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Background: Sophora tonkinensis Gapnep. is an important rare medicinal plant in China.
There were only a few papers on the rapid propagation of S. tonkinensis through in vitro tissue
culture, and still no report focuses on the quality analysis of in vitro tissue culture plantlets.
Materials and Methods: The different concentrations of 6-benzylaminopurine (BAP), kinetin (KT),
and indole-3-acetic acid (IAA) were used to establish and screen the optimal rapid propagation
technology of S. tonkinensis by orthogonal test; the different concentrations of a-naphthalene
acetic acid (NAA), indole-3-butyric acid (IBA), and ABT rooting power (ABT) were used to screen
the optimal rooting technology. For quality evaluation of tissue culture plants, three different
sites were chose to finish planting experiment. The leaf characteristics, radix ex rhizoma vyield,
and contents of matrine and oxymatrine were evaluated, respectively, to provide evidence of
high yield and good qualities of tissue culture plants. Results: A large number of buds could
be induced directly from epicotyl and hypocotyl explants on the Murashige and Skoog (MS)
medium supplemented with 1.5 mg/I BAP, 0.5 mg/l IAA, and 0.5 mg/I KT; the best root induction
medium was solid MS medium at half the macronutrient concentration supplemented with 1.0
mg/l NAA, 0.4 mg/l IBA, and 0.1 mg/I ABT. The rooting rate was 98%. All tissue culture plants
showed normal leaf characteristics. Tissue culture plants from two sites possessed higher radix
ex rhizoma vyield and overall productivity of matrine and oxymatrine than those of seed plants.
Conclusion: Tissue culture is a rapid, effective, and convenient propagation method for
S. tonkinensis, and the quality of S. tonkinensis tissue culture plants meets the requirement of
quality standard of China Pharmacopoeia (edition 2010), the crude drug from S. tonkinensis tissue
culture plants will be suitable for substituting the crude drug from seed plants.
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INTRODUCTION

The dried radix ex rhizoma of Sophora tonkinensis Gapnep.

arthythmic,” anti-tumor,”! immunosuppressive effects,
liver-protective, and anti-hepatic fibrosis activities.
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is an important traditional Chinese medicine, named Shan-
Dou-Gen in Chinese, commonly used for the treatment of
eczema, colpitis, acute pharyngolaryngeal infection, sore
throat, acute dysentery, and gastrointestinal hemorrhage.'”
It is the major material of Ganyanling Injection, a Chinese
patent drug, which can reduce transaminase activity and
improve immunity of hepatitis patients.” The chief active
components of S. fonkinensis are matrine and oxymatrine,
both with wide range of pharmacological actions, such
as anti-inflammatory,! anti-diarrhea, analgesic,” anti-
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Owing to the increase in consumption, change of farming
technic and perennial dug, the wild resource of §. zonkinensis
decreased rapidly and even extinct in some local region, it
cannot meet the market need of production anymore.!"?
Under the press of wild resource, the price of Shan-Dou-
Gen has increased about 10 times for the past 10 years,
and now the price of the dried radix ex rhizoma was about
80 yuan/kg (about 12.6 dollars/kg)."”! So many medicinal
herb growers tried to plant S. fonkinensis in China. But
the seedling supply of seminal propagation way cannot
reach the need of agricultural cultivation because of
seed scarcity and short vitality the seed can maintain,"¥
which was the major restraining factor for the growth
expansion of S. fonkinensis. Although provided plantlets of
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S. tonkinensis through tissue culture-mediated propagation
is advantageous, because when compared with traditional
propagation methods, tissue culture can provide large
number of plantlets with high quality in a short time, and
is more effective and convenient."”!

