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a b s t r a c t

In order to evaluate the differences and similarities between the liposoluble constituents in Cynomorium
songaricum populations, stem liposoluble constituents in five populations of C. songaricum collected from
three different geographic regions and four different hosts were obtained by solvent extraction and ana-
lyzed by GC–MS. Cluster analysis of the percentage composition of 80 compounds showed differences in
vailable online 7 February 2009
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chemical composition which were related to the geographic origin rather than the host. Hexadecanoic
acid was the most abundant compound in the essential oils of C. songaricum from hosts Nitraria sibirica
and Nitraria tanguticum. Whereas (Z)-9-octadecenoic acid was accumulated in the oils of C. songaricum
from Zygophyllum xanthoxylum and Peganum harmala. Four of the five populations had characteristic
components, which were specific to each population.
eographic origin
ost

. Introduction

Cynomorium songaricum Rupr., known as “Suoyang” in China,
s a root-parasitic plant species distributed in northwest China.
his species is known to parasitize the plant roots of Nitraria spp.
ncluding Nitraria sibirica and Nitraria tanguticum, but is also known
o parasitize the roots of other plants such as Zygophyllum xan-
hoxylum (Bunge) Maxim. and Peganum harmala L. The stem of
. songarcum is used in traditional Chinese medicinal materials,
nd is generally used to increase sexual capability, as a laxative,
nd to treat lumbar weakness [1]. This herb has other potential
ctivities including: anti-hypoxic [2], antianoxic and is used as
n antiepileptic agent [3]. The herb extract has also been shown
o inhibit HIV-1 protease [4], improve immunity [5] and improve
hysical endurance and antioxidant status [6] in laboratory exper-

ments.
As a medicinal material, the chemical composition of the plant
s very important. Earlier studies have identified the presence of
rganic acids [7], flavonoids [7,8], triterpenes [4,7–10], steroids
7,8], volatiles [11], amino acids [12], glucosides [7,8,13,14], tannins
15], inorganic ions [16,17], and lignanoids [18] in the stem of C.
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songaricum. However, the liposoluble composition of C. songaricum
has not been comprehensively analyzed.

In this study, five populations of C. songaricum were collected
from three different regions (Alxa zuoqi in Inner Mongolia, Guazhou
county in Gansu Province, Golmud in Qinghai Province) and four
different hosts (N. sibirica, N. tanguticum, Z. xanthoxylum and P. har-
mala) between 2005 and 2006. The liposoluble constituents of these
samples were comprehensively analyzed by GC–MS, and the rela-
tionships between the types of liposoluble compounds, the regions
and their hosts were determined.

2. Experimental

2.1. Chemicals and reagents

Petroleum ether (30–60 ◦C, analytically pure) was obtained from
the Dong Fang Hong Chemical Plant of Lin Bo (Zibo, China). n-
Hexane, dichloromethane, methanol, boron trifluoride and ethyl
ether (all analytically pure) were purchased from TianJin BASF
Chemical Trade Co. Ltd. (Tianjin, China).
2.2. Plant specimens

Stems of C. songaricum were collected from four different hosts
and three different sampling sites in the northwest of China in
the spring of 2005 and 2006 (Table 1). The plants investigated

http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
mailto:pengm@nwipb.ac.cn
dx.doi.org/10.1016/j.jpba.2009.01.038
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Table 1
Samples of Cynomorium songaricum.

Population Plants (n) Collection site Host Latitude (N) Longitude (E) Altitude (m) Date of collection

P1 4 Golmud N. tanguticum 36◦11′47′′ 97◦24′36′′ 2814 21 May 2006
P2 4 Guazhou (Anxi)a N. tanguticum 40◦15′06′′ 96◦11′55′′ 1347 2 May 2006
P3 4 Alxa zuoqi I N. sibirica 39◦36′27′′ 103◦06′10′′ 1238 27 April 2006
P 3
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4 2 Alxa zuoqi II Z. xanthoxylon
5 2 Alxa zuoqi III P. harmala

a Anxi is Guazhou’s original name.

ere identified by one of the authors (Professor X.L.), and voucher
pecimens were deposited in the herbarium of the Northwest Insti-
ute of Plateau Biology, Chinese Academy of Sciences, Xining, China
NWIPB).

