 0.31
Qusong, Xizang, 3,980 m Chen2002112 0.28 ± 0.26

R. sinuate (Royle ex Edgew.) S. H. Fu Baqing, Xizang, 3,970 m Chen2002055 0.02 ± 0.01
R. himalensis (D. Don) S. H. Fu Nangqie, Qinghai, 4,110 m Chen2002036 3.78 ± 1.52

Leiwuqi, Xizang, 4,280 m Chen2002048 1.38 ± 0.31
Baqing, Xizang, 4,300 m Chen2002067 0.20 ± 0.05

R. coccinea (Royle) Borrisova Chenduo, Qinghai, 4,350 m Liu 971 3.41 ± 2.64
Changdu, Xizang, 4,810 m Chen2002140 0.91 ± 0.31

R. crenulata (Hk. f. et Thoms.) H. Ohba Dege, Xizang, 4,560 m Chen2002150 4.08 ± 2.08
Dingqing, Xizang, 4,900 m Chen2002057 6.34 ± 3.05

R. tieghemii (Hamet) S. H. Fu Nangqie, Qinghai, 4,490 m Chen2002039 0.19 ± 0.05
Nangqie, Qinghai, 3,980 m Chen2002038 0.22 ± 0.03

R. yunnanensis (Franch.) S. H. Fu Linzhi, Xizang, 2,460 m Chen2002128 3.95 ± 0.51
R. fastigiata (Hk. f. et Thoms) S. H. Fu Maduo, Qinghai, 4,320 m Chen2002017 0.95 ± 0.35
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ples were then extracted and analyzed as

described above. Three concentration

levels were tested. Each sample was

analyzed in triplicate. The recovery val-

ues were obtained by comparing the re-

sults from samples and fortified samples.

The precision of the chromatographic

system was validated by injecting a

mixed reference solution six times during

1 day. The method precision was evalu-

ated by intra-day and inter-day tests.

Intra-day experiments were performed

by replicate analysis of six aliquots of the

sample within 1 day. Inter-day tests were

carried out on three consecutive working

days with newly prepared mobile phase

and samples.

LC Analysis

The LC system consisted of a Waters

600E multisolvent delivery system, a

Waters 486 UV–Vis detector and a Rhe-

odyne injector with a 10 lL sample loop.

A reversed-phase column (Phenomenex

Kromasil C18, 5 lm, 250 9 4.6 mm) was

used. The LC protocol published by Lin

et al. (2000) was followed. Isocratic elu-

tion was employed at room temperature

using methanol–water (20:80, v/v) as the

solvent system. Run time was 80 min,

flow ratewas 1.0 mL min-1 anddetection

wavelength was set to 227 nm. Empower

software (Waters) was used to control the

instrument and to process the analytical

data.

Results and Discussion

Peak identification was based on reten-

tion time and ultraviolet absorption

spectra. For quantitative analysis, peak

areas were used to calculate the amount

of salidroside present in different plant

materials (Table 1). The linear regression

equation and correlation coefficient (r)

was as follows: y = 2,018,844x-8,400

(r = 0.9980). The detection limit for

salidroside was found to be

0.01 mg mL-1 (RSD < 5%, n = 5).

The limits of detection (LOD) and

quantification (LOQ) were determined to

be 0.01 and 0.064 lg mL-1 at a signal-to-

noise ratio (S/N) of 3 and 10, respec-

tively. Recovery was 96.5% with a

RSD < 5% at all tested concentrations.

The RSD value of retention times and

peak areas were inspected to evaluate

precision. The data showed a high pre-

cision of the system with a RSD < 5%.

The RSD of intra- and inter-day preci-

sion was less than 5% for all compounds.

Considerable differences were found

for the salidroside contents within the 14

species of Rhodiola L. (Table 1). All

plants contained salidroside but levels

ranged between 0.02 mg g-1 (R. sinuate)

and 15.95 mg g-1 (R. sacra). In R. kiri-

lowii, collected from different geograph-

ical regions, the highest amount of

salidroside was 2.68 mg g-1 and the

lowest was 0.28 mg g-1. A similar pat-

tern of variation was also observed in

other species of Rhodiola grown in dif-

ferent geographical regions (Table 1).

Wang [21] reported that salidroside levels

in six Rhodiola species, originating from

the Qinghai province of China, ranged

between 0.64 and 3.13 mg g-1. Linh et al.