Up to now, there is only one paper on the rapid propagation
of S. tonkinensis through in vitro tissue culture published in
2011, and there has been still no report on the quality
analysis of iz vitro tissue culture plantlets. In this paper,
we report a convenient, effective, and rapid propagation
method to produce seedlings through 7z vitro tissue culture.
To evaluate the quality of S. fonkinensis tissue culture
plants, three main producing regions were chose to finish
the planting experiment. The leaf characteristics, radix ex
rhizoma yield, and matrine and oxymatrine contents were
evaluated, respectively, to provide evidence of high yield
and good qualities.

MATERIALS AND METHODS

Plant material

Seeds of S. tonkinensis were obtained from Napo County,
Guangxi Zhuang Autonomous Region, China. The original
plant was identified by the Guangxi Key Laboratory
of Medicinal Resources Conservation and Genetic
Improvement of Guangxi Botanical Garden of Medicinal
Plants.

Seed disinfection and germination and culture
conditions

Seeds of S. tonkinensis collected in October were sterilized
by immersion in a 1% v/v sodium hypochlorite solution
(containing three to five drops of Tween-20/1) for 10 min.
The seeds were washed with sterile distilled water three to
five times and then transferred to a Petri dish containing
sterile filter paper to remove excess surface water. The
surface-sterilized seeds were placed onto the Murashige
and Skoog (MS) medium containing 3% w/v sucrose and
0.35% (w/v) agar powder (gel strength: >1100g/cm?)
supplemented with 0.5 mg/1 6-benzylaminopurine (BAP) at
pH 5.8.""'The inoculated seeds were kept in an illuminated
incubator for a 16-h photoperiod of 1200 lux light intensity
at 25 £ 1°C to induce germination.

Experiment on the bud proliferation medium by an
orthogonal test

In order to increase the growth and quality of plantlets, the
best combination and concentration of phytohormones
for inducing bud clusters were selected by an orthogonal
test. Three phytohormones, namely, BAP (BAP; 1.0, 1.5,
and 2.0 mg/1), indole-3-acetic acid (IAA; 0.1, 0.3, and 0.5
mg/1), and kinetin (IK'T; 01, 0.3, and 0.5 mg/1), were used
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at three concentrations each for the orthogonal test, and
the MS medium was used as the basal medium throughout
these studies. Fifty epicotyl or hypocotyl explants excised
from seedlings were inoculated into 10 conical flasks for
each of the nine treatments defined above. The growth
rate of buds (growth rate of buds = [harvested material
weight — original material weight| / original material weight
lg/g]) and multiplication time of buds ([hatvested bud
number — original bud number]/original bud number) were
tested and evaluated 30 days after culture establishment.
The whole orthogonal test was repeated for three times.
To obtain an objective evaluation about the effects of the
bud proliferation medium, the configuration of buds and
leaves was also observed as they developed.

Additional screening for bud proliferation

According to the results of the orthogonal test, the
concentration of BAP was adjusted in a small range
(1.3, 1.4, 1.5, 1.6, and 1.7 mg/l) to obtain an optimum
rapid propagation medium for §. fonkinensis with a fixed
concentration of IAA (0.3 mg/1).

The sampled materials, culture conditions, and the
parameters for evaluation were the same as in the previous
test. After 30 days of culture, the effects on the buds were
observed and recorded. The whole test was repeated for
three times.

Experiment in root induction medium

The best combination and concentration of phytohormones
for root induction were also selected by an orthogonal test,
and three phytohormones a-naphthalene acetic acid (NAA;
0.5, 0.75, and 1.0 mg/1), indole-3-butyric acid (IBA; 0.2,
0.4, and 0.6 mg/1), and ABT rooting power (ABT; 0.1,
0.2, and 0.3 mg/1) were used at three concentrations each
for the orthogonal test. The solid MS medium at half the
macronutrient concentration was used as the basal medium
throughout these studies. Rooting rate was evaluated and
recorded after a 30-d culture.

The buds (approximately, 3 cm in length) were excised and
transferred to the best rooting medium to induce roots.
And the rooted plants were transplanted into a seedling
bed for follow-up experiments.