.3. Sample preparation

Following desiccation and comminution, powdered samples
ere obtained. The powdered crude drug (20 g in each sample) was

xtracted with petroleum ether (100 ml) for 48 h. The petroleum
ther extracts were filtered and allowed to evaporate by placing the
eakers in water at 40 ◦C. Prior to complete evaporation of the sol-
ent, when only 1.5 ml remained in the beakers, the samples were
ransferred to centrifuge tubes and further evaporated to 0.5 ml by
lacing the centrifuge tubes in water at 40 ◦C. The dissoluble organic
ubstances contained in the five populations were then divided
nto three portions: the non-polar fraction, the weak polar fraction
nd the polar fraction by silica gel–alumina (3:1) column separa-
ion using n-hexane, dichloromethane and methanol as the eluting
eagent, respectively. The non-polar fraction and the weak polar
raction were analyzed using GC–MS. The polar fraction was ana-
yzed using GC–MS after methyl esterification using BF3–CH3OH
1:4) for 24 h and extraction with ethyl ether. Following column
hromatography, the liposoluble composition of C. songaricum was
omprehensively analyzed.

.4. GC–MS conditions

A HP 6890 gas chromatograph equipped with a HP 7683 auto
njector and a HP 5973 MSD (Agilent Technologies, Palo Alto, CA,
SA) were used for GC–MS analysis. Gas chromatographic separa-

ion was carried out with a HP-5 capillary column (30 m × 0.25 mm
.D., film thickness: 0.25 �m).

Samples (1 �l) were injected manually in the pulsed splitless
ode. The pulse time was 1.5 min, the pressure was 200 kPa, the

njector temperature was 250 ◦C and the helium carrier gas flow-
ate was 1.2 ml/min. The column temperature was increased from
0 ◦C to 290 ◦C at 4 ◦C/min. Constant temperature time was 30 min.
SD ion source was electron ionization, and the ion source tem-

erature was 230 ◦C. All mass spectra were recorded at 70 eV.

.5. Identification

The compounds were identified by comparing their retention
ndices and mass spectra with those of the NIST02L mass spectral
ibrary (National Institute of Standards and Technology) provided
y the software of the GC–MS system. Compound concentrations
ere calculated from the GC peak areas of the total ion current

TIC). The key components found in the non-polar polar fractions

ncluded stigmast-3,5-diene in population 1 (P1), P3 and P5, and
-heptacosane in P2 and P4. The key components in the weak polar
ractions included stigmast-3,5-dien-7-one in P1, P4 and P5, �-
itosterol in P2 and �-sitosterol in P3. The key components in the
olar fractions included hexadecanoic acid in P1, P2 and P3, and
Z)-9-octadecenoic acid in P4 and P5.
9◦11′12′′ 105◦39′43′′ 1282 26 April 2006
9◦39′10′′ 103◦06′38′′ 1245 18 May 2005

2.6. Statistics

The percentage composition of essential oil samples was used to
determine the relationships between the different populations of C.
songaricum by cluster analysis using NTSYS software [19]. Euclidean
distance was selected as a measure of similarity, and the unweighed
pair-group method with arithmetic average (UPGMA) was used for
cluster definition. The method achieved rapid cluster analysis of the
percentage composition of essential oil samples.

3. Results and discussion

From the soak extraction, clear to light yellow liposoluble
constituents were obtained in yields of 0.135–0.304% (Table 2).
The dissoluble organic substances were divided into three por-
tions: the non-polar fraction (8.06–18.42%), the weak polar fraction
(5.39–26.53%) and the polar fraction (65.36–78.77%). The liposolu-
ble constituents contained in C. songaricum were mainly found in
the polar fraction in yields of 65.37–78.78%. The extract contained
more non-polar fraction than the weak polar fraction in population
1 (P1) and P2, and the reverse was observed in P3, P4 and P5.

A total of 80 compounds were identified in the stem extracts,
including 22 non-polar compounds, 37 weak polar compounds and
21 polar compounds, which amounted to a total percentage of
97.66–98.19%. The identified components in the stem extracts and
their percentages in the respective fractions are shown in Table 2.
Typical non-polar fraction, weak polar fraction and polar fraction
chromatograms of C. songaricum are shown in Fig. 1.