[20] found that salidroside contents in

R. rosea, gathered from various areas

in China, ranged between 1.3 and

11.1 mg g-1, respectively. Variation

within the plants of Rhodiola depended

on species and regional distribution [22–

27]. In our study, we only analyzed the

content of salidroside from 14 species of

Rhodiola from the Qinghai–Tibet Pla-

teau. The highest level of salidroside

(15.95 mg g-1) was found in R. sacra

collected from the Changdu County of

Xizang. R. sacra was reported to show

anti-radiation effects, could improve

learning and memory [28], and possessed

antioxidant activities and thus could be a

potentially rich source of natural anti-

oxidants [29, 30]. R. sacra did also show

low levels of toxicity in animal models

[31] which indicates that this species may

be useful as a potential source of sali-

droside. The contents of salidroside in R.

sacrawas much higher than that found in

R. crenulata (4.08–6.34 mg g-1, Table 1)

which is a traditional Tibetan medicine.

Rhodiola rosea also showed lower levels.

The latter is known as ‘‘golden root’’ or

‘‘roseroot’’ and is used for centuries in

the traditional medicines of Russia,

Scandinavia and other countries [32].

Since R. sacra is distributed in the

Qinghai and Xizang areas of China and

Nepal, and also used as an alternative

traditional Tibetan medicine, conserva-

tion strategies should be undertaken in

order to secure future analyses and ge-

netic profiling of that species.

Conclusion

The present study showed that salidro-

side concentrations were highly variable

between 14 species of Rhodiola samples

which originated from different geo-

graphical locations. Therefore, the

indiscriminate use of Rhodiola derived

from various sources as herbal remedies

without standardizing the salidroside

concentration may ultimately affect their

quality and/or efficacy. Further investi-

gation of salidroside variability in other

Rhodiola species derived from the Qing-

hai–Tibet Plateau is still needed in order

to identify species with high salidroside

contents in lesser known species. This

approach may help to protect the more

commonly used species from extinction

and allows for the recovery of threatened

Rhodiola species.

Fig. 1. LC chromatogram of R. kirilowii spiked with salidroside. The wavelength was set to
227 nm

Limited Short Communication Chromatographia 2008, 68, August (No. 3/4) 301



Acknowledgments

We gratefully acknowledge comments

and suggestions made by the reviewers.

We would like to thank Ms. Yang Yu-

eqin for the operation of the HPLC

system. This study was financed by

grants from National Basic Research

Program of China (2008CB117013) and

International Foundation for Science,

IFS D 4258-1 and from the ‘‘Western

Light’’ programme of talent cultivation

of the Chinese Academy of Sciences

(CAS) and the Ministry of Personnel of

China.

References

1. Fu KJ, Ohba H (2001) Rhodiola (Cras-
sulaceae). In: Wu ZY, Raven P (eds)
Flora of China, vol 8. Science Press and
Missouri Botanical Garden Press, Beijing
and Missouri Botanical Garden, St Louis,
pp 253–263

2. Zhang Z, Liu J, Shang X, Yang J, Chu J,
Wang Z et al (1998) Chin J Chin Mat
Med 23:104–106

3. Han X, Zhang TY, Wei Y, Cao XL, Ito Y
(2002) J Chromatogr A 971:237–241. doi:
10.1016/S0021-9673(02)01041-5

4. Liu SW (1999) Flora of Qinghai, vol 2.
Qinghai People’s Press, Xining

5. Wu ZY (1985) Flora of Tibet. Science
Press, Beijing

6. Darbinyan V, Kteyan A, Panossian A,
Gabrielian E, Wikman G, Wagner H
(2000) Phytomed 7:365–371

7. Ming DS, Hillhouse BJ, Guns ES, Eber-
ding A, Xie S, Vimalanathan S et al
(2005) Phytother Res 19:740–743. doi:
10.1002/ptr.1597

8. Ssaratikov AS, Krasnov EA, Chnikina
LA, Duvidson LM, Sotova MI, Marina
TF et al (1968) Pharmazie 23:392–395

9. Xu J, Xie J, Feng P, Su Z (1998) Chin J
Biotechnol 14:99–107

10. Ye YC, Chen QM, Jin KP, Zhou SX,
Chai FL, Hai P (1993) Acta Pharmacol
Sin 14:424

11. Iaremii IN, Grigor’eva NF (2002) Eksp
Klin Farmakol 65:57–59

12. Kanupriya D, Prasad D, Ram MS, Ku-
mar R, Sawhney RC, Sharma SK et al
(2005) Mol Cell Biochem 275:1–6. doi:
10.1007/s11010-005-7637-1