Leaf characteristics estimation of tissue culture
plantlets

Leaf characteristics were obtained from the 30-day-old
in vitro material about 0.5 cm? in size and from 6-month-
old fully established glasshouse plants 2-3 cm?® in size.
For stomatal apparatus measurements, an area about 0.1
cm® on the lower epidermis of the unifoliate leaf was
peeled off and spread onto a glass microscope slide. A
photomicroscope (Leica DM2000) was used to measure
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the stomatal apparatus length and width. Four unifoliate
leaves were chosen from the same part of each of five
seedling plants and each of five tissue culture plants.
Twenty stomatal apparatus were measured for each leaf.

Determination of matrine and oxymatrine contents of
tissue culture plantlets

Three different sites (Nanning City, Long’an County,
and Napo County, Guangxi, China) were chose to finish
the planting experiment. The area of each site was 50
mu (approximately, 8.24 acre). Roots and rhizomes of
tissue culture plants and plants from seed (3-year old)
were harvested in November in the field and were used
to determine the radix ex rhizoma yield and contents of
matrine and oxymatrine.

The measurement of matrine and oxymatrine contents in
radix ex rhizoma of all samples was conducted according
to the guideline of China Pharmacopoeia (edition 2010).
The dry mixture of radix ex rhizoma from each sample was
used to measure the matrine and oxymatrine contents. 0.5
g sample of the fine-grinded powder accurately weighted
(mixture of radix ex rhizoma) was introduced into a flask,
extracted with 50 ml chloroform—methanol concentrated
ammonia solution (40:10:1) by ultrasonication (power:
250 W, frequency: 40 kHz) at room temperature for 30
min, and then the extracted solution was filtered through
filter paper. Ten millilitre of subsequent filtrate was
evaporated under vacuum and diluted with methanol to 10
ml. The solution was filtered with 0.45 um filter for High
Performance Liquid Chromatography (HPLC) analysis.
HPLC conditions were as follows: Phenomenex Luna NH2
100A column (250%4.6 mm), the column temperature was
25°C, the elution solvent was acetonitrile—isopropanol—3%
phosphoric acid solution (80:5:15), the flow rate was 0.5
ml/min, and the detection wavelength was 210 nm.

RESULT

Effects of phytohormones on multiplication

In order to select the optimized phytohormone for bud
propagation, the concentrations of cytokinins (such as
BAP and KT) and auxins (such as IAA) were screened
by orthogonal test. In our research, the orthogonal test
revealed that, the variation of the BAP concentration
(11.886) and IAA concentration (6.507) had significant
effect on the bud growth rate, and the effect of BAP was
greater than IAA, while the impact of KT concentration
was very small (0.209) [Table 1]. Further optimization
showed that the range of growth rate was from 11.56 g/g
to 15.42 g/g; the best growth rate was 15.42 g/g at BAP
concentration of 1.5 mg/1[Table 2]. When compared with
the other two factors, we found that the growth rate of
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IAA was also very high when the concentration reached
0.5 mg/1, which was up to 15.36 g/g, almost equaled to
the growth rate of BAP at the concentration of 1.5 ml/1.
The greatest growth rate range of same factor at different
concentration was 3.86 g/g and was also found in BAP
when the concentration reached from 1.0 mg/1to 2.0 mg/1,
which mean that the concentration of BAP may need for
further screening. Base on the above results, we found
that the best medium for growth rate was MS medium
supplemented with 1.5 mg/l BAP and 0.5 mg/1 TAA.

