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Influence of producing area and plant age on oxymatrine content
in root of Sophora flavescens

LI Hong—minl, HUANG Ren—quanz, HAO Jian—guol, JIA Jing—fenl*

(1. College of Life Science, Northwest University, Xian 710069, China; 2. Tiancheng Drug and
Pharm aceutical Division, Xi‘an High T ech Industries Co., Xian 710075, China)

Abstract: Object The influence of producing area and plant age on oxymatrine levels in the dried
root of Sophora flavescens Ait. has been investigated to provide useful information to optimize the areas for
mass scale propagation, proper management and species conservation. Methods The oxymatrine was
quantified by HPLC and various statistical treatments were carried out following SPSS 9.0 and Microsoft
Excel. Results T he oxymatrine concentrations in the root samples collected from 17 provinces and regions
differed from 0.494% to 4.127% and the maximum oxymatrine content ( 3.493%) was recorded in the
root sample collected from Heilongjiang Province. Analysis of variance indicates a highly significant differ—
ence in the oxymatrine content of roots collected from different provinces, and the samples from the cold
arid northern highatitude areas had higher oxymatrine than those from warm humid southern low Hatitude
areas in the mainland China. Plant age is positively related to the total root biomass and oxymatrine con—
tent. Conclusion T he oxymatrine content in the roots of S. flavescens is quite different between different
areas and plant ages. The S. flavescens growing in the cold arid northern highdatitude areas had higher
oxymatrine concentration.

Key words: Sop hora flavescens Ait.; oxymatrine; HPLC; producing area; plant age
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S hora flavescens Ait. is an indigenous
perennial herb in China. It is distributed through-
out the mainland China, ranging from low to high
latitudes. The roots, as a typical traditional Chi-
nese herb, are mainly used in the treatment of
fever, peptic ulcer, eczema, hemorrhoids, asth-—

ma, tumors,
[1,2]

bacillary dysentery and as analo-
The herb is known to contain more than
ten kind of quinolizidine alkalo ids', among w hich
oxymatrine is one of the major bioactive compo-
nents'”. Due to its highly pharmacological activi-
ties, such as antipyretic, antiulcer, nonsteroidal

[5-191 " it has been

anti-inflammatory and antitumor
studied greatly and deveolped into several patent
medicines and some kind of medicinal herb pesti-

=1 At present, com-—

cides in the past ten years
plete chemical synthesis of oxymatrine has not
been reported and its commercial supply still de—
pends on the isolation from the roots of natural
sources. In recent years, uncontrolled continuous
collection of plant material from natural habitat for
the extraction of alkaloids has led to the sharp de-
pletion of wild S. flavescens population. It is es—
sential to develop the large—scale cultivation of this
plant. However, a few studies has been conducted
to evaluate the effect of producing area and plant

of S.

Sflavescens growing in different provinces in China,

age on oxymatrine levels in the root
and to estimate the total root biomass and oxyma-—
trine content. In this paper, variation in the oxy—
matrine content of the roots from different areas

and different ages growing in a homogenous envi—

ronment has been determined.
1 Materials and methods
1.1 Chemical agents

The standard oxymatrine was purchased from
Sigma Chem. Co. (USA).
phate,

Sodium dihydro—-phos—
phosphoric acid, methanol, and sodium
perchlorate were all HPLC grade. Water was dou-
ble-distilled.
1.2 Plant material and root collection
The root samples were bought from medicinal
markets within different provinces in October,
2001, which were collected from different regions
in September in the identical year and air dried.
The air dried root samples were dried in an oven at
70  up to constant weight, then were finely pow—
dered in a blender.
1.3 Determination of oxymatrine
Determination of oxymatrine in the root sam—
ple was carried out by the method of quantification
against external standard ™.
1.4 Solution preparation of authentic oxymatrine
Standard oxymatrine (5 mg) was weighed ac-
curately and put into volumetric flask of 50 mL,
and then dissolved and identified the volume with
mobile phase used in HPLC analysis.
1.5 Solution preparation of sample oxymatrine
Powder of dried root sample (500 mg) was
weighed accurately and put into volumetric flask of
50 mL and 30 mL mobile phase was added, then
the volumetric flask was vibrated in an ultrasonic
generator for 30 min, laid aside until the tempera—

ture of the solution was down to room tempera—
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ture. To filter the solution using 0.45 pm filter
membrane after fixing the volume with mobile
phase used in HPLC analysis, the filtrate was used
as the solution of oxymatrine sample for HPLC
analy sis.
1.6 HPLC analysis