13. Kucinskaite A, Briedis V, Savickas A
(2004) Medicina (B Aires) 40:614–619

14. Lanza AMD, Martinez MJA, Matellano
LF, Carretero CR, Castillo LV, Sen AMS
et al (2001) Planta Med 67:219–223. doi:
10.1055/s-2001-12004

15. Cao LL, Du GH, Wang MW (2006) J
Asian Nat Prod Res 8:159–165. doi:
10.1080/1028602042000325645

16. Zhang WS, Zhu LQ, Niu FL, Deng RC,
Ma CX (2004) Chin J Chin Mat Med
29:459–462

17. Cao LL, Du GH, Wang MW (2005) Acta
Pharmacol Sin 40:700–704

18. Zhang L, Yu HX, Sun Y, Lin XF, Chen
B, Tan C et al (2007) Eur J Pharmacol

564:18–25. doi:10.1016/j.ejphar.2007.01.
089

19. Li T, Xu G, Wu L, Sun C (2007) Phy-
tomed 14:601–604. doi:10.1016/j.phymed.
2006.12.016

20. Linh PT, Kim YH, Hong SP, Jian JJ,
Kang JS (2000) Arch Pharm Res 23:349–
352

21. Wang XQ (2000) Chin Pharm J 35:513–
514

22. Kang S, Wang J (1997) J Chin Med Mat
20:616–618

23. Kang S, Wang J, Zhang J, Liu F, Xu Z
(1998) Chin J Chin Mat Med 23:365–366,
384

24. Peng JN, Ma CY, Ge YC (1994) Chin J
Chin Mat Med 19:676–677

25. Tolonen A, Hohtola A, Jalonen J (2003) J
Mass Spectrom 38:845–853. doi:
10.1002/jms.497

26. Wang S, You XT, Wang FP (1992) Acta
Pharmacol Sin 27:849–852

27. Wiedenfeld H, Dumaa M, Malinowski
M, Furmanowa M, Narantuya S (2007)
Pharmazie 62:308–311

28. Ming HQ, Xia GC, Zhang RD (1988)
Chin Tradit Herbal Drugs 19:229–234

29. Ohsugi M, Fan WZ, Hase K, Xiong Q,
Tezuka Y, Komatsu K et al (1999) J
Ethnopharmacol 67:111–119. doi:
10.1016/S0378-8741(98)00245-1

30. Wong CC, Li HB, Cheng KW, Chen F
(2006) Food Chem 97:705–711. doi:
10.1016/j.foodchem.2005.05.049

31. Cao DY, Zhou CY, Liu Y, Zhang X, Li
RX, Hu DW et al (1998) J N Sichuan
Med Coll 13:10–19

32. Brown RP MD, Gerbarg PL, Ramazanov
Z (2002) HerbalGram 56:40–52

302 Chromatographia 2008, 68, August (No. 3/4) Limited Short Communication

http://dx.doi.org/10.1016/S0021-9673(02)01041-5
http://dx.doi.org/10.1002/ptr.1597
http://dx.doi.org/10.1007/s11010-005-7637-1
http://dx.doi.org/10.1055/s-2001-12004
http://dx.doi.org/10.1080/1028602042000325645
http://dx.doi.org/10.1016/j.ejphar.2007.01.089
http://dx.doi.org/10.1016/j.ejphar.2007.01.089
http://dx.doi.org/10.1016/j.phymed.2006.12.016
http://dx.doi.org/10.1016/j.phymed.2006.12.016
http://dx.doi.org/10.1002/jms.497
http://dx.doi.org/10.1016/S0378-8741(98)00245-1
http://dx.doi.org/10.1016/j.foodchem.2005.05.049

	Determination of Salidroside in Medicinal Plants Belonging to the Rhodiola L. Genus Originating from the Qinghai ndash Tibet Plateau
	Abstract
	Introduction
	Materials and Methods
	Solvents and Chemicals
	Plant Materials
	Sample Preparation
	Calibration
	Recovery and Precision
	Tab1
	LC Analysis
	Results and Discussion
	Conclusion
	Fig1


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