The orthogonal test also revealed that the variation of
BAP concentration (14.495) had significant effect on the
bud multiplication time than other variables (variances
ranged from 0.256 to 2.314). The effect of KT on the
bud multiplication time was also significant (2.314), but
not so great as BAP, while the impact of IAA was not
significant [Table 3]. Further optimization showed that
the bud multiplication time ranged from 7.21 to 10.51, the
best bud multiplication time was 10.51 and was found at
BAP concentration of 2.0 mg/1[Table 4]. And the greatest
bud multiplication time range of same factor at different
concentration was 4.30 and also found in BAP when the
concentration reached from 1.0 mg/1 to 2.0 mg/1, which
also mean that the concentration of BAP may need for

Table 1: Variance analysis of the bud growth rate
of Sophora tonkinensis on a propagation medium
by an orthogonal test

Source of Sum of df Variance Fvalue P value
variance variance

squares
BAP 23.773 2 11.886 18.174** 0.05<P<0.1
1AA 13.014 2 6.507 9.949*  0.05<P<0.1
KT 0.418 2 0.209 0.320 >0.1
Error 1.308 2 0.654
Sum 38.513 8

BAP: Benzylaminopurine; IAA: Indole-3-acetic acid; KT: Kinetin; F_  (2,2)=99.0;
F .. (2,2)=19.0; F__(2,2)=9.0; *Significant at P=0.1; **Significant at P=0.05

1-0.05 101

Table 2: Visual analysis of the growth rate of
Sophora tonkinensis in vitro buds on propagation
medium by orthogonal test

Concentration of Factor

phytohormone (mg/l)

BAP IAA KT A (BAP) B (IAA) C (KT)
1.0 0.1 0.1 K,1/3=11.56 K 1/3=12.45 K_1/3=13.84
15 0.3 03 K,_2/3=1542 K,2/3=13.51 K_2/3=13.48
2.0 05 05 K,3/3=14.34 K,3/3=15.36 K_3/3=14.00

R (range) 3.86 2.91 0.52

BAP: Benzylaminopurine; IAA: Indole-3-acetic acid; KT: Kinetin; The K value is the
sum of the growth rate of all tests with the same factor at the same level and the
R value is the difference between the maximum and minimum value of K with the
same factor. The K values and the effects of each level with the same factor are
positive correlation; R values and the effects of each factor are positive correlation
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further screening. Base on the above results, we found
that the best medium for bud multiplication time was MS
medium supplemented with 2.0 mg/1 BAP and 0.5 mg/1
KT.

Inclusion of BAP in the media at a concentration between
1.5 and 2.0 mg/l induced the largest number of buds,
but when the concentration reached 2.0 mg/1, abnormal
growths such as fasciation, vitrification, leaf chlorosis,
and leaf abscission were observed. While in the medium
supplemented with BAP at 1.5 mg/1, bud clusters can develop
to produce normal and strong plantlets with green leaves.
Considering the above situation, the MS medium containing
0.5 mg/1 TAA, 0.5 mg/l KT, and BAP nearly 1.5 mg/1
had the best effects on plant propagation.

Considering the above analysis, further optimization
experiments using BAP concentrations of 1.3, 1.4, 1.5,
1.6 and 1.7 mg/l were combined with fixed 0.5 mg/1
TAA and 0.5 mg/1 KT. The fastest bud growth rate was
16.95 + 0.13 g/g and the highest bud multiplication time was
12.64 £ 0.20, and both of them were obtained on medium
supplemented with BAP at 1.5 mg/1 [Table 5; Figure 1].

Generally, the best multiplication medium for §. zonkinensis
was the MS medium supplemented with 1.5 mg/1 BAP, 0.5
mg/1 TAA, and 0.5 mg/1 KT.

Effects of phytohormones on root induction

In order to select the optimized phytohormone for root
induction, the concentrations of NAA, IBA, and ABT
were screened by orthogonal test. In our experiment, the
orthogonal test revealed that, the variation of the NAA
concentration (208.00) had a more significant effect on
the rooting rate than other variables (variances ranged
from 0.333 to 16.333) [Table 6]. Further optimization
showed that the range of rooting rate was from 78.67%
to 94.67%, the best rooting rate was 94.67% at NAA
concentration of 1.0 mg/1 [Table 7]. Although the effect
of IBA concentration was not significant, but we found
that the rooting rate decreased when the IBA concentration
reached from 0.4 mg/l to 0.6 mg/l. The best rooting
rate was obtained on the solid MS medium at half the
macronutrient concentration supplemented with 1.0 mg/1
NAA, 0.4 mg/1 IBA, and 0.1 mg/1 ABT, and the rooting
rate was as high as 98.0%. Considering the above situation,
the best root induction medium was solid MS medium at

half the macronutrient concentration supplemented with
1.0 mg/INAA, 0.4 mg/11BA, and 0.1 mg/1 ABT [Figure 2].