Quantification of oxymatrine content in the
root sample was carried out by subjecting solution
of oxymatrine samples ( 10 uL.) to HPLC analysis
equipped with a reverse phase column [ Zorbax SB-
Cis, 150 mm* 4.6 mm, S um), Agilent, USA].
The sample was eluted in an isocratic mode with
NaH2POQ+H3P0sNaClO+-MeOH-H20 ( 3.3 ¢
0.8 mL 10g 75mL 425 mL) at a flow rate
of 1.0 mL/min and the column elute was moni-
tored at 220 nm with a UV deterctor ( Waters 600
photodiode array detector, Millipore, USA) and
Waters printer plotter (Millipore, Waters) . Oxy—
matrine content was quantified on the basis of
standard curve prepared by injecting known quanti-
ties of authentic oxymatrine.
1. 7 Plant age and calculation of root biomass

The plant age was calculated on the basis of
seeding and the root biomass was obtained by
weighing the intact root which was dried in an oven
at 70

from the soil very carefully.

up to constant weight after being collected

1. 8 Statistical treatments

The various statistical treatments were carried
out following Microsoft Excel programme and
SPSS 9.0 for Windows-
2 Results and discussion

Significant variation in the oxymatrine content
was found in the root samples within the natural

population of S. flavescens growing in different
provinces in China (Table 1 and 2). Based on
ANOVA (Analysis of variance), a highly signifi-
cant difference at 0.0l level can be observed in
oxymatrine content of root collected from different
provinces. The values range from 0.494% to
4. 127% (coefficien of variation= 53.96% ) and the
maximum (avg. 3.493%) oxymatrine level was
recorded in the root from Heilongjiang province.

Further, considerable differences were also ob-

served in oxymatrine content in the root samples
from different geographical locations in the identi—
cal province. These differences may indicate the ef-
fect of genetic and epigenetic variation on oxyma—
trine content in the root of S. flavescens, although
little or nothing was known about it. Further—
more, the result suggests that there be opportuni—
ties to select superior areas for high-yielding plant
cultivation by applying strong selection pressure.
Table 1 Oxymatrine content in root of

S. flavescens (n= 8)

Ox ymatrine Oxymatrine
Provin ces Provinces

content/ % content/ %
Heilongjiang 3.493 Sich uan 1. 087
Inner Mongolia 3.129 Ghuzhou 1.058
Qinghai 2.619 Henan 1. 054
Shanxi 2.579 Jiangsu 0. 996
Jilin 2.557 Shandong 0.192
Gansu 2 31 Hubei 0.814
Liaoning 2.249 Zhejiang 0. 764
Ningxia 2.203 Hunan 0. 662
Shaanxi 1.452

2 The root samples were purchased from medicinal markets
within different provinces in October, 2001, which were collected
from different regions in September in the identical year

Table 2 Analysis of variance (ANOVA)

Source of variation SS df MS F Sig
Betw een groups 109. 23 16 6.827 62.068 0.000
Within groups 13.089 119 0.110

Total 122.323 135

More interestingly, this study also indicates
that the samples from the cold arid northern high-
latitude areas had higher oxymatrine concentration
than those from warm humid southern low Hatitude
parts of the mainland China. T o investigate the ef—
fect of environmental variation on oxymatrine con—
tent in the roots of S. flavescens, the root samples
from 14 provinces ( Their exact geographical loca—
tions are shown in Table 3.) were picked out and
separated into three groups according to their lon—
gitudes. From south to north, the first group con—
sisted of the root samples from Zhejiang, Shan-
dong, Liaoning, Jilin and Heilongjian Provinces,
respectively; the second group samples were from

Hubei, Shanxi and
Mongolia, respectively; the third group included

Hunan, Henan, Inner

Guizhou, Sichuan, Gansu, Ningxia and Inner

Mongolia. Fig. 1. showed clearly that the average
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oxymatrine content in the roots of S. flavescens
was going up increasingly with geographical loca—
tions migrated from South to North, and high sig-
nificant difference at 0. 01 level was observed in the

mean of oxymatrine content in every groups based

on ANOVA (Table 4) and LSD.