70 compounds were found in all analyzed samples (five popula-
tions). However, there were characteristic components which were
observed in some populations but not in others. These character-
istic components were only found in the weak polar fractions, and
included urs-12-en-3-one (0.23%) and 4,4-dimethylcholest-7-en-
3-one (0.17%) in P1, stigmast-4-en-3-one (0.37%) in P2, �-sitosterol
(6.96%) and 22,23-dihydrostigmasterol (1.36%) in P3, and stigmast-
3,5,22-trien-7-one (0.62%) in P5. Based on the number of chemical
components, P3 with 76 components contained the most complex
oil. P4 and P5 with 73 components contained the simplest oil.

In terms of percentage amounts, hexadecanoic acid and (Z)-9-
octadecenoic acid were the two major compounds found in the
liposoluble constituents. In the volatile oil, hexadecanoic acid and
9-octadecenoic acid were identified as the two main compounds
[12]. The chemical compounds of parasitic plants are often affected
by distinct hosts [20]. Hexadecanoic acid (21.89–39.79%) was the
most abundant liposoluble constituent in P1, P2 and P3. However,
the most abundant component in P4 and P5 was (Z)-9-octadecenoic
acid (27.08% and 29.16%, respectively). N. sibirica and N. tanguticum
were host to C. songaricum (P1, P2 and P3). Z. xanthoxylon and P.
harmala were host to P4 and P5, respectively.

The results showed that n-alkanes were the main grouped
components in the non-polar fraction. Aldehydes, methyl esters

and ethyl esters, alkyl-2-ketones and steroids (including four
phytosterols: campesterol, �-sitosterol, �-sitosterol, 22,23-
dihydrostigmasterol) were the major grouped components in
the weak polar fraction. Phytosterols have cholesterol-lowering
properties [21]. Campesterol was found in P2 and P3 and �-
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Table 2
Chemical composition of the non-polar fraction, the weak polar fraction and the
polar fraction of liposoluble constituents from the stems of Cynomorium songaricum.

No. compounda Percent compositionb

P1 P2 P3 P4 P5

Non-polar fraction
n-Heptadecane 0.41 0.09 0.10 T 0.01
Pristane 0.16 0.04 0.06 T T
n-Octadecane 0.56 0.18 0.89 T 0.02
Phytane 0.45 0.10 0.23 T 0.01
n-Nonadecane 0.53 0.20 0.34 0.01 0.02
n-Eicosane 0.50 0.48 1.05 0.03 0.11
n-Heneicosane 0.70 0.45 0.36 0.04 0.07
n-Docosane 0.64 0.53 0.59 0.13 0.18
n-Tricosane 0.47 0.87 0.56 0.18 0.22
n-Tetracosane 0.53 0.77 0.64 0.25 0.34
n-Pentacosane 0.84 1.33 0.84 0.39 0.53
n-Hexacosane 0.65 0.90 0.72 0.35 0.44
n-Heptacosane 0.97 2.23 0.83 0.55 0.60
n-Octacosane 0.84 0.78 0.58 0.27 0.28
n-Nonacosane 1.02 1.21 0.57 0.41 0.27
n-Triacontane 0.42 0.51 0.28 0.11 0.11
Stigmast-3,5-diene 6.60 0.75 2.78 5.19 4.24
n-Hentriacontane 0.62 0.54 0.32 0.08 0.08
n-Dotriacontane 0.38 0.30 0.11 0.03 0.04
n-Tritriacontane 0.40 0.29 0.15 0.02 0.03
n-Tetratriacontane 0.34 0.22 0.17 0.01 0.03
n-Pentatriacontane 0.39 0.22 0.13 0.01 0.03

Identified components (%) 94.63 91.33 92.04 95.15 93.17

Weak polar fraction
Octanoic acid, ethyl ester 0.02 T T T 0.01
Decanal 0.02 T T T 0.01
2-Acetyl-3,4,5,6-
tetrahydropyridine

0.26 T 0.02 0.03 0.15

(E)-2-Decenal 0.10 T 0.02 0.04 0.13
(Z,E)-2,4-Decadienal 0.13 0.01 0.04 0.13 0.06
(E,E)-2,4-Decadienal 0.22 0.01 0.09 0.20 0.09
2-Undecenal 0.08 T 0.01 0.02 0.11
2,6-Bis(1,1-dimethylethyl)-
2,5-cyclohexadiene-1,4-
dione