Leaf morphological features of tissue culture plantlets
In order to compare the difference of morphological
features between tissue culture plants and plants from
seed, the leaf length, width, and size of stomatal apparatus
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Table 3: Variance analysis of the bud
multiplication time of Sophora tonkinensis on
propagation medium by orthogonal test

Source of Sumof df Variance F value P value
variance variance

squares
BAP 28.990 2 14.495 56.574** 0.01<P<0.05
IAA 1.324 2 0.662 2.584 >0.1
KT 4.623 2 2.314 9.022* 0.05<P<0.1
Error 0.512 2 0.256
Sum 35.449 8

BAP: Benzylaminopurine; IAA: Indole-3-acetic acid; KT: Kinetin; £, (2,2)=99.0;
F _ (2,2)=19.0; F__(2,2)=9.0; *Significant at P=0.1; **Significant at P=0.01

1-0.05 101

Table 4: Visual analysis of the bud multiplication
time of Sophora tonkinensis in vitro buds on
propagation medium by orthogonal test

Concentration of Factor

phytohormone (mg/l)

BAP IAA KT A (BAP) B (IAA) C (KT)
1.0 0.1 01 K(1/3=7.21 K;1/3=9.10 K_1/3=9.16
1.5 0.3 0.3 K,2/3=10.14 K2/3=9.74 K_2/3=9.07
2.0 0.5 0.5 K,3/3=11.51 K 3/3=10.02 K_3/3=10.63
R (range) 4.30 0.92 1.56

BAP: Benzylaminopurine; IAA: Indole-3-acetic acid; KT: Kinetin; The K value is the
sum of the growth rate of all tests with the same factor at the same level and the
R value is the difference between the maximum and minimum value of K with the
same factor. The K values and the effects of each level with the same factor are
positive correlation; R values and the effects of each factor are positive correlation

were evaluated. When compared with the plants from
seed, the shape of tissue culture plants were normal. The
differences of length, width, number and size of stomatal
apparatus of the unifoliate leaves between 30-day-old tissue
culture plants and seed plants were not significant, but
those of 6-month-old glasshouse-grown plants showed
obvious difference, especially when compared the average
leaf number. The average leaf number of 6-month-old
glasshouse-grown seed plant was 12.80, more than tissue
culture plant, but the average unifoliate leaf area of tissue
culture plants was bigger, which was 6.63 cm? 16.35%
larger than the leave of seed plant (which was 5.87 cm?),
so the photosynthesis area was larger than the seed plants
[Table 8]. During the experiment, we also found that the
tissue culture plants grew better than the seed plants, and
with the growth time increased, the unifoliate leaf area of
both materials decreased but the unifoliate leaf number
increases. When the growth time reached 2 years, these
parameters had no obvious differences [Figure 3a-d].

Consequently, there were no morphological differences
between tissue culture plant leaf and seed plant leaf, but
the bigger leaf area of early stage may be indicated that the
tissue culture plant will possess a better harvest.
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Figure 1: The buds of Sophora tonkinensis Gapnep on Murashige and
Skoog medium supplemented with 1.5 mg/l 6-benzylaminopurine, 0.5
mg/l indole-3-acetic acid and 0.5 mg/l kinetin (bar: 0.667 cm)

Table 5: Effect of benzylaminopurine
concentration on the bud growth of Sophora
tonkinensis when added to Murashige and
Skoog medium supplemented with 0.5 mg/I
indole-3-acetic acid and 0.5 mg/l kinetin