Table 3 Identical geographic locations

of sampled provinces

Provin ces

East longitude

North latitude

Heilongjiang
Jilin

Liaoning
Shandong
Zhejiang

Inner Mongolia
Shanxi

Henan

Hubei

Hunan

Inner Mongolia

121°11' -13505'
121938 -131°19"
118550 12547
114%36' -122%43'
118902' -119°05'

97°12' —126°04'
110°14' -114%33'
11021'-11639'
10821' -11607'
10847 11445

97°12' -126°04'

43°26'-53°33"
40°52'46°18’
38°43'43°29'
34°25'-38°28"
27°08'-31°10"
37°24'-53°23'
34°34'-40°43'
31°23'-36°22'
29°05'-33°20"
24°38'30°08"
37°24'53°23'

Ningxia 104°17' —107%39" 35°14'39°23"
Gansu 92°13' ~108%6' 32°31'42°57"
Sichuan 9721 —110°12' 26°03'-34°19'
Guizhou 10336’ —109%35' 24°37'29°13'
ir
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Fig.1 Variation of oxymatrine content
from South to North
Table 4 ANOVA for three selected groups

Source of variation SS df  MS F Sig

First group Between groups 42.512 4 10.628 73.193 0.000
Within groups  5.082 35 0.145
Total 47.594 39

Second group Between groups 40.649 4 10.162 97.780 0.000
Within groups 3.638 35 0.104
Total 44.286 39

Third group Between groups 25.300 4 6.325 46.237 0.000
Within groups 4.788 35 0.137
Total 30. 088 39

This study also indicates that plant age be
positively related to the total root biomass and

oxymatrine content- The root biomass and oxyma-—

trine content were going up year by year.- Howev—
er, the rate of increase was higher in the first three
years ( Table 5) than that in the years soon atfer—
wards.

Table 5 Root biomass and oxymatrine content

in relation to tree age

Age Root biomass/ Average rate of Oxymatrine content ~ Average rate of
year (g g plant” h increasd % (g gplant™ h increase/ %

1 49 - 0.279 -

2 78 59.19 0.679 143.3

3 101 29.49 1. 080 59.06

In conclusion, a significant variation in the
root oxymatrine content exists in S. flavescens
plants depending on the geographical locations.
The difference would appear to be related to ge—
netic variation amongst plants growing in specific
natural habitat. Oxymatrine content was increas—
ing with the increase in latitude. On one hand, the
result of this work may be useful for developing
simple, inexpensive and effective large=scale prop-
agation of S. flavescens to meet the demand of
oxymatrine. On the other hand, this information
can benefit the conservation of this species. Fur—
ther, S. flavescens plant had long root and they
are likely to grow in sandy loam and they were re—

garded to be good at water and soil conserva-

. 16,17 .
tion' """, so this work would also help to conserve

the genetic diversity at ecosystem level.
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Allelopathy of water extract from Panax quinquefolium, Perilla frutescens,
and Coix Lacryma - obi
ZHAO Yangjing, YANG Junshan, WANG Yu-ping, LIU Dong

(Institute of Medicinal Plant Development, Chinese Academy of Medical Science and
Peking Union Medical College, Beijing 100094, China)
Key words: Panax quinquefolium L. ; the seed of Perilla frutescens (L.) Britt.; the root of Coix

Lacryma—obi; water extract; allelopathy

) Panax quinquefolium L.
s , 7 Perilla frutescens (L.) Britt. Coix
“ " Lacryma—obi L.
13 ” , 1
B 1 1 M 4 s

:2003-08-20

: (30070437)

(1945-), , s
4 50 s
, 1996

T e]:’( 010) 62898219, 62899739  E-mail: zhaoyangjing@ hotmail.com