0.04 T T 0.01 0.01

Benzyl benzoate 0.04 T 0.01 T 0.02
9-Oxononanoic acid, ethyl
ester

0.03 0.01 T 0.05 0.06

Nor-pristanone 0.02 0.01 0.01 0.08 0.01
Hexadecanoic acid, methyl
ester

0.02 T 0.01 0.02 0.02

Hexadecanoic acid, ethyl
ester

0.03 T 0.09 0.04 0.03

9,12-Octadecadienoic acid,
methyl ester

0.02 0.01 0.02 0.05 0.02

9-Octadecenoic acid, methyl
ester

0.08 0.02 0.02 0.08 0.05

9,12-Octadecadienoic acid,
ethyl ester

0.07 0.01 0.16 0.15 0.03

9-Octadecenoic acid, ethyl
ester

0.16 0.01 0.31 0.19 0.09

2-Heneicosanone 0.02 0.01 T 0.02 0.03
Eicosanoic acid, methyl ester 0.02 T 0.01 0.02 0.02
4,8,12-Trimethyltridecan-4-
olide

0.04 0.01 0.02 0.02 T

Docosenoic acid, methyl
ester

0.02 T T 0.01 0.01

Ethyl 13-docosenoate 0.01 T 0.02 0.02 0.02
2-Pentacosanone 0.02 T T 0.01 0.02
Tetracosanoic acid, methyl
ester

0.02 T T 0.03 0.02

2-Heptacosanone 0.08 T T 0.03 0.02
Cholesta-2,5-dien-4-one 0.07 T 0.02 0.19 0.08
Stigmast-2,5,22-triene 0.48 0.02 0.07 0.44 2.31
Homopregnan-5,18-dienol
acetate

0.17 T 0.02 0.32 0.12

Urs-12-en-3-one 0.23 – – – –
4,4-Dimethylcholest-7-en-3-
one

0.17 – – – –

Table 2 (Continued )

No. compounda Percent compositionb

P1 P2 P3 P4 P5

Stigmast-3,5-dien-7-one 2.20 0.54 3.45 12.36 10.85
�-Sitosterol acetate 0.50 – 0.30 2.94 1.45
Campesterol – 1.41 3.68 – –
�-Sitosterol – 5.75 4.30 9.03 –
Stigmast-4-en-3-one – 0.37 – – –
Stigmast-3,5,22-trien-7-one – – – – 0.62
�-Sitosterol – – 6.96 – –
22,23-Dihydrostigmasterol – – 1.36 – –

Identified components (%) 90.85 98.03 97.60 96.72 94.70

Polar fractionc

N-(2-
Methylacryloyl)imidazola

0.48 0.18 0.06 0.10 0.20

9-Oxononanoic acid 0.78 0.43 0.92 0.36 0.27
7-(1,1-Dimethylethyl)-3,4-
dihydro-1(2H)-
naphthalenone

0.11 0.07 0.12 0.53 0.16

Nonanedioic acid 0.09 0.19 0.07 0.15 0.11
10-Oxo-8-decenoic acid 0.58 0.41 0.16 0.20 0.36
Tetradecanoic acid 0.24 0.28 0.16 0.22 0.13
9-Hexadecenoic acid 0.09 0.19 0.19 0.14 0.08
Hexadecanoic acid 38.49 39.79 21.89 13.50 26.20
Heptadecanoic acid 0.02 0.10 0.14 0.07 0.08
9,12-Octadecadienoic acid 1.08 1.81 6.11 7.93 3.96
(Z)-9-Octadecenoic acid 15.19 8.58 18.50 27.08 29.16
(E)-9-Octadecenoic acid 0.29 0.46 0.31 0.36 0.18
Octadecanoic acid 1.11 2.57 1.34 1.15 1.27
(E,E)-9,11-Octadecadienoic
acid

0.20 0.17 0.44 0.08 0.10

11-Eicosenoic acid 0.65 0.30 0.76 0.77 0.55
Eicosanoic acid 3.71 9.39 5.78 4.49 3.47
(Z)-14-Octadecen-1-ol
acetate