Concentration Average Bud
of IAA (mgl/l) growthrate (g/g) multiplication
x*SD time x £ SD
1.3 12.54 +0.36 9.62+0.18
1.4 14.37 £0.23 11.58 £ 0.24
1.5 16.95+0.13 12.64 £ 0.20
1.6 16.49 + 0.34 12.08 +0.18
1.7 15.78 £ 0.21 1242 +0.22

IAA: Indole-3-acetic acid

Table 7: Visual analysis of the rooting percentage
of Sophora tonkinensis on a root induction
medium by an orthogonal test

Concentration of Factor

phytohormone (%)

NAA IBA ABT A(NAA) B (IBA) C (ABT)
0.5 02 0.1 K,1/3=78.67 K 1/3=86.33 K 1/3=88.33
0.75 0.4 02 K,2/3=90.67 K, 2/3=90.67 K_2/3=87.67
1.0 0.6 03 K,3/3=94.67 K 3/3=87.00 K_ 3/3=88.00
R (range) 16.00 4.33 0.67

NAA: Naphthaleneacetic acid; IBA: Indole-3-butyric acid; ABT: ABT rooting power;
The K value is the sum of the growth rate of all tests with the same factor at the
same level and the R value is the difference between the maximum and minimum
value of K with the same factor. The K values and the effects of each level with the
same factor are positive correlation; R values and the effects of each factor are
positive correlation

Determination of yield and major chemical constituents
In order to evaluate the quality of tissue culture, three
main producing regions were chose to finish the planting
experiment, the results of dry yield and major chemical
constituents are shown in Table 9. For all the three sites,
the dry yield of tissue culture plants for two sites was higher
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Figure 2: Rooting plantlets of Sophora tonkinensis Gapnep
transplanted into a seedling bed for 2 months

Table 6: Variance analysis of the rooting
percentage of Sophora tonkinensis on a root
induction medium by an orthogonal test

Source of Sum of df Variance Fvalue P value
variance variance

squares
NAA 416.000 2 208.000 48.000* 0.01<P<0.5
IBA 32.667 2 16.333 3.769 >0.1
ABT 0.667 2 0.333 0.077 >0.1

Error 8.667 2 4.333

Sum 458.001 8

NAA: Naphthaleneacetic acid; IBA: Indole-3-butyric acid; ABT: ABT rooting power;
F.. .(2,2)=99.0; F___(2,2)=19.0; F__ (2,2)=9.0; *Significant at P=0.01

1-0.01 1-0.05 101

than that of seed plants, and one site was lower than seed
plants, which meant that the dry yield of tissue culture
plant was higher than that of seed plant. The highest dry
yield of seed plant was 170.6 g/plant, and was harvested
from Nanning, while the highest dry yield of tissue culture
plant was 175.1 g/plant, which was harvested from Napo
County. Comparing the two kinds of materials from three
different sites, we found that the tissue culture plant yield
of Napo County was significantly higher than the seed
plant, and which may mean this region may more suitable
for planting tissue culture 5. fonkinensis than the other two
regions [Figure 4].

The content of effective compounds is very important for
evaluation medicinal plant quality. In order to evaluate the
quality of tissue culture . fonkinensis plantlets, the contents
of matrine and oxymatrine of 3-year-old tissue culture plants
from three sites were analyzed and compared with seed plants.

The matrine and oxymatrine were extracted and analyzed
by HPLC (Phenomenex Luna NH2 100A column, 5 um,
150 mm * 4.6 mm) at 210 nm. The matrine and oxymatrine
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Table 8: Leaf characteristics of tissue culture plantlets and seedlings of Sophora tonkinensis

Characteristics Tissue culture Seedling Tissue culture plantlet Seedling
plantlet (in vitro) (30-day-old) (6-month-old) (6-month-old)
Unifoliate leaf length (cm) 2.48 +0.222 242 +0.17° 3.68 + 0.56° 3.25+047°
Unifoliate leaf width (cm) 2.01+£0.152 1.95+0.212 2.54 +0.32° 2.34 +0.36%
Average leaf number 3102 302 11.55 + 1.67° 12.80 + 1.48°
Unifoliate leaf area (cm?) 3.75 £ 0.142 3.83+0.232 6.83 + 0.15%> 5.87 £0.32°
Stomatal apparatus length (um) 24.63 + 1.76° 25.20 £ 1.4272 34.21 +1.08° 34.74 £ 1.28°
Stomatal apparatus width (um) 22.32 + 1.542 21.86 £ 1.242 28.21 £ 2.16° 28.63 £ 1.44°

a, b, and c means different level at the P=0.05 level by Duncan’s multiple range test. Four leaves were chosen from each of five tissue culture plantlets and each of seedlings.
Twenty stomatal apparatus were measured for each leaf. Value represents the meanzstandard error. Within each row means followed by the same letter are not significantly

different at the P=0.05 level by Duncan’s multiple range test

Table 9: The radix ex rhizoma yield and contents of matrine and oxymatrine in tissue culture plantlets

and seedlings of Sophora tonkinensis

Sites Material Dry yield (g/ Conten of Conten of Total content Total yield of
plant) matrine (mg/g) oxymatrine of matrine and matrine and
(mg/g) oxymatrine (mg/g)  oxymatrine (g/plant)
Nanning City Plant from seed 170.6 0.634 16.402 17.036 2.906
Plant from 156.7 0.918 17.019 17.937 2.811
tissue culture
Longan County Plant from seed 148.5 0.734 17.564 18.298 2.717
Plant from 162.3 1.083 16.139 17.222 2.795
tissue culture
Napo County Plant from seed 143.3 0.724 20.354 21.078 3.020
Plant from 175.1 0.856 19.192 20.048 3.510

tissue culture

Ten plants were random selecting for each material. The contents of matrine and oxymatrine were both base on dry radix ex rhizoma

a| bic d]|
Figure 3: (a) Leaf of seed plant for 6-month old, (b) Leaf of tissue
culture plant for 6-month old, (c) Leaf of seed plant for 2-year old,
(d) Leaf of tissue culture plant for 2-year old

(purchased from National Institute for the Control of
Pharmaceutical and Biological Products, PR. China) were
used as the external standard. The contents of matrine
and oxymatrine are shown in Table 9. The results indicated
that all of the tissue culture plants showed higher matrine
content than the seed plants. The highest matrine content
in tissue culture plant was 1.083 mg/g from Long’an
County, 47.5% higher than that of seed plant. Except
for the plants harvested from Nanning, the oxymatrine
content of seed plants was higher than that of tissue
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Figure 4: Root and rhizome of 3-year-old tissue culture plant from
Napo County

culture plants. The highest oxymatrine content in seed
plant was 20.354 mg/g from Napo County, 6.1% higher
than the tissue culture plants harvested from the same
site. And the seed plants harvested from Long’an and
Napo County showed higher total matrine and oxymatrine
than that of tissue culture plants owning to their higher
oxymatrine content, but the tissue culture plants from
these two sites had higher overall productivity of matrine
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and oxymatrine (total yield of matrine and oxymatrine
per plant) due to their higher dry weight (2.8% and
16.2% higher, respectively). From all the three sites we
investigated, the highest overall productivity of matrine
and oxymatrine was 3.510 g/plant, and was found in tissue
culture plants from Napo County.

The results also indicated that the lowest total content of
matrine and oxymatrine was found in seed plant harvested
from Nanning, and the total content was 17.036 mg/g,
but this total content was still great higher than the level
of China Pharmacopoeia (edition 2010), which was
not fewer than 7 mg/g, this result meant that all of the
materials harvested from the three experiment sites fulfill
the requirement of quality standard, and the crude drug
from tissue culture plants was suitable for substituting the
crude drug from seed plants.