1.56 1.23 0.50 0.25 0.47

13-Docosenoic acid 0.60 0.40 0.78 1.01 0.87
Docosenoic acid 8.73 10.28 6.95 5.46 5.49
Tricosanoic acid 0.06 0.08 0.09 0.04 0.04
Tetracosanoic acid 2.03 1.74 1.22 1.28 2.67
Heptacosanoic acid 0.09 0.12 0.16 0.19 0.07

Identified components (%) 99.04 98.75 98.85 98.24 99.41

Total identified components
(%)

97.74 97.73 97.79 97.66 98.19

Grouped components
n-Alkanes 11.23 12.10 9.23 2.88 3.42
Aldehydes 0.54 0.02 0.16 0.40 0.39
Methyl esters and ethyl
esters

0.53 0.08 0.64 0.66 0.39

Alkyl-2-ketones 0.12 0.01 0.01 0.06 0.07
Steroids 4.99 8.13 20.83 30.38 17.73
Fatty acids 74.05 77.30 65.98 64.49 75.04
Others 8.55 2.36 3.15 1.12 2.95

Oil yield (%, v/w) 0.232 0.135 0.185 0.177 0.304

a Compounds listed in order of elution from HP-5 column.
b
 T (trace): relative content <0.01%; (–) not detected.
c In polarity fraction, fatty acids were detected as methyl esters using BF3–CH3OH

(1:4) as the methyl esterification system.

sitosterol were detected in P2, P3 and P4. �-Sitosterols and
22,23-dihydrostigmasterol were characteristic components of P3.
Moreover, the polar fraction mostly contained fatty acids, including
a small amount of (E, E)-9,11-octadecadienoic acid which is a conju-
gated linoleic acid and is an important nutrient in human nutrition.

The three main grouped components were found in the essen-
tial oils of all five populations of C. songaricum. The content of
these three main grouped components was over 90%. Fatty acids

(64.49–77.30%, Table 2) were the major grouped components in all
five populations. n-Alkanes were the second major grouped com-
ponents in P1 and P2. Steroids were the second major grouped
components in P3, P4 and P5 obtained from Alxa zuoqi. The sec-
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Fig. 2. Dendrogram obtained by cluster analysis of the percentage composition of

[

ig. 1. TIC of the essential oil from the stem of Cynomorium songaricum (popula-
ion 1). (A) Non-polar fraction, (B) weak polar fraction and (C) polar fraction. For
hromatographic conditions see Section 2.

nd major grouped components were found to be related to the
eographic origin of the populations.

Cluster analysis of all identified components grouped the stem
ils from the five populations into two main clusters (Fig. 2). The
rst cluster was formed by P1 and P2, and N. tanguticum was the
ommon host of P1 and P2. The second cluster was composed of P3,
4 and P5 which was parasitic on three different hosts: N. sibirica,
. xanthoxylon and P. harmala. The habitat of P1 and P2 is gravel
esert. However, the habitat of P3, P4 and P5 is sand desert as Alxa
uoqi is located in the Tengger Desert. Although P3, P4 and P5 were
ollected from three different hosts, they were clustered together
n the second cluster. In the second cluster, P4 and P5 obtained from
. xanthoxylon and P. harmala, respectively were clustered together.
lthough samples of P1, P2 and P3 were obtained from the genus

itraria, they were not clustered together. Thus cluster analysis of

he percentage composition of 80 compounds showed differences
n the chemical composition according to geographic origin. In data
eported for Hyptis suaveolens, differences in chemical composition
ere also related to geographic origin [22].

[
[
[

essential oils from five populations of Cynomorium songaricum, based on Euclidean
distance and the use of the unweighed pair-group method with arithmetic average
(UPGMA).

In addition, the cluster formed by P1 and P2 showed similar high
levels of hexadecanoic acid (38.49% and 39.79%, respectively). High
levels of 9,12-octadecadienoic acid in P3, P4 and P5 from Alxa zuoqi
were found compared with P1 and P2 from Golmud and Guazhou.

4. Conclusions

Chemical polymorphism was found in the liposoluble con-
stituents from the stems of five populations of C. songaricum. The
liposoluble constituents of C. songaricum were influenced by geo-
graphic origin more than the host. GC–MS was found to be a robust
method for analyzing and identifying liposoluble constituents in C.
songaricum samples. GC–MS may also be used in the quality control
of this herbal medicine.
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