DISCUSSION AND CONCLUSION

Before 1950s, S. tonkinensis was widely distributed in 21
counties of Guangxi Zhuang Autonomous Region, China.
But after that, the wild . zonkinensis resource decreased
rapidly because of the increasing of medicinal usage and
market demand. During 1980s, many regions in Guangxi
cannot found any wild S. fonkinensis, and only 10 counties
of Guangxi had some wild §. onkinensis distribution. But
this situation was deteriorated continuously. In 2002,
there was a paper reported that only four counties in
Guangxi had some wild S. fonkinensis distribution, and
the price of S. fomkinensis increased rapidly. In 2002,
the price of S. tonkinensis was only 4-5 yuan/kg (about
0.63 dollars/kg), but now, the price reach to 80 yuan/kg
(about 12.6 dollars/kg). Because of the shrinkage of
resource, many pharmaceutical factories and medicinal
herb growers tried to increase market supply by large-
scale planting, but the shortage of seedlings had limited
the development of §. fonkinensis cultivation. Since 2008,
we began to try to produce S. fonkinensis plantlets through
in vitro tissue culture, and up to now, we had produced
1 million tissue culture plantlets, which can meet 4000
mu (about 660 acres) planting requirement. Through our
practice, we got a conclusion that tissue culture is the
best way to supply S. zonkinensis seedlings for agricultural
cultivation.

The kind and concentration of phytohormones in
medium were very important from tissue culture material
propagation and rooting. In our research, we used BAP, KT,
and IAA for improving propagation, NAA, IBA, and ABT
for rooting induction. BAP is an important plant cytokinin,
which can stimulate cell division, lateral bud emergence,
and basal shoot formation."™ KT (N6-furfuryladenine) was

Pharmacognosy Magazine | October-December 2013 | Vol 9 | Issue 36

the first cytokinin isolated and identified in 1955, which
can also promote plant cell division."”*" TAA is an auxin
that plays a critical role in plant growth and development,
and is thought to regulate or influence diverse responses
on a whole plant and cellular level, such as tropisms, apical
dominance and root initiation, cell enlargement, division,
and differentiation.””! In our research, we found that if the
cytokinin total concentration exceeded 2.5 mg/1, the bud
propagation was abnormal, fasciation, vitrification, leaf
chlorosis, and leaf abscission were observed. And if the
concentration of TAA was lower than 0.3 mg/l, the leaf
cannot unfold normal, so we considered that the best bud
propagation medium was the MS medium supplemented
with 1.5 mg/1 BAP, 0.5 mg/1 IAA, and 0.5 mg/1 KT after
further screening;

The plant growth is influenced by photosynthesis, and
the photosynthesis is restricted by leaf surface area.”” In
our observation, we found that the average unifoliate leaf
number of 6-month-old glasshouse-grown tissue culture
plants was fewer than that of seed plants, but the average
unifoliate leaf surface area was 16.35% larger than that of
the leave of seed plant, and the larger leaf surface area may
cause stronger photosynthesis, which will provide more
materials and energies for the plant growing; as a result, the
tissue culture plants may get a stronger growth than seed
plants in the mid-stage of growth.

The content of effective compounds is very important
parameter for medicinal plant quality evaluation. In our
research, we found that there was negative correlation
between the dry yield and the total content of matrine
and oxymatrine, for example, the dry yield of seed plants
from Nanning was the highest of the three sites, but the
total content of matrine and oxymatrine was the lowest of
the three sites, this phenomenon may be indicated that the
content of secondary metabolites may be influenced by the
organic matter accumulation, and which needed for further
research.

In summary, a rapid, effective, and convenient . fonkinensis
seedling propagation method was established through tissue
culture, and which had provide large number of seedlings
for agricultural cultivation. The quality of . fonkinensis
tissue culture plant was fully evaluated, and met the
requirement of quality standard of China Pharmacopoeia
(edition 2010), the crude drug from S. fonkinensis tissue
culture plants could be suitable for substituting the crude
drug from seed plants.
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